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OAK,  ECONOMICAL  USES  OF. 


r\f  in  the  vowel  Beries,  if  arranged  according  to  the  nature  of  the 
^Bound,  occupies  the  position  between  a  and  u.  In  the  hieroglyphical 
characters  it  appears,  according  to  ChampoUion,  to  have  been  a  picture 
of  an  eye,  and  even  in  the  old  Greek  alphabet  it  is  occasionally  found 
with  a  dot  in  the  centre,  to  represent  the  pupil,  for  instance  in  the 
Elean  Tablet.  But  for  ihe  different  forms  of  the  letter  see  Alfhabkt. 
The  changes  to  which  this  vowel  is  liable  are  numerous. 

1.  It  is  convertible  with  the  adjoining  vowel  «»y  and  indeed  the  two 
characten  seem  to  have  had  a  common  origin.  Thus,  the  old  Greek 
alphabet  would  appear  to  have  once  terminated,  lik6  the  Hebrew,  with 
to»,  so  as  to  exclude  the  uptUonj  whereas  the  Etruscans  had  a  «  but 
no  0.  Hence  the  predominance  of  the  o  in  Greek,  of  the  u  in  Latin. 
Within  the  limits  of  the  Latin  itself  the  two  letters  are  often  inter- 
changed, out  of  which  arises  the  confusion  between  the  second,  or  o, 
and  the  fourth,  or  u  declension,  to  both  of  which  belong  ficu8,  cUnu, 
tenatus,  tumuUus,  onuUus,  laurus,  domtts,  &c  The  words  consul  and 
eowulere  also  appear  as  cofof  and  cotolere,  and  they  have  both  a  common 
root  with  ioHum,  a  seat. 

The  English  language,  too,  has  often  an  o  written  where  u  is  heard, 
as  one,  none,  once,  come,  done,  icon,  some, 

2.  With  a.  Grinmi  has  pointed  out  this  change  as  existing 
between  the  Latin  and  Teutonic  tongues,  as  dotnct-re,  lonoiu,  odium, 
&c.,  compared  with  i&hm-en,  long, host,  &c  Hence,  too,  the  d'^uble  form 
of  the  name  Longobardi  and  Langobardi,  So,  in  Latin,  from  the  root 
gno  {gnotco)  were  formed  gnanu  and  ignarus :  and  again,  from  these 
narrare  and  ignorare,  in  the  latter  of  which  the  original  vowel 
reappeaurs.  Again,  with  darua  is  connected  gloria,  as  closely  as  gratia 
with  grcUut.  It  is  probable  too  that  the  masculine  bono  and  the 
feminine  bona  were  mere  dialectic  vaneties  which  originally  had  no 
diBtinction  of  gender.  Thus  in  the  Gothic  the  converse  prevails,  the 
forms  in  o  being  feminine,  those  in  a  masculine.  Lastly,  the  English 
and  Scotch  h^ve  many  instances  of  the  interchange,  as  one,  two,  stone, 
in  the  one,  ane,  twa,»tane,m  the  other;  but  perhaps  this  change 
belongs  to  ike  next  head. 

8.  With  the  long  e,  the  sound  of  which  must  be  considered  as  the 
same  with  the  English  a.  Hence  in  Greek,  Evtrarwp,  cnrar^p,  &c, 
from  warnp ;  and  the  Latin  tol,  eor  correspond  with  the  Greek  iiktos, 
and  Ktip  (obrorve  too  the  German  hen).  The  town  Nemetum  in  Gallia 
is  callcld  by  Greek  geographers  V€futffffos,  and  the  German  jener  is  in 
English  yon, 

4.  With  ou.  This  interchange  is  virtually  the  same  with  the  first- 
mentioned.  It  is  not  uncommon  in  French,  as  compared  with  Latin, 
as  novella,  wmveUe;  rota,  roue;  totus,  tout,  &c. 

5.  With  w),  especially  in  Italian,  as  huomo,  bwmo,  liiogo,  nw)vo,  from 
the  Latin  lumo,  bonus,  locus,  novus. 

6.  With  eu,  in  French,  as  lieu,  feu,  jeu,  peu,  leur,  heure,  douleur, 
queue  ;  from  the  Latin,  locus,  focus,  jocus,  pauci  (and  Italian,  poco), 
tUorum,  hora,  dolor,  cauda,  or  coda, 

7.  With  flu.  This  exists  within  the  Latin ;  as  eattda  and  coda, 
cautes  and  cotes,  caudex  and  codex,  Claudius  and  Cloditu,  plaudo  and 
plodo.  So  from  the  Latin  aunim,  audere  (whence  the  frequentative 
ausare),  Avjidus,  audire,  the  Italians  have  oro,  otare,  Ofanto  ;  and  the 
French  or,  oser,  ouir.  Hence  too  the  French  pronunciation  of  the 
diphthong  au, 

8.  With  oa.  Thus,  the  English  words  boat,  oath,  oak,  must  have 
received  their  present  orthography  when  both  the  vowels  were  pro- 
nounced, as  they  still  are  in  some  parts  of  England,  bo^,  o-aih,  or 
boo-cctfOO-^Uh, 

▲BT8  AND  SOL  DIV.  VOL.  YI, 


9.  With  ««,  as  in  the  Spanish  hueno,  luego,  fuego,  huesped  ;  from  thd 
Latin  bonus,  locus,  focus,  hospes. 

10.  An  initial  o  with  hue  or  huL  Hence  from  the  Latin  osHuni, 
ostiarius,  are  derived  the  French  huis,  huissier,  and  the  English  tuhet. 
From  the  Latin  os,  a  bone,  ouUm  an  egg,  the  Spaniards  have  hvteso, 
huevo.  From  the  Latin  octo,  ostrea,  come  the  French  huict  or  huit, 
hvistre  or  huitre.  From  the  Latin  liodie,  which  appears  to  have  been 
pronounced  as  the  Italian  oggi,  was  formed  the  French  hui,  in  au-jouT' 
d^'huL 

11.  In  the  paragraphs  numbered  5,  9,  and  10,  the  o  really  takes  the 
sound  of  the  English  w,  or  the  Greek  ^gamma;  and  the  same  is  the 
case  in  the  Grec^  language  itself,  as  in  ourot,  otyos,  oi8a,  Oo^ot  (which 
is  the  true  reading  in  Herodotus,  iv.  154),  for  Fikos,  lofos,  Fi8d, 
Fa^os ;  the  first  three  of  which  may  be  compared  with  the  Latin  vicus, 
vinum  video.  Closely  allied  hereto  is  the  frequent  interchange  in 
Latin  of  oe  or  ot  with  u.    [u.] 

12.  With  ea,  as  between  German  and  English.  Thus  the  former 
language  has  ttrom,  brot,  gross,  tod,  drohen  ;  the  latter  stream,  bread, 
great,  death,  threat.  This  same  chajige  exists  in  the  English  by  itself, 
as  cleave,  dove  ;  weave,  wove  ;  heal,  whole  ;  heat,  hot,  &c 

18.  With  ei,  pronounced  as  the  Engli^  long  t.  This  is  exceedingly 
common  in  the  same  languages.  Compare  the  German  beide,  bein,  ein, 
nein,  geist,  heim,  heiss,  Heiden,  mannheit,  meist,  theil,  heUig,  reUie,speiche, 
zeichen;  with  both,  bone,  one,  none,  ghost,  home,  hot,  doihe,  mmihood, 
most,  dole,  holy,  row,  tpoke  of  a  wheel,  token.  This  change  also  exists 
within  the  English  language, as  shine  and  shone;  strike  and  stroke; 
drive  and  drove. 

14.  A  short  o  with  a  short  ^.  This  is  particularly  common  in 
Greek,  and  above  all  in  the  penult  of  disyllables.  Thus  with  ytfuo, 
(TrcAAw,  \tytt,  there  co-exist  the  substantive  forms  yo/ios,  aroKos, 
Aoyos.  The  Latin  commonly  prefers  the  8  in  such  words.  Hence  to 
the  Greek  irnrrw,  cxt,  tyy^a  (civeFa),  ytos  (y^Fos),  €fif(o  (Fcfic«),  correspond 
the  Latin  coquus  and  popina,  86,  nSvem,  novus,  vSmo,  The  change  of 
these  vowels  is  exceedingly  common  when  preceded  by  a  w  sound, 
especially  if  an  r  or  Z  follow.  Hence  in  Latin,  verto  and  vorto,  vdle  and 
viilo,  vester  and  voster,  veto  and  voto.  Hence  likewise  to  the  Latin 
vermis,  veUus,  verruca,  correspond  the  English  worm,  wool,  wart. 
Again  the  German  schwerdt  is  in  English  sword ;  and  vice  versA  the 
German  ant-wort  is  in  English  answer  ;  and  lastly,  many  words  of  this 
form  are  written  with  an  o  and  pronounced  with  an  e,  as  wort,  worm, 
worth,  worse, 

15.  For  the  tendency  of  the  final  letter  n  to  disappear  after  o, 
seeN. 

OAK,  ECONOMICAL  USES  OF.  The  oak  subserves  a  greater  num- 
ber of  useful  purposes  than  almost  any  other  kind  of  forest  tree.  All 
things  considered,  British  oak  is  more  durable  than  any  other  timber 
largely  grown  in  Europe ;  and  hence  its  enormous  employment  in  the 
arts.  The  wood  is  hard,  tough,  tolerably  flexible,  strong  without  being 
too  heavy,  not  easy  to  splinter,  and  not  readily  penetrated  by  water. 
An  experiment  once  showed  that  a  weight  of  10,000  lbs.  was  required 
to  break  an  oaken  beam  11  feet  long  by  5  inches  square.  With  twisted 
grain  the  wood  is  admirably  suited  for  posts  for  houses,  mills,  engines, 
and  large  machines.  It  bears  alternations  of  wet  and  dry  better  than 
most  other  woods;  oak  piles  have  been  known  to  endure  for  many 
centuries.  It  is  excellent  for  shingles,  pales,  laths,  and  casks.  The 
small  slow-growing  variety  is  much  employed  for  the  spokes  of  wheels. 
The  young  tree  yields  slender  rods,  well  smted  for  hoops,  walking 
stic^  (uid  the  liandles  of  parters*  whips.     The  great  durability  ox 
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BritiBh  oak  is  illustrated  by  numerous  well-known  examples ;  such  as 
some  of  the  doors,  Edward  the  Confessor's  shrme,  and  the  Coronation 
chair,  at  Westminster  Abbey;  fragments  of  King  John's  palace  at 
Eltham ;  the  Plantagenet  stalls  of  Qloucester  Cathedral ;  the  piles  of 
the  old  Savoy  palace ;  the  piles  beneath  the  buttresses  and  starlings  of 
Old  London  Bridge ;  the  wooden  church  near  Ongar ;  and  Cowey  stakes 
near  Oatlands, — which  were  applied  to  their  respective  uses  at  periods 
varying  from  five  to  nineteen  hundred  years  ago.  More  important, 
however,  than  any  of  these  uses  of  British  oak,  is  its  employment  in 
ship-building,  with  which  it  is  associated  in  song  and  metaphor  as  well 
as  in  fact.  An  oaken  vessel  or  boat^  perfectly  sound,  and  nearly  as 
hard  as  iron,  was  found  a  few  years  ago  in  the  bed  of  the  river  RoUier, 
in  Kent,  where  it  is  supposed  to  have  lain  since  the  time  of  Alfred  the 
Great.  For  more  than  a  thousand  years  British  ships  have  been 
mainly  built  of  BritiBh  oak.  During  the  great  wars  of  1793  to  1815, 
the  consumption  was  enormous.  In  1806  it  was  calculated  that  the 
ships  of  the  navy  contained  nearly  1,200,000  loads  of  timber ;  and  that 
100,000  loads  a  year  would  be  required  to  keep  up  the  strength,  by 
renewals  and  repairs.  It  requires  50  acres  of  land,  and  about  100 
years  in  time,  to  grow  oak  timber  sufficient  for  one  74-gun  ship ;  a 
fact  that  will  illustrate  the  value  of  old  forests  to  our  ship-yards.  The 
royal  forests  of  England  either  do  not  contain  oak  trees  enough  for 
national  use,  or  they  are  too  badly  managed  to  yield  the  supply  when 
wanted.  As  a  consequence,  large  purchases  are  made  nearly  every 
year.  A  parliamentary  return,  odled  ioh  a  few  years  ago,  showed  that 
in  eleven  years  (1840  to  1850  inclusive)  the  average  purchase  of  British 
oak  for  the  royal  dockyards  was  nearly  9000  loads,  varying  from  3000  to 
20,000  in  a  year.  There  are  other  varieties  of  oak,  besides  the  British, 
which  yield  timber  useful  for  many  purposes  in  the  arts.  Turkey  oak 
is  not  so  strong  and  durable  as  Brituii,  but  as  its  grain  is  more  beau- 
tiful, and  takes  a  better  poUsh,  it  is  available  for  ornamental  purposes. 
The  American  white  oak  is  much  used  for  ship-building  and  house 
building,  for  cask  staves,  for  milk  pails,  axe  handles,  &c. ;  wlule  the  wood 
of  the  young  trees,  being  very  elastic,  <uid  susceptible  of  easy  division, 
is  used  for  many  of  the  purposes  of  willow,  bamboo,  or  whalebone,  in 
the  making  of  baskets,  brooms,  chair  seats,  riddles,  and  carters'  whips. 
The  live  oa^,  or  quercus  virena,  is  very  largely  used  in  the  United  States 
for  ship-building;  it  is  strong  and  durable,  though  in  some  degree 
unfavourable  on  account  of  its  great  weight ;  it  is  found,  also,  to  be 
far  better  than  the  white  oak  for  the  naves  and  felloes  of  heavy  wheels, 
and  the  screws  and  cogs  of  mill-wheels.  There  are  other  varieties  of 
American  oak,  used  for  a  great  number  of  purposes,  but  none  equal  to 
British  oak  for  strong  and  durable  timber. 

Every  part  of  the  oak  tree  oomes  to  use.  The  bark  is  a  more  valu- 
able tanning  agent  than  any  other  known  substance ;  and  even  the 
leaves  and  the  saw-dust  contain  an  astringent  principle  which  is 
applicable  to  the  same  purpose.  The  Yalonia  oak  of  the  Archipelago 
vields  those  acorns  and  cups  which  constitute  the  valuable  tanning 
ingredient: called  vaUmia.  The  Dyer's  oak  is^the  kind  which  yields 
the  dye-drug,  qvtercitron  bark.  It  is  from  a  species  of  oak,  the  quercM 
liber,  that  we  obtain  that  remarkable  bark,  cork,  which  is  so  superior 
to  all  other  substances  for  the  particular  purposes  to  which  it  is 
applied.  The  scarlet  dye,  called  kermea,  is  obtained  from  an  insect 
which  feeds  upon  one  particular  sort  of  oak  to  which  it  forms  a  kind 
of  parasite,  clinging  to  the  branches.  The  black-dye  drug  nut  gall  is  a 
morbid  excrescence,  produced  by  the  puncture  of  a  winged  insect,  in  a 
small  species  of  oak  called  the  quercus  infectoria.  What  is  <^ed 
the  oak  apple  is  a  somewhat  similar  excrescence  on  the  British  oak, 
applicable  to  the  same  purposes  as  the  nut  gall,  but  not  in  so  great  a 
degree. 

The  root  of  the  oak  was  formerly  carved  into  knife  and  dagger 
handles,  tobacco  boxes,  and  small  implements  and  instruments  of 
various  kinds.  It  is  now  frequently  cut  into  veneers,  which  present  a 
beautifully  diversified  surfitce  when  polished.  Oak  leaves,  gathered 
green  and  dried,  f lunish  in  some  places  a  winter  forage  for  sheep,  deer, 
and  goats.  In  ordinitry  gardening,  they  sometimes  serve  as  a  substi- 
tute for  tanner's  bark,  in  maintaining  the  heat  of  hothouses,  &c.  The 
acorns  of  the  oak  are  a  valuable  produce  of  our  forests.  Evelyn  used 
to  say,  that  a  peck  of  acorns  with  a  little  bran  will  increase  the  weight 
of  a  hog  a  pound  per  day  for  two  months  together ;  and  even  if  this  be 
a  high  estimate,  it  leaves  untouched  the  truth  ^lat  acorns  form  an 
exoeUeut  hog-fodder.  Acorns  form  an  important  part  of  the  food  of 
deer  in  many  English  parks.    Poultry  will  eat  acorns,  raw  or  boiled. 

OAK-BAKK.    [Babk.] 

OAKUM.  When  the  various  cables,  stays,  shrouds,  ropes,  &c.,  be- 
longing to  a  ship  have  gone  through  their  term  of  service,  and  are  no 
longer  strong  enough  to  be  used,  they  are  cut  up  into  pieces,  and  then 
pulled  asunder,  all  the  hempen  threads  being  loosened  and  disentangled 
one  from  another.  In  this  state  the  hempen  threads  are  called  oakum, 
which  varies  in  quality  according  to  the  kind  of  rope  from  which  it  is 
produced.  The  old  ropes  of  a  ship  are  sold  to  dealers;  and  when 
picked  into  oakum  they  are  again  sold  to  ship-builders.  The  work  of 
oakum-picking  is  a  kind  of  forced  employment  in  many  prisons.  The 
oakum  is  sold  to  the  slup-bmlders  in  large  bundles,  and  is  then  spun 
into  loose  threads.  These  threads  are  of  a  very  primitive  kind;  a 
small  bundle  of  fibres  is  rolled  by  the  hand  on  a  sloping  board,  till  it 
assumes  the  form  of  a  loose  irregular  kind  of  rope,  from  half  an  inch 
to  an  inch  in  thickness.    These  oakum  ropes  are  used  for  driving  into 


the  crevices  or  seams  in  the  outside  or  deck  of  a  ship,  to  prevent  the 
entrance  of  sea-water.  This  process  is  called  caulking,  and  is  effected 
by  the  aid  of  a  large  mallet  or  hammer  and  a  caulking  chisel ;  by 
which  a  dense  layer  of  oakum  is  forced  into  the  crevice — afterwards  to 
be  well  tarred.  If  this  process  be  well  conducted,  the  ship's  side  is  not 
only  rendered  waterproof,  but  is  actually  strengthened;  for  every 
little  fissure  becomes  filled  up  with  a  substance  little  leas  compact 
than  the  timber  itself. 

OASIS  ( in  Qreek,  "Oao'ts,  and  sometimes  Atkuris)  is  the  appellation 
given  to  those  fertile  spots  watered  by  springs  and  covered  with  verdure 
which  are  scattered  about  the  great  sandy  deserts  of  Africa.  [Desert.] 
In  Arabic  they  are  called  ws^ys.  The  Arabic  and  the  Greek  name 
seem  to  contain  the  same  root,  and  possibly  the  word  may  be  originally 
a  native  African  term.  The  most  noted  oases  are  in  the  Libyan  desert, 
namely  Augila,  Siwah,  the  great  oasis  west  of  Thebes,  or  El  Khargeh, 
the  little  oasis,  or  Wah  el  Bahryeh,  and  several  smaller  ones  which  are 
noticed  under  Eotft,  in  Geoo.  Div.  Fezzan  also  may  be  considered 
as  a  great  oasis  of  the  Sahara.  [Fezzan;  Sahaba,  in  Geoo. 
Div.] 

The  oases  appear  to  be  depressions  in  the  table-land  of  Libya.  On 
going  from  the  Nile  westward,  the  traveller  gradually  ascends  till  he 
arrives  at  the  summit  of  an  elevated  plain,  which  continues  nearly 
level,  or  with  slight  undulations,  for  a  considerable  distance,  and  rises 
hi^er  on  advancing  towards  the  south.  The  oases  are  valleys  sunk  in 
this  plain,  and  when  you  descend  to  one  of  them  you  find  the  level 
space  or  pbdn  of  the  oasis  similar  to  a  portion  of  the  valley  of  Egypt, 
surrounded  by  steep  hills  of  limestone  at  some  distance  from  the  culti- 
vated land.  The  low  plain  of  the  oasis  is  sandstone  or  clay,  and  from 
this  last  the  water  rises  to  the  surface  and  fertilises  the  country ;  and 
as  the  table-land  is  higher  in  the  latitude  of  Thebes  than  in  that  of 
Lower  Egypt,  we  may  readily  imagine  that  the  water  of  the  oases  is 
conveyed  from  some  elevated  point  to  the  south,  and  being  retained  by 
the  bed  of  clay,  rises  to  the  surface  wherever  the  limestone  superstratum 
is  removed. 

OATH.  Oaths  have  been  in  use  in  all  countries  of  which  we  have 
any  exact  information,  and  it  is  probable  that  there  is  no  nation  which 
has  any  clear  notion  of  a  Supreme  Being,  or  of  superior  beings,  that 
does  not  make  use  of  oaths  pn  certain  solemn  occasions.  An  oath  may 
be  described  generally  as  an  appeal  or  address  to  a  Superior  Being,  by 
which  the  person  making  it  engages  to  declare  the  truth  on  the 
occasion  on  which  he  takes  the  oath,  or  by  which  he  promises 
to  do  something  hereafter.  The  person  who  imposes  or  receives 
the  oath,  imposes  or  receives  it  on  the  supposition  that  the 
person  making  it  apprehends  some  evil  consequences  to  himself  from 
the  Superior  Being,  if  he  should  violate  the  oath.  The  person  taking 
the  oath  may  or  may  not  fear  such  consequences,  but  the  value  of  the 
oath  in  the  eyes  of  him  who  receives  or  imposes  it  consists  in  the 
opinion  which  he  has  of  its  influence  over  the  person  taking  it.  An 
oath  maybe  taken  voluntarily,  or  it  may  be  imx)08ed  on  a  person  under 
certain  circumstances  by  a  political  superior;  or  it  may  be  the  only 
condition  on  which  the  assertion  or  declaration  of  a  person  shall  be 
admitted  as  evidence  of  any  fact. 

The  form  of  taking  the  oath  has  varied  greatly  in  different  countries. 
Among  the  Greeks  (with  whom  the  uplifted  hands  as  if  in  prayer  and 
the  solemn  sacrifice  and  libation  marked  the  religious  element,  while 
the  placing  the  hands  on  the  victims  or  the  altars  reminded  all  parties 
that  the  deity  himseU  was  present,  Iliad  iii.,  276,  and  iv.,  158 ;  Aristoph., 
Acham,  148;  Thucyd.  v.,  47)  the  forms  of  oaths  were  almoet  as  various 
as  the  occasions.  Oaths  were  often  used  by  them  in  judicial  proceed- 
ings. The  Dicastse,  who  were  judges  and  jurymen,  gave  their  verdict 
upon  oath.  The  Heliastio  oath  is  stated  at  length  in  the  speech 
of  Demosthenes  against  Timocrates  (o.  36).  It  does  not  appear  that 
the  oath  was  always  imposed  on  witnesses  in  judicial  proceedings; 
and  yet  it  does  appear  tbat  sometimes  witnesses  gave  their  evidence 
on  oath :  perhaps  the  oath  on  the  part  of  witnesses  was  generally 
voluntary.  (Demosth.,  Uphs''A4>ofio¥  "VevB,  c.  16  ;  KotA  KSvwvos,  c  10 ; 
Meier  and  Schbmann,  *  Att.'  Process.,  p.  675,  and  Smith's  'Diet,  of  Gr. 
and  Rom.  Antiq.,'  arts.  Oath  (Greek),  and  Maprvpia.) 

In  the  Boman  jurisprudence  an  oath  was  required  in  some  cases 
from  the  plaintifi'  or  the  defendant,  or  both.  Thus  the  oath  of 
calumny  was  required  from  the  plaintiff,  which  was  a  solemn  declara- 
tion that  he  did  not  prosecute  his  suit  for  any  fraudulent  or  malicious 
purpose.  The  offence  of  false-swearing  was  perjurium,  perjury ;  but 
it  was  considered  a  less  offence  in  a  party  to  a  suit  when  the  oath  was 
imposed  by  &  judex  than  when  it  was  voluntary.  It  does  not  appear 
that  in  civil  proceedings  witnesses  were  necessarily  examined  on  oath ; 
but  witnesses  appear  to  have  been  examined  on  oath  in  the  judicia 
publica,  which  were  criminal  proceedings.  (D.  12.  2.  C.  1.  1.  Bris- 
sonii  and  Calvini  Leiuc. '  Juramentum ;'  Bonnier,  *  Traitd  des  Preuves,' 
§§  338-878.) 

The  law  of  England,  as  a  general  rule,  requires  all  evidence  or 
testimony  for  judicial  purposes  to  be  given  on  oath,  and  all  persons 
may  be  sworn  as  witnesses  who,  being  questioned  on  the  occasion  of 
taking  the  oath,  will  declare  their  belief  in  the  existence  of  God,  in  a 
future  state  of  rewards  and  punishments,  and  who  will  furtiier  declare 
their  belief  that  perjury  will  be  punished  by  the  Deity.  This  rule 
permits  all  persons,  of  all  religiotis  persuasions,  who  profess  to  have 
tho  necessary  belief,  to  be  sworn  aa  witnesses ;  and  it  excludes  all 
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other  penons  from  being  witnesses.  A  Jew,  a  Mohammedan,  and  a 
Hindu  may  be  sworn  aa  witnesses,  but  they  must  severally  take  the 
oath  in  that  form  which  is  sanctioned  by  the  usage  of  their  country  or 
nation,  and  which  they  severally  consider  to  be  binding.  (Omichund 
t?.  Barker ;  WiUes's  '  Rep/  541,  and  1  Smith's  '  Leading  Cases.')  It 
follows  that  a  person  who  avows  atheism,  or  who  does  not  profess 
such  belief  as  is  stated  above,  cannot  be  sworn,  and  consequently 
cannot  be  admitted  to  give  testimony  for  judicial  purpoaes.  Children 
also  who  are  too  young  to  understand  the. nature  of  an  oath,  and 
adults  who  are  too  ignorant  or  too  weak  in  intellect  to  understand 
what  is  meant  by  an  oath,  cannot  be  sworn  as  witnesses.  The  offence 
of  declaring  what  is  folse,  when  a  witness  is  examined  upon  oath,  con- 
stitutes perjury :  the  particular  circumstances  which  must  concur  in 
order  that  false-swearing  shall  be  legal  perjury  are  stated  under  that 
head.    [Pbkjiirt.] 

Declarations  made  by  a  person  under  the  apprehension  of  immediate 
death  are  generally  admitted  as  evidence  in  judicial  proceedings,  when 
properly  verified,  "  for  Uie  general  principle,"  says  Eyre,  C.B., "  upon 
which  evidence  of  this  kind  rests  is,  that  it  is  of  declarations  made  in 
extremity,  when  the  party  is  at  the  point  of  death,  and  when  eveiy 
hope  in  this  world  is  gone,  when  every  motive  to  falsehood  is  silenced, 
and  the  mind  is  induced  by  the  most  powerful  considerations  to  speak 
the  truth."  A  situation  so  solemn  and  awful  is  considered  by  the  law 
as  creating  an  obligation  equal  to  that  imposed  by  an  oath  in  court. 
(1  Leach,  502 ;  see  also  Alderson's  remarks  in  Ashton's  case ;  2  Lewin, 
CC.  H7).  Quakers  also,  in  all  civil  cases,  were  allowed  by  the  statute 
7  &  8  Wm.  III.,  c.  84,  to  give  their  evidence  on  affirmation ;  and  now 
the  affirmation  of  Quakers,  Moravians,  Separatists,  and  others  who 
having  been  Quakers  or  Moravians  conscientiouBly  object  to  taking 
oaths  (3  &  4  Wm.  IV.,  c.  49,  and  c.  82;  and  1  &  2  Vict.,  c  77),  is 
admissible  in  all  judicial  proceedings,  both  civil  and  criminaL  (See 
also  17  and  18  Vict.,  c.  125,  s.  20.)  When  a  defendant  in  chanceiy  is 
entitled  to  privilege  of  peerage,  eras  a  lord  of  parliament,  he  is  required 
to  give  his  answer  to  a  bill  upon  honour  only ;  and  in  the  case  of  a 
corporation,  the  corporate  body  defendants  put  in  their  answer  under 
their  common  s^.  Other  defendants  are  required  to  put  in  their 
answer  upon  oath*  For  other  matters  connected  with  judicial  evidence, 
see  Evidence. 

An  oath  is  required  in  England  in  a  great  many  cases  besides 
judicial  proceedings,  as  for  instance,  on  admission  to  places  of  public 
trust,  and  on  a  variety  of  other  occasions. 

As  oaths  may  be  either  voluntary  or  may  be  imposed  by  a  political 
superior,  so  they  may  be  imposed  either  on  extra-judicial  or  on  judi- 
cm  occasions.  Oaths  which  are  imposed  on  occasion  of  judicial 
proceedings  are  the  most  frequent  in  this  country,  and  the  occasions 
are  the  most  important  to  the  interests  of  society.  The  principle  on 
which  an  oath  is  administered  on  judicial  occasions  is  this  :  it  is  sup- 
posed that  an  additional  security  is  thereby  acquired  for  the  veracity 
of  him  who  takes  the  oath. 

There  are  occasions  on  which  oaths  are  treated  lightly,  on  which  he 
who  imposes  the  oath,  he  who  takes  it,  and  the  community  who  are 
witnesses  to  it,  treat  the  violation  of  it  as  a  trivial  matter.  Such  occa- 
sions as  these  furnish  Bentham  with  arguments  against  the  efficacy  of 
oaths  on  all  occasions.  Suppose  we  adGoiit,  with  Bentham,  as  we  do 
merely  for  the  sake  of  the  argument,  that  "  on  some  occasions  oaths  go 
with  the  English  clergy  for  nothing;"  and  this,  notwithstanding  the 
fact,  which  nobody  can  doubt,  "  that  among  the  English  clergy  believers 
are  more  abundant  than  unbelievers."  The  kind  of  oaths  **  which  go 
for  nothing "  are  not  mentioned  by  Bentham,  but  they  may  be  con- 
jectured. Now,  if  all  oaths  went  for  nothing  with  the  clergy,  or  with 
any  other  bodv  of  men,  the  dispute  would  be  settled.  But  this  is  not 
the  ^t.  If  m  any  way  it  has  become  the  positive  morality  of  any 
body  of  men  that  a  certain  kind  of  oath  should  go  for  nothing,  each 
individual  of  that  body,  with  respect  to  that  kind  of  oath,  has  the 
opinion  of  his  body.  He  does  not  believe  that  such  oath,  if  broken, 
will  bring  on  him  divine  punishment,  and  therefore  such  oath  is  on.  idle 
ceremony.  But  if  there  is  any  oath,  the  violation  of  which  he  thinks 
wHl  bring  on  him  divine  punishment,  his  opinion  as  to  that  kind  of 
oath  is  not  at  all  affected  by  his  opinion  as  to  the  other  kind  of  oath. 
Now,  oaths  taken  on  judicial  occasions  are  by  the  mass  of  mankind 
considered  to  be  oaths  of  the  latter  kind,  and  uierefore  they  have  an 
influence  on  the  great  majority  of  those  who  take  them.  Whether 
society  will  in  time  so  far  improve  as  to  render  it  safe  to  dispense  with 
this  ceremony  in  judicial  proceedings,  cannot  be  affirmed  or  denied; 
but  a  legislator  who  knows  what  man  now  is,  wiU  require  better  reasons 
for  the  abolition  of  judicial  oaths  than  Bentham  has  given.  For  some 
able  remarks  on  this  part  of  the  subject,  the  reader  is  referred  to 
Mr.  Best's  admirable  treatise  on  the  'Law  of  Evidence,'  Srd  edit, 
pp.  61-67. 

How  far  the  requisition  of  an  oath  may  be  injurious  in  excluding 
testimony  ia  certain  cases,  and  how  iar  oaths  on  solemn  and  important 
occasions  may  be  made  most  efficacious,  and  in  what  cases  it  may  be 
advisable  to  substitute  declarations  in  lieu  of  oaths,  are  not  matters  of 
consideration  here.  It  is  enough  here  to  show  that  an  oath  is  a  sanction 
or  security  to  some  extent,  if  the  person  who  takes  it  fears  divine 
punishment  in  case  he  should  violate  it ;  and  that  this,  and  no  other, 
is  the  ground  on  which  the  oath  is  imposed. 

Indeed  it  is  evident  that  in  English  procedure  the  professed  opinion 


or  belief  of  the  person  who  takes  the  oath  is  the  only  reason  for  which 
courts  of  justice  either  admit  or  refuse  to  receive  his  evidenpe ;  and 
this  is  shown  by  the  questions  which  may  be  put  to  a  witness  when  he 
comes  to  deliver  his  evidence  in  a  court  of  justice.  (See  L.  C.  J.  Willes's 
judgment  in  Omichund  v.  Barker,  WiUes,  541.) 

There  is  some  difficulty  in  stating  accurately  how  far  oaths  were 
required  from  witnesses  in  Roman  procedure  under  the  republic  and 
the  earlier  emperors.  In  addition  to  what  has  been  stated,  the  reader 
may  refer  to  Cicero,  'Pro  Q.  Rose.  Comoed.,'  c.  15,  &c. ;  Noodt,  'Ox>. 
Omn.,'  iL  479, '  De  Testibus ; '  to  the  commentary  of  Asconius  on  the 
Verrine  Orations ;  and  to  Zimmem's  treatise  on '  Civil  Procedure  among 
the  Romans/  §§  185  &  150.  By  a  constitution  of  Constantine,  all  wit- 
nesses were  required  to  give  their  testimony  on  oath ;  and  this  was 
again  dechvred  by  a  constitution  of  Justinian.    ('  Cod.'  4, 20,  9. 16. 19.) 

Many  persons  conscientiously  object  to  the  taking  of  an  oath  on 
religious  grounds,  and  particularly  with  reference  to  our  Saviour's  pro- 
hibition (Matth.,  V.  83).  On  the  subject  of  oaths  in  general  the  re^er 
may  consult  Grotius,  'De  Jure,*  B.  &  P.,  lib.  ii.,  c.  13;  Paley's  'Moral 
Philosophy ;'  Tyler^s '  Origin  and  History  of  Oaths ; '  the '  Law  Magazine/ 
vol  xii. ;  and  the  work  of  Bentham  already  referred  to. 

OATS  (Arena  tativa)  is  a  well-known  species  of  the  genus  Awna,  a 
plant  of  the  &mily  of  the  OranUnece.  fAvENA,  in  Nat.  Hist.  Div.] 
We  shall  here  only  consider  those  varieties  which  are  cultivated  for 
their  grain,  principally  as  food  for  horses,  and  in  some  cases  for  men 
also,  when  ground  into  oatmeal  or  grits. 

The  great  use  of  oats,  and  the  ease  with  which  they  are  raised  on 
almost  every  kind  of  soil,  from  the  heaviest  loam  to  the  lightest  sand, 
have  made  them  occupy  a  place  in  almost  every  rotation  of  crops. 
Before  agriculture  had  been  subjected  to  regular  rules,  the  result  of 
long  experience,  the  land  was  often  sown  as  long  as  any  return  could 
be  obtained,  before  any  means  of  recruiting  it  with  manure  were 
thought  of ;  and  the  last  crop  which  would  return  any  iucrease  of  the 
seed  was  generally  oats.  After  this,  the  land,  no  longer  repaying  the 
labour  of  ploughing  and  sowing,  was  abandoned,  till,  by  length  of  time, 
by  the  decomposition  of  roots  and  weeds,  and  the  replenishment  by  the 
action  of  atmospheric  solvents  of  the  store  of  inorganic  matter  in  a 
soluble  condition,  some  renewed  fertility  was  produced.  The  exhaust- 
ing character  of  the  plant  is  to  some  extent  explained  by  the  quantity 
of  mineral  matter  removed  from  one  acre  by  an  ordinary  crop  of,  say 
48  bushels :  96  lbs.  of  soluble  silica,  23  lbs.  of  phosphoric  acid,  and 
36  lbs.  of  potash  are  thus  taken  from  the  landL  Some  farmers,  on 
account  of  the  exhausting  character  of  the  crop,  prefer  buying  all 
their  oats  in  the  market  to  nusing  them  on  their  own  land.  Where 
the  soil  is  well  adapted  to  the  growth  of  wheat  and  barley,  which  bear 
a  better  price,  this  may  be  a  judicious  plan ;  but  as  a  general  rule,  it 
is  always  more  profitable  to  raise  oats  for  home  consumption  than  to 
trust  to  a  fluctuating  market.  With  proper  management,  a  crop  of 
oats  may  give  as  great  a  profit  on  the  best  land  as  any  other  crop,  when 
it  is  considered  that  it  requires  less  manure  and  produces  an  abundance 
of  straw,  which  is  very  fit  for  the  winter  food  of  horses  and  cattle, 
especially  when  aided  by  roots  or  other  succulent  food.  There  are  nearly 
2,000,000  acres  of  oats  grown  annually  in  Ireland,  nearly  1,000,000 
acres  in  Scotland,  and  probably  1,250,000  acres  in  England.  This  is 
four  tunes  as  much  as  of  wheat  in  Ir^and,  four  times  as  much  as  of 
wheat  in  Scotland,  and  one-third  as  much  aa  of  wheat  in  England. 
The  colder  climate  of  the  two  former  districts  over  the  greater  part  of 
their  surfiioe  is  what  makes  the  oat  the  more  prevalent  crop. 

The  best  oats  are  raised  in  ^Scotland  and  in  Friesland,  and  in  both 
countries  the  land  is  carefully  cultivated.  In  Scotland,  oats  are  gene- 
rally sown  on  a  grass  layer  which  has  been  in  that  state  for  some  years, 
and  sometimes  on  old  pastures  which  are  broken  up  for  the  purpose. 
The  crops  exceed  in  bulk  and  weight  of  grain  all  that  the  most  sanguine 
person,  unacquainted  with  the  system,  would  expect,  and  in  many 
seasons,  not  ^vourable  for  the  wheat  crop,  oats  are  much  more  profit- 
able. Wherever  the  land  is  not  of  a  good  quality,  and  wheat  is  apt  to 
fail,  oats  are  a  much  safer  crop,  especially  in  retentive  soils,  as  rye  ia 
on  poor  sands. 

When  oats  are  sown  after  turnips,  cabbages,  or  any  other  green  crop, 
the  land  should  be  well  ploughed,  if  the  green  crop  was  not  consumed 
on  the  spot,  and  a  moderate  supply  of  manure  will  be  well  repaid  by 
the  increased  produce.  A  heavy  loam  is  best  suited  for  oats :  they 
require  a  certain  degree  of  moisture,  and  a  deep  soil  ia  very  &vourable 
to  their  growth.  On  land  which  has  been  trenched,  or  where  the  sub- 
soil plough  has  been  used,  after  careful  draining  if  required,  oats  will 
thrive  wonderfully,  without  requiring  so  rich  a  soil  as  barley  or  wheat. 
The  roots  are  hardier  and  have  a  stronger  vegetative  power.  When 
once  they  have  struck  deep  into  the  soil,  a  good  crop,  according  to  the 
quality  of  the  land,  may  be  relied  on. 

When  oats  are  sown  after  artificial  meaea,  the  land  ia  seldom 
ploughed  more  than  once,  and  the  seed  is  sown  on  the  fresh  mould 
which  has  been  turned  up ;  but  unless  the  land  be  very  free  from 
weeds,  it  would  be  better  to  plough  the  sward  with  a  shallow  furrow 
early  in  autumn.  Before  winter  &e  scarifier  would  break  the  rotten 
sward,  which  might  then  be  buried  deep  by  another  ploughing.  The 
land  would  be  ready  for  sowing  early  in  spring,  which  is  a  great 
advantage,  both  as  to  the  quality  of  the  oat  crop  and  the  earlier 
harvest,  especially  in  those  districts  where  the  latter  part  of  the 
autumn  is  apt  to  be  stormy  and  rainy.    The  land  thus  treated  would 
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be  olean.  and  the  fallow,  which  is  often  resorted  to  of  necessity  after  a 
crop  of  oats,  might  be  dispensed  with^  as  the  weeds  have  been  destroyed 
and  buried  deep. 

When  oats  ara  sown  on  light  land  after  turnips,  which  have  been 
eaten  by  sheep  folded  on  them,  it  may  be  ploughed  with  as  shallow  a 
furrow  as  will  turn  in  the  sur&ce :  the  preparation  for  turnips  will 
have  BufBciently  moved  the  soil ;  and  the  manure  of  the  sheep  should 
not  be  buried  too  deep.  On  poor  moist  land  oats  are  more  profitable 
than  barley,  dover  and  grass  seeds  may  be  sown  among  them  with 
equal  advantage,  as  they  will  seldom  g^w  so  high  as  to  be  laid  and 
BTpnthftr  the  young  clover ;  and  barley  is  very  apt  to  fail  on  land  subject 
to  retain  the  water. 

In  sowing  oats  mora  seed  is  often  used  than  of  any  other  grain, 
because,  although  the  plants  tiUer  where  they  have  room,  the  straw  of 
the  second  shoots  is  weaker,  and  the  grain  is  not  ripe  so  soon  as  that  of 
the  principal  stem ;  but  when  the  plimts  rise  close  and  thick,  there  aro 
no  tillers,  the  main  stem  is  stronger,  and  the  com  is  moro  plump  and 
equal.  Six  bushels  of  oats  are  often  sown  in  Scotland  and  Ireland  on 
an  acra ;  but  if  they  aro  drilled,  three  or  fovtr  bushels  are  sufficient, 
and  when  dibbled,  which  is  sometimes  the  case  in  Norfolk  and  Suffolk, 
much  less  seed  is  used.  A  good  preparation  of  the  land  is  of  moro 
consequence  than  a  superabundance  of  seed. 

In  a  field  where  oats  are  sown  broadcast,  and  covered  by  the  harrows, 
many  seeds  remain  exposed  to  the  depredation  of  biids,  which  soon 
find  them  out  at  a  time  of  the  year  when  food  is  scarce ;  but  when 
thev  are  drilled  or  dibbled,  all  the  seed  is  buried  and  germinates, 
without  any  loss.  When  the  seed  is  sown  and  ploughed  in,  the  same 
object  is  attained ;  but  as  the  furrow  must  be  shallow  in  order  that 
the  seed  may  not  be  buried  too  deep,  the  land  must  have  been  ploughed 
before  to  a  considerable  depth,  unless  it  be  after  turnips  fed  off  by 
sheep,  in  which  case  ploughing  the  seed  in  is  often  considered  a  good 
practice :  in  either  case  four  bushels  of  seed  per  acre  is  an  ample 
allowance. 

When  the  ground  has  been  well  prepared,  there  is  uo  necessity  for 
weeding  or  hoeing  the  crop  as  it  advances ;  but  if  large  weeds  appear, 
such  as  charlock.  May-weed,  docks,  or  thistles,  they  must  be  carefully 
weeded  out,  or  else  the  ground  will  be  so  infested  with  their  seeds  or 
roots  that  it  will  be  difficult  to  eradicate  them  afterwards.  Oats,  when 
fully  ripe,  are  very  apt  to  shed,  and  many  are  lost  for  want  of  attention. 
As  soon  as  the  straw  turns  yellow  imder  the  panicle,  the  oats  should  be 
reaped,  however  green  the  lower  part  of  the  straw  may  be ;  the  straw 
will  be  better'  fodder  for  cattle,  and  all  the  com  will  be  saved.  Oats 
are  generally  mown  with  a  scythe,  and  raked  into  heaps  to  dry  like 
hay ;  but  this  is  a  wasteful  and  slovenly  practice.  A  gocd  crop  of  oats 
should  be  reaped,  like  wheat,  close  to  the  ground,  and  tied  in  sheaves. 
This  may  now  be  done  perfectly  by  machine ;  but  if  by  hand,  the 
scythe,  or  the  heavy  hook,  or  the  Hainault  scythe,  does  the  work  well 
in  the  hands  of  an  expert  mower,  who  should  be  followed  by  binders, 
who  gather  the  straw  with  their  hands  and  lay  it  regularly  on  the 
grotmd  if  it  be  not  fit  to  tie  up  immediately :  the  straw  should  after* 
wards  be  tied  up  into  sheaves,  and  set  with  the  com  uppermost  in 
shocks  of  ten  or  twelve  sheaves,  leaning  against  each  other,  and  open 
at  bottom,  in  order  to  allow  the  air  to  pass  through.  Thus,  in  a  short 
time  the  oats  become  sufficiently  dry  to  be  stacked,  or  carried  immedi- 
atelv  into  the  bam.  The  produce  of  an  acre  of  oats  varies  according 
to  the  soil  and  preparation,  from  four  to  eight  and  even  ten  or  twelve 
quarters. 

Of  the  many  varieties  of  oat  now  in  cultivation,  the  "  Poland  **  may 
be  named  for  its  early  habit  and  good  quality ;  the  "  Potato  "  oat  for 
quality  and  productiveneas ;  the  "Hopetoun"  and  "  Sandy "  oats  for 
their  bulkv  growth,  abundant  yield,  and  quality:  and  the  "Tar- 
tarian" (black  and  white)  for  a  great  quantity  of  comparatively 
coarse  quality. 

Oats  ground  into  a  coarse  meal  form  a  considerable  portion  of  the 
food  of  labourers  and  many  men  in  the  middle  ranks  of  life  in  Scot- 
land, Ireland,  and  the  north  of  England.  The  meal  is  simply  stirred 
into  boiling  water  with  a  little  salt,  until  it  becomes  of  the  consistencv 
of  ^  a  hasty-pudding ;  it  is  then  called  porridge ;  and  when  eaten  with 
milk  or  toeacle  makes  a  wholesome  and  palatable  food.  It  is  some- 
times mixed  with  the  thin  liquor  of  boiled  meaty  or  the  water  in  which 
cabbages  or  kale  have  been  boiled,  and  acquires  the  denomination  of 
beef-brose  or  kale-brose.  When  made  into  a  dough  with  water,  and 
baked  on  an  iron  plate  in  thin  cakes,  it  makes  a  bread  which  is  very 
palatable  to  those  who  are  accustomed  to  it,  and  who  often  prefer  it  to 
wheaten  bread.  Its  use  was  once  almost  universal  in  Scotland,  which  has 
in  consequence  been  called  the  Land  of  Cakes.  In  Gemiany  and  Switzer- 
land the  coarsely  bruiied  oatmeal  is  put  into  an  oven  till  it  becomes 
of  a  brown  colour ;  it  is  then  called  haber-meel,  and  is  used  in  broths 
and  pottages,  as  the  semolina,  made  from  wheat,  is  used  in  France  and 
Italy.  The  ccarsely-broken  grains,  after  the  husk  has  been  removed, 
form  grits,  which  are  extensively  used  to  make  gruel  for  children  and 
invalids.  The  quality  of  oats  as  food  is  proved  by  experience,  and  has 
been  amply  illustrated  by  scientific  researoh.  Its  grain  contains  46  per 
cent,  of  starch,  nearly  14  of  nitrogen  compounds,  6  of  oil,  6  of  sugar, 
nearly  4  of  gum,  beaides  24  of  husk,  &c.  And  its  straw  contains  1*8  of 
nitrogen  compoimda,  besides  66  of  woody  fibre  and  other  organic 
matters.  These  figures  wore  ascertained  by  Boussingault.  The  chaff 
of  oats  put  into  a  canvas  bag  forms  a  good  substitute  for  feather-beds 


for  the  poor,  and  is  far  moro  wholesome  than  feathers,  from  the  ease 
with  which  it  may  be  renewed  at  little  or  no  coat. 

In  some  countries  the  oats  are  given  to  horses  in  the  straw,  without 
threshing  them ;  and  where  the  quantity  can  be  regulated,  the  practice 
is  good.  The  horses  masticate  the  com  better  in  the  chaff,  and  the 
straw  is  wholesome ;  but  where  horses  do  hard  work,  they  would  be 
too  long  in  eating  a  sufficient  quantity,  and  it  is  better  to  give  them 
oats  threshed  and  cleaned,  vrith  clover  hay  cut  into  cha£  When  hay 
is  dear,  it  is  often  cheaper  to  increase  the  quantity  of  oats,  and  to  give 
it  with  wheat-straw  cut  fine.  In  this  way  very  nttle  hay  is  required. 
The  calculation  is  easily  made  when  we  consider  that  a  pound  of  good 
oats  gives  as  much  nourishment  to  a  horse  as  two  pounds  of  the  best 
clover,  or  sainfoin  hay.  A  truss  of  hay  of  66  pounds  is  therefore 
equal  to  28  pounds  of  oats ;  or  abushel  of  the  best  oats  will  go  as  far  as 
one  truss  and  a  half  of  hay;  and  if  this  quantity  is  worth  4c.,  which 
is  at  the  rate  of  42. 16f .  per  load  of  thirty-six  trusses,  the  equivalent 
price  of  oats  is  82«.  per  quarter. 

Farmers  who  have  hay-ricks  from  which  they  often  allow  their  men 
to  take  as  much  as  they  please  for  their  horses,  will  carefully  measure 
out  the  oats,  which  probably  are  much  cheaper.  Those  who  keep  many 
horses  should  cut  all  the  hay  into  chaff  by  a  machine,  and  mixing  this 
with  a  proper  proportion  of  oats,  feed  all  their  horses  in  mangers  with 
a  certain  allowance  of  the  mixture,  a  practice  much  more  economical 
than  that  usually  adopted.  In  France  and  Germany  the  practice  of 
baking  oats,  as  well  as  rye,  into  loaves  for  horse-food,  is  gaining  ground, 
and  is  said  to  be  attended  by  an  evident  saving  of  food. 

OBELISK,  a  Greek  word  used  to  designate  the  well-known  Egyptian 
monumental  monoUth.  Obelisk  (h^XivKot)  is  a  diminutive  of  €bdo$ 
{6$€\os),  a  sharp-pointed  thing,  a  spit,  or  skewer ;  and  was  no  doubt 
applied  to  the  Egyptian  obelisk  on  account  of  its  shape  and  pointed 
end.  Herodotus  used  the  word  60€\itrKos  both  for  an  obelisk  (iL  111), 
and  a  skewer  or  spit  (iL  41).  The  Italian  name  for  an  obelisk  aguglia, 
and  the  Frendi  aiguilUf  are  derived  from  the  Latin  acus,  a  needle  or 
pin :  a  word  applied  also  to  the  pin  or  bodkin  used  for  fastening  up  the 
hair,  and  whicn  instead  of  tapering  to  a  point  like  a  needle,  sometimes, 
at  least,  had  tiie  end  sloped  off  abruptiy ;  as  may  be  seen  in  Montfaucon, 
'  Ant/  Bupp.,  plate  iiL 

The  Egyptian  obelisk  is  a  tall,  monolithic,  four-sided  shaft,  which 
diminishes  gradually  from  the  base  to  near  the  top,  when  the  sides  are 
sloped  off  so  as  to  zorm  a  pyramidion,  or  diminutive  pyramid,  which 
serves  as  the  apex.  In  size,  obelisks  vary  greatiy;  the  shaft  of 
the  Lateran  obefisk,  the  largest  remaining,  is  105  feet  high,  and  was 
once  more ;  while  one  at  Florence,  the  smallest  known,  is  under  6  feet 
in  height.  The  larger  Egyptian  obelisks  are  almost  invariably  made  of 
the  red  granite  of  Syene ;  the  small  ones  of  green  basalt.  Their  sides 
are,  with  few  exceptions,  covered  with  hieroglyphics. 

A  great  deal  has  been  written  respecting  the  origin  and  purpose  of 
the  obelisk,  without  any  verr  defimte  result.  It  may  safely  be  said, 
however,  that  the  Bgyptian  obelisk  was  only  a  refinement  on  the  stone 
of  memorial  which  it  was  the  general  primitive  custom  to  set  up  on 
special  occasions  or  in  holy  places,  of  which  that  raised  by  Jacob  at 
Bethel  (Gen.  xxviii  18)  is  an  instance  that  will  occur  to  every  one. 
Monoliths  are  in  fact  found  among  all  the  most  ancient  races.  The 
Egyptians,  a  highly  cultivated  people,  gave  to  theirs  an  artistic  form. 
The  peculiar  tapering  form  and  pointed  termination  were  stated  by 
Pliny  to  have  been  suggested  by  a  tongue  of  flame ;  and  the  idea  of 
fire,  or  the  worship  of  the  sun,  seems  to  have  been  by  some  tradition 
generally  associated  among  the  ancients  with  the  Egyptian  obelisk. 
Be  the  original  idea  what  it  may,  the  Egyptians  somehow  succeeded  in 
devising  a  form  whi<^  in  its  way  has  never  been  equalled  in  grace  of 
outline,  or,  where  conjoined  with  magnitude,  in  imposing  effect. 

The  Egyptians  never  placed  their  obelisks,  as  the  modems  almost 
invariably  do,  alone,  in  a  broad  open  space.  They  fixed  them  in  pairs 
in  front  of  the  propylsea  of  a  temple,  and  the  hieroglyphics  inscribed 
on  their  sides  told  tiie  name  and  tities  of  the  monarch  who  erected 
them,  and  the  purpose  of  the  building  before  which  they  stood.  They 
were  raised  on  low  oblong  bases  or  pedestals,  which,  however,  were  no 
part  of  the  obelisk  proper,  but  were  formed  of  separate  blocks  of  granite. 
The  position  of  the  obeli^  wiU  be  xmderstood  by  the  cut  of  the  very 
fine  pair — the  most  perfect  extant — ^which  stood  in  front  of  the  pro- 
pylsea of  the  temple  of  Luxor :  one  of  these  has,  since  the  drawing  was 
niade,  be«i  removed  to  Buna,  The  bases  are  hidden  by  the  accumu- 
lated sand. 

The  ahait  of  an  Egyptian  obelisk  is  usually  about  eight,  but  sometimes 
ten  times  2|s  high  as  the  width  of  the  base.  The  width  at  the  top  of  the 
shaft,  or  base  of  the  pyramidion,  is  one  fourth  less  than  the  base  of  the 
shaft.  The  height  of  the  pyramidion  is  from  one  to  one  and  a  half 
the  width  of  its  base.  We  have  described  the  shaft  as  quadrilateral, 
but  it  IB  not  square ;  two  of  the  sides,  the  front  and  back,  being  gene- 
rally somewhat  wider  than  the  other  two.  Neither  are  the  sides  per- 
fectly fiat.  Under  Column  and  Grecian  Arcuitecturb  it  has  been 
shown  that,  to  atone  for  a  certain  optical  appearance,  the  Greeks  made 
the  outline  of  their  columns,  and  other  lines  which  in  appearance  were 
right  lines,  to  be  in  reality  very  slightly  convex.  In  tiie  same  way, 
and  doubtless  for  a  similar  reason,  that  is  to  counteract  a  seeming 
concavity  of  surface  observable  in  really  fiat-sided  obelisks,  the 
Egyptians  made  the  sides  of  tbeir  obelisks  slightly  convex,  or,  as  it  is 
technically  termed,  to  iiave  an  entasis  on  the  plan.    And  it  is  note- 


Otaliak)  lo  frait  at  lb*  Itmpl*  at  Luor. 
pradwl;  tneli  an  nitaaia  to  a  monumenUl  obelkk  conitrqctod  b^  him; 
u  die  rault  of  a  tenet  of  tentatlTB  eSbrU  tnada  to  OTercome  t,  leeimiig 
eoncATity  of  taittea  uid  horiiontal  plan  olHerTed  by  him  ia  his  mode£ 
ud  of  which  experiment  he  gave  a  full  account  in  ■  paper  road  before 
theliuUtute  of  Architects,  in  Ma;,  1858. 

At  CHS  time  there  must  have  been  a  Urse  number  of  obetiaki  in 
Egj'pt,  u  they  are  traced  all  the  way  from  PhUie  to  the  Mediterranean. 
South  of  the  Gnt  cataracta  there  are  noae  of  large  size,  owing,  aa  is 
tuppoaed,  to  the  difficulty  of  conreying  such  large  massee  of  gruiitv  up 
the  river  frotn  the  quarriee  of  Syene,  Since  the  Romans  became 
miaters  of  Egypt,  the  obeliske  have  been  made  a  constant  prey,  and 
oompantJTely  few  are  now  left  standing.  Augustus  was  the  Grst  who 
remoied  any  of  tiieee  monoliths ;  one  be  caused  to  be  placed  in  Uie 
Campua  Uartius,  another  in  the  Circus.  The  gnat  obebsk  of  the 
Iiit^an  was  conveyed  from  Heiiopolis  to  Aleisndria  by  Constsntine, 
ud  from  thence  remored  by  that  emperor's  son  Constantiua  to  Rome, 
where  it  was  erected  in  the  Circus  Makimus.  Thia  obelisk  is  the  largest 
now  known,  its  shaft  being  IDS  ft.  (although  it  has  been  reduced,  a 
portion  at  the  lower  part  baring  been  cut  off  in  consequence  of  beiog 
fractured),  and  two  of  its  aides,  B  ft  8i  in.,  the  othertwo  g  ft ;  the 
shaft  weighs  about  H5  tons.  That  which  was  originally  brought  from 
Heiiopolis,  and  pbiced  in  the  Vatican  Circus,  and  which  now  stands  in 
the  piazza  of  St.  Peter's, ia  next  in  size  to  that  of  the  Lateran,  though 
suppceed  to  hare  been  somewhat  abridged  of  its  original  dimensions. 
The  enlire  bnght  of  the  shaft  itself  is  83  ft. ;  it  ia  8  ft  10  in.  square  at 
iU  base,  and  fi  ft.  II  in.  at  the  other  end  In  all  48  obelisks  were 
traDBported  by  the  emperors  to  llome  ;  o  theso  the  five  largest  still 
lemun,  but  only  seven  of  the  smaller  ones  have  escaped  destruction. 

During  the  calamities  that  befcl  Home  under  its  barbadian  invaders 
>fter  the  downfall  of  the  empire,  the  obelieks  were  damaged  and  nver- 
thiown ;  but  those  not  entii^y  destroyed  have  been  gradually  restored 
under  various  pontitb.  The  trst  to  attempt  this  was  SixtuaV.,aDd 
>e  much  interest  did  the  propoaal  to  raise  one  of  these  shafts  eicito, 
that  500  difi'erent  plana  are  said  to  bare  been  sent  in  from  various 
puts  of  Europe.  The  task  woa  allotted  to  Dominica  Fontana,  who 
cinployed  BOO  men  and  140  horses  in  railing  it,  and  was  so  elated  with 
his  success,  that  he  published  full  detuls  of  the  proccsa  in  a  handsome 
folio  volume.     In  all  twelve  obelislu  have  been  erected  in  Rome, 
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but  the  most  entire  Ignorance  or  disregard  has  been  shown  of 
tiie  piinoiplss  which  render  these  monobths  so  graceful  in  their 
origiDal  state.  Not  only  have  they  been  placed  on  a^urdly  unsuitable 
pedestals — one,  for  instance,  on  Uie  back  of  an  elephant — but  above 
the  original  termination  (the  aimple  and  elq^t  pyrainidion),  lias  been 
fixed  a  cross,  with  other  equally  misplaced  and  often  puerile  oma- 
■nenta.  The  followiog  table  contains  a  list  of  the  Roman  obelisks, 
anaaged  in  the  order  of  their  modern  restoration,  with  the  dimen- 
tions  of  til*  shifts — but  omittjng  the  modem  bases  and  crowning 
oraamoita,  and  other  particulus  : — 

I.  The  Vatican,  in  front  of  St.  Peter's,  wbero  it  was  removed  by 
Fontana  from  the  Vstioan  Circus.  On  the  side  being  the  church,  and 
on  Ibe  opposite  aide,  we  see  the  dedication  to  Augustus  and  Tibmus. 
Height  83  ft.  2  in.    Without  hieroglyphics,  and  still  entire. 

II.  In  front  of  the  church  of  Santa  Uaria  Moggiore,  erected  by 
Fontana.  Height  48  ft.  S'l  in.  j  without  hieroglyphia ;  broken  in  three 
or  more  plaons. 

IIL  In  front  of  the  St.  John  I^tenn  church,  ereeted  by  Fontana ; 
Height  lOG  ft.  7  in.  Hieroglyphics;  broken  in  three  pieces.  This 
magniflcent  monolith  was  otipinally  erected  before  the  propybea  of  On 
temple  at  Thebes  by  one  of  the  kings  of  Ibe  18th  dynasty. 

IV,  Flamjnio  del  Popolo,  erected  by  Fontana.  Height  78  ft.  S  in. 
Hianx^ypbia* ;  broken  in  tliree  pieeea.  This  was  one  of  the  two 
obelidu  Wuf^t  by  Augustus  tnaa  Beliopolis.  Theee  four  obeliAs 
were  raised  under  pope  Sixtus  V.  during  the  years  1B88-89. 

T.  In  the  Piasn  Navona ;  sometimes  called  the  Pampbilian  obelisk ; 
erected  by  Innocent  X.,  in  1651.  Hei|^t  54  ft.  3  in.  Haa  hierof;ly 
iducs,  but  not  genuine  ones,  having  been  cut  by  order  of  Domitian 
Fountain  round  the  base. 

TL  Hinerveo  della  Minerva,  erected  by  Bernini  for  Aleiandei  VII., 
in  1687.  This  obelisk,  vrith  singular  bwl  tasto,  is  placed  on  tlie  back 
of  a  horrible  elephant,  the  work  of  BeminL    Height  about  17  ft. 


Hieroglyphics. 
VII.  Hahut«o 


Uahut«o  della  Rotonda,  raised  by  order  of  Clement  XI.  in 
1711,  in  front  of  the  Pantheon  of  Agrippa.  Hei^t  19  ft.  9  In. 
Hieroglyphics;  probably  the  pendant  of  No.  8 ;  fountain  round  Ibe 

TIIL  Quirinale  dl  Honto  Cavallo,  erected  by  Anllnori  for  Pius  VI., 
in  1786,  Height  47  ft.  S  in.  No  hieroglyphics;  appears  broken  in  two 
or  three  places. 

IX.  Sallustiono  della  Trinith  di  Monte,  erected  by  Antinori  tor 
Pius  VI.,  in  1789.    Height  about  43  ft.  8  in.    Hieroglyphics. 

X.  Campense  di  Monte  Citerio,  erected  by  Antinori  for  Pius  VI.,  in 
1792.     Height  71  ft  fl  in.     Hieroglyphics. 

XL  Aurellano  della  Pasawgiata,  on  the  Monte  Pindo,  erected  for 
I^UB  VIL,  in  1822.  Height  about  30  ft  Hier^iglyphics.  This  is  sailed 
1v  Zo^ga  the  Barberini  obelisk,  of  which  be  says,  "  Hio  e  Romanis 
obeliscis  adhuc  cognitis  solus  eipectat  sospitaterem." 

XII,  Private  obebsk  erected  in  1817  on  the  Ccelian  Hill,  in  the 
gardens  of  the  Villa  Mattel ;  hardly  worth  mentiooing.  It  is  a  small 
fragment  of  a  real  obelisk  mounted  on  a  pieoe  of  motlero  granite. 


ClNpatia'l  Needle. 

Of  the  two  obelisks  which  Pliny  mentiona  ('  Hist  Nat,'  mni  9)  as 
standing  in  front  of  a  temple  at  Alexandria,  only  one  is  now  standing, 
Likamott  of  tbemoDumants  of  Lower  Egypt.it  bears  the  namsot  the  paitl 
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OBEUSE. 


Bameeea  II.  The  annexed  cut{coI.  10)of  thuobe1ul[,popularl7known 
as  Cteopatnt's  needle,  will  aerre  U>  show  the  appearance  of  one  of  these 
nonumentH  with  ita  pedeatol,  na  the  cut  of  the  Luior  obelisks  illus- 
tnUn  tjieir  originnl  poaition.  The  following  are  the  dimansions  of  the 
Alexuididui  obelisk  ;— Width  of  one  base  of  shsft,  g  ft.  2  in. ;  vridth 
of  rama  face  of  the  obelisk  at  base  of  the  pyrunidioo,  5  ft.  2  in. ;  width 
of  other  ddea  at  base  of  shaft  (md  base  of  pyrainidion,  7  f*~  8'7  in.,  and 
i  ft.  8'5  in.,  rnpectivelj ;  height  of  shaft  to  base  of  PTnmidioD,  60  ft. 
7'6  in. ;  height  of  pyrazuidion,  3  ft.  6'8  in. ;  irhole  height  of  shaft, 
67  ft.  2'4  in. ;  height  of  pedestal  and  plinths,  1 3  ft. ;  makingthe  entire 
height  of  the  obelisk  and  supports  a  little  over  79  feet.  The  cones- 
ponding  obelisk  lies  on  the  ground.  This  one  tras  some  time  ago  pre- 
sented to  the  British  govennaent,  but  it'  was  found  t«  be  so  much 
damaged  at  not  to  be  'north  the  cost  of  removal. 

The  largest  Egyptian  obelisk  hitherto  brought  over  to  this  country 
is  that  which  was  removed  from  the  island  of  Philie  by  Belzoni,  at  the 
cost  of  W.  Bsnkea,  Esq.,  and  irhich  is  now  erected  at  the  family  seat, 
Kingstoa  Hall,  near  Weymouth,  Dorsetshire.  It  ii  a  monolith  of  red 
Egyptian  granite,  22  ft.  1  in.  in  length,  and  its  larger  end,  or  base,  2  ft. 
2  in.  square,  the  other  end  being  I  ft.  6|  iu.  It  has  a  peculiar  interest 
with  Egyptologists,  from  a  Greek  inscription  on  ita  pedestal  having 
enabled  Champollioo  to  determine  the  names  ofCleopatra  and  Ptolemy, 
"  to  extend  the  alphabet,  and  to  lay  the  foundc.t:on  for  the  future 
decipherment  andinterpretatiouof  tbehieroglyphics."  [HiEHOaLTFlllcs.] 

The  two  smali  obelisks  in  the  British  Museum  are  also  very  inte- 
resting for  tiieir  inscriptions,  which  are  admirably  executed.  We 
give  cuts  of  Uiem  as  illustrations  of  the  maimer  iti  which  the  obelisks 


d:  ihcinimnUareinthebeatstyleofEgyptianhieroglyphic 
art.  They  are  of  ff^w,  bas^t,  and  about  eight  feet  in  height,  but  as 
will  be  seen  haveTiteh  nmth  broken. 

The  obelisk  removed  by  tiio  French  from  before  the  tiropvhea  of  the 
temple  of  Luxor  is  the  atuill^  of  the  two  shown  in  ,iu  in  the  cut 
above  (col.  9).  It  now  stan,is  iii.  the  centre  6f  the  Place  de  la  Concorde, 
where  it  Wis  fixed  in  1836. 

Brfore  the  cathedral  of  Catania,  in  SioUy,  is  B  small  obelisk,  placed 
on  the  back  of  aa  elephant ;  and  there  is  ono  at  Aries  (see  the  cut 
under  the  article  Arles,  m  Oeoo.  Dry,),  hut  these  are  not  really 
tgyptun  though  frequently  so  described.  In  the  At  Moidnn,  in  Con- 
BtaiKlDOple,  IS  aa  obelisk  about  GO  fe^t  high;  wUdl  is  said  to  have  been 
"»*ct»d  by  the  •mperor  Thoodctiua, 


lave  been  a1 


Egyptians 
should  have  been  able  to  quarry,  reaiove,  and  raise  Bucb  vast  masses  of 
granite.  But  the  Egyptians  were  a  people  whose  culture  in  the  arts 
had  reached  a  high  point ;  they  almost  beyond  any  other  people  had 
experience  in  qiiarryiiig  and  working  large  masses  of  granite;  they 
were  familiar  with  the  principles  of  mechanics,  and  witii  mechanical 
contrivaneee ;  and  they  bad  an  almost  unlimited  command  of  human 
Ubour.  An  eiamination  of  Sir  J.  0.  Wilkinson's  '  Ancient  Egypt  and 
the  Egyptians '  would  remove  the  difRculty,  if  ne  did  not  see  by  the 
examples  afforded  by  a  much  leas  advanced  people,  the  modem  Indiana, 
who  by  the  aimpleat  means  first  quarried  and  then  removed  and  raised 
to  its  position  the  vast  granite  monolithic  obelisk  erected  at  9eringapatam 
in  180S,  that  with  sufficient  patient  well-directed  labour  suoh  tasks  are 
accomplished  with  comparative  ease.  As  to  the  removal  of  the 
obelisks — the  proceedings  of  Beboni,  of  the  French  in  removing  the 
Luxor  obelisk,  and  especially  those  of  l^yard  at  Nineveh,  are  still 
more  to  the  point.  For  descriptions  of  the  methods  adopted,  it  will 
bs  enough  to  refer  to  tbe  authonties  named  below. 

Atii/rian  O&efiiJb.— Among  tbe  remarkable  discoveries  made  on  the 
site  or  in  the  vicinity  of  the  long-buried  Nineveh,  the  finding  of  some 
monoliths  resembling  obelisks  isnotthe  least  interasting.  That  now  in 
the  British  Uuseum  is  the  most  important.  It  is  a  block  of  coarse 
black  marble,  0  ft  fl  in.  high,  2  ft.  wide  at  the  bottom,  and  1  ft.  6  in. 
at  top — where  iu  the  Egyptian  obelisk  the  pyrauudion  would  commence. 
The  top  in  this  instance,  however,  instead  of  sloping  off  to  a  point,  as 
in  the  pyramidion  of  an  Egyptian  obelisk,  diminishes  by  three  steps, 
the  tennination  being  flat :  Mr.  Fergusson  supposes  this  top  to  be  a 
model  of  an  Assyrian  temple.  As  ia  the  Egyptian  obelisk,  the  sides  of 
the  shaft  are  narrower  than  the  front  and  back.  As  a  work  of  art, 
it  is,  both  in  design  and  execution,  far  inferior  to  the  Egyptian 
obelisk;  but  as  an  historical  monument  it  is  of  immenao  value,  kach 
of  the  sides  has  five  tires  of  baasi-rilievi,  representing  the  king  of 
Assyria  receiving  tribute  from  various  eonquered  nations,  consisting  of 
prisoners,  rare  animals,  vases,  and  other  costly  articles ;  and  above, 
between,  and  below  these  are,  in  all,  210  lines  of  an  inscripUon  in 
cuneiform  characters,  which,  as  deciphered  by  Sir  H.  Rawlinson,  was 
found  to  give  an  historical  account  of  31  years  of  the  reign  of  Tomen- 
bar,  ending  about  S8S  B.C. 

The  very  curious  obelisk  at  Axum  in  Abyssinia,  a  granite  monolidi 
SO  feet  high,  but  differing  greatly  in  form  from  those  of  Egypt,  is 
figured  undrir  AiUH,  in  the  Qboo.  Div.  There  were  once,  it  is  said, 
more  than  GO  of  these  monoliths  at  Axum,  of  which  four  were  equal  in 
size  to  the  one  still  stduiding.  It  aCands  ou  a  base  of  three  plinths ; 
has  rude  sculptures,  not  hieroglyphics,  on  the  sides ;  and  is  terminated 
with  a  round.tcpped  patera,  m  date  is  not  ascertained  ;  but  it  has 
been  conjectured  to  bo  of  Greek  workmanship,  and  contemporaneous 
with  a  stone  inscribed  in  rude  Greek  and,  as  Ur.  Salt  conjecturee, 
Ethiopian  characters,  of  about  the  year  a.d.  300. 

(Wilkinson,  Ancitnt  Egyptiant;  Effyptian  Antiqailia,  in  'Lib.  of 
Ent.  Knowledge ; '  Hamilton,  jEgifpliaca ;  Zoega,  Dc  vai  tt  arigine 
Obditeonua  ;  "RosKiiaa.MoaumeRtiddl'Egittii;  and  the  great  work  of 
the  French  government  on  Egypt;  I.ayard,  M?Mt«* ,-  Soaona,  Ninevth 
and  iu  Palaea.) 

OBESlry  is  an  exceasiTa  accumulation  of  fat  in  various  parts  of  the 
body.  It  is  not  poadble  to  define  the  boundary  beyond  which  the 
i&t  in  the  body  can  be  called  eioessdve,  for  persons  po^essing  it  in  the 
most  varied  degrees  enjoy  equally  good  health,  and  the  same  person 
may  at  difTerent  times  poesess  more  or  lees  without  any  injury  to  his 
comfort.  According  to  the  taleulations  of  Dr.  Lankestcr  ('  Guide  to 
the  Food  Collection,'  South  Kensington  Museum)  a  human  body 
weighing  164  pounds  contains  13  jmunds  of  fat.  Ttus  quantity  may 
be  exceeded  to  a  very  large  eitent  without  producing  obesity. 

An  eicesaive  development  of  the  adipose  tissue  may  t.ike  place  at 
any  period  of  life.  It  is  not  uncommon  in  children  ;  is  tstr  more  rare 
in  youth  and  in  the  early  periods  of  manhood ;  and  is  most  common 
after  the  age  of  40,  at  whidi  time  an  increase  in  the  quantity  of  fat  Is 
observed  in  perhaps  the  majority  of  persona. 

The  chief  accumulations  of  fat  take  place  beneath  the  muscles,  in 
the  omentum  and  mesenteiy,  about  tbe  heart,  on  the  chest,  and  under 
the  chin.  In  all  these  parts  a  certain  quantity  of  fat  naturally  exists, 
and  here  therefore  its  amount  ia  merely  increased ;  but  in  cases  of 
excessive  obesity,  it  accumulates  in  situations  where  before  there  was 
none,  as  among  the  minute  fibrea  of  the  muscUs,  even  of  tbe  heart,  and 
in  various  other  tissues. 

The  accumulation  of  fat  in  the  body  produces  a  variety  of  efTecfe. 
It  is  generally  accompanied  with  an  indisposition  to  exertion,  and  this 
at  last  BO  far  prevents  tbe  growth  of  muscular  tissue  that  stout  persons 
become  exceedingly  feeble.  This  is  alsotrue  of  horses  and  oien,  which 
lose  their  tapacity  to  labour  as  they  become  tat  Another  evil 
attendant  upon  fataees  is  that  tbe  heart  being  taxed  iji  proportioo  to 
the  increased  size  of  the  body,  becomes  enfeebled,  and  local  oon- 
~-itions  and  irregularitiea  of  the  circulation  are  frequently  the  result. 

proper  expansion  of  the  cheat,  and  a  free  action  of  tbe  abdominal 

muscles  are  also  prevented,  which  lead  to  shortness  of  breath  on  slight 

Although  persons  may  be  stout  and  live  to  a  good  old 

ago,  yet  their  path  is  beset  with  danger,  o^ij.  .their  chances  of  lite  ai  e 

~~'  ~a  great  as  amongst  persons  with  a  normid  quantity  of  adipoea 
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The  causes  of  obesity  are  both  natural  and  acquired.  It  is  well 
known  that  among  domesticated  animals  some  have  a  greater 
tendency  to  accumulate  &it  than  others,  and  such  breed^  are  kept  up 
for  the  purpose.  In  the  same  way  there  are  human  beings  who 
exhibit  the  same  tendency,  and  in  the  case  of  certain  individuals  the 
most  persevering  measures  fail  to  reduce  their  weight.  On  what  this 
tendency  depends  it  is  difficult  to  say  exactly,  but  there  is  resuson^  to 
believe  that  it  depends  upon  the  food  in  the  early  stages  of  digestion 
being  converted  into  &t,  which  getting  into]  the  blood  is  deposited  in 
the  adipose  tissue  by  a  lund  of  excretory  process.  In  such  individuals 
the  starch  and  sugar  of  the  food  appear  to  be  more  readily  convertible 
into  fat  than  in  others.  But  whilst  this  tendency  may  naturally  exist, 
it  can  be  greatly  increased  by  diet.  There  can  be  no  doubt  that  the 
dass  of  foods  called  carbonaceousi — starch,  sugar,  and  fat — ^when  taken 
in  larger  quantities  than  are  required  to  maintain  the  heat  of  the 
body,  are  employed  in  developing  the  adipose  tissue.  Experiments  on 
the  feeding  of  animals  have  shown  that  in  proportion  as  these  sub- 
stances are  employed  in  the  food  do  they  become  fat.  Alcoholic 
beverages,  when  not  taken  to  such  an  excess  as  to  produce  more 
disastrous  results,  have  a  tendency  to  produce  fatness.  They  act  in  the 
first  place  by  stimulating  the  digestive  process,  and  in  the  next  by 
preventing  that  action  of  the  oxygen  of  the  air  on  the  blood  and  tissues 
by  which  the  carbonaceous  foods  are  oxygenated  and  carried  off  in 
the  form  of  carbonic  acid.  Sedentary  and  indolent  habits  also  have  a 
tendency  to  produce  &tness.  As  it  is  by  active  exertion  that  the 
oxygen  of  the  atmosphere  is  introduced  to  the  tissues  of  the  body,  and 
they  are  changed  and  carried  away,  so  if  this  process  be  prevented  by 
indolence,  the  tissues  go  on  developing,  and  this  is  frequently  the  case 
with  the  adipose  tissue.  Heat  has  also  a  tendency  to  develope  obesity. 
Living  in  warm  rooms,  or  in  a  warm  climate,  other  things  being  equal, 
has  a  tendency  to  produce  fatness. 

Whilst  obesity  is  exposed  to  dangers  of  its  own,  a  precipitate  anxiety 
to  keep  it  down  or  prevent  it  is  most  earnestly  to  be  deprecated.  The 
practice  of  taking  vinegar  to  prevent  obesity  is  attended  with  great 
danger,  as  it  acts  by  destroying  tiie  digestive  power  of  the  stomach.  Per- 
sons also  frequently  put  themselves  on  a  short  diet,  and  without  not  only 
fat-forming  matters  but  also  flesh-forming  matters  in  their  food.  In  this 
way  the  heart  soon  breaks  down  for  want  of  nourishment,  and  death 
occurs  in  a  variety  of  ways  from  want  of  power  in  the  central  organ  of 
the  circulation.  The  entering  also  at  once  upon  a  system  of  hard 
exercise  and  short  sleep  is  frequently  attended  with  the  death  of  the 
patient.  The  great  object  of  treatment  should  be  the  gradual  reduc- 
tion of  the  fat,  whilst  the  muscular  power,  especially  of  the  hearty 
should  be  maintained.  One  of  the  most  important  things  to  be 
attended  to  is  the  nature  of  the  diet.  The  amylaceous,  saccharine, 
oleaginous,  and  alcoholic  parts  of  the  diet  should  be  diminished.  No 
butter  at  breakfast,  no  bread  at  dinner,  and  one  glass  of  wine  a  day  is  a 
good  receipt  for  a  healthy  fat  man  who  has  been  in  the  habit  of  living 
indiscriminately.  Hard  biscuits  may  also  be  advantageously  sub- 
stituted for  br^.  Regular  exercise  &ould  be  taken,  never  excessive. 
Sawing,  digging,  walking  and  mountaineering  according  to  the  weight 
and  strength  of  the  patient  are  all  good.  Generally  the  obese  are 
infirm  of  will,  and  this  bodily  state  is  perhaps  connected  with  their 
mental  condition,  and  of  all  patients  they  seem  least  able  to  make 
up  Uieir  minds  to  the  necessary  discipline  for  their  cure.  If  the  per- 
suasion implied  in  Uie  sentence  of  "  six  months  at  the  treadmill " 
could  in  any  manner  be  applied  in  their  case,  it  would  undoubtedly 
be  the  most  effectual  remedy. 

OBJECT-GLASS.  The  lens  or  system  of  lenses  nearest  the  object 
in  a  telescope  or  microscope.  As  expHdned  under  Etb-fiece,  its 
bufiiness  is  to  form  a  correct  image  of  the  object  within  the  tube; 
hence  it  should  be  free  from  spherical  aberration,  and  should  be 
achromatic.  For  the  method  of  rendering  it  so  we  must  refer  to 
MicaoscoPB,  and  for  a  due  understanding  of  the  defects,  to  Aber- 
lUTiON  in  optics.    [AcHBOifATic;  Leks;  Lioht.] 

OBLATE,  a  term  applied  to  a  spheroid  which  is  made  by  the 
revolution  of  an  ellipse  about  the  smaller  of  the  two  axes. 

OBLIQUE.  This  term  is  used  as  opposed  to  direct  or  right,  and 
signifies  whatever  is  not  direct  or  right.  The  word  seldom  appears, 
except  as  expressing  that  an  angle  is  not  a  right  angle,  all  other  uses  of 
it  being  almost  obsdete. 

OBLIQUITY,  a  term  iised  in  astronomy  to  express  the  angle  made 
by  the  ecliptic  with  the  equator.  The  greatest  latitude  at  which  the 
sun  ever  appears  vertical  is  the  obliquity  of  the  ecliptic.     [Sun; 

P&ECK88IOK  AJSD  NUTATION.] 

OBLONG,  a  word  in  common  use,  expressing  the  sam^  meaning  as, 
and  in  our  opinion  preferable  to,  the  mathematical  term  rectangular, 
or  having  the  figure  of  a  rectangle. 

OBOE  {ItaL),  a  musical  instrument  of  the  pneumatic  kind,  blown 
through  a  reed :  it  is  a  tube  of  boxwood,  22  inches  in  length, 
Blender  in  the  upper  part,  but  spreads  out  conically  at  the  lower  end, 
and  consists  of  three  joints,  or  pieces,  besides  the  reed.  Its  compass 
is  two  octaves  and  a  fifth,  from  o  below  the  treble  clef,  to  o,  the  fourth 
added  line  above  it : — 


Modem  improvements  have  augmented  the  resources  of  the  oboe  by 
means  of  eleven  keys,  but  only  skilful  performers  can  safely  be  tnisted 
to  produce  the  two  or  three  highest  notes ;  and  till  very  recently,  B,  or 
even  c,  above  the  staff,  was  considered  the  utmost  practicable  extent  of 
the  instrumentw  Oboes  are  now  frequently  made  to  go  down  to  Bb» 
in  which  case  they  exceed  the  usual  length,  and  have  an  additional 
key. 

The  oboe  has  for  centuries  past  been  in  use,  and  may  be  traced  back 
to  the  reign  of  Edward  IIL,  in  whose  band  oboes,  under  tiae  denomi- 
nation of  Wayghtet,  were  employed.  Indeed  our  itinerant  parish- 
musicians,  the  official  precursors  of  what  was  once  a  merry  season, 
retain  the  appellation  of  WaiU,  though  they  have  long  abandoned  the 
instruments  which  conferred  on  them  their  title. 

Up  to  nearly  the  close  of  the  last  century,  this  instrument  was  only 
known,  in  most  parts  of  Europe,  by  its  French  name,  BaiUboit,  a  word 
which  in  England  has  always  been  pronounced  Moboy  ;  and  this  pro- 
nimciation  has  been  transferred  to  the  Itelian  term,  tiiough  the  word 
oboe  is  now  invariably  adopted  in  writing. 

OBOLUS  {ofio\6s),  was  a  Greek  coin,  both  silver  and  brass.  At 
Athens  it  was  of  silver,  the  sixth  part  of  a  drachma,  and  worth 
somewhat  more  than  five  farthings  sterling.  The  iBginetan  obolus  is 
stated  to  have  been  heavier  than  the  Athenian.  It  is  generally 
supposed  that  dbolus  and  6bdoa  (6fio\6t  and  &fi*\6s)  were  originally  the 
same  word  differently  pronoimced,  and  that  the  coin  oboiMB  was  first  of 
iron  or  copper,  in  form  Hke  a  spit,  which  the  word  also  means,  or  a 
bar ;  that  a  handful  made  a  drachme  (SjpaxM^) ;  and  that  the  form  was 
afterwards  changed  from  an  oblong  to  a  round  shape,  but  that  though 
struck  round,  like  other  money,  it  continued  to  retain  the  ancient 
name.  Others  say  that  the  obolus  was  originally  so  called  from  being 
stamped  with  the  figure  of  a  skewer  or  spit,  or  other  sharp-pointed 
instrument. 

The  Greeks  had  an  hemi-ob(5Uon  {fifu»fi6\ioy),  or  semiobolus,  and  a 
tri6hUon  {rpttafioKov),  or  silver  coin  of  three  oboli,  which  was  the 
common  pay  of  the  Dicastes ;  the  pay  originally  having  been  two  oboli. 
Two  oboli  were  placed  in  the  mouth  of  a  dead  person,  in  order  to 
enable  him  to  pay  for  his  passage  over  Styx.  According  to  Lucian, 
Charon's  demand  was  only  one  obolus.  (Aristoph., '  Frogs,'  141 ;  Lucian, 
*  Catapl.,'  i,  p.  648.) 

According  to  Suidas  {ifio\6s),  the  Athenian  obcJus  contained  six 
chcUci  (xoXKOi),  and  the  ckalcuB  contained  seven  Iqota  {\«imi).  Other 
authorities  say  that  the  obolus  contained  eight  chalet,    [Numisiiatiob.] 

OBSERVANTS,  or  OBSERVANTINS.    [Frawcisoanb.] 

OBSERVATION  AND  EXPERIMENT.  The  first  of  these  terms 
includes  a  portion  of  the  second,  inasmuch  as  every  experiment 
is  made  with  a  view  of  observing  the  results  But  experiment 
signifies  more  than  observation,  implying  a  disposition  of  means 
of  observation  which  it  is  in  the  power  of  the  experimenter  to  make 
for  himself,  and  which  he  actually  did  make  for  himsell  If,  for 
example,  a  person  who  observed  the  attraction  of  the  magnet  for  the 
first  time,  dubious  of  the  residence  of  the  attracting  power,  were  to 
move  the  magnet  to,  another  place,  that  he  might  see  whether  the 
attracted  body  would  still  move  towards  it,  he  would  make  an  experi- 
ment. But  if  his  magnet  were  the  sun  and  the  attracted  body  the 
earth,  he  could  only  wait  the  proper  times  for  observing  ^e  motion  of 
the  latter  with  respect  to  the  former,  in  order  to  establish  the 
attraction.  Thus  astronomy,  geology,  meteorology,  natural  history, 
&c.,  are  sciences  of  observation  (that  is,  of  nothing  but  observation) ; 
while  mechanics,  optics,  electricity,  &c.,  are  sciences  of  experiment. 
In  one  sense  geology  and  meteorology  are  partly  sdenoes  of  experiment, 
since  portions  of  the  material  subject-matters  of  these  sciences  may  be 
submitted  to  preooncerted  tests.  It  would,  however,  be  more  proper 
to  consider  mineralogy  and  aero-mechanics  as  the  experimental  sciences 
connected  with  these,  than  to  dass  them  as  mixed  sciences. 

To  give  an  account  of  experiment  would  require  us  to  explain  the 
methods  of  every  science  which  proceeds  upon  it :  to  give  a  detailed 
account  of  observation,  we  should  need  the  description  of  all  the  means 
or  instruments  by  which  our  senses  are  assisted  in  the  examination  of 
phenomena.  We  shall  here  confine  ourselves  to  a  short  sketch  of  the 
errors  which  render  observations  discordant,  and  which*  make  a  final 
process  of  combination  necessary  in  every  case  in  which  we  cannot 
command  results  which  agree  with  each  other  so  well  that  the  difference 
between  them  is  imperceptible  to  the  senses. 

Everything  which  is  called  observation  is  of  two  kinds ;  in  the  first 
a  simple  individual  fact  is  noted,  in  the  second  a  magnitude  is 
measured.  The  results  of  the  first  species  are  the  proper  subjects  of 
inductive  reasoning  only ;  the  results  of  the  second,  of  inductive  and 
mathematical  reasoning,  either  or  both.  Individually,  the  first  kind  of 
observations  are  not  necessarily  subject  to  error;  thus  a  zoologist 
observing  the  structure  of  a  new  animal  might  in  every  instance 
correctly  note  the  resembLmoes  which  exist  between  it  and  other 
animals,  and  might  refer  it  to  its  proper  class  in  a  manner  which 
centuries  of  succeeding  observation  would  not  induce  naturalists  to 
disturb.  Collectively,  however,  wrong  inferences  might  be  drawn 
from  facts ;  thus  results  of  classification  which  are  true  of  all  animals 
known  up  to  one  moment,  and  are  therefore  inferred  to  be  always 
true,  may  be  disturbed  in  the  next  moment  by  the  discovery  of  a 
now  specimen. 

Observations  of  the  mathematical  character  arc  of  necessity  erro- 
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neouB  from  the  imperfectioiiB  of  our  BeDBes.  When  a  new  insect  is 
observed,  it  is  soon  seen,  for  instance,  whether  it  has  or  has  not 
wings,  and  the  question  once  settled  is  finally  settled.  But  when,  say 
the  specific  gravity  of  a  gaseous  substance,  at  a  given  pressure  and 
temperature,  is  mecuured,  it  is  impossible  to  consider  the  question  as 
settled  at  any  time.  Say  that,  under  given  dicumstances,  the  specific 
gravity  is  asserted  to  be  *934  of  that  of  air  similarly  circumstanced ; 
this  is  only  an  admission,  at  most^  of  its  being  somewhere  between 
•933$  and  *9345.  And  that  which  we  call  an  exact  measurement  of  a 
length  may  for  one  purpose  mean  within  a  hundredth  of  an  inch,  for 
another  within  a  thousandth,  and  so  on ;  but  no  person  dreams  of 
having  attained  absolute  truth.  This  being  well  known,  and  every 
process  used  in  observation  being  subject  to  error,  it  is  the  business  of 
the  observer  to  repeat  observations  many  times,  and  to  extract  a  result 
as  near  to  the  truth  as  may  be,  from  the  mass  of  discordant  materials 
which  the  repetition  will  furnish. 

The  necessary  errors  of  observation  arise  from  the  imperfection  of 
our  perceptions  and  of  the  instruments  which  we  use,  and  also  from 
hasty  or  otherwise  incorrect  conclusions.  The  subject  requires  the 
separation  of  these  errors  into  three  classes,  which  may  be  mixed  up 
with  one  another  in  results,  and  may  be  mistaken  for  one  another.  We 
may  call  them  fixed^  penondl,  and  casual. 

By  9b  fixed  error  we  mean  one  which  is  inherent  in  the  instrument 
or  method  employed,  so  that  it  must  exist,  and,  all  other  things 
remaining  the  same,  must  have  a  given  magnitude.  Thus,  if  the  axis 
of  an  equatorial  (supposing  such  an  instrument  to  be  employed  for 
absolute  measurements)  do  not  absolutely  coincide  with  that  of  the 
heavens,  the  right  ascension  and  declination  of  a  given  star,  measured 
when  at  a  given  distance  from  the  meridijtn,  must  have  a  given  error. 
It  might  be  precisely  the  same  in  numerical  effect,  and  would  certainly 
produce  an  error  of  the  same  class  if  the  obs^er  used  a  wrong 
formula  in  the  reduction  of  his  observations.  Thus,  it  would  be 
perfectly  possible  to  give  to  one  observer  an  incorrect  instrument 
and  a  correct  formula,  and  to  another  a  correct  instrument  and  an 
incorrect  formula,  in  such  manner  that  their  final  results  should 
coincide. 

Errors  of  this  kind  cannot  be  detected  by  multiplying  similar  obser- 
vations, since  there  can  be  no  tendency  to  destroy  error  in  the  mere 
repetition  of  it.  There  are  many  modes  of  detecting  fixed  errors,  and 
of  allowing  for  them ;  but  the  omv  mode  of  avoiding  ^em  is  by  taking 
advantage  of  the  oonstructton  of  the  instrument  to  use  it  for  the  same 
purpose  \mder  different  circumstances,  in  such  manner  that  measure* 
ments  which  are  too  large  in  one  set  of  results  must  be  as  much  too  small 
in  the  other.  If  the  same  number  of  observations  be  contained  in  each 
set,  this,  as  we  shall  presently  see,  is  really  a  reduction  of  the  fixed 
error  to  the  class  of  casual  ones ;  or  rather,  a  destruction  of  the  fixed 
error  b^  the  same  process  which  gives  the  highest  probability  of 
destroymg  the  casual  errors. 

All  instruments  must  be  more  or  less  erroneous  in  every  particular. 
In  the  science  of  observation,  as  now  understood,  and  in  any  matter  in 
which  the  utmost  attainable  exactness  is  requisite,  the  assimiption  of 
perfection  in  an  instrument,  in  any  point  whiUvoever,  is  looked  upon  as 
nothing  but  the  expression  of  the  observer's  unwillingness  to  take 
trouble.  For  even  if  ninety-nine  successive  days'  trials  have  shown 
that  any  particular  error  does  not  exist  to  any  sensible  amount, 
it  is  not  conclusive  against  the  observations  of  the  hundredth  day 
being  affected  by  some  new  circumstance,  necessary  or  accidental,  in 
which  the  instrument  has  been  placed  in  the  intermediate  time. 

By  a^pcrtofio/  error  is  meant  one  of  the  same  character  as  a  fixed 
error,  but  arising  from  the  temperament  or  habits  of  the  observer, 
and  not  from  the  instrument.  Thus  if  A  should,  in  noting  the  time 
of  a  phenomenon  by  the  clock,  have  a  tendency  to  accelerate  the 
moment  of  its  happening,  and  B  a  similar  tendency  to  retard  it,  the 
results  of  the  two  would  differ  bv  the  sum  of  their  personal 
errors.  It  has  been  discovered  that  two  individuals,  ooserving 
the  same  phenomenon  with  the  same  species  of  instruments  may 
differ  sensibly  (though  but  little)  from  each  other;  and  this  not 
once  or  twice,  but  nearly  always,  and  in  such  a  manner  as  to  make 
the  average  of  a  set  of  observations  of  one  observer  differ  from 
that  of  the  other.  For  anything  we  can  know  to  the  contrary, 
this  species  of  error  may  exist  in  every  observer;  and  its  absolute 
quantity  must  be  unknown  until  we  can  compare  the  observations 
of  men  subject  to  it  with  those  of  some  other  beings  who  are  not.  If 
indeed  the  personal  erroi*  be  purely  casual,  so  that  where  one  person 
measures  too  much,  another  measures  as  much  too  litUe,  the  average 
of  the  results  of  a  lai^ge  number  of  observers  would  give  the  truth  or 
very  near  it.  But  should  it  be  the  case,  which  is  not  impossible,  that 
all  men  are  subject  to  an  error  of  the  same  kind,  some  more  and  some 
less,  namely,  that  all  measure  more  or  less  too  much,  or  else,  that  all 
measure  more  or  less  too  little,  tiie  average  above  mentioned  would 
give,  not  the  truth,  but  the  truth  affected  by  the  average  error  of  all 
the  observers.  Nor  would  the  results  obtained  ever  enable  us  to  dis- 
tini/uish  whether  personal  errors  have  a  fixed  average  or  not;  for 
rjippose  the  fact  ol«erved  to  be  that  A,  one  time  with  another,  mea- 
sures more  than  B ;  this  may  mean  either  of  several  things  .'—either  A 
measures  truly,  and  B  too  little;  or  B  measures  truly,  and  A  too 
much  ;  or  B  measures  too  little,  and  A  too  much ;  or  both  measure 
too  little,  but  B  more  than  A ;  or  both  measure  too  much,  but  A  more 


than  B.  Now,  if  A  and  B  were  to  observe  together  for  a  century,  the 
mere  comparison  of  their  observations,  though  it  would  settle  their 
average  amount  {of  difference,  would  never  enable  us  to  give  the  least 
guess  which  of  the  preceding  cases  is  the  true  one.  If  indeed  we  could 
convert  the  observer,  as  we  have  previously  mentioned  might  generally 
be  done  with  the  instrument,  into  another  observer  with  an  error  of 
the  opposite  kind,  a  true  result,  or  one  sensibly  truCi  might  be  obtained. 
Suppose,  for  example,  it  is  the  observer's  habit,  in  noting  the  transit 
of  a  star  over  a  fixed  wire  in  the  field  of  a  telescope,  to  take  the  transit 
too  soon  when  the  star  comes  in  on  the  right  side,  and  too  late  when 
on  the  left :  consequently,  by  making  a  number  of  observations  with 
an  inverting  telescope,  and  an  equal  number  with  one  which  does  not 
invert,  the  average  of  both  sets  would  be  as  likely  to  give  a  true  result 
as  if  neither  error  had  existed.    [Equation,  Pkhsonal.] 

All  the  errors  which  precede,  though  called  errors  because  they  give 
a  result  which  is  not  the  one  intended  to  be  obtained,  yet  are  in  fact 
the  consequences  of  an  actually  existing  state  of  tlungs,  and  Uieir  laws 
can  be  determined  by  using  the  right  means,  or  at  least  must  be 
supposed  to  arise  from  natural  causes  measurable  by  experiment  in  the 
same  manner  as  other  consequences  of  existing  relations.  They  are 
then  really  measures  of  phenomena,  called  errors  simply  because  the 
effects  of  their  causes  are  to  be  removed  from  the  results.  It  is  even 
possible  that  they  might  be  made  intentionally  in  a  Riven  form,  with  a 
view  to  prevent  their  occurrence  in  a  more  objectionable  form.  Thus, 
suppose  an  observer  finds  himself,  in  correcting  discordant  observations, 
apt  to  confound  additions  and  subtractions,  using  one  for  the  other : 
he  will  set  his  instniment  intentionally  wrong  to  an  amount  which 
casual  discordances  never  reach,  taking  care,  of  course,  to  preserve 
means  of  correcting  the  intentional  error  with  the  rest ;  so  that  the 
requisite  correction  shall  always  be  of  one  kind,  additive  or  subtractive. 
Nevertheless  this  arrangement,  as  it  should  be  called,  would  go  by  the 
name  of  an  error,  simply  as  being  to  have  its  effect  afterwards  destroyed. 

By  casual  errors,  the  only  ones  to  which  the  name  of  errors  can 
properly  be  given,  are  meant  those  which  are  absolutely  inexplicable, 
or  of  which  the  cause  and  tendency  are  equally  unknown.  They  must 
be  considered  as  equally  likely  to  be  positive  or  negative ;  so  that  in 
the  long  run  the  results  which  they  give  too  great  will  be  compensated 
by  those  which  are  too  smalL  If  Uus  be  not  the  case,  that  is,  if  there 
be  a  greater  tendency  to  too  much  than  to  too  little,  there  must  be  a 
reason  for  this  phenomenon,  and  a  law  of  action,  which  must  be  sought 
for  and  detected.  Let  us  suppose  this  done,  so  that  any  result  of  a 
single  observation,  corrected  for  all  discoverable  sources  of  error,  is  in 
itself  as  likely  to  be  too  small  as  too  great. 

If  all  the  observations  be  equally  good,  the  Mean,  or  average,  is 
more  likely  to  be  true  than  anything  else.  This  is  even  true  with 
reference  to  fixed  or  personal  errors  which  may  remain,  but  which  are 
totallv  unsuspected ;  for  there  is  an  even  chance  of  such  errors  acting 
in  either  way.  In  the  article  just  dted  is  shown  the  way  of  finding, 
from  the  observations  themselves,  the  probable  error,  as  it  is  called,  or 
that  which  there  is  an  even  chance  of  not  exceeding ;  with  references 
to  further  sources  of  information.  This  article  [Mean],  together  with 
the  general  considerations  in  Pbobabiutibs,  Thisobt  of,  and  Weioht 
OF  Obsebyationb,  will  contain  all  we  shall  find  it  necessary  to  say  on 
the  subjects 

It  might  be  supposed  that  the  greater  the  number  of  observations, 
the  Ibss,  in  the  same  proportion,  the  probable  error  of  the  average ; 
but  this  is  not  true,  smce  Uie  probable  error  diminishes  as  the  tquart 
ront  of  the  number  of  observations  increases.  Thus,  suppose  it  to  bo 
well  settled  that^wenty  observations  of  a  given  observer  will  have  an 
average  of  which  it  is  an  even  chance  that  it  does  not  err  by  (say)  a 
unit :  then  the  same  observer  must  make  four  times  as  many  observa- 
tions to  get  an  average  with  an  even  chance  of  not  more  than  half  a 
unit  of  error ;  nine  times  for  one-third  of  a  imit,  and  so  on. 

Those  who  neglect  sound  principles  of  observation  are  apt  to  over- 
rate the  effect  of  multiplying  obseirations ;  which,  though  considerable, 
does  not,  as  we  see  in  we  above  rule,  keep  pace  with  the  number  of 
observations. 

OBSERVATORIES,  ASTRONOMICAL.  We  possess  only  an  im- 
perfect knowledge  respecting  the  institutions  established  in  ancient 
times  for  the  observation  of  the  heavenly  bodies.  The  observatory  of 
Alexandria  is  alone  famous  in  the  history  of  Greek  astronomy.  It  was 
there  that  tiie  observations  were  first  made,  upon  which  astronomy  as 
a  science,  in  the  true  sense  of  the  term,  was  finally  founded.  With 
the  revival  of  science  in  modem  Europe,  the  establishment  of  observa- 
tories was  soon  felt  to  be  indispensable  to  the  progress  of  astronomy. 
The  observatory  of  Tycho  Brah^,  erected  in  the  island  of  Huena 
towards  the  close  of  the  16th  century,  under  the  auspices  of  Frederick 
III.,  king  of  Denmark,  is  memorable  in  the  history  of  astronomy  for 
having  supplied  the  facts  which  enabled  Kepler  to  destroy  the  epicy- 
clical  mechanism  of  the  planetary  movements,  and  to  substitute  in  its 
stead  the  true  theory  of  elliptical  motion.  About  the  same  time 
William,  Landgrave  of  Hesse  Cosscl,  did  good  service  to  astronomy  by 
the  erection  of  an  observatory,  and  the  prosecution  of  a  series  of 
observations  of  the  heavenly  bodies.  The  lustre  shed  upon  his 
country  by  the  labours  of  Tjcho  Brah^  doubtiess  acted  as  a  powerful 
incentive  in  stimulating  the  Danish  sovereigns  to  patronise  astronomy. 
We  accordin^y  find  that  the  earliest  national  observatory  of  modem 
Europe  was  established  in  Denmark.    The  observatory  of  Copenhagen 
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was  oommenced  in  1687,  but  it  was  not  completed  lantil  the  year  1G56. 
The  first  aBtronomer  who  was  appointed  to  the  direction  of  its  labours 
was  LongomontanuB,  the  celebrated  pupil  of  Tycho  Brah^. 

In  Uie  latter  part  of  the  17th  century  a  great  impulse  was  given  to 
practical  astronomy  by  the  invention  of  the  micrometer,  and  the  appli- 
cation of  telescopic  sights  to  the  observation  of  the  heavenly  bodies. 
During  this  period  the  observatories  of  Qreenwich  and  Paris  were 
erected.  We  proceed  to  give  a  brief  sketch  of  the  history  of  the 
former  of  these  institutions,  idthough  as  regards  priority  of  establish- 
ment the  Paris  Observatoiy  has  the  advantage  by  a  few  years. 

The  Royal  Observatoiy  of  Greenwich  was  established  in  the  year 
1675.  The  foundation  stone  of  the  building  was  laid  on  the  lOw  of 
August,  and  it  was  finished  in  lees  than  twelvemonths  afterwards. 
Flamsteed  was  appointed  Astronomer  Royal,  with  a  salary*  of  1002.  a-year. 
In  the  warrant  of  Charles  II.  for  the  payment  of  his  salary,  he  is  styled 
"  our  Astronomical  Obeervator ; "  and  he  is  directed  **  forthwith  to  apply 
himself  with  the  most  exact  care  and  diligence  to  the  rectifying  the 
tables  of  the  motions  of  the  heavens,  and  the  places  of  the  fixed  stars, 
so  as  to  find  out  the  so  much  desired  longitude  of  places  for  the  per- 
fecting the  art  of  navigation."  Flamsteed  took  up  his  residence  at  the 
Observatory  on  the  10th  of  July,  1676,  and  shortly  afterwards  com- 
menced his  duties  as  an  observer.  In  this  capacity  he  continued  to 
officiate  till  his  death,  which  occurred  towards  the  close  of  the  year 
1719.  His  observations  are  collected  in  an  important  work,  entitled 
'  Historia  Ccelestis  Britannica,'  published  in  three  volumes  folio ;  the 
third  volume  contains  a  catalogue  of  2935  stars,  reduced  to  the  ht^- 
ning  of  the  year  1689. 

The  second  director  of  the  Qreenwich  Observatory  was  the  cele- 
brated Edmund  Halley.  His  earliest  observation  is  dated  October  1, 
1721.  His  labours  were  chiefly  confined  to  observations  of  the 
moon.  The  results  of  these  observations  are  inserted  at  the  end  of 
his  planetary  tables,  published  in  1749.  No  other  observations  made 
by  this  astronomer  during  his  directorship  of  the  Greenwich  Observa- 
tory have  been  published.  The  original  records  of  his  labours  are 
deposited  in  the  Royal  Observatory  in  four  small  quarto  volumes. 
Upon  tJie  recommendation  of  Francis  Baily,  a  copy  of  these  observa- 
tions vras  taken  by  order  of  the  Lords  Commissioners  of  the  Admiralty, 
and  presented  to  the  Royal  Astronomical  Society  in  the  year  1832. 
Halley  died  on  the  14th  of  January,  1742. 

Halley  was  succeeded  in  the  office  of  Astronomer  Ro3^  by  Bradley, 
who  had  already  rendered  his  name  for  ever  illustrious  by  his  dis- 
covery of  the  aberration  of  light.  In  1749,  the  Observatory  having 
been  famished  with  a  brass  quadrant  of  eight  feet  radius,  constructed 
by  the  celebrated  artist.  Bird,  Bradley  commenced  a  series  of  observa- 
tions with  the  new  instrument,  which  he  continued  to  prosecute  till 
diortly  before  his  death  in  the  year  1762.  The  results  of  his  labours 
were  subsequently  published  at  the  expense  of  the  University  of 
Oxford  in  two  folio  volumes,  the  first  volume  in  1798,  under  the 
superintendence  of  Dr.  Homsby,  and  the  second  in  1805,  imder  the 
editorship  of  Dr.  Robotson. 

Bradley's  observations  of  the  stars  have  been  reduced  and  discussed 
by  the  celebrated  Bessel  in  a  work  published  at  Konigsberg,  in  one 
volume  folio,  in  the  year  1818,  entitled,'  Fundamenta  Astronomise  pro 
anno  1755,deductaexob6ervationibusviri  incomparabilis  James  Bradley, 
in  specula  Astronomica  Grenovioensi  per  annos  1750-62  institutis.' 

Bradley  is  universally  regarded  as  one  of  the  greatest  observers  of 
ancient  or  modem  times.  The  year  1750,  when  he  commenced  his 
labours  with  Bird's  quadrant,  may  be  considered  as  the  epoch  whence 
date  observations  comparable  in  precision  with  those  of  the  present 
day.  Henceforward  the  observations  made  at  Greenwich  have  been 
employed  almost  exclusively  in  all  the  more  important  investiga- 
tions of  astronomy.  Nor  must  we  omit  to  state,  that  it  was  during 
his  career  as  Astronomer  Royal  that  Bradley  made  the  series  of 
observations,  which  resulted  in  his  great  discovery  of  the  nutation  of 
the  earth's  axis. 

The  successor  of  Bradley  was  Dr.  Bliss,  Savilian  Professor  of 
Geometry  in  the  University  of  Oxford,  who  died  in  1765.  The  next 
AstroDomer  Royal  was  the  famous  Dr.  Maskelyne.  His  observations 
embraced  the  determination  of  the  positions  of  the  s\m,  moon,  and 
planets,  and  a  select  number  of  stars;  and  he  continued  to  adhere  to 
this  plan  throughout  the  whole  period  of  his  career.  Maskelyne  first 
introduced  the  practice  of  observing  the  transit  of  a  star  at  five 
vertical  wires  of  the  telescope.  He  was  also  the  first  who  noted  the 
transit  of  a  star  in  terms  of  tenths  of  a  second.  His  death  occurred  in 
the  year  1811.  The  results  of  his  observations  have  been  published 
in  four  folio  volumes. 

Maskelyne  was  succeeded  by  Pond,  who  had  already  distinguished 
himself  as  a  practical  astronomer,  having  in  the  year  1806  communi- 
cated a  paper  to  the  Royal  Society,  in  which  he  demonstrated  that  the 
braes  quadrant  of  the  Royal  Observatory  had  undergone  a  change  of 
form  since  its  erection  in  Bradley's  time.  It  was  doubUess  this 
(Arcumstance  which  induced  Maskelyne  to  solicit  from  the  Government 
the  construction  of  a  mural  circle  of  six  feet  diameter  by  Troughton,  a 
request  which  was  complied  with ;  but  the  instrument  was  not  quite 
finished  at  the  time  of  his  death.  Soon  after  his  accession  to  the  office 
of  Astronomer  Royal,  Pond  commenced  a  series  of  observations  with  the 
mural  circle,  in  the  prosecution  of  which  he  evinced  a  high  degree  of 
talent    He  first  introduced  the  practice  of  observing  a  star  by  direct 
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and  reflected  vision.  The  objects  of  his  labours,  besides  the  sun«  moon, 
and  planets,  included  also  a  considerable  number  of  the  stars.  The 
observations  in  right  ascension  at  the  Royal  Observatory,  subsequently 
to  the  year  1816,  were  made  with  a  new  transit  instrument  of  ten  feet 
focal  length,  constructed  by  Troughton.  In  1833,  Pond  published  a 
catalogue  of  1112  stars,  which  proved  of  great  value  to  the  practical 
astronomer.  He  retired  from  office  in  1885,  and  died  in  the  following 
year. 

Pond  was  succeeded  by  Mr.  Airy,  who  still  continues  to  hold  the 
office  of  Astronomer  Roytd.  Ho  had  been  previously  Plumian  Professor 
of  Astronomy  in  the  University  of  Cambridge,  and  had  also  been 
Du-ector  of  the  Cambridge  Obewvatorr  since  Uie  year  1828.  While 
engaged  in  the  latter  capacity  he  set  the  example  of  reducing  all  his 
observations  as  soon  as  they  were  made,  a  practice  which  has  since 
been  adopted  at  all  public  observatories.  This  eminent  astronomer 
has  signalised  the  period  of  his  career  at  the  Royal  Observatory  by 
numerous  operations  of  great  importance.  Upon  his  recommendation, 
the  Lords  Commissioners  of  the  Admiralty  defrayed  the  expenses  of 
reducing  all  the  observations  of  the  moon  and  planets  made  at  Green- 
wich from  1750  to  1830.  The  results  for  the  planets  were  publii^ed 
in  1846,  in  one  quarto  volume ;  those  relating  to  the  moon  were  given 
to  the  public  in  1848,  in  two  large  quarto  volumes.  Several  important 
catalogues  of  stars  have  emanated  frora  the  Royal  Observatory  during 
Mr.  Airy's  directorship.  [Abtbojtomt.]  In  the  instruments  of  the 
Observatory  great  improvements  have  also  been  effected.  In  1847  an 
altitude  and  azimuth  circle  of  a  peculiar  consteniction  (termed  an 
altazimuth)  was  erected,  for  the  special  purpose  of  making  observa- 
tions of  the  moon  out  of  the  meridian.  In  1851  a  powerhil  transit 
circle  was  erected,  and  henceforward  all  observations,  both  of  right 
ascension  and  polar  distance,  were  made  with  the  same  instrument. 
In  1852,  an  instrument  termed  the  reflex  zenith  tube  was  erected, 
the  object  of  which  is  to  make  observations  near  the  zenith,  mainly  for 
the  purpose  of  determining  the  value  of  aberration.  In  1853  the 
American  method  of  recoi^g  transits  of  stars  by  electro-magnetism 
was  introduced  at  Greenwich.  In  1859,  observations  were  commenced 
with  a  magnificent  equatoiially  mounted  refractor  of  12  inches  aperture. 
It  may  be  remarked,  finally,  in  connection  with  this  brief  sketch  of  the 
Royal  Observatory,  that  a  great  number  of  chronometers  for  the 
Admiralty  are  being  constantly  rated  at  the  same  establishment. 

The  oUier  public  observatories  of  the  British  Isles  are  those  of 
Oxford,  Cambridge,  Portsmouth,  Durham,  Liverpool,  Edinburgh, 
Glasgow,  Dublin,  and  Annagh.  Of  private  observatories  may  be  men- 
tioned the  following : — The  observatory  of  Mr.  Bishop,  Regent's  Park ; 
the  observatory  of  Mr.  Warren  De  La  Rue,  Cranford,  Middlesex ;  the 
observatory  of  Mr.  Carrington,  Redhill ;  the  observatory  of  Mr.  Whit- 
bread,  at  Caidington,  in  Bedfordshire ;  the  observatory  of  Dr.  Lee,  at 
Hartwell ;  the  observatory  of  Lord  Wrottesley,  at  Wrottesley  Hall ; 
the  observatory  of  Mr.  Lassell,  at  Bradstones,  near  Liverpool ;  and  the 
observatory  of  the  Earl  of  Rosse,  at  Birr  Castle,  Ireland. 

The  Royal  Observatory  of  Paris  was  commenced  in  the  year  1667, 
but  was  not  completed  until  1671.  Its  early  history  was  illustrated 
by  the  labours  of  Dominique  Cassini  and  Heard.  M.  Le  Verrier,  one 
uf  the  independent  discoverers  of  the  planet  Neptune,  is  the  present 
director  of  that  establishment.  The  only  other  public  observatories 
of  France  are  those  of  Marseille  and  Toulouse. 

Perhaps  no  country  in  Europe  is  so  richly  endowed  with  public 
observatories  as  Germany.  In  the  north  of  Germany  we  find  the 
observatories  of  Berlin,  Konigsbei^,  Breslau,  Bonn,  Gottingen,  Gotha, 
and  Hamburg;  in  the  south  there  are  the  observatories  of  Vienna 
and  Munich.  The  observatory  of  Konigsberg  is  celebrated  for  having 
been  the  scene  of  the  labours  of  the  illustrious  BesseL 

In  Italy  there  are  numerous  public  observatories,  of  which  the  most 
famous  is  the  observatory  of  the  CoUegio  Romano,  Rome,  directed  by 
the  distinguished  astronomer.  Professor  SecchL 

In  Russia  great  efforts  have  been  made  during  the  present  century 
to  promote  the  cultivation  of  astronomy.  The  Impenal  Observatory 
of  Pulkowa,  directed  by  the  celebrated  astronomer  M.  Struve,  is  perhaps 
the  most  magnificent  institution  that  has  ever  been  established  for  the 
advancement  of  practical  astronony.  There  is  also  in  Russia  the 
observatory  of  Dorpat,  directed  by  Professor  Madler ;  and  the  obser- 
vatory of  Moscow,  of  which  Professor  Schweizer  is  director. 

Observatories  have  been  established  throughout  the  other  countries  of 
Europe.  A  list  of  these  establishments  is  given  in  the  article  Astronoht. 

In  the  United  States  of  America  great  progress  has  been  made 
during  the  last  quarter  of  a  century,  in  the  cultivation  of  practical 
astronomy,  and  a  number  of  flourishing  observatories  are  now  in 
active  operation.  Of  these  the  most  celebrated  are  the  National 
Observatory,  Washington,  and  the  Observatory  of  Harvard  College, 
Cambridge,  Massachusetts. 

OBTUSE,  opposed  to  acute,  is  applied  to  an  angle  which  is  greater 
than  one  right  angle  and  less  than  two. 

OCCULTATION.  This  word,  which  might  serve  to  design  any 
eclipse  of  one  heavenly  body  by  another,  and  even  the  effect  of  cloud 
or  fog,  is  particularly  applied  to  the  eclipse  of  a  fixed  star  by  the  moon. 
It  has  been  seen  [Moon]  that  the  spiral  course  of  the  moon's  real  orbit 
must  bring  her  at  some  time  or  other  in  the  course  of  a  revolution  of 
the  nodes  (18  4  years)  at  or  near  to  every  star  situated  within  about  5* 
of  the  ecliptic  either  way.    There  are  consequently  continual  occul- 
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tatdona  of  stars  by  the  moon ;  such  of  which  as  can  be  made  useful  in 
finding  the  longitude  are  given  yearly  in  the  '  Nautical  Almanac.' 

If  the  moon  were  (like  the  star)  so  distant  that  two  spectators  at 
nearly  opposite  points  of  the  earth  would  not  be  sensibly  removed  .from 
each  other  in  space  when  ^eir  distance  from  each  other  was  compared 
with  their  common  distance  from  the  moon,  then  all  observers,  where- 
soever situated,  would  see  the  moon  begin  to  hide  a  star  at  the  same 
instant.  They  would  dl  then  be  able  to  note  by  their  different  clocks 
the  absolute  instant  of  the  same  phenomenon;  and  [Longitude]  their 
differences  of  clock-time  at  this  absolute  instant  would  give  their 
differences  of  longitude.  But  the  proximity  of  the  moon  makes  it 
possible  that  one  observer  (at  a)  may  see  no  occultation  at  the  time 
when  such  a  phenomenon  has  occurred  to  another  (at  b)  ;  and  makes  it 
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certain  that  two  observers  cannot  see  the  beginning  of  an  occultation 
at  the  same  instant  of  absolute  time.  Both  therefore  must  deduce 
from  their  own  observed-  times  of  commencement,  and  from  their 
knowledge  of  the  moon's  place  and  motions,  the  times,  at  their  several 
plsoes,  at  which  a  spectator  situated  at  the  earth's  cenlare  would  see  the 
star  touch  the  moon's  limb ;  and  this  being  done,  they  are  in  the  same 
position  as  if  the  moon  had  been  too  distant  to  require  such  a  process. 
If,  in  this  work,  we  had  given  the  details  of  astronomical  calcidations, 
we  should  not  have  separated  that  required  in  reducing  an  occultation 
to  the  earth's  centre  from  the  similar  case  which  occurs  in  an  eclipse 
of  the  sun  or  a  transit  of  Venus :  the  principles  employed  in  all  are 
identical,  though  the  first  process  is  rendered  more  simple  than  the 
second  or  third,  by  the  very  great  distance  of  the  star,  which  may  be 
considered  as  marling  the  same  point  of  the  heavens  at  all  places.  For 
the  value  of  observed  occultations  in  finding  the  longitude,  see  the 
article  Longitude. 

Here  we  might  close  this  article,  if  it  were  not  for  a  wngrnUr  cir- 
cumstance which  sometimes  occurs ;  and  which  cannot  be  traced  either 
to  the  character  of  the  telescope  employed,  of  the  observer,  of  the 
weather  during  the  observation,  or  of  the  particular  star  under  occulta- 
tion. When  the  moon  approaches  the  star,  instead  of  an  instant  of 
_  contact,  followed  by  disappearance  of  the  star,  the 

y^    '"^'^    latter  for  a  few  seconds  is  frequently  thrown  upon  the 
/  \    moon,  as  if  it  were  the  nearer  body,  and  were  going  to 

'  ^  cross  the  moon's  surface,  as  Venus  does  that  of  the  sun 

during  a  transit.  While  this  is  taking  place,  which 
sometimes  lasts  until  the  star  has  fairly  left  the  moon's 
limb  or  border,  the  star  preserves  its  light,  though  it 
frequently  undergoes  a  change  of  coloiur.  Aldebaran, 
whose  natural  colour  is  inclining  to  red,  has  been  seen  to  present  this 
phenomenon  much  more  frequently  than  any  other  star :  but  $  Tauri,  0^ 
and  9*  Pleiadum,  Spica  Vii^ginis,  Regulus,  y  Librse,  182  Tauri,  a^  Ganeri, 
49  librse,  \  Aquarii,  249  Aquarii,  187  Sagittarii,  y  Tauri,  p  Leonis/p 
Qeminorum,  8  Cancri,  8  Piscium,  &c.,  have  been  seen  more  or  less  to 
oome  upon  the  moon's  limb.  See  a  detailed  list  of  quotations  from 
the  different  observers  in  a  paper  by  Mr.  South,  On  the  Occultation 
of  8  Piscium  by  the  Moon,'  in  the  third  volume  of  the '  Memoirs  of 
the  Astronomical  Society.'  It  is  to  be  noted  that  many  of  these 
appearances  did  not  exhibit  the  whole  of  the  phenomenon,  but  made 
the  star  hang  for  some  seconds  upon  the  moon's  limb,  instead  of 
immediately  disappearing. 

The  occtiltations  of  Afdebaran  approaching  again  in  the  years  1829 
and  1830,  the  Society  just  mentioned  invited  the  particular  attention 
of  astronomers  to  them.  The  consequence  was,  a  large  nimiber  of 
commimications  from  different  parts  of  Europe,  which  are  printed  in 
the  fourth  volume  of  their  Memoirs.  Nothing  can  be  more  different 
than  the  results  :  some,  now  saw  the  phenomenon  for  the  first  time ; 
others,  who  had  seen  it  before,  did  not  see  it ;  some,  who  had  never 
seen  it  before,  continued  unable  to  do  so.  Of  six  observers  at  the 
Royal  Observatory,  five  distinctly  saw  the  projection  on  the  moon's 
limb,  and  one  saw  it  hang  on  the  edge  of  the  moon  five  or  six  seconds 
before  it  disappeared.  Of  three  at  the  Observatory  of  Paris,  two 
distinctly  saw  the  projection,  and  one  saw  the  star  disappear  instan- 
taneously, leaving  a  shade  ("  ombre  ")  on  the  part  of  the  moon  at  which 
it  disappeared.  The  majority  saw  the  star  either  projected  or  hanging 
on  the  moon's  edge.  It  is  to  be  noted  that  this  phenomenon  has  been 
seen  at  the  dark  edge  of  the  moon  as  well  as  at  the  enlightened.  Its 
cause  is  matter  of  much  diversity  of  opinion. 

The  most  recent  explanation  is  due  to  Mr.  Airy,  who  in  the  year 
1859  communicated  a  paper  on  the  subject  to  the  lioyal  Astronomical 
Society,  which  is  to  be  found  in  the  twenty-eighth  volume  of  the 
'  Memoirs '  published  bv  that  body.  Mr.  Airy  remarks,  "  that  on  the 
principles  of  the  undulatory  theory  of  light,  the  image  in  a  telescope 
of  any  luminous  point,  whether  a  star  or  a  portion  of  the  moon's 
illuminated  surface,  is  not  a  point."    This  is  exemplified  in  the  case  of 


the  bright  rings  which  surround  the  image  of  a  star  as  seen  in  a  good 

telescope.     It  is  plain  also,  for  the  same  reason,  that  the  aggregate  of 

light  produced  by  the  aggregate  of  all  the  luminous  points  of  the 

moon's  disc,  is  not  a  luminous  image  bounded  by  a  sharp  outline,  at 

what  we  consider  the  geometrical  outline  of  the  image,  but  that  the 

geometrical  outline  is  fringed  by  a  band  of  illumination,  produced  by 

the  interlacing  and  superposition  of  all  the  systems  of  rings.     Hence  it 

follows  that  when,  with  a  very  fine  telescope  we  see  the  moon's  limb 

veiy    sharply   defined,   and    apparently  surrounded   by    ixmnediate 

darkness,  we  do  in  reality  see  it  erroneously.    Mr.  Airy  conceives  that 

during  ordinary  observations  of  the  moon,  the  conviction  that  the 

outline  of  light  ought  to  correspond  to  a  given  curve,  may  afifect  the 

visual  oxgans  so  as  to  incapacitate  them  from  perceiving  the  fainter 

light  beyond  that  curve ;  but  that  in  the  excitement  and  mtentneas  of 

observing  an  occultation,  the  state  of  the  sensational  organisation  is 

probably  much  changed,  and  as  the  presumed  time  of  the  phenomenon 

comes  nearer  and  nearer,  the  eye  probably  becomes  more  and  nioie 

sensible  to  the  faint  diffused  light,  and  the  visible  boundary  of  light 

extends  further  and  further  into  the  darkness.    In  numerous  instances 

when  the  boundary  of  the  moon's  light  has  swelled  till  it  touches  the 

star,  it  swells  no  further,  and  the  star  hangs  on  the  moon's  limb. 

According  to  Mr.  Airy,  it  seems  perfectly  conceivable,  that  the  mental 

contemplation  of  the  relation  of  the  positions  of  the  moon  and  star 

which  IS  implied  in  the  phenomenon  that  is  to  be  observed,  laay 

frequently  so  far  act  on  the  sensibilities,  that  when  that  relation 

(namely,  contact)  is  once  gained,  the  mental  effort  does  not  make  tiie 

sense  more  acute  than  is  necessary,  and  may  even  somewhat  relax  as 

the  denser  hght  of  ^e  moon  reaches  the  star.    This  expluiation,  it 

will  be  seen,  refers  the  phenomenon  to  the  principle  of  the  irradiation 

of  light. 

OCCUPANCY.  This  term  in  English  law  signifies  the  taking 
possession  by  any  person  of  any  thing  which  has  no  owner  (Bracton, 
f  ol.  8,  6),  and  the  general'  doctrine,  as  stated  in  Bracton,  is  derived 
from  the  Jus  Oeniium  of  the  Roman  lawyers,  as  explained  in  the 
'Digest'  (lib.  41,  tit  1,  s.  1,  8,  5,  &c.).  That  use  of  the  term  which 
will  be  here  explained  has  reference  to  the  occupation  of  land. 

An  estate  pur  auter  vie,  or  for  the  life  of  another  person  or  persons, 
had  formerly  some  peculiar  qualities  incident  to  it.  If  a  man  had  an 
estate  in  hmd  for  his  own  life,  sudi  estate  was  of  course  determined  by 
his  death.  But  if  he  had  an  estate  in  land  for  the  life  of  another 
person,  and  he  or  his  assignee  died  before  such  person,  the  estate  waa 
not  determined,  and  yet  there  was  nobody  to  take  it,  inasmuch  as  it 
could  not  go  to  the  heir,  nor,  being  a  freehold  interest,  to  the  executor 
or  admimstrator.  Such  an  estate  belonged  to  the  first  person  who 
could  take  possession  of  it,  and  he  was  entitled  to  hold  it  as  general 
occupant  till  the  expiration  of  the  life  for  which  it  was  orig^ially 
granted.  But  if  the  original  grant  were  to  A  and  his  heirs,  for  the  life 
of  B,  and  A  died  during  the  Me  of  B,  the  heir  of  A  took  the  estate  as 
special  occupant — ^that  is,  as  a  person  designated  in  the  original  grant 
Sometimes  tiie  heir  was  said  to  take  the  estate  as  a  descendible  free- 
hold, though  the  estate  is  admitted  not  to  be  an  estate  of  inheritance, 
and  therefore  not  subject  to  courtesy  or  dower, — it  not  being  perceived 
that  to  say  an  estate  is  not  an  estate  of  inheritance  and  yet  is  descend- 
ible, is  a  contradiction,  for  descent  impUes  an  heir  who  takes  as  heir. 
Still  it  appears  from  Bracton  (fol.  26  b,  62  b),  that  if  lands  were  given 
to  a  man  and  his  heu-s  for  the  life  of  another  person,  the  heir  could 
recover  the  land  by  an  assise  of  mort  cPancestor,  because  the  ancestor 
died  seised  as  of  fee,  and  a  man  could  claim  by  an  assise  of  nwrt 
iPtmceitor  anv  land  of  which  his  ancestor  was  seised  as  of  a  fee  (tU  de 
ftodo)\  and  hence  it  has  been  concluded  that  the  heir  took  not  as 
spedal  occupant,  but  that  he  took  ft  descendible  freehold.  This  subject 
of  occupancy,  general  and  special,  is  discussed  at  great  length  and  with 
considerable  acuteness  by  Vaughan,  Jiistice.  (Vaughan,  Holden  v. 
Smallbrooke.) 

In  the  case  of  copyhold,  when  there  was  no  special  occupant,  the 
lotd  took  the  estate ;  for  the  lord,  having  the  freehold,  was  also  con- 
sidered to  have  the  possession ;  and  therefore  "vacancy,"  the  necessary 
condition  to  any  other  person's  title  by  occupation,  was  wanting.  In 
the  case  of  a  rent  or  other  incorporeal  hereditament,  when  there  was 
no  special  occupant,  inasmuch  as  there  could  be  no  entry,  there  could 
of  course  be  no  possession  or  title  by  general  occupancy. 

It  is  stated  by  Bracton,  that  if  Is^d  was  given  to  a  man  for  the  life 
of  another  without  any  mention  of  his  heirs,  the  land  on  the  death  of 
the  donee  did  not  immediately  revert  to  the  donor,  unless  the  donee 
died  intestate,  or  unless,  though  he  made  a  will,  he  had  made  no 
mention  of  his  interest  in  the  land  as  of  a  term  of  years,  but  that  if 
he  had  disposed  of  it  in  his  will  as  of  a  chattel,  such  disposition  was 
valid.  (Bracton,  foL  27  a;  see  Doe  dem.  Blake,  6  T.  R.,  291.)  This 
power  of  disposing  of  a  freehold  interest  in  land  must  have  fidlen  into 
disuse  after  the  time  of  Bracton ;  for  it  is  quite  inconsistent  with  the 
doctrine  of  general  occupancy  as  stated  by  Littleton,  and  also  with  the 
general  rule  of  law,  which  prevented  freehold  interests  in  land  from 
being  disposed  of  by  wUl,  before  the  Statutes  of  Wills  passed  in  the 
reign  of  Heniy  VIII.  But  the  Statutes  of  Wills  were  limited  to 
estates  in  fee  simple,  and  no  power  to  devise  estates  pur  auter  vie 
existed  at  law  before  it  was  given  by  the  Statute  of  Frauds. 

Since  the  passing  of  the  Statute  of  Frauds  (29  Car.  II.  c.  3),  general 
oocupancy  (with^  porh^ps^  one  exception,  hereafter  mentioned)  haa 
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ceased  to  exui.  By  that  statute  (s.  12)  a  man  was  enabled  to  devise 
an  estate  pur  auter  vie  by  a  will  in  writing,  executed  as  therein  men- 
tioned^ and  attested  by  three  witnesses ;  and  if  no  such  devise  thereof 
was  made,  the  estate  was  chargeable  in  the  hands  of  the  heir,  if  it 
should  come  to  him  by  reason  of  a  special  occupancy,  as  assets  by 
descent,  as  in  case  of  lands  in  fee-simple ;  and  in  case  there  should  be 
no  special  occupant  thereof,  it  was  declared  that  it  should  go  to  the 
executors  or  admimstrators  of  the  party  that  had  the  estate  thereof  by 
virtue  of  the  grant,  and  should  be  assets  in  their  hands — ^that  is,  should 
be  liable  to  the  payment  of  the  testator's  or  intestate's  debts.  By  the 
14  Geo.  II.  e.  20,  s.  9,  which  recites  '*  that  doubts  had  arisen,  where 
no  devise  had  been  made  of  such  estates,  to  whom  the  surplus  of  such 
estates,  after  the  debts  of  such  deceased  owners  thereof  were  fully 
satisfied,  should  belong:"  it  was  enacted,  "That  such  estates,  pur 
a\Utr  vie^  in  case  there  was  no  special  occupant  thereof,  of  which  no 
devise  should  have  been  made  according  to  the  said  Act  (29  Car.  II. 
0.  3),  or  so  much  thereof  aa  should  not  nave  been  devised,  should  go, 
be  applied,  and  distributed,  in  the  same  manner  as  the  personal  estate 
of  the  testator  or  intestate."  These  two  statutes  provided  for  the  case 
both  of  a  devise  being  made  of  an  estate  pur  auler  vie,  and  also  for  the 
case  of  the  land  coming  to  the  heir  as  special  occupant  where  no  devise 
was  made.  But  an  estate  pur  anUer  vie  may  be  limited  either  to  a  man 
and  his  heirs,  or  to  a  man,  his  executors  and  administrators,  or  to  a 
man  simply  without  mentioning  either  heirs,  executors,  or  adminis- 
trators. The  Statute  of  Frauds  appears  to  contemplate  the  heir  only 
as  special  occupant,  and  if  there  was  no  devise  according  to  the  statute, 
and  no  special  occupant,  which  would  happen  when  the  estate  was 
limited  simply  to  the  grantee,  the  estate  went  to  the  executor  or 
administrator  for  the  payment  of  debts,  and  s^ter  payment  of  debts 
the  surplus  was  distributed,  under  the  act  of  George  II.,  in  the  same 
manner  as  the  testator  had  directed  the  distribution  of  his  personal 
estate,  or  it  went,  in  case  of  an  intestacy,  to  the  next  of  km  of  the 
intestate.  But  when  no  devise  was  made  according  to  the  statute,  and 
the  estate  was  limited  to  the  grantee,  his  executors  and  adnunistrators, 
inasmuch  as  the  heir  could  not  in  that  case  be  special  occupant,  the 
question  arose,  if  the  executor  or  administrator  could  be  such  occupant, 
and  if  he  could,  the  further  question  arise,  who  was  to  have  the  estate 
after  payment  of  debts  ?  The  proper  construction  of  the  two  statutes 
Beemeid  to  be  that  the  heir  only  could  be  special  occupant,  and  that  he 
alone  could  take  as  such.  If,  then,  tiie  land  were  not  devised  according 
to  the  Statute  of  Frauds,  and  there  was  no  special  occupant,  by  reason 
of  the  limitation  being  simply  to  the  grantee,  or  to  him,  his  executors, 
and  administrators,  the  executor  or  administrator  would  take  it  under 
the  Statute  of  Frauds,  and  distribute  it,  after  payment  of  debts,  under 
the  statute  of  George  II.  The  executor  or  administrator  took  the 
estate  as  a  freehold,  which  it  is,  but  in  trust  for  t^e  persons  entitied 
under  a  will,  which  was  sufficient  to  pass  personal  estate,  or,  in  cases 
of  intestacy,  in  trust  for  the  next  of  kin.  (See  the  opinions  of  Lord 
Redesdale,  in  Campbell  v.  Sandys,  1  Sch.  and  Lef.,  288;  and  the 
opinions  of  Lord  Eldon,  in  Ripley  v,  Waterworth,  7  Ve.,  425.) 

If  a  man  dies  intestate  who  la  seised  of  an  estate  for  another*s  life, 
and  the  limitation  is  such  that  the  estate  cannot  go  to  his  heir  as 
special  occupant,  the  estate  seems  open  to  a  general  occupancy  \mtil  an 
administrator  is  appointed :  but  such  administrator  seems  to  have  a 
title  by  relation. 

Neither  the  Statute  of  Frauds  nor  that  of  Geoi^  II.  applied  to  copy- 
holds, and  therefore  not  to  estates  pur  auter  vie  in  copyhold  lands. 

Estates  jmr  auter  vie,  whether  there  shall  or  shall  not  be  any  special 
occupant  thereof,  and  whether  the  same  shall  be  freehold,  customary 
freehold,  tenant  right,  customary  or  copyhold,  or  of  any  other  tenure, 
and  whether  the  same  shall  be  a  corporeal  or  incorporeal  hereditament, 
are  now  devisable  by  a  will.in  writing  executed.in  the  manner  prescribed 
by  the  statute  of  1  Vic.  c.  26,  which  repeals,  among  other  clauses,  that 
part  of  the  Statute  of  Frauds  which  relates  to  eBt&teB  pur  auter  vie,  sxid 
also  the  9tli  section  of  14  Geo.  II.  c.  20.  And  if  no  disposition  by 
will  is  made  of  any  estate  pur  auter  vie  of  a  freehold  nature,  the  same 
shall  be  chargeable  in  the  hands  of  the  heir,  if  it  shall  come  to  him  by 
reason  of  special  occupancy,  as  assets  by  descent,  as  in  the  case  of  free- 
hold land  in  fee  simple ;  and  in  case  there  shall  be  no  special  occupant 
of  any  estate  pur  auter  vie,  it  shall  go  to  the  executor  or  administrator; 
and  if  the  same  shall  come  to  the  executor  or  administrator  either  by 
reason  of  a  special  occupancy  or  by  virtue  of  that  Act^  it  shall  be 
assets  in  his  hands,  and  shall  go  and  be  applied  and  distributed  in  the 
Bame  manner  as  the  personal  estate  of  the  testator  or  intestate.  This 
statute  settles  a  niunber  of  questions,  some  of  which  have  been  already 
referred  to,  which  were  of  frequent  occurrence,  with  respect  to  estates 
pur  auter  vie. 

On  the  subject  of  occupancy,  the  reader  may  consult  Puffendorf, 
Law  of  Nature  and  Nations,'  iv.,  c.  6. 

OCCUPATIONS  OF  THE  PEOPLE.    [Census.] 

OCEAN.    [Sea.]  "" 

OCHRE.  Certain  impure  oxides  of  ii-on,  of  a  yellow,  red,  or  brown 
colour,  are  employed  as  pigments,  iinder  the  name  of  ochres.  They 
generally  contain  clay.    [Colouring  Matters.] 

OCTAGON.    [Poltgons,  Regular.] 

OCTAHEDRON.    [Solids,  Regular.] 

OCTANS  (the  instrument  conmionly  called  a  quadrant^  which,  when 
on  Hadley's  constmction^  is  of  the  form  of  an  octant,  or  eighth  part  of 


a  circle),  a  constellation  of  Lacaille,  situated  at  the  south  pole,  which  it 
includes.  There  are  no  stars  of  conspicuous  brightness  in  this  constel- 
lation. 

OCTAVE  {Octavus,  Lat.),  in  Music,  the  eighth  note  of  the  scale 
the  most  perfect  of  concords^  whose  ratio  is  2  : 1,  therefore  the 
simplest  of  all  the  sounds,  except  the  unison.  The  harmonics  of 
the  octave  and  unison  ^gree  invariably,  a  coincidence  which  occuib 
in  no  other  interval,  and  these  sounds  have  bo  close  a  resem- 
blance, that  in  combination  they  are  hardly  distinguishable  the  one 
from  the  other.  The  following  are  the  properties,  says  Rousseau, 
whidi  so  singularly  distinguish  the  octave  from  all  other  intervals : — 
The  Octave  embraces  all  Uie  primitive  sounds,  that  is  to  say,  all  the 
original  tones  and  semitones.  Hence,  after  having  established  a  system 
or  series  of  notes  within  the  limits  of  an  octave,  if  it  be  wished  to 
extend  this  series  it  will  be  absolutely  necessary  to  follow  the  same 
order  in  a  second  octave,  in  a  third,  or  a  foiirth,  &c.,  and  no  sound  will 
be  found  in  any  of  these  but  what  is,  as  it  were,  a  recurrence  of  some 
one  in  the  first  series.  It  is  in  virtue  of  this  property  in  the  Octave 
that  the  term  Diapason  was  applied  to  it  by  the  Greeka.  [Diapason.] 

The  Octave  has  also  another  remarkable  property,  the  same  writer 
observes,  namely,  that  it  may  be  doubled,  tripled,  and  multiplied  at 
pleasure,  without  changing  its  nature.  This  multiplication,  however, 
is  limited  as  relates  to  its  effect  on  the  ear,  and  an  interval  of  eight 
octaves,  for  instance,  would  be  scareely,  if  at  all,  appreciable  as  such  by 
the  auditory  organ.  A  double  Octave  is  leas  agreeable  than  a  single 
one ;  a  triple  Octave  loses  still  more  of  its  pleasing  quaUty ;  till,  by 
increasing  the  distance^  the  relationship  «f  the  sounds  beoomes  nearly 
undistinguishable. 

OCTAVE  FLUTE.    [Flute.] 

OCTOBER,  in  the  year  of  Romtdus,  was  strictly  what  its  nitme 
implies,  the  eighth  month.  With  us  it  is  the  tenth.  Suetonius  tells 
us  that  Domitian,  who  was  bom  in  this  month,  gave  it  his  own  name 
(Sueton., '  Domit.,'  c.  18) ;  but  it  lasted  during  Ms  life  only  (Plutareh, 
'  NuuL,'  p.  72 ;  Macrobii, '  Satumal.,'  L 12).  Antoninus  Pius,  in  honour 
of  his  wife  Faustina,  called  it  "  Faustinus"  (Julius  Capitolinus,  a  10) ; 
and  the  flatterers  of  Commodus  assigned  to  it  one  of  their  patron's 
epithets,  "  Invictua."  (^Elius  Lamprid.,  ed.  Lugd.  Bat,  1671,  p.  507.) 
Our  Anglo-Saxon  ancestors  gave  it  the  name  of  Wtnter-fyliih,  the 
winter  full-moon,  or  winter-beginning,  as  they  reckoned  by  winters  not 
by  years.  They  also  called  it  teotha  mmuUh,  the  tenth  month*  (Bos- 
worth,  '  Sax.  Diet') 

OCTYL.    [Caprtlio  Alcohol;  Capryl'] 

OCTTLAMINE.    Synonymous  with  caprylaminOi    [Cafrylio  Air 

OOHOL.] 


OCTYL-CUMINAMIDE 


An  amide  formed  by 


the  action  of  chloride  of  cumyl  upon  octylamine.    [ Akides.] 

OCTYLENE.    [Caprtlio  Alcohol.] 

OCTYLIC  ALCOHOL.    [Caprtlio  Alcohol.] 

OCTYL-PHOSPHORIC  ACID.  When  octylic  alcohol  is  placed  in 
contact  with  vitreous  phosphoric  acid,  it  forms  an  acid  similar  to 
ethyl-phosphorio  acid,  and  to  which  the  name  octyl-phosphoric  acid  has 
been  given.  

OCTYL-SULPHtJRICACID;  Sulphoctylieaeid.  Synonymoiuiwith 
sulpho-caprylic  acid.    [Caprtlic  Alcohol.] 

OCULAR  IMAGE.    [Ete,  m  Nat.  Hist.  Div.] 

OCULAR  SPECTRA.    [Accidental  Colours.] 

ODE  IS  derived  from  a  Greek  word,  which  signifies  a  song  (Mh 
ioili^),  and  appears  to  have  been  originally  applied  to  any  kind  of  poetiy 
whicn  WAS  written  to  be  sung  or  accompanied  with  music.  The  ode 
may  be  regarded  as  the  foundation  of  lyric  poetry,  and  differs  from 
epic  poetry  in  delineating  the  poet's  own  thoughts  and  feelings,  while 
the  latter  species  of  poetry  details  external  cireumstances  and  events. 
The  most  celebrated  Greek  and  Roman  odes  are  those  of  Pindar,  Horace, 
and  Anacreon.  In  English  the  beet  odes  have  perhaps  been  written  by 
Dryden  and  Gray.  For  a  farther  ooooimt  of  this  species  of  poetry  the 
reader  is  referred  to  Ltric  Poetbt. 

ODIN.    [Scandinavian  Mttholoot.] 

ODO'METER  (from  i96s,  a  road,  and  fi4Tpow,  a  measure)  is  an  instni- 
ment  used  for  measuring  the  distances  passed  over  in  travelling,  and  is 
very  nearly  the  same  as  that  which  is  called  a  pedometer :  the  latter  is 
carried  in  the  pocket  of  a  person  on  foot  or  on  horseback,  and  the 
former  is  attached  to  a  carriage.  Grayson's  odometer  is  a  box  containing 
a  train  of  wheel-work,  and  is  attachedto  one  side  of  a  carriage  above  the 
axle.  There  are  two  dials, -one  for  the  driver  and  the  passengers,  the 
other  for  the  proprietor :  the  object  of  the  apparatus  being  to  reeord 
the  distance  run,  as  a  check  upon  the  honesty  of  the  dnver  of  any 
lured  vehicle.  The  apparatus  belongs  to  one  of  the  classes  or  groups 
described  under  NuHRERiNa  Machines. 

ODORINE.    [PicoLiNi.] 

(ECUMENICAL  COUNCILa    [Council,  o»  thb  Church.] 

CENANTHIC  ACID  (HO,C,^H,sO,).  This  acid,  in  combination 
with  oxide  of  ethyl  forming  cmanthic  ^her  (CMftfC^^B.^fi^),  is  found 
in  grape  wine,  and  gives  to  that  liquid  its  characteristic  odour.  The 
ether  is  obtained  on  distilling  wine  itself,  or  wine  lees  with  water;  it  is 
then  decomposed  with  caustic  potash,  and  tiie  cenanthate  of  potash 
distilled  with  sulphuric  acid^  when  OBnanthio  acid  passes  over,  and 
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condenses  at  56^Fahr.  into  a  semi-solid  colourless  fat,  of  the  consistence 
of  butter.  At  a  higher  temperature  it  melts,  is  inodorous  and  tasteless, 
reddens  litmus  paper,  and  easily  dissolves  in  the  caustic  alkalies, 
alkaline  carbonates,  ether,  or  alcohoL  Heat  splits  oenanthic  acid  up 
into  water  and  aidiydrous  acid ;  but  in  oUier  respects  it  greatly  re- 
sembles pelargonic  acid.  M.  Fischer  has  just  (IStJO)  announced  his 
belief  that  the  so-called  oenanthic  acid  is  merely  a  mixture  of  capric 
and  caprylic  acids. 

CENANTHOL,  oenanthylic  aldehyd,  or  hydride  of  cmanthyl  (Cj^Hj^ 
0,=  C,^Hj30,,H).  This  substance  forms  about  ten  per  cent  of  the 
products  of  the  destructive  distillation  of  castor  oil.  It  may  be  purified 
by  agitation  with  baryta  water  and  re-distillation,  and  finally  obtained 
dry  by  digestion  over  chloride  of  calcium. 

(Enanthol  is  a  colourless  liquid,  of  sp.  gr.  0*8271  at  63^  Fahr.  Its 
boiling  point  is  812*  Fahr.,  and  vapour  density  4'17.  It  has  a  penetra- 
ting odour,  and  at  first  sweet,  but  afterwards  acrid  taste.  It  is  soluble 
in  alcohol  or  ether,  but  rery  slightly  so  in  water.  It  forms  a  crystal- 
line compound  with  bisulphite  of  soda,  and  is  converted  into  cenantiiylic 
acid  by  nitric  acid,  chromic  acid,  or  even  by  exposure  to  air. 

Meiaenanthol  is  a  crystalline  body,  isomeric  with  cenanthoL  It  is 
produced  when  oonanthol  at  32^  Fahr.  is  mixed  with  nitric  acid  at  the 
same  temperature,  and  the  whole  set  aside  for  twenty-four  hours. 

ffydride  of  trichlorananthyl  (0^^11^01,0,)  is  a  heavy  oily  fluid,  re- 
sulting from  the  action  of  chlorine  upon  oenanthol. 
CENANTHYLAMIDE.  [GEnanthtlio  Acid.] 
(ENANTHYLIC  ACID  (HO,  0,^H,,0,).  This  acid  is  a' frequent 
product  of  the  oxidation  of  fatty  matters  by  nitric  acid.  It  is  most 
conveniently  prepared  by  heating  castor  oil  with  twice  its  bulk  of  nitric 
add ;  red  fumes  are  evolved  in  great  abundance  at  first,  but  afterwards 
more  moderately,  until,  at  the  end  of  a  few  hours,  the  action  is  com- 
plete, and  the  acid  then  rises  to  the  surface  as  an  oily  layer.  It  may  be 
rectified  with  water,  and  finally  dried  over  anhydrous  phosphoric 
acid. 

(Enanthylic  acid  is  a  colourless,  transparent  oil,  of  agreeable  aromatic 
odour  and  acrid  taste.  It  is  only  slightly  soluble  in  water,  but  readily 
80  in  alcohol,  ether,  or  nitric  acid.  It  boils  at  298*  Fahr.,  and  may  be 
distilled,  but  suffers  partial  decomposition  during  the  operation.  It 
does  not  become  solid  at  0*.  Ignited,  it  bums  with  a  clear  non-smoky 
flame. 

The  oenanthylaUi  are  easily  formed  by  dissolving  carbonates  in  oenan- 
thylic acid.  The  pot<uh  talt  does  not  crystallise,  but  furnishes  anhy- 
droui  oenanthyUe  add  (Ci^H^O.^Cj^H^O,,)  on  distilling  with  oxy- 
chloride  of  phosphorus.  (Enanthylate  of  copper  crystallises  in  beautiful 
green  needles,  soluble  in  alcohol,  and  slightly  so  in  water.  CEnatUhylate 
of  baryta  (BaOjCj^H^Oj)  occurs  in  lamellar  ciystals.  (EnanthylaU  of 
wi,^,  or  cenanthylic  ether,  contains  (C4HjO,C,4H„0,). 

(Enanthylamide  (NH,(Ci^H,,Oj))  is  produced  by  the  reaction  of 
oenanthylic  acid  and  ammonia.  It  crystallises  from  alcohol  in  little 
plates. 

(ENANTHYLO-BENZOIO  ANHYDRIDE  (c"i'*o*  1  ^«)-    ^^^' 

HTDRTDB8  1 

(ENANTHYLO-CUMINIC  ANHYDRIDE.  [Anhydridm,  Camino- 
cenan(AyZic.] 

OTHYL.  Synonymous  with  acetyl  In  addition  to  the  compounds 
of  this  negative  radical  alluded  to  under  Aoettl,  it  may  be  here  men- 
tioned that  bromal  is  regarded  as  a  compound  of  othyl;  its  composi- 
tion is  analogous  to  that  of  chloral,  the  chlorine  of  the  latter  being 
replaced  by  bromine.  The  following  is  a  list  of  other  compounds  of 
othyl 

Hydzide  of  othyl  or  aldehyde  ....  ^*^»^«  I 
Aldohydide  of  ammonium  .  •  •  .  .  ^*^»^»  I 
Fotossium  aldehyde  .,,.,,  ^*^»^a  I 

OTHYL,  HYDRIDE  OF.    [Othyl] 

OFFERINGS,  OBLATIONS,  and  OBVENTIONS,  are  not  only 
those  small  customary  sums  paid  at  Easter,  but  also  the  ciwtomary 
payments  for  marriages,  christenings,  churchings,  and  burials.  By 
2  &  3  Ed.  VI.  c.  18,  "  all  persons  which  by  the  laws  and  customs  ought 
to  make  or  pay  their  offerings,  shall  yearly  well  and  truly  content  and 
pay  the  same  to  the  parson,  vicar,  proprietor,  or  their  deputies  or 
farmers,  of  tlie  parishes  where  they  shall  dwell  or  abide;  and  that  at 
such  four  oflering-days  as  at  any  time  heretofore  within  the  space  of 
four  years  last  past  hath  been  used  and  accustomed  for  the  payment  of 
the  same;  and,  in  default  thereof,  to  pay  for  the  said  oftbrings  at 
Easter  then  next  following."  The  four  offering  days  above  spoken  of 
were  Christmas,  Easter,  AVhitsuntide,  and  the  feast  of  the  dedication 
of  the  parish  church.  It  is  directed  by  the  rubric,  at  the  end  of  the 
Communion  Service,  that  "  yearly  at  Easter,  every  parishioner  shall 
reckon  with  the  parson,  vicar,  or  curate,  or  his  or  their  deputy  or 
deputies,  and  pay  to  them  or  him  all  ecclesiastical  duties  accustomably 
due  then  at  that  time  to  be  paid."  Easter  offerings  are  due  of  common 
nght,  as  well  as  by  custom.  (Bunb.  173, 198.)  Thus,  in  Carthew  v. 
Edwards,  Trin.  1749,  in  the  Exchequer,  it  was  held  that  Easter 
off*erings  were  due  of  common  right,  after  the  rate  of  2d.  a-head  for 


every  person  in  the  family  of  sixteen  years  of  age  and  upwards.  But 
by  custom  the  sum  may  be  more.  In  London  id»  a-head  is  usually 
claimed. 

SurpUce-fees  are  payable  for  every  marriage,  whether  by  banns  or 
licence ;  and  for  every  funeral,  churching,  or  christening,  according  to 
the  custom  of  the  parish.  Mortuaries  are  claimed  on  the  death  of  each 
person  in  a  parish,  according  to  value  of  property  left,  but  not  to  a 
greater  amount  tiian  lOi. 

(Bum,  EccUaiaatical  Ldvi ;  Blackst.,  Comm.,  Mr.  Kerr*s  ed.  vol.  ill, 
c.  7.) 

OFFICE  FOUND.  By  the  common  law  of  England,  where  the 
crown  is  entitled,  upon  the  occurrence  of  certain  events,  to  take 
possession  of  real  or  personal  property  previously  belonging  to  a  sub- 
ject, the  facts  upon  which  the  right  accrues  must  be  first  ascertained 
by  an  inquisition  or  inquest  of  office.  This  inquiry  is  executed  by  some 
officer  of  the  crown,  such  as  the  escheator,  coroner,  or  sheriff,  or  by 
persons  specially  commissioned  for  the  purpose,  and  the  facts  are  ascer- 
tained by  a  jury  of  an  indeterminate  number,  but  consisting  usually, 
though  not  necessarily,  of  twelve  men.  Such  inquests  were  much  more 
frequent  before  the  abolition  of  military  tenures,  when  inquisitions 
pott  mortem  were  instituted  upon  the  death  of  any  of  the  tenants  of 
the  crown,  to  inquire  of  what  lands  he  died  possessed,  and  of  other 
matters  tending  to  establish  the  right  of  the  lord  respecting  the  pro- 
perty of  the  deceased.  [JuRV.j  When  an  inquisition  of  this  kind  has 
been  executed  and  returned,  it  is  said  to  be  an  office  found.  Thus 
where  treasure  has  been  discovered  under  circumstances  which  do  not 
give  it  to  the  owner  of  the  land,  an  inquest  is  held,  and  the  crown, 
upon  office  found,  takes  it ;  and  where  a  person  of  illegitimate  birth 
dies  intestate,  the  sovereign  (if  he  is  the  immediate  lord  of  the  fee), 
upon  office  found,  is  entitled  to  all  his  land  :  in  the  latter  case  however 
the  land  is  generally  granted  again  to  some  person  or  persons  who  can 
make  out  the  most  reasonable  claim  to  it.  So  also  the  verdict  of  a 
jury  upon  a  coroner's  inquest,  declaring  a  person  to  have  died  lU  feh 
ck  M,  is  an  office  found,  upon  which  the  crown  becomes  entitled  to  take 
possession  of  the  property  of  the  deceased. 

OFFICE,  HOLY  {Sanctum  Officium).    [Inquisition.] 

OFFSETS  are  lines  drawn  perpendicular  to  the  chord  of  an  arc,  or 
the  longest  base  of  an  irregular  polygon,  from  points  in  the  arc,  or 
corners  of  the  polygon.  By  means  of  these  offsets  the  area  contained 
between  the  chord  and  arc  can  be  found  with  sufficient  neameds.  We 
mention  this  well-known  term  of  surveying  to  direct  attention  to  the 
article  Quadratubes,  Method  of,  which  contains  the  set  of  successive 
approximations  of  which  the  surveyor's  process  is  the  first  and  rudest 
step. 

OIL  COLOURS.    [Paintino,  House.] 

OIL  OF  TURPENTINE.    [Turpentine.] 

OIL  OF  VITRIOL.    [Sulphur;  Sulphuric  Add.] 

OIL  PAINTING.    [Padttinq.] 

OILS,  MANUFACTURE  OF.  The  manufacture  of  anunal  oils, 
sucdi  as  that  of  the  whale,  is  simple.  The  blubber,  or  fat  from  which 
the  oil  is  procured,  is  usually  cut  into  small  pieces  and  packed  in  casks 
soon  after  it  is  taken  from  the  whale ;  it  is  then  brought  home  in  a 
half -putrid  state,  and  is  emptied  into  a  large  wooden  vessel  or  receiver, 
capable  of  holding  several  tons.  From  this  receiver  the  decomposing 
&t  is  conducted,  after  settling  for  a  few  hours,  into  a  copper  boiler, 
in  which  thCseparation  of  Ihe  fluid  from  the  solid  portions  of  the 
blubber  is  completed  by  the  application  of  heat.  From  the  boiler  the 
oil  flows  through  a  kind  of  filter  of  brushwood,  which  detains  the 
grosser  impurities,  into  coolers,  from  which,  when  quite  cold,  it  may 
be  drawn  off  into  casks.  Various  chemical  processes  are  employed  for 
purifying  whale  oil  and  diminishing  its  unpleasant  smelL  The  quantity 
of  oil  obtained  is  about  four-fifths  that  of  the  blubber  used.  In  the 
South-Sea  fishery  it  is  found  advisable  to  boU  the  blubber  on  board 
the  whaling  vessels,  and  to  bring  home  the  oil  in  the  liquid  state  in 
casks.  In  this  process,  as  commonly  performed,  the  oil  is  very  imper- 
fectly extracted  from  the  blubber,  and  the  ecraps,  or  solid  portions 
which  remain,  are  used  as  fuel  under  the  try-pott,  or  boilers ;  by  which 
arrangement  the  oil  that  remains  in  them  is  not  only  destroyed^ 
but  the  substance  becomes,  from  its  great  inflammability,  a  source  of 
serious  danger.  To  obviate  these  evils  some  ships  are  provided  with 
powerful  screw-presses  for  squeezing  out  whatever  oil  may  remain 
after  the  process  of  boiling  the  blubber,  and  thus  materially  in- 
creasing the  produce.  Hebert,  in  the  'Engineer's  and  Mechanic's 
Encyclopaedia/  gives  an  engraving  and  description  of  such  a  press ;  in 
which  the  blubber-scraps,  while  yet  warm,  are  put  into  a  hollow 
cylinder,  and  compressed  by  a  piston  brought  down  upon  them  with  a 
great  force.  The  oil  escapes  through  holes  in  the  bottom  of  the 
cylinder,  between  which  and  the  blubber  is  laid  a  mattress  of  wicker- 
work,  to  prevent  the  blubber  from  choking  up  the  holes.  This  press 
is  the  invention  of  Mr.  John  BIythe,  of  Limehouse. 

OUve  oil  differs  from  most  vegetable  expressed  oils  in  being  extracted 
from  the  soft  fleshy  pericarp ;  whereas  such  oils  are  usually  procured 
from  the  seeds  only.  The  manufacture  is  simple,  and  is  usually  con- 
ducted with  very  rude  machinery.  In  the  neighbourhood  of  Aix,  in 
Provence,  the  first  and  ^est  oil  is  obtained  by  crushing  the  olives  in 
a  kind  of  mill,  in  which  the  cruslung-stones  are  so  mounted  as  not  to 
break  the  stones  of  the  fruit,  but  simply  to  crush  the  pulp.  The  mass 
thus  bruised  is  put  into  cabas,  or  bngs  made  of  bulrush-matting,  or  of 
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ixane  etmvaa,  whidi  ue  piled  or  lud  noon  one  sdoUibt  to  the  number 
of  sbout  a  Ecore,  and  eipoaed  to  graduil  compressioa  in  ft  Borew-press ; 
the  oil  which  flows  from  the  cabaa,  which  ii  the  pure  virgin  oil,  ia 
conducted  by  chacmeU  iota  cbbIcb  or  stone  cistomB  partly  filled  with 
water,  on  the  Burface  o(  which  it  floata  so  that  it  may  be  readily  col- 
lected by  akimming.  When  the  oil  eeasea  to  flow,  the  maia  of  pulp  is 
t&ken  out  of  the  bags,  mixed  wiUi  boiling  water,  iiui  treated  as  before, 
but  with  on  increaae  of  preamre.  The  second  quahty  of  oil  thus 
procured  is  quite  fit  for  table  uas  when  treah,  but  ia  apt  to  become 
rancid  by  keeping.  After  fkimmlng  off  the  oil  which  acoumulatcfl  on 
the  niriace,  the  aubjacent  wator  still  retsJiu  a  good  deal  of  oil,  by  the 
interreutJon  of  the  mucilage ;  but  after  long  repoae  in  a  large  cistern 
the  oil  and  water  sepante,  and  the  water  may  be  drawn  off  from 
below.  This  oil,  howevar,  ia  of  very  inferior  quality,  and  can  only  be 
uaed  for  factory  purpoeea.  A  still  coaner  kind  of  oil  a  finally  procured 
by  crushing  the  marc,  or  solid  reaidue,  in  a  mill,  ao  as  to  break  the 
stones,  boiUng  it  with  water,  and  re-preasiog  it.  All  the  <nl  must  be 
Jined  by  keeping  in  clean  tuns,  in  an  qwrtment  heatod  to  at  lesit  60° 
Pahr.,  for  twenty  days ;  after  which  it  is  run  off  into  strong  casks, 
cooled  in  a  cellar,  and  then  sent  into  the  market. 

Olive  oil  is  r^ned,  for  the  use  of  watchmaken,  in  the  following 
way.  Into  a  bottle  or  phial  containing  the  oil,  a  slip  of  sheet-lead  ia 
immersed,  and  the  bottle  ia  placed  at  a  window,  where  it  may  receive 
the  rays  of  the  nin.  The  oil  by  degrees  geta  covered  with  a  curdy 
maas,  which  after  some  time  settles  to  the  bottom,  while  itaelf  becomee 
limpid  and  colourless.  Aa  soon  as  the  lead  ceases  to  sepanta  any 
more  of  that  white  subaUnce,  the  oil  is  decanted  US'  into  another  phial 

Passing  over  the  processes  of  manufacture  of  many  kinds  of  oil  of 
Uas  importance,  we  proceed  to  take  linseed-oil,  or  the  oil  extracted 
from  the  seeds  of  the  flax-plant,  aa  an  illustration  of  the  manufacture 
of  oil  from  seeds.  "Linseed,  rape-seed,  poppy-seeds,  and  other 
uleiferouB  seeds  were,"  Dr.  Ure  observes,  "  formerly  treated  for  the 
extraction  of  their  oil,  by  pounding  in  hard  wooden  mortan  with 
pestles  shod  with  iron,  set  in  motion  by  cams  driven  by  a  shaft  turned 
with  horse  or  water-power ;  then  the  triturated  seud  was  put  ioto 
woollen  bags,  which  were  wrapped  up  in  hair-clotha,  and  nqueeied 
between  upright  wedges  in  press-boxee,  by  the  impulaion  of  vertical 
rama  driven  also  by  a  cam  mecbauism."  in  tJie  beet  milLs  on  the  old 
coQitruction,  he  adda,  the  cakes  of  crushed  seeds  obtained  by  this  first 
wedge-preaaure  were  ground  anew  upon  the  bed  of  an  edge-mill,  and 
subjected  to  a  second  pressure,  with  the  aid  of  heat.  "  These  mortars 
and  presses,"  he  states,  "  constitute  what  are  called  Duteh  mills  :  they 
are  still  in  very  general  use  both  in  this  oountryand  on  the  Continent, 
and  are  by  many  penons  supposed  to  be  preferable  to  the  hydiaulio 

Owing  to  the  extreme  hardness  and  smootlmeM  of  the  seeds  of  flax 
and  hemp,  and  to  the  circuraitance  that  the  fragmenta  of  their  shells, 
however  broken,  form  minute  concavitiea  whiob  will  retain  the  oil 
unleaa  a  greater  pressure  be  applied  than  could  be  given  by  an  ordinary 
ecrew-pren,  the  presses  emidoyed  for  extracting  oil  from  such  seeds 
differ  materially  from  those  used  in  crushing  olives  and  oCher  com- 
paratively soft  oleaginous  substances.  Hence  it  ia  that  the  Wedge- 
preas  and  Bnunah's  hydraulic  press  have  been  introduced  [or  iae 
purpose.  Of  these  two  pownful  machines  some  manu&cturen 
prefer  the  former,  believing  tliat  the  same  d^ree  of  pressure  is  more 
efficient  when  imparted  by  means  of  sudden  impulaea  or  blowaupon 
the  end  of  a  wedge,  than  when  it  is  applied  gisdually  and  steadily  as 
in  the  hydraulic  press.  In  the  wedge-press,  of  which  there  are  many 
varieties,  the  crushed  seeds  are  put  into  bags  of  hair-cloth  or  some 
■irnilftr  material,  and  th^e  baga  are  then  placed  between  plates  of  iron 
united  together  like  the  covers  of  a  book,  or  between  bo»ds  or  blocks 
of  wood,  within  a  very  abnng  and  maasiTe  framework.  The  small  end 
of  a  wedge  ia  then  introdu^  in  such  a  way  between  the  plates  or 
boards  tliat,  when  it  is  driven  down  by  the  blows  of  a  ram  or  pestle, 
it  msy  compreea  the  bags  wiUi  onormoua  force.  The  driving  of  the 
wedges  ia  continued  until  they  are  so  tight  Hut  the  pestle  rebounds 
from  them  three  times,  when  they  are  judged  to  be  auBicientlj  driven. 
The  use  of  the  hydraulic  press  ioatesd  of  this  apparatus  needs  no 
minuto  explanation.  Some  of  these  act  horizontally,  the  bags  beng, 
aa  in  the  wedge-presa,  placed  vertically,  and  separated  from  one  another 
by  cast-iron  plates ;  but  in  othera  the  bags  are  piled  upon  one  another 
in  cast-iron  cases,  and  placed  iu  a  vertical  press.  The  seed  is  put  into 
bags  of  flannel  or  of  horsehair.  Among  other  advontngBS  it  is  ateted 
that  the  hydraulic  or  hydrostatic 
stamping-mill  which  could  do  tho 
logs  are  found  to  last  longer  with  it  than  with  the  old  machine. 

A  mode  much  adopted  in  thia  country,  of  obtaining  linseed  oil,  we 
■hall  now  describe.  As  the  hordncsa  and  smoothness  of  the  seed  gives 
it  a  tendency  to  allde  away  unbroken  under  the  rolling  action  of 
tbe  miilstoBea  by  which  they  are  ground,  it  ia  deeirable,  b^ore  taking 
it  to  the  grinding-mill,  to  bruise  or  crush  the  seed  by  causing  it  to  fait 
from  a  hopper  between  two  iron  cruahing-rollera,  placed  side  by  side, 
and  capable  of  being  pressed  againat  each  other  witli  any  determmato 
degree  of  foroe ;  but  the  use  of  such  rollers  ia  by  no  means  universal, 
the  seeds  being,  in  many  caaesj  submitted  to  the  grinding-mill  without 
any  such  preparation.  This  mill,  which  is  sometimes  called  an  tdfft- 
nill,  conusta  of  a  pair  of  atones,  technically  called  ninnin; -tlono,  or 
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miuMn,  usually  made  of  granite,  resembling  grindstones  in  shapo,  and 
from  five  to  seven  feet  or  npwards  in  diameter,  so  mounted  as  to  roll 
round  in  a  circular  path  of  small  diameter  upon  a  solid  horizontal  bed 
of  stone  or  iron  laid  beneatli  them.  These  stones,  which  roll  round 
the  bed  from  thirty  to  thirty-six  times  in  a  minute,  are  sitmetimes 
hooped  with  iron,  though  many  prefer  the  rough  surface  of  the  granite, 
which  may  be  roiireeBed  with  a  hanmier  as  often  as  is  needful  They 
grind  the  seed  partly  by  their  weight,  which  often  amounts  to  three 
tons  each,  and  partly  by  the  peculiar  rubbing  motion  which  ariaea 
from  the  circuioBtaDce  that  the  outer  edge  of  the  stone  has  to  perform 
a  larger  circuit  than  the  inner,  although  the  two  must  of  course  revolve 
round  the  axle  at  one  and  tiie  same  speed.  The  action  is  therefore 
similar  to  that  of  a  cone  when  forced  to  roll  onward  in  a  straight 
path.  The  two  running-stones  are  mounted  on  the  same  horizontal 
axis,  but  at  rather  diffeieot  distances  from  the  central  vertical  shaft  or 
axis  round  which  they  roll,  so  that  they  do  not  follow  one  another  in 
precisely  the  same  path  on  the  bed  of  this  mill.  The  bed  ia  surrounded 
by  a  rmi  which  prevente  the  seeda  from  being  scattered;  and  the 
revolving  framework  in  which  the  running-stones  are  mouoted  carriee 
also  two  rakes  or  awesps,  which  collect  and  lay  the  seeds  in  a  ridgo 
along  the  circular  path  of  the  runnem.  By  thu  means  the  seeds  are 
reduced,  by  the  partial  exprcasion  of  the  oil,  to  a  pasty  mass,  from 
which  a  limited  quantity  of  very  fine  c^id-dravn  oil  may  be  obtained 
by  the  simple  action  of  the  press. 

We  have  hitherto  spoken  only  of  the  extraction  of  the  finest  oil, 
without  heat.  Tbe  application  of  heat  before  pressing  is  however 
necessary  for  obtaining  tbe  principal  supply  of  oil.  The  precise  order 
of  the  several  operations,  aa  well  aa  the  nature  of  the  machinery 
employed,  diffen  in  diflerent  manufactories.  In  some  establiahmente 
the  oil-cakes,  or  solid  contenta  of  the  bagi,  which  remain  after  the 
first  cold  presaing,  are  taken  out  of  the  bags,  broken  to  piecea,  and  put 
into  mortars  to  be  pounded  by  pestles  worked  by  machinery.  There 
the  paste  is  again  broken  down,  and  the  pareochyma  of  the  seed 
reduced  to  a  fine  meal ;  thus  free  egrees  is  allowed  to  the  oil  from  every 
vesicle  in  which  it  ia  contained ;  but  it  ia  now  rendered  much  mors 
clammy  by  the  forcible  mixture  ot  the  mucilage,  and  even  of  the  fine 
parta  of  the  meaL  When  sufficiently  healed  it  is  removed  to  a  dtauffer, 
or  circular  copper-pan ;  in  which,  while  it  ia  kept  continually  stirred  by 
machinery,  it  is  heated  to  about  tbe  temperature  of  melting  beea-wai, 
either  by  a  charcoal  fire,  or  according  to  a  more  ru-  -'iit  practice,  by 
steam.  It  is  theo,  while  hot,  put  into  the  bags  and  subjected  to  a 
second  pressing ;  and  in  some  cases  tbe  like  operations  are  repeated  a 
third  time,  by  which  a  further  quantity  of  oil,  but  of  inferior  quality, 
ia  produced.  SometimeH  the  produce  of  oil  ia  increased  by  mixing  a 
litUe  vrater  with  the  pasto ;  but  thia  practice  is  considered  to  impur 
the  quality  ol  the  oU.  The  oil  cakes  which  remain  after  the  last 
proceaa  are  used  as  food  for  cattle,  and  for  various  other  agricultural 
purpooea ;  but  of  course  the  cakes  vary  greatly  in  richneaa  according  to 
tbe  degree  in  which  thn  have  been  divested  of  oiL  There  are  small 
mills  in  Holland  which  have  no  other  employment  than  extracting  oil 
from  the  cakes  which  they  purchase  from  the  Fresch  and  BnLbaaters, 


Fi(.  1.— LlnsHd  Cniahinl. 
after  passing  the  process  of  th^  mills :  a  clear  indication  ot  Um 
superiority  of  the  Dutoh  practice  over  that  of  thur  neighbours.    In 
some  of  the  Dutoh  mills,  the  produce  is  increaaed  by  the  application  of 
moderate  heat  during  the    grinding  process,  by  enclosuig  a   littt* 
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Tig.  2.— Oionnd  Unicfd  AUUig  Inlo  lagi. 


Tig.  I.— Bogt  oT  LloHtd  In  the  Hrdnnllc  Pnu. 
aa  it  oiiiMi  ths  oil  to  diBsohe  too  much  of  tlie  fsrmenUbla  fubrtMiee 
of  the  seed,  uid  eipoaeB  it  to  tiio  riak  ot  soon  growing  very  raocid. 
WImd  Um  seed  ii  very  dry  ths  process  of  gricdiog  naj  be  fKititated 
by  tlia  addition  of  &  little  water.  Ths  oil  produced  by  the  aboro 
procNi  needi  little  further  attention.  If  left  io  a  cistern,  as  it  is  by 
the  Dutdi  manufnoturera,  the  pareDcbymatous  part,  which  iaeritaUy 
puiea  sway  with  the  oil  in  Bomo  degree  in  the  operation  of  presdng, 
will  gradually  eubaids,  ami  the  oil  may  be  drawn  off  st  vsrioua  lerels, 
of  dilferent  degrees  of  purity ;  the  bottom  being  st  length  remoTed  to 
a  deep  and  narrow  cistern,  whera  it  should  he  left  a  cooBiderable  time 
or  the  dregs  to  subeide. 

Tbe  aonaied  cuts  represent  three  stagea  in  the  procem  of  obtaining 
Unseed  oil  by  the  hydraulic  press ;  namely,  the  onishing  of  the  leads 
between  edge-rolleis;  the  falling  of  the  seeds  into  bags  after  grinding; 
tad  the  piling  of  tbe  bags  in  tbe  hydraulic  prcM. 
_  lb,  Samuelion,  in  a  paper  read  before  the  aociety  of  Uechanicil 
a  185S,  entered  fully  into  the  reBpective  marita  of  the 
It  modes  of  eipraMing  linseed  oU.    The  lateit  and  beat  airaiige- 


OILS.  MANUFACTURE  OP.  » 

ment  he  stated  to  be  that  of  Blundell'a  doable  hydroetatic  pr«as,  with 
two  preaWB  and  two  piunps,  all  connected  by  hydraulic  tubing.  The 
larger  pump  is  weighted  to  7^0  lbs.  per  square  inch  pressure;  the 
amaller  to  6510  lb.  Each  press  works  four  bags  of  seed  at  once.  A 
preesure  of  tO  tons  is  brought  to  bear  on  the  seed  in  die  first  instance; 
and  this  is  mooeeded  by  one  of  300  tons.  Each  prees  produces  36  cwt 
of  oil  cake  per  day  of  11  hours,  and  H  cwt.  of  oil.  It  is  a  cunout 
feature  in  tjiis  new  form  ot  hydraulic  press,  that  it  is  worked  with 
limpid  oil  instead  of  with  water.  Mr,  Sunuelson  stated  that  there  tit 
now  more  than  one  million  quarters  of  linseed  pressed  for  oil  annusUj 
in  England ;  that  two-thirds  of  the  whole  trade  is  centred  at  Hull ; 
and  that  the  produce  cornea  out  as  about  144,000  tons  of  oil-cake  ind 
66,000  tons  of  linseed  oil. 

Linseed  oil  is  used  principally  as  a  vehicle  for  milling  oil-colours  for 
painting,  but  it  is  also  valuable  in  several  branches  of  manufacturing 
industry,  and,  in  a  refined  or  purified  state  in  some  roedicinal  prepora- 
tioos.  Being  a  fat  or  unctuous  oil,  it  is  slow  in  drying,  and  as  tha  it  s 
great  inconvenience  for  10018  purposes  in  'painting,  it  ia  sometimes 
converted  )nt«  diyinff  oil  by  boiUog  it  mtb  sugar  ot  lead,  whils 
vitriol,  red  lead,  or  oUier  substances  which  possess  similar  propertiea 
The  conuDOo  k^ids  of  drying  oil  are  generally  known  by  the  name  of 
bvtUdail. 

Tbe  trade  in  iard  oS  in  America  is  to  remarkable,  in  its  origin  and 
its  nature,  as  to  deserve  a  few  lines  of  notice.  When  the  British  com. 
missionera  were  at  the  New  York  £lihibition  in  1853,  they  obtuoed 
information,  among  other  things,  concerning  what  in  America  is  caQed 
liog  induMtiy,  About  the  year  1S30,  formera  in  the  central  etat«>, 
especially  Ohio,  unprovided  with  cheap  means  of  sending  their  produce 
to  market  (for  there  were  no  rulways  in  those  days),  bit  upon  the 
plan  of  converting  their  com  into  living  meat,  which  could  "  wilk 
itaelf  off  to  market," — in  other  words,  fattening  hogs.  The  trade  grew 
year  by  year ;  until  at  length  Uie  ci^  ot  Cincinnati  soon  became  tb 
centre  of  tsst  operations.  The  fanners  ia  Qie  country  districts  rear 
hogs,  from  100  to  1000  on  each  farm.  Drovers  or  jobbers  come  and 
purchase  them,  and  drive  them  to  Cincinnati,  where  Uiey  sell  them  tc 
cspitalists.  These  capitalists  engage  the  services  of  killers,  aalteti, 
eurers,  and  packers,  who  keep  large  establishments  in  and  near  the 
city.  The  hogs,  when  still  in  the  farmers'  hands,  are  allowed  to  roam 
about  in  the  woods,  and  feed  themselvee  on  acorns  and  beech-mast; 
but  when  the  time  for  sale  is  approaching,  tbey  are  called  in,  and 
fattened  with  an  abundance  of  com.  Their  average  sge  at  the  time  ol 
sale  is  about  IS  months,  and  average  weight  200 lbs.  When  th^ 
arrive  at  the  killing  establishments,  they  are  driven  up  an  inclined 
plane  to  the  upper  floor  or  story,  where  they  are  penned  for  a  short 
time.  They  next  descend  to  the  kiUing-rpom,  where  a  poleaxe  and  a 
knife  Bpeedily  end  their  existence.  The  dead  bodies  are  at  once  thrown 
into  s  huge  scalding  tank,  where  the  heat  of  hot  water  brings  tbe 
outer  skin  to  a  state  fit  for  subsequent  operations.  They  ore  quickly 
passed  to  another  room,  where  all  refuse,  from  within  and  without  the 
animal,  is  removed.  All  this  is  the  work  of  the  killera,  who  find  a 
useful  market  for  everything — ekin,  bristles,  fst,  intestines,  blood, 
hoofs,  in. :  nothing  is  wasted.  In  1852  there  were  ten  vast  slaiightar. 
ing  establishments  in  Cincinnati,  st  which  no  leas  than  400,000  hogs, 
weighing  80,000,000  lbs.,  were  slaughtered  in  twelve  months.  From 
the  slaughterers,  the  carcases  go  to  the  curers  and  packers.  Here  tbe 
hogs  are  cut  up  into  joints  with  surprising  rapidity.  Two  men,  the 
commissioners  ssy,  will  cut  up  S50  bogs  in  a  day  of  1 3  hours,  with 
two  other  men  to  carry  and  lift  the  carcases,  and  a  fifth  to  trim  the 
1700  hams.  Tbe  hams  and  shoulders  are  salted  and  cured ;  the  middle 
pieces  are  salted,  to  make  pickled  pork,  and  pocked  in  barrels  for 
the  navy  and  tor  foreign  tiade.  The  beads,  tbe  trimmings,  various 
other  parts,  and  sometimes  (in  a  dull  state  of  the  provuiiou  market), 
nearly  the  whole  carcase,  are  Tendered,  or  digested  in  steam  tanks  to 
get  out  the  tat  in  the  form  of  lard.  In  one  entablishment  alone, 
3,000,0001ba.  ofpioga  lard  were  thus  obtained  in  1SS2.  Tbe  lard  is  to 
some  extent  used  as  a  substitute  for  butter,  in  cooking  and  culinary 
operations;  but  it  is  much  more  extensively  applied  to  the  production 
of  lard-uii  and  stcnnne.    When  pressed  in  a  ikir-cloth  bag,  the  lard 

Kids  from  40  to  70  per  cent,  of  oil ;  the  rest  is  a  white  solid  stearim. 
e  sCearine  is  used  for  candles.  The  lard-oil,  after  being  re£ned  at  a 
temperature  ot  200*  Fahr.,  is  used  for  soap-making,  and  for  cheapening 
finer  oils.  In  1862,  there  were  more  thui  thirty  lard-oil  factories  in 
Cincinnati  alone.  This  city  is,  as  ve  have  said,  the  greatest  centre  of 
the  trsde;  but  it  is  not  the  only  one.  Id  eight  of  tbe  middle  states  of 
the  Union,  there  were,  in  the  sesson  18S2-3,  moro  ttian  2,000,000  hogs 
cut  up  for  meat,  oil,  stearins,  &c.— the  killing  and  salting  being 
generally  effected  during  the  winter  months. 

The  oil  trade  ot  this  country  is  now  a  vaj  conmdenble  one.  In 
1659,  tbe  exports  included  (in  round  numben)  30,000  tuns  of  train  oil, 
blubber,  and  spermaceti;  20,000  tuns  of  olive  oil;  11,000  tuns  of 
various  kinds  of  seed  oil;  185,000  cwta.  of  cocoa-nut  oil;  and  the 
enormous  quantity  of  686,000  cwts.  ot  palm  oil  Few  circumstances, 
in  connection  with  the  recent  history  of  our  manufactures,  are  more 
important  or  interesting  than  the  rapid  increase  in  ^e  palm-oil  trade. 
The  collecting  and  shipping  of  thu  product  are  the  work  of  free 
pfmons  in  Africa ;  English  gold  finds  its  way  thither  in  exchange ;  sod 
it  is  poasible  (though  the  evidences  of  the  fact  are  aa  yet  very  few) 
that  the  Slav*  bade  may  be  lessened  by  this  gradual  fftm'li»""i''E  '  t 
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the  natives  with  the  oommercial  dealings  of  Europe.  The  imports  of 
whale  oil  are  decaying,  partly  on  account  of  the  scarcity  of  whales 
in  the  North  Athmtic,  and  partly  owing  to  the  increase  in  the  use  of 
T^table  oUs.  Of  the  seed  oils,  a  lai^e  proportion  is  now  Colza,  or 
rape^eed  oil,  imported  for  use  in  lamps.  In  1859  our  farmers  used 
95,000  tons  of  oil  cake,  in  addition  to  that  obtained  from  oil-mills  in 
this  countiy.  Of  the  1,270,000  quarters  of  linseed  imported,  all  but  a 
small  proportion  was  pressed  for  oil,  the  seed  for  sowing  being  com- 
paratively small  in  quantity.  In  the  same  year,  England  exported 
nearly  8,000,000  gallons  of  seed  oil ;  this  was  nearly  all  linseed  oil, 
and  was  probably  mostly  for  use  in  house-painting. 

OILS,  ESSENTIAL.    [Essential  Oils.] 

OILS,  FIXED.    [Fixed  Oils.] 

OILS,  VOLATILE.    [Essential  Oils.] 

O'LEA  ElIROPiEA,  Medical  Properties  of.  A  peculiar  resiniform^ 
baLsamic  exudation  from  the  tree,  the  leaves,  the  fruit,  and  oil  from 
the  fruit,  of  this  tree  are  all  in  use,  but  in  Britain  the  oil  only  is 
officinaL  The  resin  contains  a  peculiar  matter  termed  oHvile,  a  brown 
resin,  and  benzoic  acid.  The  leaves  have  a  peculiar  crystalline  febrifuge 
substance,  useful  against  intermittents.  {*  Pharmacopoeia.')  The  olive 
oil  is  itself  used  to  adulterate  cod  Uver  oil ;  but  this  is  in  every  way 
disadvantageous  to  the  patient,  as  it  is  quite  as  apt  to  cause  nausea, 
and  is  by  no  means  productive  of  so  much  good  as  cod  liver  oiL  (See 
'Lectures  on  Pulmonary  Consumption,'  by  Theophilus  Thompson,  p.  88.) 

Olive-oil,  on  accoimt  of  its  high  price,  is  frequently  adulterateid  with 
poppy  or  rape  oiL  The  former  may  be  easily  detected,  if  present  in 
the  proportion  of  only  1  per  cent.,  as  it  retards  the  solidification  of  the 
oil,  when  a  mixture,  consisting  of  9  parts  of  nitrio  and  3  parts  of  hypo- 
nitrous  acid,  is  added  to  100  parts  of  the  suspected  oiL  The  presence 
of  metals  may  be  detected  by  sidphuretted  hydrogen.  For  various 
means  of  applying  these  and  other  tests,  see  Thomson's  'Organic 
Chemistry — ^Vegetable  Substances,'  p.  485 ;  and  notes  in  '  Edinburgh 
Pharmacopoeia.' 

Olive-oil  is  used  in  medicine  as  an  emollient,  and  to  form  cerates  and 
plasters.  It  is  also  used  in  the  manufacture  of  soap.  The  finest  kind 
is  much  employed  with  various  articles  of  food,  particularly  in  the 
countries  where  it  is  produced. 

As  this  oil  becomes  viscid  more  slowly  than  any  other  v^table  oil, 
it  is  used,  after  being  purified,  by  watch-makers. 

OLEATEa    [Oleic  Acid.] 

OLEENE.    [Hbxylene.] 

OLEFIANT  GAS.    [Ethylene.] 

OLEIC  ACID.  As  oleate  of  glycerin,  or  olein,  this  acid  forms  the 
greater  portion  of  all  drying  oils  and  the  fluid  part  of  nearly  all  fats. 

OUin  or  eiain  (Cn^Hjo^Oj,).  It  was  first  observed  by  Chevreul  that 
expressed  oils  and  different  kinds  of  fat  usually  contain  two  oils  of 
different  degrees  of  fusibility,  or  in  other  words,  two  difierent  fatty 
substances ;  so  that  on  cooling  any  expressed  oil,  one  part  of  it  became 
Bolid,  while  another  portion  retained  its  fluidity.  In  consequence  of 
this  observation  he  concluded  that  all  expressed  oils  are  similarly  con- 
stituted ;  to  the  less  fusible  oil  he  gave  the  name  of  stearin  (from  <rT4ap, 
suet),  and  the  more  fusible  he  termed  eUtin  (from  IXcuoy,  oil),  which 
was  afterwards  changed  to  olein. 

Several  methods  h&ye  been  proposed  for  separating  these  two  sub- 
stances. When  olive  oil,  for  example,  is  exposed  to  a  low  temperature, 
a  portion  of  it  becomes  solid,  and  the  remainder  retains  its  flmd  form ; 
the  former  is  stearin,  or  margarin,  and  the  latter  olein;  these  are 
aeparated  by  absorbing  the  liquid  part  by  blotting-paper,  and  pressing  the 
Boiid  portion  between  folds  of  this  paper  till  it  ceases  to  render  it  greasy. 
The  olein  which  the  paper  hajs  absorbed  is  then  to  be  separated  from 
it  by  boiling  it  in  water,  on  which  the  olein  floats,  and  the  paper  sinks. 

Olein  has  scarcely  any  taste  or  smell  when  procured  from  oils  which 
possess  these  properties  only  in  a  slight  degree.  Its  specific  gravity  is 
0'98,  it  solidifies  at  27"*  Fahr.,  and  crystallises  in  needles.  In  water  it 
is  quite  insoluble,  but  alcohol  takes  it  up  largely  when  boiling; 
by  the  alkalies  potash  and  soda  it  is  readUy  saponified,  and  during 
this  operation  oleic  acid  is  formed  by  a  new  arrangement  of  the 
elements  of  the  olein  and  their  action  on  the  elements  of  water ;  and 
these  changes  occur  without  the  evolution  of  any  gaseous  matter. 

On  account  of  the  very  low  temperature  at  which  olein  con- 
geals, it  is  well  adapted  for  lubricating  the  wheels  of  watches,  and  its 
▼alae  in  this  respect  is  enhanced  by  its  not  readily  becoming  rancid  by 
the  action  of  the  air. 

Although  olein  is  frequently  regarded  simply  as  teroleate  of  glycerin, 
its  constitution  is  more  correctly  expressed  by  regarding  it  as  glycerin 
C  H  "'  ) 

'h*      [  ^8  ^  which  three  equivalents  of  hydrogen  are  replaced  by 

three  of  the  add  radical  (C^Hs.O,).  Berthelot  has  indeed  succeeded 
in  forming  this  compound  {terolein)  artificially,  as  well  as  diolein  and 
inonolein.  The  processes  he  adopted  have  already  been  described  under 
Oltcbsih;  the  following  formulae  will  however  show  the  relations 
the  compounds  in  question  bear  to  each  other : — 
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ElcUain  is  a  solid  modification  of  olein,  and  is  produced  when  the 
latter  is  subjected  to  the  influence  of  peroxide  of  nitrogen. 
[Elaidin.] 

LinoUin  is  the  name  given  to  the  olein  of  linseed  oil ;  it  contains 
Unoleic  acid  (C^H^^Og),  diflering  apparently  from  oleic  acid,  but  requir- 
ing farther  investigation. 

Oleic  acid  (HO,  Cg^HssOa).  The  preparation  of  this  acid  in  the  pure 
state  is  not  an  easy  matter.  Olein  obtained  in  the  manner  above 
described  still  contains  small  quantities  of  margarin  and  stearin,  and 
on  saponification  with  an  alkali  yields  margarate  and  stearate  as  well  as 
oleate  of  the  base.  One  of  the  best  methods  consists  in  saponifying 
with  oxide  of  lead,  digesting  the  resulting  salts  in  ether  for  twenty- 
four  hours,  whereby  oleate  of  lead  only  is  dissolved ;  the  oleic  acid 
separated  from  the  latter  salt  jb  super-saturated  with  ammonia,  precipi* 
tated  by  chloride  of  barium,  the  oleate  of  baryta  dried  and  boiled  with 
alcohol,  and  the  crystalline"  plates  deposited  on  cooling  finally  decom- 
posed by  tartaric  add,  when  pure  oleic  acid  separates. 

Pure  oleic  add  is  colourless,  inodorous  and  tasteless.  At  about  40* 
Fahr.  it  solidifies  into  a  hard  white  mass  of  acicular  crystals,  but  at 
temperatures  above  57^  remains  as  a  limpid  oleaginous  liquid,  insol- 
uble in  water  but  soluble  in  alcohol  or  ether.  It  rapi(Uy  absorbs 
oxygen  from  the  air,  acquires  a  randd  smell  and  taste,  turns  litmus 
paper  red,  and  has  its  point  of  solidification  gradually  lowered  to  below 
the  zero  of  Fahrenhdt's  scale.  By  heat  oleic  add  is  broken  up  into 
several  gaseous  and  liquid  bodies ;  among  the  latter  is  sebacic  acid,  a 
matter  not  obtained  in  the  destructive  distillation  of  the  other  oily 
adds. 

It  follows  from  what  has  been  stated  of  the  mode  in  which  oleic 
add  is  procured,  that  it  enters  largely  into  the  composition  of  soaps, 
forming  with  potash  soft  soap,  and  with  soda  hard  soap. 

The  Oieates  in  general  are  not  crystallisable  salts  ;  and  those  which 
are  not  altogether  insoluble  are  mucilaginous  before  drying ;  they  are 
usually  very  fuaibla 

Oleate  of  Potash.— rTlua  salt  has  a  bitter  alkaline  taste.  When 
mixed  wiUi  twice  its  weight  of  water,  it  swells  and  forms  a  trans- 
parent jelly ;  when  this  quantity  of  water  is  doubled,  a  syrupy  liquor 
is  obtained.  A  still  lax^er  quantity  of  water  does  not  render  it  turbid, 
but  after  a  considerable  time  a  mucilaginous  superoleate  of  potash 
separates.  Alcohol  dissolves  its  own  weight  of  oleate  of  potash, 
when  heated  to  124*  Fahr.  and  it  solidifies  on  cooling;  100  parts  of 
boiling  ether  dissolve  3*43  parts,  and  the  soUition  remains  fluid^when 
cold. 

Bi^ate  of  Potash  may  also  be  formed ;  it  is  soluble  in  water  and 
in  alcohol  both  hot  and  cold,  and  the  solution  reddens  litmus. 

Oleate  of  Soda — Has  a  slight  smell,  and  a  slightly  alkaline  taste. 
Cold  water  dissolves  1-1 0th  of  its  weight. 

Oleate  of  Baryta  (Cj^H-j-BaO J  is  insipid,  and  insoluble  in  water. 
Boiling  alcohol  dissolves  only  a  small  quantity.  It  is  soluble  in  oleic 
acid. 

Oleate  of  Magnesia — Has  the  form  of  semi-translucent  white  grains, 
which  soften  between  the  fingers. 

Oleate  of  Copper. — ^This  salt  is  green.  It  melts  when  exposed  to  the 
heat  of  the  sun. 

Oleate  of  Lead.^-The  neutral  oleate  is  prepared  in  the  moist  way. 
It  melts  between  144*  and  158*  Fahr.  Alcohol  and  ether  dissolve  it 
slowly  when  cold  and  rapidly  when  hot,  without  altering  its  neu- 
trality. 

Superoleate  of  Lead. — This  salt  is  liquid  at  75*  Fahr.,  and  below 
this  temperature  becomes  an  adhesive  mass.  Boiling  alcohol  dissolves 
a  little  of  it,  and  deposits  a  neutral  salt  on  cooling.  Oil  of  turpentine 
and  oil  of  petroleum  dissolve  both  it  and  the  neutral  oleate. 

OleaU  of  Methyl  (C^B^{C*H^O;)  has  a  specific  gravity  of  0-879  at 
65*  Fahr. 

OlecUe  of  Ethyl  or  oleic  ether  (CgaH„(C^Hj)0^)  is  formed  on  passing  a 
rapid  current  of  hydrochloric  add  gas  into  a  solution  of  oldc  acid  in 
three  times  its  bulk  of  alcohol.  It  is  colourless,  very  soluble  in 
alcohol,  and  has  a  specific  gravity  of  0*871  at  65**  Fahr. 

Sulpholdc  Acid  occurs  among  the  products  of  the  action  of 
concentrated  sulphuric  acid  upon  olein ;  cold  water  decomposes  a  part 
of  it  with  production  of  meUioleic  acid,  and  the  remainder  on  boi^g 
is  converted  into  hydrdUic  acid, 

ChlorcUic  Add  {0^^fi\fi^  is  produced  by  the  action  of  chlorine 
upon  oldc  adid.  It  is  liquid  at  ordinary  temperatures,  has  a  brown 
tint  and  sp.  gr.  1*082  at  46*  Fahr.    Its  boiling  point  is  374'  Fahr. 

Bromoleic  acid  (C3oH,^Br,OJ  mudi  resembles  chloroleic  acid.  Its 
sp.  gr.  is  1*272 ;  boiling  point  892*  Fahr. 

BlaidicAcid  bears  the  same  relation  to  oleic  acid  that  elaidin  does  to 
olein ;  it  may  in  fact  simply  be  considered  as  a  solid  modification  of 
oleic  add.  It  is  produced,  or  rather  induced,  by  the  presence  of  a 
small  quantity  of  peroxide  of  nitrogen.  The  oleic  acid  operated  ui>on 
neither  changes  its  composition  nor  its  atomic  weight ;  a  small  quantity 
is  however  acted  upon,  as  traces  of  an  oily  body  and  of  ammonia  are 
generated,  and  it  is  not  improbable  that  these  communicate  molecular 
motion  to  the  particles  of  the  oleic  acid. 

Elaidic  acid  melts  at  about  113*  Fahr.  It  is  soluble  in  ether  or 
alcohol,  and  by  spontaneous  evaporation  is  deposited  in  beautiful 
pearly  scales  resembling  benzoio  acid.  It  is  volatile,  and  may  be 
distilled  with  but  little  sdteration.    Maintained  at  150*  Fahr.  for  some 
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time  it  absorbs  oxygen,  acquires  a  disagreeable  ranoid  odour,  ifl  con- 
verted into  a  liquid,  and  is  no  longer  aolidifiable  by  peroxide  of 
nitrogen.  Like  oleic  acid,  it  yields  palmitio  and  acetic  add  when  fused 
with  hydrate  of  potash. 

Elaidio  acid  is  of  course  produced  when  oleic  acid  or  olive  oil  is 
acted  upon  by  nitric  acid  or  nitrate  of  mercury,  the  ultimate  products 
of  the  action  of  excess  of  strong  nitric  acid  are,  however,  acetic  acid, 
propionic  acid,  butyric  acid  and  the  whole  of  the  associated  acids  of 
the  homologous  series  CnHnO«,  up  to  capric  acid  inclusive ;  as  well  as 
four  terms  of  the  dibasic  acid  series,  2HO,CnHa-«O0,  nam^y,  suberic, 
pimelic,  adipic  and  lipic  acids. 

The  daidates  have  the  same  composition  as  the  oleates.  Those  of 
the  alkalies  crystallise,  and  are  soluble  in  water.  Elaidait  of  nlver  is 
a  white  voluminous  precipitate  containing  (03oH,,AgO«).  Elaidate  of 
methyl  has  the  composition  CMH„(C,Ha)0«.  JBlaidate  of  ethyl  or 
daidie  ether  {Cj^fi^{Cfli)0^)  is  a  colourless,  inodorous,  tasteless  oil  of 
sp.  gr.  0.868  at  eS""  Fahr.    BoiUng  point  about  590*  Fahr. 

OLEIN.    [Olmo  Acid.] 

OLEOPHOSPHORIC  ACID.  An  oily  matter  contained  in  the 
human  brain,  chiefly  in  combination  with  soda.  According  to  Gobley 
it  is  also  present  in  the  yolk  of  egg.  It  is  insoluble  in  water,  but 
soluble  in  boiling  alcohol  and  in  ether.  Alkalies  break  it  up  into 
phosphoric  acid,  oleic  acid  and  glycerin.  It  has  not  yet  been 
obtained  in  a  state  sufficiently  pure  for  analysis ;  according  to  Frdmy 
it  contains  from  one  and  a  half  to  two  per  cent,  of  phosphorus.  ^ 

OLE'RON,  LAWS  OF.  The  laws,  or  constitutions,  or  judgments 
of  Oleron,  are  a  capitulary  of  ancient  marine  customs  written  in  old 
French,  and  bearing  the  name  of  Oleron  for  several  centuries,  because 
tradition  points  to  the  island  so  called  as  the  place  of  their  original 
promulgation.  An  ancient  copy  of  these  laws  is  to  be  found  in  the 
'  Black  Book '  of  the  Admiralty,  the  original  of  which  is  supposed  to 
be  in  the  Bodleian  Library ;  but  they  are  not  there  called  the  Laws  of 
Oleron,  nor  is  there  any  reference  in  the  laws  themselves,  or  in  the 
book  which  contains  them,  to  their  origin  or  history.  They  are  not 
imfrequently  appended  to  ancient  editions  of  the  'Coutimuer'  of 
Normandy  under  the  title  of  '  Les  Jugemens  de  la  Mer : '  in  Cleirac's 
edition  of  the  '  Uz  et  Coutumes  de  la  Mer '  they  are  given,  without  any 
description  of  the  book  or  place  from  whence  they  are  taken,  under 
the  name  of  'Roole  des  Jugemens  d'Oleron.'  They  are  generally 
referred  to  by  French  writers  on  maritime  law  as '  Jugemens  d'Oleron.' 
The  copies  of  these  laws  however  published  by  Cleirac,  and  those 
appended  to  the  '  Coutumier  de  Normandie,'  differ  materially  from 
each  other,  and  also  from  that  in  the  '  Black  Book  *  of  the  Admiralty, 
though  many  of  the  articles  are  almost  verbally  the  same  in  alL  They 
relate  to  the  rights  and  duties  of  ship-owners  and  mariners,  maritime 
contracts,  port  and  ctistom  laws,  and  losses  at  sea;  but  are  chiefly  re- 
markable at  the  present  day  from  the  circumstance  that  they  were  for 
several  centuries  adopted  by  all  the  nations  of  Europe  as  the  foimda- 
tion  of  their  maritime  laws. 

It  has  been  generally  stated  by  English  law  writers  that  the  laws  of 
Oleron  were  compiled  by  Richard  I.  in  the  island  of  Oleron,  on  his 
return  from  the  Holy  Land.  This  statement,  which  is  given  by  Coke, 
Selden,  Hale,  Prynne,  Blackstone,  Reeve,  and  several  English  writers 
on  maritime  law,  furnishes  a  ctirious  instance  of  the  readiness  with 
which  historical  errors  are  propagated  when  one  writer  makes  his  asser- 
tions respecting  facts  from  the  statements  of  another  without  thought 
or  examination.  There  is  scarcely  any  fact  in  history  more  entirely 
settled,  and  few  more  notorious,  than  that  Richard  I.,  in  returning 
from  the  Holy  Land,  was  shipwrecked  in  the  Adriatic,  near  Venice, 
and  immediately  taken  by  Leopold,  duke  of  Austria,  and  detained  a 
prisoner  in  Germany  ('  Foedera,'  voL  i.,  p.  70) ;  and  there  is  good  evidence 
that  at  the  expiration  of  his  captivity  he  returned  home  through 
Flanders,  without  touching  upon  his  French  dominions.  (Hoveden.) 
It  is  equally  clear,  from  the  account  of  Hoveden  and  other  chroniclers, 
that  on  his  way  to  the  East  he  travelled  by  land  through  France,  and 
embarked  at  Marseille  for  Sicily.  There  is  therefore  not  the  slightest 
foundation  for  the  statement  which  has  been  referred  to ;  and  indeed 
the  only  evidence  that  they  were  the  work  of  Richard  at  all  is  found 
in  what  Sir  Edward  Coke  calls  a  "notable"  record  in  the  Tower 
(4  Inst.,  144),  which  record  is  also  mentioned  by  Selden  in  his '  Mare 
Clausum '  (lib.  ii.,  cap.  24).  The  part  of  this  record  however  in  which 
these  laws  are  noticed  is  dated  in  the  reign  of  Edward  III.,  and  con- 
sequently 150  years  after  Richard's  time;  and  the  document  appears 
hardly  to  deserve  the  name  of  a  record,  being  merely  a  roll,  consisting 
of  detached  membranes,  relating  to  maritime  affairs  of  different  reigns, 
miscellaneously  thrown  together,  and  without  any  formal  date  or 
description,  or  anything  to  give  them  the  authority  of  a  judicial  act. 
(Luders's  '  Inquiry  into  the  Origin  of  the  Laws  of  Oleron.')  This  docu- 
ment contains  the  following  passage,  from  which  the  story,  ascribing 
this  piece  of  legislation,  to  Richard  I.  has  sprung : — "  Quee  quidem  leges 
et  statuta  per  Dominum  Ricardum  quondam  Regem  Anglisc,  in  reditu 
suo  de  Terr&  Sanctft,  correcta  fuerunt,  interpretata,  dcclarata,  et  in 
insid&  Oleron  publicata,  et  nominata  in  GallicA  lingu&  La  Ley  Oleroun." 
On  the  other  hand,  there  are  strong  reasons  for  attributing  to  these 
ordinances  a  later  date  than  the  reign  of  Richard  I.,  the  principal  of 
which  are : — 1.  that  they  are  written  in  the  French  language ;  whereas 
in  the  reign  of  Richard  I.  all  laws  of  royal  ordinance,  both  in  the  king's 
French  dominions  and  in  England,  were  written  and  promulgated  in 


Latin ;  2,  that  if  they  had  been  promulgated  In  England  before  the 
time  of  Bracton,  Britton,  and  Fleta,  they  must  have  been  mentioned 
by  those  authors ;  and  8,  that  the  original  historians  of  the  reign  of 
Richard  I.  (thou£^  sufficiently  ready  to  record  his  merits)  never  meo- 
tion  this  part  of  his  legislation. 

Mr.  Ludera  conjectures  that  these  laws  did  not  proceed  from  any 
royal  ordinance ;  but  that  the  men  of  Oleron,  who  had  corporate  privi- 
leges granted  to  them  by  the  name  of  "  Burgenses  de  Olerone/'  in  tiie 
reign  of  John  ('  Fosdera,'  voL  L,  pp.  Ill,  112),  and  had  verv  consider- 
able trade  Bi  early  as  the  12th  oentuiy,  may  have  oollected  adjudged 
cases  upon  the  laws  of  the  sea,  for  regulating  their  ovm  maritime 
affidn ; — ^that  hence  the  laws  of  Oleron  derived  thor  name ;  and  being 
received  in  Eng^d  and  France,  became  known  and  partially  adopted 
in  other  nations  of  Europe.  To  the  copies  of  the  laws  appended  to 
the '  Coutimiier  de  Normandie,'  and  also  to  those  given  by  Cleirac,  in 
the  '  Uk  et  Coutumes,'  an  attestation  by  the  seal  of  the  Isle  of  Oleron 
is  attached,  with  the  date  of  1266.  This  seal  is  inventoried  as  having 
been  once  in  the  treasuiy  of  the  Court  of  Exchequer.  See  Palgrave'a 
'  Kalendars  and  Inventories  of  the  Exchequer,'  vol  i.,  p.  106. 

OLI'BANUM.  This  name,  of  frequent  occurrence  in  comparatively 
modem  works,  does  not  seem  to  have  been  known  to  ancient  com* 
merce  or  Materia  Medioa.  It  appears  to  have  been  derived  from  the 
Greek  \l$ayos,  or  the  Arabic  loooan,  which  is  applied,  as  well  as  the 
name  Koondwr,  to  the  substance  known  in  Europe  by  the  name  Oli- 
banum.  Avicenna  describes  a  resinous  substance  under  the  name 
Koomdwr,  to  which,  in  the  Latin  translations,  Olibanum  is  given  as  a 
synonyms,  as  well  as  Thut,  and  with  this  the  Arabian  author  includes 
a  description  of  the  bark,  manna,  and  smoke  of  Thus,  or  frankincense; 
in  the  same  way  as  we  find,  in  Diosoorides,  the  description  of  Libanoe, 
or  Thus,  followed  by  that  of  the  other  parts  we  have  mentioned,  indi- 
cating, as  is  evident  indeed  from  the  description,  that  Avicenna,  under 
Koondur,  refers  to  the  ?d$wot  of  Diosoorides.  Both  authors  mention 
an  Indian  kind  of  the  substance.  Mr.  Colebrooke  ascertained  ('  Asiatic 
Res.,'  ix.  and  xL)  that  Koondur  was  applied  in  India  to  a  fragrant  resin 
still  used  there  as  incense,  and  which  he  ascertained  to  be  the  produce 
of  the  tree  which  has  been  already  described  imder  the  article 
BoswELLiA  thuriferaf  in  Nat.  Hist.  Div.  The  name  Koondur  appears 
derived  from  the  Sanscrit  Koondooroo,  which  is  applied  to  looban  by 
the  Hindus.  ('  FL  Ind.,'  iL,  p.  884.)  The  tree  i^  common  in  the 
mountains  of  Central  India,  as  well  as  in  those  of  the  Coromandel 
coast,  together  with  B.  glabra,  the  other  species  of  the  genus,  and 
which  extends  as  far  north  as  30°  in  the  SewaUk  or  sub-Himalayan 
range  of  hills. 

Dr.  Royle  mentions  that  he  has  collected  off  the  trunk  of  this  species, 
in  the  latter  locality,  some  very  clear,  pure,  and  fragrant  resin,  which 
bums  rapidly  away  with  a  bright  Ught,  diffusing  a  pleasant  odour. 
Both  spedes  jield  this  fragrant  resin,  which  is  employed  as  incense  in 
India,  and  which  might  be  much  more  extensive^  collected  than  at 
present.  From  the  affinity  in  vegetation  between  parts  of  Arabia, 
Persia,  and  India,  it  is  not  improbable  that  the  genus  Boswellia  may 
extend  to  Arabia,  and  there  produce  the  kind  known  as  Arabian 
Olibanum,  the  tree  yielding  which  has  not  yet  been  traced  out  by 
botanists.  It  grows  between  Berberra«and  Cape  Qardafin,  and  is  ex- 
ported in  Amb  vessels.  A  species  of  Boswellia  would  appear  to  groir 
in  the  island  of  Socotra.  See  Welstedan,  'Journal  of  Royal  Geo- 
graphical Society,'  vol.  v.  The  conjecture  that  African  olilMUium  is 
the  produce  of  PlOdea-Jhribunda  (Endlicher)  is  very  improbable,  as  no 
sapindaceous  phmt  yi^ds  a  resinous  juice.  But  vrith  respect  to  most 
of  the  Arabian  exports,  it  is  difficult  to  know  whether  they  are  the 
produce  of  that  country,  or  have  been  first  obtained  by  commerce  and 
then  re-exported,  whence  in  early  times  Arabia  obtained  celebrity  for 
producing  so  many  of  the  fragrant  and  aromatic  substances  which  we 
now  know  were  obtained  from  Africa  and  India. 

Dr.  Royle  further  states  that  in  Bengal  the  name  looban  ia  applied 
to  Benzoin,  though  in  Northern  India  applicable  only  to  Koondur,  the 
produce  of  Boswdlia  thurifera,  and  also  that  in  Persian  works,  Benzoin 
is  distinguished  by  the  names  **  hussee-al-jawa  "  and  **  huasee  looban." 
('  lllustr.  HimaL  Bot.,'  pp.  177  and  261.) 

OUbanum,  or  true  frankincense,  is  now  little  used  in  medicine  or 
BurgeiT.  It  is  burnt  as  incense,  and  enters  largely  into  the  oomi)Osi- 
tion  of  pastilles. 

This  substance  must  not  be  confoimded  with  common  frankincense, 
the  produce  of  Abies  excdsa,  or  common  fir. 

OLIDIC  ACID.    [Palmitig  Acid.] 

OLIVE  OIL.    [Oils,  Manufacturb  OP.] 

OLIVILE.  (C„H,jOio  ^)  -A.  colourless  crystalline  substance  found 
in  the  resin  of  the  olive.  It  is  soluble  in  hot  water  and  very  soluble  in 
alcohol  Submitted  to  dry  distillation  it  yields  pyroliviUc  acid 
(C«oH^,0,o).  Concentrated  hydrochloric  or  sulphuric  aod  converts  it 
into  a  red  matter  called  olivirutin, 

OLIVIN.    [SALionrnj.] 

OLIVIRUTIN.    [Olivile.] 

OLYMPIAD.    [ilRA.] 

OLYMPIAN  GAMES,  the  chief  of  the  four  great  national  festirals 
of  the  Greeks,  were  celebrated  at  Olympia,  a  sacred  spot  on  the  banks 
of  the  Alpheus,  near  Elis,  every  fifth  year.  The  exact  interval  at 
which  the  Olympia,  as  the  festival  was  cidled,  recurred  was  one  of 
forty-nine  and  fifty  lunar  months  alternately;  so  that  it  fell  sometimes 
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in  the  month  of  Apollonius  (July),  sometimes  in  the  month  of 
Parthenius  (August).  (Boeckh  ad  Pind.  'Olymp.,'  iii.  18,  p.  138; 
Miiller's  'Dorians/  vol.  i.,  p.  281,  trans.)  The  period  between  two 
celebrations  was  called  an  Olympiad.  The  celebration  lasted  five 
days. 

The  origin  of  this  festival  is  concealed  amidst  the  obscurity  of  the 
mythic  period  of  Grecian  history.  Olympia  was  a  sacred  spot  and  had 
an  oracle  of  Zeus  »long  before  the  institution  of  the  games.  The 
Kleans  had  various  traditions  which  attributed  the  original  f  oimdation 
of  the  festival  to  gods  and  heroes  at  a  period  long  before  the  Trojan 
War;  and  among  these  to  the  Idacan  Heracles,  to  Pelops,  and  to 
Heracles  the  son  of  Alcmena.  The  Eleans  further  stated,  that  after 
the  ^tolians  had  possessed  themselves  of  Elis,  their  whole  territory  was 
consecrated  to  Zeus;  that  the  games  were  revived  by  their  king 
Iphitus,  in  conjunction  with  Lycurgus,  as  a  remedy  for  the  disorders 
of  Greece;  and  that  Iphitus  obtained  the  sanction  of  the  Delphic 
oracle  to  the  institution,  and  appointed  a  periodical  sacred  truce,  to 
enable  persons  to  attend  the  games  from  every  part  of  Greece  and  to 
return  to  their  homes  in  safety.  This  event  was  recorded  on  a  disc, 
which  was  preserved  by  the  Eleans,  on  which  the  names  of  Iphitus  and 
Lycurgus  were  inscribed.  (Plutarch, '  Lvcui^.,'  1 ;  Pausan.,  v.  20,  21.) 
Other  accounts  mentioff  Cleosthenes  of  Pisa  as  an  associate  of  Iphitus 
and  Lycurgus  in  the  revival  of  the  festivaL  ''  All  that  can  be  safely 
inferred  from  this  tradition,  which  has  been  embellished  with  a  variety 
of  legends,  seems  to  be,  that  Sparta  concurred  with  the  two  states 
most  interested  in  the  plan,  and  mainlv  contributed  to  procure  the 
consent  of  the  other  Peloponnesians.  (Thirlwall's  '  History  of 
Greece,'  vol.  i,  ch.  10.)  The  date  of  the  revival  of  the  festival  by 
Iphitus  is,  according  to  Eratosthenes,  884  B.c. ;  according  to  Callima- 
chus,  828  B.C.  Mr.  Clinton  prefers  the  latter  date.  ('  Fasti  Hellenici,' 
vol.  IL,  p.  408,  note  h.)  The  Olympiads  began  to  be  reckoned  from 
the  year  776  B.O.,  in  which  Coroebus  was  victor  in  the  foot-race.  We 
have  lists  of  the  victors  from  that  year,  which  always  include  the 
victors  in  the  foot-race,  and  in  later  times  those  in  the  other  games. 
(Pausan.,  v.  8.  8.) 

This,  like  all  the  other  public  festivals,  might  be  attended  by  all 
who  were  of  .the  Hellenic  race,  though  at  first  probably  the  northern 
Greeks  and  perhaps  the  Achaians  of  Peloponnesus  were  not  admitted. 
Spectators  came  to  Olympia  not  only  from  Greece  itself,  but  also  from 
the  Grecian  colonies  in  Europe,  Asia,  and  Africa.  Among  them  were 
solemn  deputations  sent  to  represent  their  respective  states.  Women 
however  were  forbidden  to  appear  at  Olympia,  or  even  to  cross  the 
Alpheus,  during  the  festival,  under  pain  of  death.  But  at  a  later 
period  we  find  the  chariots  of  women  mentioned  as  taking  part  in  the 
chariot-race,  though  it  is  at  least  doubtful  whether  the  women  drove 
their  own  chariots.  An  exception  was  made  to  this  law  of  exclusion 
in  favour  of  the  priestess  of  Demeter,  who  was  permitted  to  be 
present  at  the  games,  and  had  a  place  assigned  to  her  opposite  the 
judges :  according  to  Pausanias  (vL  20)  a  similar  privil^e  was  accorded 
to  virgins,  but  no  other  writer  refers  to  such  an  exemption,  and  the 
passage  in  Pausanias  is  by  some  recent  authorities  believed  to  be  cor- 
rupt. The  management  of  the  festival  was  in  the  hands  of  the  Eleans. 
Originally  indeed  Pisa,  in  which  state  Olympia  lay,  seems  to  have  had 
an  equal  share  in  the  administration  ;  but  in  the  fiftieth  Olympiad  the 
Eleans  destroyed  Pisa,  and  from  that  time  they  had  the  whole  arrange- 
ment of  the  games.  They  proclaimed  the  sacred  truce,  first  in  their  own 
territories,  and  then  throughout  the  rest  of  Greece.  This  truce  took 
effect  from  the  time  of  its  pix>clamation  in  Elis,  and  while  it  lasted  the 
Elean  territory  was  inviolable,  any  armed  invasion  of  it  being  esteemed 
an  act  of  sacrilege.  On  this  privilege  the  Eleans  founded  a  claim  to 
have  their  territory  always  considered  sacred,  though  in  fact  they 
themselves  did  not  abstain  from  war.  As  the  presiding  nation,  they 
gave  laws  for  the  regulation  of  the  festival,  imposed  penalties  on 
individuals  and  states,  and  had  the  power  of  excluding  from  the 
games  those  who  resisted  their  decrees.  They  actually  thus  excluded 
the  Lacedsemonians  on  one  occasion  and  the  Athenians  on  another. 

'The  Eleans  appointed  the  judges  of  the  contests,  who  were  called 
Hellanodicse.  (Pans.,  v.  9.  4,  5.)  They  were  instructed  in  the  duties 
of  their  office  for  a  period  of  ten  months  ^before  the  festival  by  Elean 
officers,  called  Nomophylaces  (Pans.,  vi.  24.  8) :  they  were  sworn 
to  act  impartially,  and  an  appeal  might  be  made  from  their  deci- 
sion to  the  Elean  senate.  (Pans.,  vi.  24.  8.)  Their  number  varied 
at  different  periods  :  in  the  106th  Olympiad  it  was  fixed  at  ten, 
which  was  the  number  ever  afterwards.  The  judges  had  under  them 
officers,  called  a\ircu  {alytos),  whose  business  was  to  keep  order.  These 
officers  were  called  fuurrtydipopoi  {mastigophori)  in  the  other  Grecian 
games. 

The  Olympian  festival  consisted  of  religious  ceremonies,  athletic 
contests,  and  races.  The  chief  deity  who  presided  over  it  was  the 
Olympian  Zeus,  whose  temple  at  Olympia,  containing  the  ivory  and 
gold  statue  of  the  god  by  Phidias,  was  one  of  the  most  magnificent 
works  of  art  in  Greece.  (Paus.,  v.)  The  worship  of  Apollo  was 
a.<«ociated  with  that  of  Zeus  (Miiller's 'Dorians,'  vol.  i.,  p.  279-281, 
trans.) ;  and  the  early  traditions  connect  Heracles  with  the  festival. 
(Ibid.,  p.  453.)  This  is  another  proof  of  the  Dorian  origin  of  the 
games,  for  Apollo  and  Heracles  were  two  of  the  principal  deities  of 
the  Doric  race.  There  were  altars  at  Olympia  to  other  gods,  which 
were  said  to  have  been  erected  by  Heracles,  and  at  which  the  victors 
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sacrificed.  The  most  magnificent  sacrifices  and  presents  were  offered 
to  Zeus  Olympius  by  the  competitors  and  by  the  different  states  of 
Greece. 

The  games  consisted  of  horse  and  foot  races,  leaping,  throwing, 
wrestling,  and  boxing,  and  combinations  of  these  exercises.  1.  The 
earliest  of  these  games  was  the  foot-race  (8p^/Ms),  which  was  the  only 
one  revived  by  Iphitus.  The  space  run  was  the  length  of  the  stadium 
in  which  the  games  were  held,  namely,  about  600  English  feet.  In 
the  14th  Olympiad  (724  B.a)  the  9iew\os  was  added,  in  wluch  the 
stadium  was  traversed  twice.  The  96\ixotf  which  consisted  of  several 
lengths  of  the  stadium  (seven,  twelve,  or  twenty-four,  according  to 
different  authorities),  was  added  in  the  15th  Olympiad  (b.c.  720).  A 
race  in  which  the  runners  wore  armour  {^wKirwy  ip6fu>s)  was  established 
in  the  65th  Olympiad,  but  soon  after  abolished.  2.  Wrestling  (ircC\ij) 
was  introduced  in  the  18th  Olympiad  (b.o.  708).  The  wrestlers  were 
matched  in  pairs  by  lot ;  when  there  was  an  odd  number,  the  person 
who  was  left  by  the  lot  without  an  antagonist  wrestled  last  of  all  with 
him  who  had  conquered  the  others.  He  was  called  tptZpos,  The 
athlete  who  gave  his  antagonist  three  throws  gained  the  victory. 
There  was  another  kind  of  wrestling  {(kvtucKjwoitdXTi),  in  which,  if  the 
combatant  who  fell  could  drag  down  his  antagonist  with  him,  the 
struggle  was  continued  on  the  ground,  and  the  one  who  succeeded  in 
getting  uppermost  and  holding  the  other  down  gained  the  victory. 
3.  In  the  same  year  was  introduced  the  pentathlon  (riyradXov),  or, 
as  the  Romans  called  it,  quinquertium,  which  consisted  of  the  five 
exercises  enumerated  in  the  following  verse,  which  is  ascribed  to 
Simonides : — 

'AX/UK,  voiwKtiriv,  itiTKOV,  Akopto,  vdktiy, 

that  is,  '*  leaping,  nmning,  throwing  the  discus  [Discus],  throwing  the 
javelin,  wrestling."  Others  give  a  different  enumeration  of  the  ex- 
ercises of  the  pentathlon.  In  leaping,  they  carried  weights  in  their 
hands  or  on  their  shoulders :  the  object  was  to  leap  the  greatest 
distance,  without  regard  to  height.  In  throwing,  neither  the  discus 
nor  the  javelin  was  aimed  at  a  mark,  but  he  who  threw  farthest  was 
the  victor.  In  order  to  gain  a  victory  in  the  pentathlon,  it  was 
necessaiy  to  conquer  in  each  of  its  five  parts.  4.  Boxing  {mry/iii)  was 
introduced  in  the  23rd  Olympiad  (b.c.  688).  The  boxers  had  their 
hands  and  arms  covered  with  thongs  of  leather,  called  cettut,  which 
served  both  to  defend  them  and  to  annoy  their  antagonists.  Virgil 
('  iEn.,'  V.  405)  describes  the  cestus  as  armed  with  lead  and  iron ;  but  this 
is  not  known  to  have  been  the  case  among  the  Greeks.  5.  The  pancratium 
(roryKpdriov)  consisted  of  boxing'  and  wrestling  combined.  In  this 
exercise  and  in  the  cestus  the  vanquished  combatant  acknowledged 
his  defeat  by  some  sign ;  and  this  is  supposed  to  be  the  reason  why 
Spartans  were  forbidden  by  the  laws  of  Lycuxgus  to  practise  them,  as 
it  would  have  been  esteemed  a  disgrace  to  his  country  that  a  Spartan 
should  confess  himself  defeated.  In  these  games  the  combatants 
fought  naked.     (Thuc,  i.  6.) 

The  horse-races  were  of  two  kinds.  1.  The  Chariot-race,  generally 
with  four-horsed  chariots  (Imr&v  rtXtiuv  ^p6iios),  was  introduced  in  the 
25th  Olympiad  (b.o.  680).  The  course  {bnroSp6fws)  had  two  goals  in 
the  middle,  at  the  distance  probably  of  two  stadia  from  each  other. 
The  chariots  started  from  one  of  these  goals,  turned  round  the  other, 
and  returned  along  the  other  side  of  the  hippodrome.  This  circuit 
was  made  twelve  Umes.  The  art  of  the  charioteer  consisted  in  turning 
as  close  as  i>068ible  to  these  goals,  but  without  running  against  them 
or  the  other  chariots.  The  places  at  the  starting-post  were  assigned 
to  the  chariots  by  lot.  There  was  another  sort  of  race  between 
chariots  with  two  horses  (S^pxs  or  <niyupis).  A  race  between  chariots 
drawn  by  mides  (&injid^)  was  introduced  in  the  70th  Olympiad,  and 
abolished  in  the  84th.  2.  There  were  two  sorts  of  races  on  honehack, 
namely,  the  KtKris,  in  which  each  competitor  rode  one  horse  throughout 
the  course,  and  the  icoXir^,  in  which,  as  the  horse  approached  the  goal, 
the  rider  leaped  from  his  back,  and  keeping  hold  of  the  bridle,  finished 
the  course  on  foot :  in  this  last  only  mares  were  permitted  to  rim. 

In  the  37th  Olympiad  (b.c  632)  raciog  on  foot  and  wrestling 
between  boys  was  introduced.  There  were  also  contests  in  poetry  and 
music  at  the  Olympian  festival. 

All  persons  were  admitted  to  contend  in  the  Olympic  games  who 
could  prove  that  they  were  freemen,  that  they  were  of  genuine  Hellenic 
blood,  and  that  their  characters  were  free  from  infamy  and  im- 
morality. So  great  was  the  importance  attached  to  the  second  of  these 
particulars,  that  the  kings  of  Macedon  were  obliged  to  make  out  their 
Hellenic  descent  before  they  were  allowed  to  contend.  The  equestriau 
contests  were  necessarily  confined  to  the  wealthy,  who  displayed  in 
them  great  magnifience ;  but  the  athletic  exercises  were  open  to  the 
poorest  citizens.  An  example  of  this  is  mentioned  by  Pausanias  (vi. 
10.1).  In  the  equestrian  games  moreover  there  was  no  occasion  for 
the  owner  of  the  chariot  or  horse  to  appear  in  person.  Thus  Alcibiades 
on  one  occasion  sent  seven  chariots  to  the  Olympic  games,  three  of 
which  obtained  prizes.  The  combatants  underwent  a  long  and  labo- 
rious training,  the  nature  of  which  varied  with  the  game  in  which 
they  intended  to  engage.  Ten  months  before  the  festival  they  were 
obliged  to  appear  at  Elis  to  enter  their  names  as  comjietitors,  stating  the 
prize  for  winch  they  meant  to  contend.  This  interval  of  ten  months 
was  spent  in  prepu'atory  exercises ;  and  for  a  part  of  it,  the  last  thirty 
days  at  least,  they  were  thus  engaged  in  the  gymnasium  at  Elis. 
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When  the  festival  arrived,  their  names  were  proclaimed  in  the  stadium, 
and  after  proving  that  they  were  not  disqualified  fiom  taking  part  in 
the  games,  they  were  led  to  the  altar  of  Zeus  the  guardian  of  oaths 
{Zths  ipKtos),  where  they  swore  that  they  had  gone  through  all  the 
prepamtory  exercises  required  by  the  laws,  and  that  they  would  not  be 
guilty  of  any  fraud,  nor  of  any  attempt  to  interfere  with  the  fair 
course  of  the  games.  Any  one  detected  in  bribing  his  adversary  to 
yield  him  the  victory  was  heavily  fined.  After  they  had  taken  the 
oath,  their  relations  and  countrymen  accompanied  them  into  the 
stadium,  exhorting  them  to  acquit  themselves  nobly. 

The  prizes  in  the  Olympian  games  were  at  first  of  some  intrinsic 
value,  like  those  given  in  the  games  described  by  Homer.  But  after 
the  7th  Olympiad,  the  only  prize  given  was  a  garland  of  wild  olive, 
cut  from  a  tree  in  the  sacred  grove  at  Olympia,  which  was  said  to  have 
been  brought  by  Heracles  from  the  land  of  the  Hyi>erboreans.  Palm 
leaves  were  at  the  same  time  placed  in  the  hands  of  the  victors,  and 
their  names,  together  with  the  game  in  which  they  had  conquered, 
were  proclaimed  by  a  herald.  A  victory  at  Olympia,  besides  being  the 
highest  honour  which  a  Greek  could  obtain,  conferred  so  much  honour 
on  the  state  to  which  he  belonged,  that  successful  candidates  were  fre- 
quently solicited  to  allow  themselves  to  be  proclaimed  citiieenB  of 
states  to  which  they  did  not  belong.  Fresh  honours  awaited  the 
victor  on  his  return  home.  He  entered  his  native  city  in  triumph, 
through  a  breach  made  in  the  wall  for  his  reception ;  banquets  were 
given  to  him  by  his  friends,  at  which  odes  were  simg  in  honour  of  his 
victory ;  and  his  statue  was  often  erected,  at  his  own  expense  or  that 
of  his  fellow-citizens,  in  the  Altis,  as  the  ground  at  Olympia  which 
was  consecrated  to  the  games  was  called.  Three  instances  are  on 
record  in  which  altars  were  built  and  sacrifices  offered  to  conquerors  in 
the  Olympic  games. 

During  the  celebration  of  these  games,  Olympia  was  a  centre  for  ttie 
commerce  of  all  Greece,  for  the  free  interchange  of  opinions,  and  for 
the  publication  of  knowledge.  The  concourse  of  people  from  all 
Greece  aflforded  a  fit  audience  for  literary  productions,  and  gave  motive 
for  the  composition  of  works  worthy  to  be  laid  before  them.  Poetry 
and  statuary  received  an  impulse  from  the  demand  made  upon  them 
to  aid  in  perpetuating  the  victor's  fame.  [Pindar,  in  Bioo.  Div.] 
The  influence  of  the  games  was  thus  extended  through  every  part  of 
Greece.  Whether  the  effect  of  the  exercises  themselves  on  the  national 
character  was  good  or  evil,  is  a  doubtful  question.  The  exercises  of 
the  body,  on  which  these  ^mes  conferred  the  greatest  honour,  were 
condemned  by  some  philosophers  as  tending  to  unfit  men  for  the 
active  duties  of  a  citizen  (Arist., '  Pol.,'  vii.  14, 18 ;  Athen.,  x.,  413) ; 
while  they  were  regarded  by  others  as  a  most  necessary  part  of  a  manly 
education;  and  as  the  chief  cause  of  the  bodily  vigour  and  mental 
energy  which  marked  the  character  of  the  Hellenic  race. 

The  Olympian  games  continued  to  be  celebrated  with  great  splendour 
at  Olympia  under  the  Roman  emperors ;  but  at  length  fell  into  dis- 
repute, and  were  formally  abolished  by  Theodosius  in  ▲.D.  394.  The 
above  description  of  the  Olympian  games  will  servo  also  #for  the  most 
part  for  the  other  three  great  festivals  of  Greece.  The  chief  points  of 
difference  between  them  will  be  seen  by  referring  to  the  articles 
Isthmian  Qahss,  Nehean  Gaues,  and  Pttbian  Games.  Several  of 
the  Greek  states  in  course  of  time  established  festivals  in  imitation  of 
the  Olympian  games,  whidi  they  likewise  called  Olympia ;  but  their 
reputation  was  for  the  most^rt  local. 

(Pausanias,  v.  vi,  &c. ;  West's  Pindar,  Preliminary  J>istertatum ; 
Wachsmuth's  ffeUmisehe  AUerthumskunde,  Th.  L;  Enuse,  Oiympia, 
Oder  JDarUellung  der  groum  Olymjpikhen  Spide;  Thirlwall's  and 
Qrote's  History  of  Qrttce.) 

OMBROMETER.    [Rain-Gauob.] 

OMEN,  a  sign  or  prognostication  of  future  events,  supposed  to  be 
an  intimation  from  a  superior  power.  According  to  Varro  ('  De  Ling. 
Lat.,'  lib.  ▼.  c.  7),  the  word  is  derived  from  the  language  of  a  person 
speaking:  ''Omen,  quod  ex  ore  primum  elatum  est,  ofmen  dictum;" 
which  was  also  the  opinion  of  Cicero  ('  Be  Divin.,'  1.,  c,  45),  who  says, 
"  Neque  solum  Deorum  voces  Pythagorsei  olfeervitaverunt,  sed;  etiam 
hominum,  quad  vocant  omina"  (the  Pythagoreans  attended  to  the 
words  not  only  of  gods  but  also  of  men,  which  they  called  omens).  The 
term  afterwards  comprehended  all  signs  of  future  events. 

In  all  probability  there  is  no  nation  that  has  not  at  some  time  enter- 
tained a  belief  in  omens.  We  find  traces  of  it  in  the  Scriptures. 
Among  the  Gree^  and  Romans  it  was  general  The  Persians, 
the  Arabians,  the  Scandinavians,  the  Germans,  the  Icelanders,  the 
ancient  Britons,  were  all  imbued  with  this  superstition ;  as  were  also 
the  early  Christians. 

Many  curious  instances  of  Roman  superstition  with  reference  to 
omens  are  enumerated  in  Pliny  (xxxviii.  2).  The  unlucky  omens 
which  preceded  the  battle  of  Cannso  are  enumerated  by  Silius  Italicus, 
lib.  viiL,  V.  626,  &c. ;  see  also  Lucan  i.,  v.  522,  &c.  Pausanias  (iv.  13) 
enumerates  the  omens  which  announced  the  fate  of  the  Messenians  in 
their  struggle  with  the  Lacedaemonians.  Suetonius  ('  JuL,'  §  59)  says 
that  Ca)sar,  in  landing  at  Adrumetum  in  Africa  with  his  army, 
happened  to  fall  on  his  face,  which  was  reckoned  a  bad  omen ;  but, 
with  great  presence  of  mind,  he  laid  hold  of  the  ground  with  his  right 
hand,  and  kissing  it  as  if  he  had  fallen  on  purpose,  ho  exclaimed, 
*  Teneo  te,  Africa  '*  (I  take  possession  of  thee,  O  Africa).  A  similar 
story  is  told  of  William  the  Conqueror,  on  landing  at  Pevensey. 


Omens  have  been  frequently  spoken  of  with  contempt  by  men  of 
tsdent.    Homer  makes  Hector  say — 

"  Without  a  siga  his  sword  the  brave  xnaa  drawf, 
And  asks  no  omen  bat  his  country's  cause." 

Wythers,  in  his  'Abuses  stript  and  whipt,'  and  Dryden  and  Lee 
in  his  '  CEdipus,'  act  iv.,  sc.  1,  satirise  this  superstition.  Butler  fre- 
quently alludes  to  omens  in  his  '  Hudibras ; '  and  by  no  writer  have 
they  been  more  successfully  ridiculed  than  by  Gay  hi  his  fable  of  the 
'  Farmer's  Wife  and  tiie  Raven.* 

A  superstitious  regard  to  omens  in  our  own  country  formerly  made 
a  considerable  addition  to  the  stock  of  human  mitsery.  Generally 
speaking,  we  now  look  back  with  indifference  on  the  trivial  and 
ridiculous  accidents  which  alternately  afforded  matter  of  joy  or  sorrow 
to  our  ancestors.  Nevertheless,  in  many  country  places,  a  superstitious 
regard  to  omens  still  exists. 

OMNIBUS.    [Stage  Carriaqe.] 

OMNIUM,  a  term  used  in  the  Stock  Exchange,  to  express  the  value, 
taken  as  an  average,  of  the  different  stocks  in  which  a  loan  is  usually 
funded.  Thus,  a  loan  having  been  contracted  for  on  a  certain  day. 
an  average  is  made  of  the  stocks  in  which  such  loan  is  contracted,  at 
the  price  which  they  bore  on  that  day,  and  the  fund  thus  formed  as  an 
average  of  the  whole  is  called  Omnium.  (M'Culloch's  Dictionary  of 
Commerce.) 

ONION.  The  species  from  which  the  varieties  of  the  common 
onion  have  been  derived  is  the  AUium  Cepe.  Its  uses  are  almost  uni- 
versally known,  and  its  cultivation  is  practised  in  most  countries.  It 
was  used  and  liked  in  Egypt;  and  the  Israelites,  imder  Moses,  murmured 
that  they  could  no  more  procure  it.  (Numb.,  xL  5.)  In  Great  Britain  it 
has  been  naturalised  from  an  early  date,  but  is  not  supposed  to  be 
indigenous.  The  range  of  latitude  within  which  it  may  be  grown 
extends  from  the  tropics  almost  to  the  coldest  verge  of  the  temperate 
zone.  Its  leaves  and  roots  are  of  an  annual  nature,  inasmuch  as  they 
die  in  the  course  of  a  single  summer,  after  perfecting  a  bulb ;  the 
latter  however  is  biennial,  and  capable  of  putting  form  frei^  roots 
and  leaves  in  the  following  season,  and  of  acquiring  an  increase  in 
ite  size. 

Onions  will  succeed  in  any  good  rich  soil,  provided  it  be  neither  too 
wet  and  adhesive,  nor,  on  the  other  hand,  too  dry  and  light.  They 
may  even  be  grown  successively  on  the  pame  spot  for  a  number  of 
years,  contrary  te  what  happens  with  the  majority  of  crops.  Abund- 
ance of  well-prepared  manure  should  be  thoroughly  incorporated  in 
digging  the  soiL  The  dung  of  pigeons  and  poultry  is  used  with 
advantage;  and  some,  particularly  the  Frendi  gardeners,  prefer 
sheep-dung. 

The  time  of  sowing  the  general  crop  is  from  the  middle  of  February 
te  the  middle  of  Apnl,  according  te  the  state  of  the  ground  and  of  the 
weather ;  but  early  sowing  is  best.  The  seeds  may  be  sown  broad- 
cast or  in  very  shallow  drills  :  the  latter  mode  admits  of  the  ground 
being  more  easily  stirred  on  the  surface  and  kept  clean.  In  either 
case  the  seeds  should  be  covered  as  lightly  as  possible. 

When  the  leaves  indicate,  by  the  general  yellowness  of  their  points, 
that  their  office  has  been  performed,  the  necks  should  be  bent,  and  the 
bulbs  pulled'up  soon  after,  and  spread  so  that  their  fibres  and  stems 
may  dry  and  wither  in  the  sun.  They  may  Ihen  be  stered  up  in  any 
dry  airy  situation. 

Very  lat^e  onions  may  be  obtained  by  sowing  thickly  in  April  on 
poor  soil,  so  that  the  produce  in  the  first  summer  may  be  of  small 
size.  The  crop  is  then  taken  up  as  above  directed,  and  the  smallest 
and  firmest  are  selected  for  planting  in  rich  and  well-prepared  soil  in 
the  following  spring. 

For  a  supply  of  young  onions  in  spring,  the  sowing  should  be 
made  in  August.  Onions  are  sometimes  attacked  by  a  grub  at 
the  root.  Trenching  the  soil  to  a  good  depth,  soot,  charcoal-dust, 
and  lime-water,  have  severally  been  successfully  applied  as  remedies. 

The  following  are  the  principal  varieties : 

Early  SUvcr-winned — valuable  only  on  account  of  its  earliness. 

Silver-skinned — moderately  large,  flat,  shining,  white,  mild. 

Portugal — ^large,  oblate,  imported  largely  from  the  country  of  which 
it  bears  the  name,  but  only  adapted  for  a  supply  during  the  early  part 
of  winter ;  quality  rather  mild. 

TripoUr--the  largest  of  all  the  varieties :  oval,  or  somewhat  flattened, 
light  red,  mild,  but  does  not  keep  long. 

Spanish,  or  Reading — large,  flat,  white,  mild ;  resembles  the  Portugal 
onion,  but  is  better  adapted  for  cultivation  in  this  climate. 

Strasburg — lai^ge,  flat  or  globular,  light  red,  tinged  with  green,  strong- 
flavoured,  and  keeps  well. 

Deptford  and  Globe — are  sub-varieties  of  the  preceding,  of  milder 
quaUty,  and  yield  generally  good  crops. 

James  s  Keeping — large,  pyrif orm,  browmsh-red ;  keeps  remarkably 
well ;  flavour  strong. 

Blood-red — middle-sized,  flat,  deep  red;  keeps  well,  but  of  the 
strongest  flavour,  on  which  accoimt  it  is  medicinally  pro/erred  te  the 
other  varieties. 

Ydlow  or  Straw- coloured  (Ognon  paillc  ou  jaune  of  the  French) — 
smivll,  globular,  firm,  valuable  for  pickling. 

Two^aded—Bmn\\,  roundish,  green,  with  little  foliage. 

There  arc  at  least  twenty  varieties  of  the  onion,  of  which  the  silver- 


87 


OliTOMATOPEU. 


OPEBA. 


88 


skinned,  two-bladed,  and  yellow  are  chiefly  grown  for  pickling.  The 
Portugal  and  Spanish  can  only  bo  produced  in  England  by  means  of 
transplanting,  and  growing  for  two  summers.  In  Portugal  it  is  sown 
in  November  and  transplanted  in  April  or  May.  The  Potato  or  Under- 
ground  Onion  forms  numerous  bulbs  below  the  sur&ce,  which  attain 
maturity  early  in  the  summer.  The  Tree  or  BtUb-becaing  Onion  bears 
insteftd  of  flowers,  small  bulbs,  which,  being  planted  in  spring,  produce 
ground  onions  of  good  size,  and  yery  high  flavoured. 

ONOMATOPE'IA  (hyo^rowoita,  itfofivrorolriais),  which  literally 
means  "  the  making  of  words/'  is  the  name  given  to  those  words  which 
are  formed,  or  supposed  to  be  formed,  by  an  imitation  of  natural 
sounds.  Thus  the  words  "to  neigh,"  "  to  murmur,"  "  to  bleat,"  "  to 
creak,"  and  many  others,  are  supposed  to  be  merely  imitations  of 
natural  sounds;  but  the  number  of  such  words  lu^  been  greatly 
elaborated  by  some  granmiariana.  Aristophanes  imitates  the  croak- 
ing of  the  frogs  by  ^pcicc(ccici|  ico^  Kod^  ('  Frogs,'  1.  209),  and  Ennius 
the  sound  of  the  trumpet  by  the  word  (araiantara.  (Servius  on  'JEln.,' 
ix.  503.) 

ONONETIN.    [Ononin.] 

ONONIN  (CjjHg^Oj,).  A  colourless  crystalline,  inodorous  and 
tasteless  body,  extracted  from  the  root  of  the  Ononis  spinosa.  It  is 
insoluble  in  ^ater  and  ether,  soluble  in  alcohol,  and  neutral  in  its 
reactions.  Treated  with  boiling  caustic  potash  it  is  transformed  into 
onospin  and  formic  acid: — 


C»aHa^O„     +    SHO 

Ononin. 


O.oHaiO,,     +     0,n,0^ 


Onospin. 


Formic  acid. 


By  the  action  of  dilute  acids  ononin  yields  moneHn  (C^Hj^Ois  ?),  a 
colourless  crystalline  and  neutral  body  insoluble  in  water.  It  dissolves 
in  ammonia,  and  the  solution  when  exposed  to  the  air  becomes  of  a 
beautiful  bright  green  colour. 

ONOSPIN.    [Ononin.] 

OPACITY  is  a  condition  of  bodies  by  which  they  are  incapable  of 
transmitting  light  thi*ough  them.  It  seems  to  depend  upon  the  nature 
or  disposition  of  the  particles  of  bodies,  but  its  precise  cause  is,  at 
present,  far  from  being  understood.  According  to  Newton,  opacity 
may  arise  from  the  unequal  densities  of  the  particles  of  certain  sub- 
stances, in  consequence  of  which  the  rays  of  light  on  entering  those 
Bubstances  suffer  such  refractions  and  reflections  as  compel  them  there 
to  remain,  and  cause  them  to  be  finally  absorbed ;  while,  in  bodies  of  a 
homogeneous  nature,  as  glass,  diamond,  &c.,  the  light  experiences  so 
much  less  of  these  irregular  actions  that,  except  when  the  thickness  of 
the  medium  is  very  great,  it  is  enabled  to  pass  quite  through  them. 

The  entire  absorption  of  all  the  light  which  enters  a  substance, 
merely  by  the  multiplied  refractions  or  reflections  which  it  undei^oes 
within  the  mass,  is  difficult  to  conceive;  and  the  advocates  of  the 
undulatory  theory  ascribe  opacity  to  the  unfitness  of  the  pores,  or 
intervals  between  the  molecules  K  a  body,  for  permitting  the  vibrations 
of  the  particles  of  ether|  without  disturbing  the  molecules,  which 
thus  appropriate  to  themselves  the  vit  viva  which  would  otherwise 
have  l^longed  to  the  transmitted  ethereal  vibrations.  The  same 
persons  consider  transparency  to  consist  in  such  a  disposition  of  the 
molecules  of  a  body  that  the  incident  waves  of  ether  can  be  propagated 
mth  a  certain  degree  of  freedom  through  the  mass :  some  impediment 
to  the  propagation  of  the  waves  may  exist  in  the  most  transparent 
substances ;  said  hence  when  such  substances  have  more  than  a  certain 
thickness,  the  waves  cease  to  be  transmitted  through  them.  [Trans- 
PARENOT ;  Absorption  of  Light.] 

OPERA  (Ital.,  vfork),  a  regular  drama  set  to  music,  always  accom- 
panied by  scenic  representation,  frequently  by  machinery,  and  some- 
times by  dancing.  It  appears  (according  to  Doni)  to  have  originated 
at  Florence  towards  the  end  of  the  I6th  century.  The  true  opera,  as 
found  on  all  the  Italian  stages,  whether  in  Italy  or  elsewhere,  and  as 
performed  in  the  French  language  at  the  Academic  Imperiale,  admits  no 
speaking ;  all  is  recitation  or  air,  &a  ;  while  what  is  called  opera  in  the 
national  theatres  of  Germany  and  England,  as  well  as  the  French  op^ra 
comique,  is  of  a  mixed  kind — partly  spoken,  partly  sung.  In  Italy  the 
opera  is  divided  into  four  kinds, — namely,  the  sacred,  the  seiioua,  the 
iemi-Krious,  and  the  buffa  or  comic.  In  Fr&nce  the  division  is  into 
the  gran^c^h'a  and  opira  comique.  In  Qermany  the  divisions  are 
more  numerous,  embracing  the  grand  opera,  the  terious,  the  traciic,  the 
htrtyic,  the  romantic,  the  aUegorical,  the  military  melodrama,  the  comic, 
and  others. 

The  constituents  of  an  opera,  says  Rousseau,  are  the  poem,  the 
rausic,  and  the  decorations.  The  poetry  addresses  itself  to  the  mind, 
the  music  to  the  ear,  the  painting  to  the  eye ;  and  it  is  the  duty  of  the 
three  to  unite  their  powers,  in  order  to  move  and  make  an  impression 
on  the  heart.  The  truth  is,  that  the  poetir  of  an  opera  has  long  ceased 
to  l>e  considered  otherwise  than  as  a  vehicle  for  music,  and,  but  for  the 
scenery  and  decorations,  the  saying  of  the  Abbd  Amaud,  that  the 
Italian  opera  w  a  concert,  of  ivhich  the  drama  ie  the  pretext,  would  be 
applicable  to  nine  in  ten  of  all  productions  of  the  kind  that  have 
appe^ured  during  the  last  seventy  or  eighty  years. 

The  moment  that  the  opera  appeared  out  of  its  native  country,  and 
especially  when  it  reached  the  British  shores,  it  was  attacked  by  a  host 
of  critics  and  wits.  Addison  and  Swift  were  among  the  first  to  level 
the  shafts  of  ridicule  at  it,  and  were  followed  by  Pope,  Young,  and  | 


many  others.  Addison  lived  to  retract  his  opinion ;  for  some  of  the 
absurdities  which  the  opera  in  its  infant  state  presented  were  soon 
corrected,  though  certainly  enough  remained,  and  must  for  ever 
remain,  to  sanction  the  objections  of  those  who  tried,  or  may  still 
judge,  the  melodrama  by  the  cold  stubborn  laws  of  unpoetical  proba- 
bility. 

This  species  of  entertainment,  though  susceptible  of  much  improve- 
ment, has  not  stood  quite  still  while  everything  else,  or  nearly 
everything,  has  been  advancing.  That  prominent  feature,  however,  in 
the  musical  drama,  which  from  the  very  first  proved  so  obnoxious  to 
ridicule,  continues  unaltered  —  the  recitative,  which  provoked  the 
satire  of  our  forefathers,  and  is  yet  rather  tolerated  than  approved  by 
the  many — i|  a  fault,  is,  we  believe,  a  fault  not  imputable  to  the 
modems,  but  to  those  whom  it  has  hitherto  been  thought  right  to 
consider  as  the  models  of  dramatic  propriety  and  poetical  taste.  This 
loads  to  an  inquiry  concerning  the  origin  of  the  melodrama — that  is, 
the  musical  drama,  or  opera. 

That  the  opera,  properly  so  called,  whether  Italian  or  French,  is  the 
ofi&pring  of  the  Greek  drama, — an  opinion  that  for  years  past  has  been 
gaining  groimd, — is  supported  by  the  most  learned  and  able  writers  on 
the  subject,  and  seems  likely  ere  long  to  be  universally  adopted. 
The  first  that  we  have  met  with  who  has  touched  on  this  point  is  the 
"  philosopher  of  Malmesbury,"  Hobbes,  who,  in  a  letter  to  Sir  William 
D'Avenant,  says,  "  There  is,  besides  the  grace  of  style,  another  cause 
why  the  andent  poets  chose  to  write  in  measured  language,  which  ifl 
this  :  their  poems  were  made  at  first  with  intention  to  have  them  sung, 
as  well  epic  as  dramatic  (which  custom  hath  long  time  been  laid  aside, 
but  began  to  be  revived  in  part  of  late  years  in  Italy),  and  could  not  be 
made  commensurable  to  the  voice  or  instruments  in  prose — the  ways 
and  motions  whereof  are  so  uncertain  and  undistinguished  (like  the 
way  and  motion  of  a  ship  in  the  sea),  as  not  only  to  discompose  the 
best  composers,  but  also  to  disappoint  sometimes  the  most  attentive 
reader,  and  put  him  to  hunt  counter  for  the  sense.  It  was  therefore 
necessary  for  poets  in  those  times  to  compose  in  verse."  This  letter  is 
dated  Paris,  1650 ;  consequently,  written  anterior  to  the^estabHshment 
of  the  Academic  Royale,  or  French  opera. 

Dryden,  in  the  beginning  of  the  preface  to  his  'Albion  and  Albanius,' 
rather  hastily  caUs  ^e  opera  *^  a  modem  invention,  though  built  upon 
the  foundation  of  the  ethnic  worship,"  and  conjectures  that  it  was 
borrowed  from  the  Spanish  Moora ;  but  in  a  postscript  to  the  same  ho 
corrects  himself  in  the  following  rather  awkwardly-expressed  manner  : 
"  Possibly  the  Italians  went  not  so  far  as  Spain  for  the  invention  of 
their  operas ;  they  might  have  it  in  their  own  country,  and  that  by 
gathering  up  the  shipwrecks  of  the  Athenian  and  Roman  theatres, 
which  we  know  were  adorned  with  scenes,  music,  dances,  and  machines, 
especially  the  Grecian."  The  learned  Jesuit,  P^re  Menestrier,  in  his 
work '  Des  Repi'^sentations  en  Musique,'  maintains  that  the  ancient 
tragedies  were  c^hanted.  Metastasio,  in  his  'Estratto  della  Poetica 
d'Aristotile,\expresses  a  most  decided  opinion  that  the  Greek  and 
Roman  dramas,  both  tragedies  and  comedies,  were  sung,  and  cites  in 
proof  of  this  numerous  classical  authorities.  Pye,  in  lus  *  Commentary 
on  the  Poetic  of  Aristotle,'  while  disputing  some  of  the  inferences  of 
Metastasio,  is  obliged,  though  unwillingly,  to  acknowledge  that  the 
opera  " most  probably "  is  ''a  lineal  and  legitimate  offspring  of  the 
Greek  tragedy,"  and  that  the  vastness  of  the  Roman  theatre  "  turned 
the  necessary  means  of  modulating  the  voice  into  a  real  musical 
accompaniment; "  that  is  to  say,  the  magnitude  of  the  place  rendered 
chanting  or  recitative  unavoidable. 

After  collating  what  has  been  stated  by  various  authora  as  to  the 
date  of  its  origin,  we  are  persuaded  that  no  regular  opera  was 
produced  and  publicly  performed  till  Ottavia  Rinuccini  wrote  and 
Jacopo  Peri  composed  the  drama  of  'Euridice'  for  the  nuptials  of 
Henri  IV.  of  France  and  Mary  of  Medicis.  This  was  represented  in  a 
very  splendid  manner  at  Florence,  in  1600,  and  there  published  in  the 
same  year.  Dr.  Bern!  tells  us  ('  Hist.'  iv.  25)  that  he  was  never  able  to 
find  more  than  one  copy  of  Peri's  '  Euridice,'  which  was  in  the  library 
of  the  Marchese  Rinuccini,  a  descendant  of  the  poet.  Having  the 
good  fortune  to  possess  this  very  rare  work,  which  is  now  before  us, 
we  can  corroborate  what  the  musical  historian  has  said  of  it,  that  it  is 
printed  in  score  and  barred,  two  very  xmcommon  circumstances  at  the 
time  of  its  publication ;  that  the  recitative  seems  to  have  been  not 
only  the  model  of  subsequent  composers  of  early  Italian  operas,  but  of 
the  French  operas  of  Lull! ;  that  figures  are  often  placed  over  the  base 
to  indicate  the  harmony ;  that  the  time  changes  as  frequently  as  in  the 
old  French  serious  operas;  and  though  the  word  aria  occurs,  it  is 
difficult  to  distinguish  air  from  recitative  by  any  superiority  of  melody, 
except  in  the  choruses.  There  is  no  overture  to  this,  but  a  musical 
prologue  of  seven  stanzas  instead,  sung  in  the  character  of  Tragedy. 
Peri,  in  an  address  to  his  readers  (d  letton),  gives  an  account  of  his 
orchestra,  which  was  placed  behind  the  scenes,  and  consisted  of  a 
harpsichord,  a  large  guitar,  a  lira  grande  (that  is,  a  viol  da  Gamba, 
according  to  Bumey),  and  an  arch-lute. 

The  Bologueso  dispute  with  the  Ilorontines  the  honour  of  having 
first  produced  a  musical  drama,  but  it  appears  that  the  '  Euridice  '  was 
performed  in  their  city  the  year  after  it  had  been  produced  at  Florence. 
The  opera  was  introduced  at  Venice  in  1637,  at  Naples  in  1646,  and  at 
Rome  in  1671. 

The  Italian  Opera  made  its  way  to  London  by  slow  and  cautious 


89 


OPERA. 


OPERATION. 


40 


Bteps.  The  sudden  introduction  on  the  public  stage  of  a  foreign 
language,  and  that  language  delivered  in  recitative,  would  have  put 
the  tolerating  spirit  of  our  countrymen  to  a  trial  far  too  severe  to  be 
prudent ;  the  event,  therefore,  which  was  anxiously  wished  for  by  the 
higher  orders,  to  whom  novelty  is  everything,  and  by  those  who  had 
acquired  a  new  taste  in  their  travels,  was  gradually  brought  about. 
In  July,  1703,  Italian  intermem,  or  "  interludes  and  musical  enter- 
tainments of  singing  and  dancing,"  were  performed  at  York  Buildings. 
Two  years  after, '  Arsinoe,'  translated  from  the  Italian,  the  dialogue 
and  narrative  pajie  in  recitative,  and  the  singers  all  English,  was  pro- 
duced at  Dniry  Lane ;  the  pit  and  boxes  wore  allotted  to  subscribes. 
"  Before  and  after  the  opera,  dancing  and  singing,  by  Signora  Margarita 
de  I'Epine."  In  1706, '  Camilla,'  also  a  translation,  was  performed  by 
the  same  persons  in  a  similar  manner.  The  next  year  witnessed  a 
further  and  still  bolder  advance  towards  the  final  introduction  of  the 
exotic  melodrama ;  '  Thomyris,  Queen  of  Scythia,'  was  brought  out  at 
the  same  theatre,  in  which  Urbani,  a  castrato,  and  two  foreign  women 
sang  their  parts  in  Italian,  the  other  performers  singing  theirs  in 
English  !  At  length,  in  1710, '  Ahnahide,'  written  whoUy  in  Italian, 
and  performed  exclusively  by  foreign  singers,  was  presented  to  the 
public  at  the  Queen's  Theatre  in  the  Haymarket.  ITius  the  Italian 
opera  gained  a  settlement  in  this  country ;  and  in  spite  of  some  oppo- 
sition and  much  ridicule  by  which  it  was  at  first  attacked,  soon  became 
firmly  fixed,  and  now  seems  to  be  as  necessary,  as  a  source  of  amuse- 
ment to  the  metropolis  of  tills  kingdom,  as  any  other  favourite  and 
long-established  entertainment. 

The  Italian  opera  was  brought  into  France  in  1646,  by  the  Cardinal 
Mazarin,  and  continued  for  some  years  to  be  performed  at  the  Louvre ; 
but  the  establishment  of  the  Acad^mie  Royale  des  Musique,  in  1670, 
superseded  it,  and  except  in  1772,  when  a  troop  of  Italians  represented 
Pergolesi's  '  Serva  Padrona'  as  an  intermtzzo,  between  the  acts  of  LuUi's 
'  Acis  et  Qalat^e,'  it  never  again  was  heard  at  Paris  till  introduced 
there  early  in  the  present  century. 

The  grand  French  opera  is  the  legitimate  melodrama,  being  wholly 
musical,  and  was  founded  by  Louis  XIV.  In  1669  that  monarch 
granted  letters-patent  to  the  Sieur  Perrin  for  the  establishment  of 
an  'Academic  des  Op^ra  en  Langue  Francaise,'  who,  taking  as  his 
partner  the  Sieur  Cambert  as  composer,  commenced  his  under- 
taking at  the  Th^&tre  de  THdtcl  de  Guendgaud,  in  1671,  where 
he  produced  'Pomone,'  the  poetry  by  himself,  and  set  to  music 
by  his  colleague.  This  is  a  pastoral  draroa,  opening  with  a  musical 
prologue  of  about  thirty  lines,  in  which  the  author  has  contrived  to 
stuif  a  greater  quantity  of  nauseous  flattery  of  the  Gmnd  Monarque 
than  perhaps  was  ever  compressed  into  so  small  a  compass.  In  1672 
the  privilege  was  transferred  to  Lulli,  who,  with  the  assistance  of 
Quinault,  a  lyric  poet  of  very  superior  genius,  conducted  the  Acaddmie 
in  a  most  able  and  successful  manner  till  his  death.  [Lulli,  in  Bioo. 
Div.]  The  op€ra  eomiqtie  had  its  birth  in  France  in  1750,  in  imitation 
of  the  Italian  opera  biiffa.  This,  however,  is  of  the  mixed  kind,  th<> 
dialogue  being  spoken. 

I  The  genuine  Italian  opera  has  long  flourished  in  Germany.  On  the 
birth  of  an  archduchess  in  1724,  an  opera  was  exhibited  at  Vienna 
with  unconmion  magnificence.  The  opera,  entitled  'Eurysteus,*  was 
>vritten  by  Apoetolo  Zeno,  and  composed  by  Caldan.  That  imperial 
poet-laureate  was  succeeded  in  office  by  Metastasio,  who  wrote  many 
of  his  admirable  lyric  dramaus  for  the  Italian  theatre  at  Vienna,  which 
were  set  by  the  great  masters  of  the  day.  His  •  Clemenza  di  Tito,'  as 
composed  by  Mozart,  will  for  ever  be  considered,  by  all  true  judges  of 
dramatic  poetry  and  music,  as  the  most  beautiful  and  finished  example 
of  the  melodrama  that  human  genius  ever  produced.  For  the  different 
German  courts  some  of  the  finest  operas  have  been  composed,  but  we 
can  here  only  refer  to  the  names  of  their  authors,  GlVck,  Qbauv, 
Handel,  Hasse,  Mozabt,  Rossini,  Spohb,  Weber,  Winteb,  &c..  in 
theBiOG.  Div.  ' 

\  What  is  called  English  opera,  is  with  two  or  three  exceptions,  of 
the  mixed  kind.  The  first  that  we  have  any  account  of  that  can  be 
relied  on  is  Shadwell's  'Psyche,'  composed  by  Matthew  Lock,  and 
brought  out  in  1673.  Two  years  after,  Dryden  wrote  his  *  Albion  and 
Albanius,'  an  opera,  set  by  a  Frenchman,  Louis  Grabut,  whom,  to 
please  the  antinational  king,  Charles  II.,  Dryden,  in  a  preface  to  the 
work,  praises  in  high  though  most  undeserved  terms,  at  the  expense  of 
his  countiymen.  But  when  that  great  poet  wrote  his '  JCing  Arthur,' 
he  was  fain  to  apply  to  Purcell  for  assistance,  whose  music  has  saved 
it  from  the  oblivion  to  which  it  would  otherwise  be  condemned. 
The  poet,  in  an  epistie-dedicatory  to  this,  takes  an  opportunity  of 
retracting  his  opinion  of  English  composers.  He  says  that  music  had 
then  "  arrived  at  a  greater  perfection  in  England  than  ever  formerly ; 
especially  passing  through  the  artful  hands  of  Mr.  Purcell,  who  has 
composed  it  with  so  great  a  genius,  that  he  has  nothing  to  fear  but  an 
ignorant  ill-judging  audience,"  Addison's  '  Rosamond '  was,  it  is  to  be 
supposed,  a  real  opera,  the  dialogue  in  recitative.  This  was  repre- 
sented in  1707,  but  faUed,  as  Hawkins  tells  us,  owing  to  the  poverty  of 
the  nausic  by  one  CLiyton.  '  The  Beggar's  Opera'  is  so  well  known 
that  It  need  only  be  named.  The  music  is  a  good  selection  of  the  airs 
most  popular  at  the  time,  arranged  by  the  celebrated  Dr.  Pepusch. 

*  Artaxerxes,'  by  Dr.  A  me,  is  the  only  opera,  strictly  so  called,  that 
keeps  its  pLice  on  the  stage.    This  is  nearly  a  translation  of  Metastaaio's 

*  Artascrse,'  by  the  composer  himself,  and  though  at  the  time  severely 


criticised,  is  far  superior  to  most  of  the  musical  dramas  that  have 
since  been  written.  The  music  is  rich  in  beautiful  melody,  and  if  other 
attempts  at  an  English  recitative  opera  had  proved  equal  to  this,  the 
melodrama  might  now  have  been  firmly  rooted  in  British  ground. 
Ame  composed  many  other  charming  musical  pieces;  his  'Love  in 
a  Village '  will  never  be  superanniiated ;  and  in  truth,  if  the  dramatic 
music  of  some  of  our  countrymen  who  charmed  the  public  ear  during 
the  latter  half  of  the  last  century  could  be  heard  without  prejudice, 
and  without  that  yearning  after  what  is  foreign  and  new  which 
characterises  "the  fashionable  world,"  and  others  who  yield  to  its 
influence,  it  would  be  admitted  that  in  original  expressive  melody  wc 
are  inferior  to  no  nation  in  Europe,  startling  as  the  proposition  may 
be  to  those  who  have  not  impartially  and  duly  considered  the  subject. 
[Abne  ;  Abnold;  Bishop;  Dibdin  ;  Jagkson;  Liklet  ;  Shield; 
Stobaoe  ;  in  Bioo.  Drv.] 

OPERATION.  This  article  is  to  be  considered  as  a  continuation  of 
Alqebba,  and  as  a  development  of  the  views  of  the  nature  of  algebra 
there  laid  down.  It  cannot  be  read  entire,  except  by  students  who 
have  some  acquaintance  witii  the  Differential  Calculus,  &c. 

The  great  considerations  on  which  the  mathematics  are  founded 
have  always,  until  lately,  been  stated  as  those  of  ntunber  and  space ;  so 
that  arithmetic  and  geometry  have  been  called  the  wings  of  thuB  branch 
of  exact  science.  This  similitude,  suggested  by  the  twofold  character 
of  its  objects  of  comparison,  may  be  carried  a  step  further;  for  as 
wings  will  not  enable  a  bird  to  fly  without  nerves  and  sinews,  so  the 
mere  consideration  of  space  and  number  will  never  make  a  mathema- 
tician, without  an  oi^gamsed  method  of  using  the  ideas  of  both.  We 
have  already  [Mathematics]  siiggested  that  the  science  of  operation 
must  be  a  constituent  part  of  mathematics ;  but  it  has  always  been  so 
mixed  up  with  the  sciences  bearing  names  derived  from  nimiber  and 
measure,  that  until  lately  it  has  had  neither  separate  name  nor  exist- 
ence ;  and  even  now,  what  has  been  done  in  it  is  only  the  mere  begin- 
ning of  a  system. 

The  use  of  symbols  of  operation  not  standing  for  n:iagnitude8  btft 
for  directions  how  to  proceed  with  magnitudes,  b^gan  witii  Leibnitz 
and  Newton,  before  whose  time  all  algebraical  characters  denoted 
simple  numbers.  The  progress  of  the  Differential  Calculus  forced  the 
attention  of  mathematicians  upon  modes  of  denoting,  not  results  of 
processes,  but  ways  of  proceeding.  The  generalisations  arising  out  of 
tiie  oi^anisation  wKich  notation  gave  to  processes  led  to  the  use  of 
indefinite  and  arbitrary  symbols  of  operation.  [FtTNcnoN.]  Finally, 
it  was  observed  that  the  symbols  of  operation  employed  in  many 
general  theorems  would  give  simple  and  well-known  relations  if  their 
meaning  as  symbols  of  operation  were  forgotten,  and  they  were  con- 
sidered as  qrmbols  of  quantity.  For  example,  if  A^(x)be  ^(x  +  l) 
—^x,  A  being  a  symbol,  not  of  a  quantity  multiplying  ^,  but  of 
an  operation  to  be  performed  upon  ^  ;  and  if  d  ^,  D^^x,  &c.  denote 
the  successive  differential  coefficients  of  ^,  Taylor's  theorem  gives 

A^x=  jy^x  +  ^  D»^  +  2^     ^  +  .. .. 

If  A  and  D  had  stood  for  quantities  (which  they  do  not),  the  pre- 
ceding equation  might  have  been  divided  by  ^,  and  the  result  would 
have  been 

1     .         1 


^  =  ^+2  ^'  +  278^  + 


. .  =  t    —  1 ....  (a) 


If  such  a  result  had  been  obtained  by  those  mathematioians  who  first 
ventured  on  the  use  of  a  negative  quantity,  they  would  doubtless  have 
given  to  operations  a  sort  of  existence  as  quantities,  and  would  have 
felt  no  repugnance  to  say  that  the  direction  to  change  ^  into  ^(x  + 1) 
—  ^  was  equal  to  c  raised  to  the  power  of  a  direction  to  differentiate 
^,  diminished  bv  a  unit.  This  might  have  beat  their  negative  quan- 
tity (or  arithmetical  quantity  less  than  nothing)  in  the  complication  of 
its  absurdities,  but  not  in  absolute  impossibility.  Let  two  persons  bo 
required,  the  one  to  take  four  yards  out  of  three,  and  the  other  to 
subtract  a  unit  from — not  the  differential  coefficient  of  ^,  but — the 
direction  to  take  the  differential  coefficient  of  ^,  and  it  could  hardly 
be  said  that  the  first  had  a  more  hopeless  task  than  the  second. 

The  modem  mathematicians,  with  Lagrange  at  their  head,  had  had 
too  much  experience  of  the  nature  of  extensions  to  hazard  any  assump- 
tion upon  the  properties  of  symbols  of  operation,  when  separated  from 
the  quantity  to  be  operated  upon.  The  first  step  made  was  the  ob- 
servation that  certain  theorems  involving  symbols  of  operation  miglit 
be  easily  remembered  by  the  resemblance  of  the  formulse  to  well-known 
expressions;  in  fact,  by  the  coincidence  of  those  formuho  with  tbo 
expressions,  on  the  supposition  that  the  symbols  of  operation  are 
changed  in  meaning,  and  become  symbols  of  quantity.  And  if  it  bo 
said  that  these  mathematicians  were  saved  from  introducing  a  diffi- 
culty analogous  to  that  of  negative  quantities  by  the  want  of  resem- 
blances already  existing  in  common  modes  of  speaking  and  common 
views  of  arithmetic,  it  may  be  answered  that  such  was  not  the  case, 
but  that  it  would  have  been  easy,  and  was  not  without  precedent,  to 
consider  arithmetic  itself  as  a  science  of  operations  u^xtn  one  single 
magnitude,  the  imit.  If  we  always  express  the  unit  by  i,  we  may,  if 
we  please,  consider  2  not  as  i  + 1,  but  as  the  direction  to  perform  upon 
I  the  operation  in  z  + 1 ;  so  that  2  being  merely  a  direction  what  to  do,  2 1 
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may  repreaent  the  result  of  bo  doing :  Bimilarly  8  mfty  1)6  the  direction 
to  proceed  aa  in  I  + 1  +  if  and  3 1  its  result.  And  8x2  would  be  a 
direction  to  perform  8  upon  the  result  of  2,  or  to  take  2i4*2i  +  2i,  or 
(i  +  i)  +  (i  +  i)  +  (i  +  i),  or6i.  If  then  we  say  3  x  (2 1)= 6 1,  we  have  an 
equation  between  magnitudes ;  but  if  we  throw  away  i,  as  we  just  now 
did  ^,  we  have  8  x  2=6,  an  expression  of  equivalence  of  operations. 
Now  it  might  very  reasonably  have  been  asked  whether  thete  operations 
must  be  the  only  ones  which  will  admit  of  being  treated  by  themselves 
and  viewed  independently  of  the  subjects  of  operation ;  and  a  direct 
assumption  of  such  modes  of  notation  as  that  marked  (a),  even  when 
A  and  D  were  considered  independently,  though  it  might  not  have 
been  fully  explicable,  would  have  appeared  to  be  nothing  but  a  natural 
extension  of  views  which  had  already  been  taken  to  a  limited  extent. 

The  process  however  which  was  actually  followed  was  this  :  forms 
similar  to  (a)  having  been  observed,  in  which,  whatever  might  be 
thought  of  them  as  they  stood,  were  found  ready  means  of  returning 
to  well-known  truths,  it  was  natural  to  ask  whether  an  application  of 
algebra  to  the  form  (▲),  producing  of  course  a  transformation  of  both 
sides,  would  lead  to  a  result  from  which,  by  the  same  method  of 
returning,  another  known  truth  might  be  produced.  For  example, 
assume  Uiat  D  and  A  are  to  be  treated  as  quantities  :  then  A=:c*  —1 
gives  1  +  A= e»,  log.  (1  +  A)=D,  or 

D=A  —  g-A'  +  gA'  —  .... 

Now  restore  <fae  to  every  term,  and  let  D  tmd  A  xeassume  their  opera- 
tive meanings,  so  that  D^  is  the  differential  coefficient,  and  A^, 
a'^,  &c.,  are  the  successive  Bxfferbnces  of  ^,  x  being  changed  into 
x  + 1  at  each  step.    We  have  then 

D  ^  =  A  ^j;  —  o  A'^  +  s  A"  ^  —  .  •  • 

a  theorem  "which  must  be  true  if  the  preceding  metiiod  be  legitimate. 
This  theorem  is  found  to  be  true  by  other  and  certain  modes  of  de- 
monstration :  consequently  the  legitimacy  of  the  preceding  method 
has  some  presumption  in  its  favour,  arising  from  its  leadmg  to  an 
otherwise  known  truth. 

In  thifl  way  many  theorems  wero  investigated,  upon  the  following 
plan-vof  proceeding: — 1.  Throw  away  symbols  of  quantity  from  a 
known  theorem,  and  proceed  in  any  manner  which  may  appear  eligible 
with  the  Bjrmbols  of  operation,  treating  them  as  if  they  were  quan- 
tities. 2.  When  a  result  has  been  obtained,  restoro  the  symbols  of 
quantity  to  their  old  places,  and  those  of  operation  to  their  old  mean- 
ings. 3.  The  resiUt  as  Uius  viewed  has  all  the  presumption  in  its 
favour  which  arises  from  its  being  the  legitimate  consequence  of  a 
method  which,  whether  accurate  or  not,  has  never  been  found  to  lead 
to  anything  but  what  could  otherwise  be  satisfactorily  shown  to  be 
trae.  And  though  Lagrange  himself,  Arbogast,  the  English  translators 
of  Lacroix,  Brinkl^,  kc.,  may  have  used  language  in  reference  to  this 
method  which  would  seem  to  imply  that  they  considered  it  as  one  of 
demonstration,  yet  it  is  obvious,  from  the  care  taken  by  them  to  have 
abundant  external  verification  in  every  case,  that  their  results  were 
considered  by  themselves  as  resting  on  such  a  presumption  as  that 
above  noted ;  though  it  is  ^so  evident  that  the^  considered  the  pre- 
sumption as  amounting  to  moral  certainty,  which  indeed  they  were 
just&ed  in  doing. 

A  student  who  reads  on  this  subject  for  the  first  time  will  be  apt  to 
lot  his  ideas  run  farther  than  they  should,  and  to  imagine  that  this 
treatment  of  operations  may  be  made  universaL  For  instance,  if  ^= 
a^  and  ^x—a^,  and  if  ^  +  ij^  be  taken  as  representing  a^+^,  he  might 
Buppose  that  ^  +  4^  performed  twice,  or 

represented  by  (^+4')S  should  be  the  same  thing  as 
•      «•  +  2^4^  +  4",  or  (a«)'  -f  2(fl:»)'  +  {s*) '. 

This  however  will  be  found  not  to  be  the  case,  and  thus  it  appears 
that  a  line  is  to  be  dr.iwn,  distinguishing  operations  which  may  b«  used 
independently  of  quantities  from  those  which  may  not.  Until  this 
line  can  be  properly  drawn,  nothing  like  demonstration  of  the  methodf 
when  true,  can  be  given ;  or  rather  perhaps  the  converse,  that  is  to  say, 
a  method  of  demonstration  of  such  cases  as  give  truths  will  draw  the 
line  which  separates  these  from  the  rest.  We  proceed  to  give  some 
socount  of  this  method  of  demonstration. 

We  do  not  know  how  far  those  who  used  the  separation  of  the  symbols 
of  operation  and  quantity  (as  it  was  called)  had  before  their  minds  a 
view  that  would  have  nuule  their  method  intelligible  in  a  rational  point 
of  view,  which  was  all  it  wanted  of  mathematical  exactness.  But, 
looking  only  at  their  modes  of  expression,  we  cannot  find  anything  of 
the  kind.  Lagrange  ('  Mdm.  Acad.  Berlin,'  1772)  gave  only  theorems 
without  any  mode  of  deducing  them.  Arbogast  assumes  the  '*  sdpa- 
ration  des  Ichelles  "  without  remark.  Laplace,  by  the  aid  of  his  theory 
of  generating  functions,  must  be  held  to  have  strictly  demonstrated 
8ome  isolated  classes  of  the  theorems  which  this  method  gives.  But 
nothing  like  a  general  occomit  of  the  reason  why  this  separation  of  the 
Bymbola  of  operation  and  quantity  leads  to  truth  in  certain  cases  and 
not  in  others,  ever  appeared,  to  our  knowledge,  before  the  publication 


Of  a  memoir  by  M.  Servoia  in  the  5th  volome  of  the '  Annales  de 
Math^matiques '  (Lacroix,  voL  iii.,  p.  726).  The  author  exhibits  those 
properties  of  the  separable  operations  on  which  the  legitimacy  of  the 
separation  depends;  and  making  a  separate  species  of  calculus  of 
functions  out  of  those  properties,  fully  succeeds  in  demonstrating  that 
differences,  differentiations,  and  multiplications  by  any  factors  which 
are  independent  of  the  variables,  may  be  used  as  if  their  symbols  of 
operation  were  common  algebraical  quantities. 

The  last  step  towards  the  full  conception  of  a  taleuiua  ofoperaHont 
was  virtuallv  made  by  Dr.  Peacock,  in  his  'Algebra'  (first  edition, 
1880) ;  for  though  this  work  does  not  mention  the  subject,  yet  it  is  the 
first  which  lays  down  the  principles  on  which  the  theory  of  separation 
is  neither  a  resemblance  of  algebra,  nor  a  calculus  of  functions  founded 
on  algebra,  but  on  algd^ra,  or  if  the  reader  pleases,  algebra  itself;  so 
that  its  conclusions  rest  upon  the  same  foundation  as  those  of  ordinary 
algebra. 

We  have  JAlosbra]  pointed  out  what  is  meant  by  aymbolical 
algebra,  as  distinguished.from  explained  or  interpreted  algebra.  Granting 
a  certain  numb^  of  fundamental  relations,  whidi  are  to  be  true,  the 
logical  consequences  of  combining  tiiose  relations  must  be  true  also : 
thus,  if  it  be  universally  true^at  a+h^h+a,md  iha.txy=yx,ii 
follows,  even  before  a,h,+  j  x,  xy,  &c,  have  any  meaning  assigned, 
that  (o+6)«=«(a+6)=«(6+a).  If,  as  m  the  article  cited,  we  select  aU 
the  primaiy  relations  on  which  algebraical  transformations  depend,  and 
then  bear  in  mind  that  the  truth  of  all  their  consequences  depends  on 
the  truth^  of  those  relations  only,  not  on  the  rdations  being  true  for 
one  meaning  or  another  meaning  of  the  symbols,  but  on  the  truth  only 
of  the  relations,  come  how  it  may — ^we  shall  then  see  that  all  formula) 
of  algebra  may  be  used  as  expressions  of  trutiis,  whatever  may  be  the 
meaning  of  the  symbols  employed,  provided  only  that,  such  meanings 
being  given,  the  fundamental  relations  are  true.  We  have  already 
seen  that  this  may  be  carried  the  length  of  extending  the  meanings  of 
all  the  symbols  of  algebra,  in  such  manner  that  a  sdence  is  created 
with  definitions  wide  enough  to  include  among  its  rational  objects  not 
only  the  negative  quantity,  but  also  its  square  root.  This  was  extentim 
only ;  we  shall  now  show  a  process  which,  though  it  be  still  extension, 
is  of  another  character. 

In  our  present  inquiry,  we  need  not  trouble  ourselves  to  make  any 
particular  consideration  of  the  signs  +  and—.  They  retain  their 
algebraical  meaning,  so  that  whatever  a  and  B  may  stand  for,  +  ( -I-  a) 
=  +  A,— ( -h  a)=  — A,  Ac. 

If  we  now  ask,  what  are  the  fundamental  symbolical  relations  of 
algebra  which  remain,  after  those  which  depend  on  +  and  —  are  taken 
away,  we  shall  find  them  to  be  as  follows :— 1.  The  dittributive  character, 
as  it  is  called,  of  the  operation  oi,  with  respect  to  +  and  — ,  as  shown 
in  a(6 + c— c) = oJ + ac— (k.  2.  The  comfMUative  or  convettibie  character 
of  the  same  operation  with  respect  to  others  of  the  same  kind  and 
itself,  aa  shown  in  a5c=0c6=(ca,  &c.,  and  ab^ha.  8.  The  dqyretnble 
character  of  operations  of  the  species  a"*,  when  performed  upon  other 

operations  of  the  same  kind,  as  shown  in  a*a*  =  0"*+*,  (a**)  =  a**. 
These  laws  of  operation  being  granted,  no  matter  what  the  nature  of 
the  interpretation  imder  whidi  it  is  found  possible  to  grant  them,  all 
that  is  necessary  to  the  mechanism  of  algebra  will  be  found  to  have 
been  granted.  It  will  be  remembered  that  we  speak  of  1  -r-a  under  the 
symbol  a""*. 

In  arithmetic,  as  already  seen,  we  may,  if  we  please,  consider  the 
symbols  2,  3,  &c.,  as  indicative  of  operations  performed  upon  the  unit. 
Let  us  extend  this  notion,  and,  instead  of  the  unit,  make  px,uij 
function  of  a  variable  x,  the  subject  of  o]Mration ;  this  function  being 
always  imderstood,  if  not  expressed.  Thus  any  symbol  s  has  an 
operative  meaning  in  itself,  but  when  written  in  an  equation  stands 
for  the  result  obtained  by  performing  that  operation  upon  ^,  which 
may  also  be  signified  by  e  ($x).  Also  let  x  -h  r  and  B— r  stand  for  the 
algebraical  sum  and  difference  of  the  results  of  the  operations  s  and  f 
performed  upon  ^.  Let  us  now  appropriate  B  to  stand  for  the  simple 
operation  of  changing  x  into  x+h,or  x  +  any  quantity  independent  of 
X  in  value :  and  to  distinguish  the  different  increments,  let  Sj^  K^,  &c., 
denote  the  operations  of  changing  x  into  x-i-h,x-i-h,  &c.  It  is  then 
very  easily  shown  that  E  possesses  tiie  distributive,  convertible,  and 
depreasible  characters  essential  to  its  being  logically  the  object  of 
algebraical  transformation.  Take  two  functions,  ^  dnd  t^x,  either 
assumed  independently  or  resulting  from  preceding  operations:  it 
follows  then  that  E*  (^  +  ^x)  is  ^  (a:  +  A)  Hh  if*  («  +  h),  which  is 
x^  ^  +  ^k^^i  ^^  the  distributive  character  Is  established.  Again, 
consider  e^  (r^  ^)  and  x^^  (x^  ^) :  first,  x^  ^  means  p  {x  +  k),  on 
which  perform  x^,  or  change  x  into  x  +  h,  giving  ^{x  +  h  +  k); 
next,  x^  ^x  is  p  (x  -t-  A),  on  which  x^^  being  performed,  gives 
^  (x  +  k  '\-  h)f  the  same  m  p  {x  +  h  +  %).  Consequentiy  e^  e^  <px 
=■  ^4  ^k  ^x,  or  the  convertible  character  of  x  is  established.  Thirdly, 
consider  £][  [eJ,  meaning  that  the  operation  x^^  having  been  twice  per- 
formed, Ka  is  to  be  three  times  perfonned  upon  the  result :  we  have 
evidently  ^  {x  +  Bh),  or  xj  ^;  and  if  xj  were  to  be  performed  four 
times  running,  we  should  have  e  ]['.    Hence  the  depressible  character  of 

the  successive  operations  is  established  :  and  though  it  be  a  wide  step 
or  the  beginner  to  make,  the  applicability  of  all  the  formula  of 
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algebra  is  now  proved,  subject,  as  in  common  algebra,  to  diffioultiQa  of 
interpretation  occurring  in  resulte. 

A  simplification  of  the  preceding  notation  may  be  made  (Ui  follows  : 
if  £  or  £^  be  simply  a  direction  to  increase  x  by  miity,  and  VP  a  direction 
to  let  it  remain  unaltered,  it  is  clear  that  es  ^  must  mean  ^  (x  f  1  +  1), 
or  E.  ^r  ;  so  Uxat  e^  ^  and  s,  ^  are  the  same.  Similflr  reasoning 
appUes  to  £^  whenever  A  is  a  whole  number ;  and  shows  lihat  it  is 
E^  and  nothing  else.  Similar  reaioning  also  applies  to  s~*  where  h  is 
a  whole  number :  for  E-^  must  be  so  interpreted  that  9^  performed 
upon  it  may  give  B*~*  or  iP ;  that  is,  B-*  ^  with  an  changed  k  times 
into  X  +  I  must  be  ko  ^,  or  ^  /  or  E-*  ^  must  be  ^  (a?  —  k).  In 
like  manner  it  may  easily  be  shown  that  one  of  the  meanings  of  sf  ^, 
where  k  is  fractional,  is  0  (x  +k):  but,  as  in  common  algebra,  of 
which  all  the  condusions,  as  shown,  here  apply,  when  A  is  a  fraction,  B* 
may  be  any  one  out  of  operations  as  many  in  number  as  there  are 
units  in  the  denominator  of  k.  To  take  a  very  simple  case,  required 
k 
£3  ^  (x),  meaning  an  operation  which,  twice  repeated,  gives  x*  ^,  or 

<^  {x  +  h).  This  condition  is  evidently  satisfied  by  ^  {x  +  \k),  but  it 
is  also  satisfied  by  ~  ^  (a;  +  4ib),  for  if  part  of  the  operation  consist  in 
change  of  sign,  two  repetitions  of  the  operation  reproduce  the  original 

flign. 
It  must  not  be  forgotten  that,  in  finding  new  objects  of  algebraical 

reasoning,  we  have  not  lost  our  rights  over  the  old  ones  ;  thus  any 
letter  may  stand  for  a  multiplier  or  divisor  of  the  universal  subject  of 
calculation,  ipx.  Bat  tkeae  independent  mvitipUert  must  not  contain  x : 
for  if  they  did  contain  x,  the  convertibiliin^  of  the  multipliers  with  b 
would  not  any  longer  be  practicable,  if,  for  instance,  we  consider 
OE^,  which  is  a  ^  (j;  + 1),  we  find  it  to  be  the  same  as  e  (o^),  for  a, 
being  independent  of  x,  is  not  affected  by  b.  But  if  we  consider  xE(px, 
and  X  {x^),  we  find  the  first  to  be  x<p{x  +  l),  and  the  second  to  be 
{x  +  l)ip  (x  +  l).  A  wide  branch  of  the  calculus  of  operations  exists,  in 
which  the  convertible  character  of  the  operations  is  not  made  a  postu- 
late. Our  hmits  will  not  allow  us  to  enter  upon  it,  except  to  a  very 
small  extent,  as  presently  given  :  but  there  is  one  elementary  work  on 
the  subject,  Carmiohael,  *  Calculus  of  Operations,'  1855 ;  and  there  is  a 
good  deal  on  the  subject  in  Boole,  '  On  the  Calculus  of  Finite 
Differences/  1860. 

To  generalise  the  preceding,  we  may  suppose  e*'^  to  mean  ^  as 
before,  and  e^  to  stand  for  ^  (x+a),  where  a  may  have  any  value  we 
please  independent  of  x.  Aiid  it  is  in  our  power  to  abbreviate  any 
collection  of  operations  by  using  a  single  symbol  to  stand  for  it.  Thus 
Laplace  uses  V^  to  stand  for  such  a  set  of  operations  as 

A^ip{x)  +  A^<p(x-i-a)  +a^^{x+2q)+  ..., 

whioh  we  should  denote  by 

V=Ao+AjB  +  A,E'+  .... 

Again,  if  in  common  algebra /j^  were  A^+A^y.i-  ....^we  might 
abbreviate  the  preceding  into  /e  instead  of  v. 

But  it  may  be  said  that  this,  though  intelligible  as  to  a  simple 
operation  E,  its  repetitions  B^  B^,  ftc,  its  inverse  and  repetitions  of  it 
E-i,  E~2,  &c.,  ceoaes  to  have  meaning  when  we  come  to  apply  it  to 
other  functions  of  algebra.  What,  for  instance,  is  log.  (1  +b)  ?  How 
can  the  direction  to  add  ^  (a;  +  a)  to  ^  have  a  logarithm  ?  This  ques- 
tion arises  from  the  student  having  carried  with  him  into  purely 
symbolical  algebra  (in  which  it  is  the  first  requisite  to  drop  all  mean- 
ings) significations  of  symbols  derived  from  ordinary  arithmetical 
algebra.  Now  it  is  to  be  remembered  that  as  far  as  we  have  yet  gone, 
all  the  transcendental  symbols  of  algebra,  af,  log  B,  sin  E,  coe  B,  &o., 
have  not  been  mentioned,  far  less  defined;  they  are  not  therefore 
absurd,  but  only,  for  the  present,  unmeaning.  The  question  is,  how 
are  we  to  give  them  meaning ;  at  our  pleasure,  or  by  deduction  ? 
Evidently  the  latter,  for  we  are  bound  to  retain  the  power  of  using 
algebraical   transformations  as   they   now  exist.    Since  then  a'  in 

common  algebra  is  equivalent  to  1  +  log  a,x  +  i  (log  a.)'  x^+ we 

must  lay  it  down  that  a  '  =  1  +  log  a.  b  -f . . . . ,  or  that  a  *  must  be 
viewed,  when  it  moans  an  operation  to  be  performed  upon  ipx,  as  an 
abridgment  of 

<ffx  +  log  a.  B<^+  J  (log  a.yiE?tl>x+, . . . 

This  is  unquestionably  the  most  difficult  step  of  the  whole  :  we  shall 
have  occasion  further  to  consider  it  in  the  article  Relation,  but  for 
the  present  the  following  may  be  sufficient.  Since  the  total  operation 
Ao  +  AjE  +  A2E'  +  .  . . .  can  be  easily  understood,  consisting  merely  of 
the  successive  jwrformance  of  the  operation  E,  the  multiplication  of 
the  results  by  given  quantities  of  conunon  algebra,  and  the  addition  of 
the  products ;  and  since  all  the  transcendenUds  of  common  algebra  can 
be  expanded,  in  series  of  the  above  form,  in  such  manner  that  the 
scries  have  all  the  algebraical  properties  of  the  transcendentals  they 
stand  for ;  let  us  consider  the  transcendental  symbols  of  operation  as 
abbreviations  of  the  series,  supposed  to  stand  for  series  of  operations. 

Wo  shall  now  proceed  to  some  examples.  First,  let  it  be  required 
to  transform  the  series  a^^  +  Ai^(a;  +  o)  +  A,^(;r  +  2a)  +  . ,  . .  This 
may  be  represented  by  a^  +  a,  b + a,e'  4-  . . .  performed  upon  ^.  Let 
the  latter  series  in  common  algebra  be  /e,  then  /e,  considered  as  a 
symbol  of  operation,  stands  for  the  preceding  complex  operation. 
Let  the  transformation  be  required  to  be  made  into  a  series  of  terms 
containing  ^  and  its  differences :  \et4»{x  +  a)—<l>x=^  A<px,  then  E—l 


is  A,  or  E=l  + A.  But/E  or/(l  +  A)  is  Bo+BiA  +  b,A*+  ....  where 
Bot  Bj,  &c.  are  the  values  oi/y  and  its  successive  differential  coefficients 
when  y=  0,  divided  by  1, 1,  1 . 2, 1 . 2 . 8,  &o.  Consequently  the  pre- 
ceding series  is  the  same  as  B^^  -h  b^a^  -f-  B^^'^  + . . « .  For  instance, 
let  the  series  be  ^x-ift  (aj+a)  +  0(a:  +  2a). ..  or  (1— b-i-h*— .  .,.)^ 
or  (1  +  b)-i  ^.    Write  1  +  A  for  b,  and  we  have  (2  +  A)-*  ^  or 

/111,  \ 

\2  ■"  i  ^  **"  8  ^        •  •  •  i  ^'  ** 

11  1 

2^  —  r:A0a;  +  g  A'^  —  •  •  f 

We  have  chosen  this  result  as  on^  which  is  very  easy  to  verify.  Let 
AXf^ix-^a),  ^c,  be  denoted  by  Xqj  x^,  kc,,  then  [DiFfBBESiCEs]  we 
havQ 

A«^saX,-3x,  +  8Xi— Xo,  Ac 

Substitute  these  in-j  ^«  —  -j  Afx  +  . . . ,  and  we  have  r  ^  — -^ 

(x,— Xo)  +  . . . . :  take  a  few  terms,  developing  the  Iraotiona  multipli^ 
cation,  and  we  shall  find  the  preceding  to  be  identical  with 

/111  \  /I        2         8  \ 

^2  +  J  +  §  +...jxo-  ^i  +  8  +  IS  +...;xx  + 

A         8         ^  \ 

\8  ■*■  16  "*"  82  +  •  •  •  y  ^  ~^  •  •  •  •  °' 


li^'l)  '^-i(l~D"'^*  +  5(^-2) 


l\-» 


X«- 


or  Xq  —  Xj  -f  Xg  —  . . .  or  ^a:  —  ^  (a?  +  a)  +  ^  (a;  -f  2a)  —  . .  . 

We  shall  now  take  an  example  of  interpretation.  Required  the 
meaning  of  A  -*  by  means  of  e  f  Since  A = B— 1,  we  have  A-* = (« — 1 ) 
-I  =B-*  -f  E-'  +E-'  +. ..  .  or 

A->  <^  means  ^  (x—a)  +  ^  (a?— 2a)  -h  . . . .  od  infiniium. 

This  is  easily  shown  to  be  consistent  with  the  relation  AA~'i  =  1  or 
AA-*  ^—AXy  for  if  the  preceding  series  be  called  ^ar,  we  have  A  A  -*^ 
=Ai^a;=x^(a;+a)— )ftiB=(^-h^(x— a)-l-  .,  . .  )-(^(a?— a)-h^a?— 2rt)  + 
....  )  =  ^.  We  have  thus  obtained  and  verified  one  of  the  infinite 
number  of  forms  which  A— 1  ^  may  represent. 

As  yet  we  have  nothing  which  might  not  have  been  done  with 
tolerable  ease  by  common  methods,  nor  shall  we  have  done  more  in 
proving  Taylor^s  Theorem,  but  the  step  which  we  shall  make  to  follow 
that  proof  will  be  an  instance  of  the  deduction  of  a  theorem  which  is 
of  a  more  difficult  character. 

Let  ((p(x-\-B)^^) :  0  be  called  D^  :  then  the  smaller  0  becomes,  the 

more  nearly  is  jifjpx  the  differential  coefficient  of  ^x^  or  ^'x.    Let  $  be 

the  ftth  part  of  the  given  quantity  a :  then  the  smaller  $  is,  the  greater 
must  n  be.    We  have  then  - 

p{x+e)=(l  +  ej>^(px, 

^  (j;  +  20)=(l  +  0Dg)'^,  since 

^{x  +  2e)—(p{x+$)=^eD^(p{x+6)or 

ip  {x+2e)  =  {i+$D^)i>(x+e)  =(1  +eD^)*(px, 

Proceeding  in  this  way  we  obtain  ^  (a; -h  n0)  of  ^  («+ a)  =s  (1  +  to  J  "  ^ 

n — 1 
=  ^  +  n9D^^x  +  »  — o—  6^vK<px-i-  ....    For  »0  write  <$,  and  the 

preceding  becomes 

a-e  , 
^+aD^^«+a  — 2"  D»g^+. . .  • 

which  being  always  =4*{x+a),  has  a  limit  also =p(x  +  a).    Take  that 
limit  by  diminishing  0  without  limits  and  we  see  that  D^^,  i>d^>  ^-t 

become  <l>'Xf  ^"x,  &c.,  or 


a^ 


<p  (x  +  a)=4tx+ip'x.a  +  ^'x  g"  +. . . . 

which  is  Taylor's  Theorem.  Suppose  we  denote  the  operation  of 
differentiation  by  D,  and  f  {x+a)—<fKX  by  A^,  we  have  then 

a' 
l  +  A=l  +  aD+  "^  D'+  ....  =rc«i>; 

a  particular  case  of  which  (when  a— 1)  was  chosen  as  our  illustration 
at  the  beginning  of  this  article.  This  relation  1  +  A=c«°  gives  us  a 
great  power  of  converting  series  which  contain  differences  into  those 
containing  differentials,  and  vice  versd. 

We  now  propose  to  interpret  D~^    This  symbol  must  satisfy  dd~* 
^=^,  and  D""*  J)^x=<px,  the  first  of  which  is  satisfied  by  D~*^a."  = 

fpxdx  +  o,  where  0  may  have  any  constant  value :,  but  the  second  is 

only  satisfied  hy J<pxdx,  beginning  at  a  value  of  x  which  maks  <f>x^(U 

We  shall  however  see  that  we  need  not  enter  on  thia  question  in 
reference  to  the  theorem  immediately  following. 

Let  it  be  required  to  express  A~*^ a;,  or  ^(x— a)  +  ^(a5— 2a)+  .  .. 
ad  inf,f  by  means  of  operations  of  the  differential  and  integral  oalculua. 


OPERATIOK. 


OFEBATIOK. 


Since  A  is  «■■— 1,  we  have  to  find  (c"— !)->  expanded  in  powers*  of 
D.  Now  common  algebraical  processes  show  that  (c '  — 1)'^  can  be 
developed  in  the  series 

1       2  *  ^  e» 

«  ~  2  +  *»  2" ^»2. 3.4  •*■'•  2.8.4.6.6    "  **' 
where  B^,  Bs,  b^,  Ac.,  Are  the  Numbers  07  Bebnoulli,  of  which  an 

ample  stodc  is  given  in  the  article  cited :  thus  B^  »  -g ,  b,  >=  ^,  &g. 

Write  a  J)  for  i,  restoring  ^x,  and  for  D^,  &c.,  write  tp'x,  &c.  but  for 
D~*0tr  write^^/^^xdr  +  c.    "We  have  then 

^  (x-a)  +  ^  (a:— 2a)  +  ^  (a?— 3a)+  ...  ad  iji^n. 

=  -J^xdx^  0-  2  ^+  -J"^*~2^^  *+ 

The  determination  of  the  constant  might  in  many  cases  be  trouble- 
some, but  if  'we  only  want  a  finite  number  of  terms  of  the  series,  we 
can  avoid  it  altogether  as  follows.  Let  a;— na=y,  and  suppose  that 
^(x— a)  +  .  .  . .  ending  with  ^  (x— na)  is  sought.  Write  jf  instead  of 
X  in  the  preceding,  remembering  that  3f-a=s:r— (n+l)a,  fto. :  sub- 
tract the  result  thus  obtained  from  the  preceding,  and  we  have 

f  («-a)+f  (a-2o)  +  . . . .  +  ^  (x—iM^ 


'&\itJ'^xdx—J^^xydy\Bj'^xdx  taken  from  y  to  «,  or  if  ^^x  differen- 
tiated give  i^x,  it  is  <PxX—^^y.  We  introduce  this  process  merely  to 
give  some  idea  of  the  process  to  the  reader  who  is  already  master  of 
the  result  from  other  sources ;  and  we  cannot  here  explain  the  reason 
why  one  particular  form  of  A''^  ^  is  taken. 

For  further  developments  of  the  results  of  this  subject,  see  the 
Appendix  to  the  Translation  of  Lacroix ;  Herschel's  '  Examples  of  the 
CalculuB  of  Differences;'  Lacroix's  large  work  on  the  Differential 
Calculus,  voL  iii. ;  '  Library  of  Useful  Knowledge— Differential  Calcu- 
lus ;'  a  paper  by  Mr.  Murphy  in  the  PhiL  Trans,  for  1837  ;  and  various 
papers  in  the  numbers  of  the  '  Cambridge  Mathematical  Journal.'  In 
aeveral  of  these  works  further  references  will  be  found.  Many  other 
references  might  be  given  to  scattered  volumes :  but  the  student  will 
find  much  collected  together  in  Professor  Boole's  two  recent  works  on 
Differential  Equations  and  on  Finite  Differences.  The  student  may 
make  an  attempt  at  the  demonstration  of  the  following  theorem  a 
test  of  his  understanding  the  method  which  we  have  explained,  and 
the  points  of  analysis  which  are  most  essential  as  preliminaries. 
Whatever  a  may  be,  the  differential  coefficient  of  ^  is  an  algebraical 
equivalent  of  the  following  series : 

f  (a?+<i)~  ^  («— tt)       ^  (ar + 2a)  —  ^  (a:  -  2a) 


2a 


^(j;  +  3a)  — ^(jg  — 8a) 
8a 


Instead  of  supposing  ^x,  a  function  of  x  only,  to  be  th  f imdatnental 
subject  of  operations,  we  might  make  it  ^  {x,  x,)  and  suppose  E  and  B, 
to  represent  the  operations  of  channng  x  into  x  +  a  and  x,  into  x,  +  a,. 
We  can  only  briefly  note  some  of  the  results  of  this  extension.  If  d 
and  D,  represent  the  operations  of  diffbrentiatioii  with  respect  to  x  and 
tox,,  wehavein 

BB^  =  f«»+«.».=s  1  +  (aD  +  a,Df)  +  .,., 

the  means  of  obtaining  the  common  extension  of  Taylor's  Theorem  to 
a  function  of  two  variablea  Again,  if  we  take  ^oe^x,  and  let  D  and  D^ 
represent  operations  of  differentiation,  which  separately  affect  ^  and 
^>«we  have  in  the  development  of  {D+D,)*^.ylfx,  the  formula  for 
forming  the  nth  differential  coefficient  of  the  product. 

We  shall  conclude  by  some  indication  of  the  principal  steps  of  the 
application  of  the  calculus  of  operations  to  the  solution  of  diifferential 
equations  and  equations  of  differences. 

However  much  the  calculus  of  operations  may  throw  light  upon 
the  character  and  principles  of  algebra,  it  would  at  one  time  have 
oeeu  thought  unlikely  that  it  should  much  facilitate  actual  processes. 
It  does  this,  nevertheless,  and  nowhere  more  than  in  the  subject  we 
^e  now  going  to  describe.  Solutions  which  by  the  usual  metiiod 
[Yarutiox  of  Parameters]  would  never  have  been  considered  fit 
examples  for  an  elementary  work,  on  account  of  their  complexity, 
°)ay  be  represented  with  ease,  and  obtained  in  full  with  very  little 
trouble. 

^Vhen  rules  of  algebra  are  true  of  the  meanings  of  any  symbols,  all 
consequences  of  the  use  of  these  rules,  all  relations  which  are  legiti- 
joato  deductions  from  them,  also  represent  truths.  Not  that  these 
truths  are  always  intelligible  without  subsequent  interpretation  :  nor 
do  we  mean  to  say  that,  in  the  present  state  of  the  science,  the  inter- 
pretations are  always  attainable.  And  further,  it  may  happen  that 
tiieorems  can  be  pointed  out,  derived  from  processes  in  which  s&me 

„_  ^^  transfer  this  word,  with  extension  of  meaninff.  to  the  calculus  of 
vpcraUons, 


only,  and  not  all,  of  the  fundamental  rules  of  algebra  are  true.  This 
does  not  prevent  our  right  to  deduce  conclusions  from  such  theorems, 
so  long  as  we  use  no  fundamental  rules  except  those  which  are  true  of 
the  expressions  in  question.  For  instance,  we  have  seen  that  the 
operations  of  our  calculus  are  not  convertible  with  the  operation  of 
multiplying  by  a  function  of  the  variable.  Thus  if  b  stand  for  the  direc- 
tion to  change  x  into  j;  + 1,  A  for  that  of  forming  the  difference  thence 
arising,  and  D  for  the  direction  to  take  the  diflforential  coefficient  with 
respect  to  x,  we  have  no  right  to  say  Ji(px{ylfx)  =  <pxE{}\/x),  or  A^ar(i^je)  = 
^^{}px),  or  D^  (ifa;)  =  ^D(4'x) ;  in  which  tf'^  is  the  fimction  operated 
upon.  But,  when  we  thus  use  another  function,  ^,  besides  the  one 
operated  on,  ^x,  this  convertibility  of  operations  is  the  only  rule  of 
algebra  which  fails ;  it  is  therefore  the  oiUy  one  the  use  of  which  we 
must  avoid. 

The  operations  e,  A,  and  d,  are  closely  connected  with  E«4-a,  A  +  a, 
D  +  a,  of  which  they  are  particular  cases ;  a  being  a  constant,  positive, 
negative,  or  nothing.    We  have 

(b  —  a).^  =  o«+iA  {ar'<t*^) 

(A  -  o)  ^a  =  (a  +  l)'+iA  ((a  +  l)-^<px) 

(d  —  a)  4«  =  €«*D  (f--"^). 

The  first  sides  of  these  equations  being  representatives  of  0(a;  +  l) 
— o^,  A^— o^,  and  ^'x^a^x.  If  these  operations  be  repeated,  we 
have 

(b  —  o)"*^  =  a^+^A*  (o-*^) 

(A  -  o)»^  «  (o  -H  l)*+»A"((a  +  !)"•<«) 

(d  —  a)*^  =  c"D*{€-«*4a). 

These  results  will  also  be  found  to  be  true  when  m  is  negative,  by 
which  means  we  are  enabled  to  interpret  (d— a)~*',  (A— a)""*,  and 
(e— o)~*  and  their  repetitions. 

These  same  forms  may  be  extended,  as  follows : — Let  e^  and  E^ 

severally  denote  the  operations  of  ch&nging  x  into  x  +  1  and  y  into 
y  +  1;  and  let  D^  fi  ,  A^  A,,  be  similarly  interpreted  with  respect  to 

the  differentiations  and  differences.    We  have  then 

(b   -  o)«(b  —  6)«  =  a^+«6»+*A'"A*a-«6-y 

(A   -a)»(A   -6)"  =  (a-hl)*+»(6  +  l)»+*A1|A«(a  +  l)-«(6+l)-* 

in  which  the  function  first  operated  upon  is  left  out  to  save  room. 
Here  m  and  n  may  be  either  positive  or  native  integers.  And  even 
a  or  6  may  be  symbols  of  operation,  but  not  with  respect  to  0}  or  y. 
Thus 

in  which  the  second  side  is  to  be  thus  interpreted.  Changing  y  into 
y-ax,  differentiate  m  times  with  respect  to  x,  and  then  ehuige  y  into 
y  +  aar. 

We  shall  now  give  the  heads  of  some  methods  of  solution,  observing 
that  this  artide  is  intended  only  for  those  who  can  already  master  the 
same  solutions  by  other  methods. 

Take  the  common  linear  equation — 


+  6 


-1  + 


•  *  a 


dx    ^  "  cto"" 

in  which  a  and  6  are  constants,  and  x  a  function  of  x»  The  operation 
performed  upon  y  is  an*  +  6d*^*  +  . . . :  if  this  be  called  o,  tJien  y 
is  the  result  of  |>erforming  the  inverse  operation  q-^  upon  x.  By 
the  method  explained  in  Fractiokb,  Decohposition  of,  transform 
(oD"  -h  to"-^  + . .  .)"*  into  a(d  —  a)~*  -h  b(d  —  fi)-^  + ,  &c.,  where  o, 
is,  &c.  are^the  roots  of  the  algebraical  equation  axf^  -f  h^^  •¥  •••^0. 
Then  y  is 

a(d  —  a)-»  X  -4-  b(d  '-  ffJT^  X  +  .•• 

or  k.k'^J'^-^  xdx  +  B^'ytr^'  x<te+ •  •  #  • 

substituting  for  D"^  its  usual  mode  of  expression.  The  arbitrftty  parts 
of  the  solutions  will  be  obtained  by  the  constants  of  integration  in  the 
usual  manner.  But  the  arbitrary  part  may  always  be  obtained,  in  all 
inverse  operations,  by  considering  tJie  function  operated  upon  as  x  +  0, 
and  operating  separately  upon  x  and  0.  Thus  (D-a)''^  x  may  be  com- 
pletely expressed  by 

f"|/dx)?  r^X  +  ^(/dx)'.  r-«a, 

the  second  tertn  of  which  is  •*'  {v  +  qx+tL:x^)»  F#  Q>  and  n  being  any 
constants. 

Suppose  that  there  are  equal  roots  in  the  above  equation,  say 
three  roots  equal  to  a.  The  resolution  of  the  fraction  gives  terms 
of  the  form 

K(d  —  a)-^  +  l(d  —  a)-3  +  m(d  -  o)-', 

which  contribute  to  the  general  value  of  y, 

«««{K(/dr)»  +  L(/dxf  +  M/c?^}r^*  X, 

and  the  arbitrary  part  €«*  (P+ Q»+ Bo?*). 
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The  linear  equation  of  differences  corresponding  to  the  above  is 

au«4.a  +  hUt+u^i  +  ....  =  X, 

where  tt«  is  a  function  of  a;  to  be  determined.  The  operation  per- 
formed on  Ux  on  the  first  side  is  aE»  +  6e»-i  +  . . . 

Every  single  root  a,  contributes  to  the  solution  a  term  of  the 
form 

A  (b  —  o)-^  X  or  a»-*  A-i(a"-*  x), 

in  which  A~*  o-«x  may  be  any  function  of  which  the  difference  is 
o"*x.  If  ds  be  an  integer,  what  is  called  S  (a-*x)  will  do.  Any  set  of 
equal  roots  contiibutes  terms  of  the  form 

a(b  —  o)-*  X  or  Ao*-*A-*  (a-"«x). 

Any  linear  equation  being  given,  in  which  either  of  the  operations 
B,,  A,,  or  D,  is  combined  with  either  Ey ,  Dy,  or  J)y ,  the  form  of  the 
solution  may  be  found.    Take  for  example 

d 

the  operation  performed  upon  Ug^f  on  the  first  side  is  s«  —  a'Bp,  and 
accordingly  we  have 

which  is  one  form  of  the  solution,  and  must  be  interpreted  by 
expanding 

^±ax»9'mtol  ±  aXE^  +  -  aVEj  +  ».. 
A,nother  form  can  be  obtained  from 

(Ky--D,)«,.y   =  -  a^' 

We  can  only  touch  very  briefly  upon  these  points,  and  rather  to 
show  the  existence  of  the  system  than  to  enter  into  it.  Further  details 
will  be  found  in  the  Library  of  Useful  Knowledge,  Ib  the  '  Treatise  on 
the  Differential  Calculus/  pp.  751-758, 

The  theorems  answering  to  that  of  integration  by  parts,  when  D—a 
and  E- a  are  used,  are  as  follows.  To  save  room  let  D— aandE—a 
be  denoted  by  6  and  A.    Then 

©-1  (pq)  =  pe->  Q-e-i  {p'e-^QJ 

A-»(pq)  =  pA-Jq-A-»  [ap. A->eq| 

F  and  Q  being  functions  of  x,  to  which  D  and  e  refer,  and  f '  meaning 
dp :  dx.    If  a = 0,  the  first  becomes 

Jpqdx  =  p  y^dx  — y  (  p' .  yqdx  ,dx\, 

which  is  the  formula  for  integration  by  parts.  And  if  Q  be  of  the 
form  6"B,  or  A«B,  and  P  he  a  rational  and  integral  function  of  a  lower 
degree  than  the  nth,  the  preceding  operations  carried  on  will  show  that 
&~^  (p®»  r)  and  A""*  (pA  »  b)  can  be  performed  without  leaving  any  trace 
of  inverse  operation  in  the  result.  Of  the  first  of  these  it  is  a  par- 
ticular case  that — 

-    d*n 

can  be  found  whenever  p  is  a  rational  and  integral  function  of  a  lower 
degree  than  the  nth.    Thus,  p  being  of  the  second  degree, 

e-i(pe<B) = pe'B~p'0»B + p"eR 
a-Hpa*b) = fa'b — apjvkr + a'p.e'b. 

fiy  help  of  these  theorems  the  intermediate  equations  of  any  linear 
equation  can  be  readily  discovered.    Suppose,  for  instance,  we  have 

(D-l)5(D-2)3y=x, 

an  equation  of  the  eighth  degree.  There  are  eight  equations 
of  the  seventh  degree.  Two  of  them  are  discovered  at  once  by 
performing  the  operations  ( D  —  1  )~^  and  ( D  —  2  )~*  on  both  sides, 
giving 

(d  - 1)<  (d  -  2)»  y = €*/€-•  xdx, 
(D-l)8(D-2)2y-e2'/«-2*xrfa?. 

To  find  the  other  six,  multiply  separately  by  x,  a?,  ar\  a?*,  the 
simplest  fimctions  of  their  several  degrees,  and  perform  (d  —  1)"' 
upon  all  four  results,  and  (d  —  2)-^  upon  the  first  two.  This,  by 
the  preceding  theorems,  can  be  done.  Thus,  multiplying  by  x  we 
have 

(d-1)5  {a:(D-2)2y-  {t)-2)y]  ^t^/t'^xxdx, 
(d-2)s|x(d-1)<  -(D~l)Sy|  =*'/^'xxdx, 

which  are  two  more  of  the  required  equations.  To  find  the  eqiiations 
of  the  sixth  degree,  those  of  the  seventh  degree  must  be  selected 
which  admit  of  a  repetition  of  the  operation  without  leaving  the 


inverse  form  (d — 2)""^^  or  (d  —  1)""^  •  ^nd  the  operation  must  be 
repeated ;  and  so  on. 

OPHICLEIDE  (Hipts,  "a  serpent  or  snake,"  and  k\*U,  "a  key  "),  a 
musical  instrument  of  the  inflatile  kind,  made  of  brass  or  copper,  and 
intended  to  supersede  the  serpent — of  which  it  is  a  decided  improve- 
ment— in  the  orchestra  and  in  military  bands.  It  is  a  conical  tube, 
the  longest  nearly  9  feet  in  length,  terminating  in  a  bell,  like  tbit  hotn. 
It  has  10  ventages,  or  holes,  all  of  which  are  stopped  by  keys,  sinukr 
to  those  of  the  bassoon,  only  of  larger  dimensions,  and  is  furnished 
with  the  same  kind  of  mouth-piece  as  the  serpent.  The  scale  of  the 
base  ophicleide  is  from  b,  the  third  space  below  the  haae  st^ff,  to  c, 
the  fifth  added  space  above  it, — 


S 


i 


including  every  tone  and  semi-tone  within  this  compass.  Music  for 
the  ophicleide  is  written  in  the  base  clef ;  for  the  alto,  or  ophidtidi 
quint f  in  the  treble  def .  When  the  two  instruments  play  together, 
the  music  for  the  alto  is  written  an  octave  higher  than  that  for  the 
base. 

The  ophicleide  was  invented  some  years  ago,  in  Germany.  It  is  too 
noisy  an  instrument  to  be  played  in  any  but  spacious  buildings.  There 
are  several  varieties  of  the  instrument.  In  its  early  form  it  was  used 
in  the  military  bands  of  the  northern  sovereigns,  when  the  troops  of 
the  allies  occupied  Paris.  M.  Labbaye,  a  manufacturer  of  musical 
instruments  in  that  city,  added  new  keys  to  it,  and  otherwise  much 
extended  its  capabilities ;  besides  which,  he  discovered  a  better  mode 
of  constructing  the  tube  than  had  been  practised,  and  thusgreaUy 
ameliorated  its  tone.  These  improvements  were  reported  to  the  French 
Society  of  Arts  in  1821  by  M.  Franoceur,  in  consequence  of  which 
Labbaye  obtained  a  patent  for  five  years.  The  ophicleide  first  reached 
England  in  1834,  one  of  extraordinary  dimensions  having  been  manu- 
factured abroad  for  the  Birmingham  Musical  Festival  of  that  year.  In 
the  Supplement  to  the  '  Musical  Library '  for  November,  1834,  it  is 
thus  mentioned :  ''A  new  instrument,  the  double-base  opJiicleid^,  made 
for  this  festival,  and  now  first  introduced  into  England,  proved  emi- 
nentiy  seftviceable  in  the  choruses,  and  whenever  strength  was  required. 
The  volume  of  soimd  it  emits  is  immense,  but  the  tone  is  rich,  round, 
and  blends  well  with  the  voices.  We  are  much  deceived  if  this  iustru- 
ment  is  not  destined  to  operate  a  great  change  in  the  constitution  of 
our  orchestras  :  well  played,  it  will  answer  the  purpose  of  four  double- 
bases,  and  is  well  calculated  to  form  a  third  part  to  the  bassoons,  which 
has  long  been  a  desideratum.  As  a  contra-basso  to  the  trombones,  it 
will  not  be  found  less  usef uL"  This  prognostic  has  proved  correct ; 
the  instrument  is  now  become  indispensable.  Examples  of  its  effectire 
and  judicious  use  are  to  be  foimd  in  the  '  Gloria,'  and  '  Marche 
H^ligieuse'  of  Cherubini's  third  solemn  mass,  performed  at  the 
consecration  of  Charles  X. 

OPHIU'CHUS  (the  Serpent-bearer),  one  of  the  old  constellations, 
representing  a  man  holding  a  serpent,  which  is  twined  about  him.  But 
the  modems  make  a  separate  consteUation  of  the  serpent.  [Serpens.] 
Ophiuchus  has  also  been  called  Anguitenens  and  Serpentaxiue.  The 
figure  of  the  man  rests  his  feet  upon  the  back  of  Scorpius,  and  is 
surrounded  by  Scorpius,  Libra,  Bootes,  Corona,  Hercules,  and  Aquila. 
It  is  not  a  constellation  of  any  note,  containing  no  star  of  the  first,  and 
only  one  of  the  second,  magnitude.  The  number  and  insignificance  of 
the  mythological  traditions  connected  with  it  are  rendered  less  sur- 
prising by  this  paucity  of  remarkable  stars,  since  the  latter  is  a  pre- 
sumption that  the  constellation  itself  is  of  a  later  date  than  Orion  or 
Ursa  Major. 

The  following  is  a  list  of  the  principal  stars : — 


No.  in  Catalogae 

No.  in  Catalogue 

of  BritUh 

Character. 

of  Flamsteed. 

ABBoclation. 

Magnitude 

8 

1 

5414 

3 

c 

2 

5437 

3-5 

^ 

8 

5516 

4 

A 

10 

5520 

4 

C 

18 

5548 

3 

1 

25 

5692 

4 

IT 

27 

5708 

4 

V 

85 

5781 

8 

1 

40 

5844 

4 

e* 

42 

5851 

4 

a 

55 

5941 

2 

$ 

60 

5996 

3 

y 

62 

6020 

4 

9 

64t 

6078 

4 

0 

67 

6092 

4 

k 

69 

6104 

4 

70 

6123 

4 

72 

6143 

4 

*  Does  not  agree  with  Bayer. 

t  65  of  Flamsteed  was  either  a  mistake,  or  has  dis.ippcaicJ. 
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OPHTHALMIA. 


SO 


OPHTHALMIA  (  from  ophthalmos,  h^AaXfios,  the  "  eye" )  ia  an 
inflammation  of  the  eye.  General  ophthalmia,  or  an  inflammation  of 
the  whole  globe  of  the  eye,  is  a  very  rare  occurrence.  Cases  however 
do  occur,  from  severe  injuries  or  other  causes,  in  which  the  signs  of  all 
the  special  forms  of  ophthalmia  are  combined,  and  they  are  Uie  most 
formidable  affections  to  which  the  eye  ia  liable.  Unless  met  by  the 
most  active  antiphlogistic  treatment,  they  usually  terminate  in  com- 
plete destruction  of  the  organ. 

In  the  large  majority  of  inflammations  of  the-  eye,  one  part  of  it  is 
alone  or  especiaUy  affected.  Hence  there  have  been  described  nume- 
rous varieties  of  ophthalmia,  a  distinct  name  being  formed  for  the 
inflammation  of  each  part  or  tissue  by  appending  the  tenmnation 
ids  to  its  anatomical  name ;  as  conjunctivitis,  iritis,  and  comeitis,  for 
the  inflanmiations  of  the  conjunctiva,  iris,  and  cornea.  [Eye,  in  Nat. 
Hist.  Div.] 

Of  all  the  varieties  of  ophthalmia,  slight  inflammation  of  the  con- 
junctiva is  tlie  most  frequent.  It  is  the  common  result  of  all  slightly 
irritating  bodies  being  introduced  betweea^he  eyelids,  and  of  the 
application  oi  cold,  in  which  case  it  is  often  called  catarrhal  ophthalmia. 
Its  symptooLs  are  redness,  varying  from  a  pale-pink  to  a  scarlet  colour, 
of  the  external  membrane  of  the  eye  and  of  the  lining  of  the  eyelids, 
the  blood-vessels  (which  are  naturally  invisible)  appearing  swollen  and 
tortuous,  and  making  the  front  of  the  eye  what  is  commonly  called 
blood-shot ;  swelling  of  the  eyelids  and  increased  thickness  and  puffi- 
neas  of  the  conjunctiva  of  the  ball;  and  an  increased  secretion  of 
opaque  white  or  yellow  tenacious  mucus  which  agglutinates  the  eyelids. 
The  pain  is  seldom  acute,  except  in  severe  cases,  in  which  it  has  a 
peculiar  character,  as  if  there  were  dust  or  fine  sand  rubbing  between 
the  eyelids.  There  is  rarely  any  intolerance  of  light  or  any  constitu- 
tional affection,  and  the  vision  is  not  at  all  affected,  except  by  the 
swelling  of  the  eyelids  and  the  accumulated  mucus. 

In  this,  the  common  inflammation  of  the  eyes,  no  active  means  need 
be  employed.  In  severe  cases,  blood  has  been  taken  from  the  arm ; 
but  in  general,  the  application  of  leeches,  cooling  lotions  applied  to  the 
eyes,  and  mild  purgatives  or  sweating  medicines,  are  sufficient  for  the 
removal  of  the  inflammation,  which,  as  it  does  not  affect  a  part  directly 
important  to  vision,  nor  spread  beyond  the  tissue  first  affected,  rarely 
leaves  any  inconvenience  behind.  In  the  mild  cases  of  this  kind,  a 
lotion  composed  of  two  grains  of  sulphate  of  zinc  to  the  ounce  of 
Tvater  is  the  best,  and  generally  a  sufficient  remedy ;  the  eyes  should  be 
washed  with  it  three  times  a  day. 

That  which  is  commonly  called  pttrulent  ophthalmia  is  a  much  more 
Bcrious  form  of  inflammation  of  the  conjunctiva.  It  was  observed  in 
its  greatest  severity  in  the  European  armies  engaged  in  Napoleon*s 
campaign  in  Egypt,  and  is  therefore  sometimes  called  Egyptian 
ophthalmia ;  and  from  its  appearing  to  spread  from  one  individual  to 
another  by  the  contact  of  the  piu'ulent  matter  secreted  by  the  inflamed 
eyes,  it  has  also  received  the  name  of  contagious  ophthalmia.  In  this 
form,  which  has  often  appeared  as  an  epidemic,  and  is  generally 
acknowledged  to  be  liable  to  spread  by  contagion,  all  the  symptoms  of 
the  preceding  are  greatly  aggravated.  The  conjunctiva  is  intensely 
red,  and  so  swollen  that  it  is  raised  in  a  deep  ring  round  the  cornea, 
whose  edges  it  overlaps  so  as  almost  totally  to  obstruct  the  sight.  The 
conjunctivci  of  the  eyelids  is  at  the  same  time  excessivelv  inflamed,  and 
by  efl'usion  into  their  loose  cellular  tissue  they  often  become  so  dis- 
tended that  they  completely  cover  the  front  of  the  eye.  A  considerable 
quantity  of  acrid  yellow  purulent  discharge  constantlv  flows  between  the 
eyelids,  producing  excoriations  of  them  and  of  the  cheeks.  The  pain  is 
often  extremely  acute,  vividly  smarting,  or  hot  and  burning,  and  it  is 
accompanied  by  some  intolerance  of  light.  From  the  conjunctiva, 
which  it  at  first  affects,  the  purulent  ophthalmia  often  spreads  rapidly 
to  the  other  tissues  of  the  eye ;  producing  ulceration  and  sloughing,  or 
excessive  opacity  of  the  cornea,  and  all  the  worst  results  of  inflamma- 
tion of  the  several  tissues,  even  to  suppuration  and  destruction  of  the 
whole  of  one  or  both  eye-balls. 

The  treatment  of  this  form  of  ophthalmia  must  be  active  in  propor- 
tion to  the  rapidity  of  its  destructive  effects  when  unchecked. 
Bleeding,  both  general  and  local,  may  be  employed,  and  piurgatives  and 
the  various  other  antiphlogistic  means  should  be  administered,  as  in 
the  treatment  of  any  other  acute  inflammation.  When  the  inflamma- 
tion is  somewhat  checked,  the  greatest  benefit  is  derived  from  the 
•'Application  of  powerful  astringents  to  the  eye,  a  mode  of  treatment 
wliich  may  be  adopted  with  equal  advantage  in  these  and  in  the  severer 
ca8eB  of  catarrhal  ophthalmia.  The  best  material  is  a  solution  of  from 
two  to  four  grains  of  lunar  caustic'to  the  ounce  of  water ;  of  which  one 
or  two  drops  should  be  let  fall  into  the  eyes  once  or  twice  a  day, 
according  to  the  severity  of  the  inflammation.  This  remedy  produces 
considerable  piun  for  a  short  time  after  its  application,  but  is  generally 
productive  of  the  most  beneficial  results. 

One  of  the  most  common  effects  of  the  purulent  ophthalmia,  when 
prevented  by  active  treatment  from  producing  its  woret  results,  is  a 
thickening  and  roughness  of  the  inflamed  lining  of  the  eyelids,  to 
which  the  name  of  granular  conjunctiva  is  given.  The  affected  sur- 
face looks  like  that  of  a  florid  ulcer,  and  the  friction  of  its  irregularities 
upon  the  front  of  the  eye  ball  keej^s  up  a  constant  slight  inflammation, 
of  which  the  common  consequence  is  a  complete  opacity  of  the  cornea. 
The  granular  conjunctiva  may  be  treated  by  the  application  of  power- 
ful astringents  or  caustics ;  the  most  efficient,  though  a  severe  remedy, 
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is  to  touch  the  rough  surface  with  a  piece  of  sulphate  of  copper, 
taking  care  after  its  application  that  no  considerable  portion  of  it  comes 
in  contact  with  the  front  of  the  eye. 

Infants  of  three  or  four  days  old  are  often  the  subjects  of  a  very 
severe  form  of  inflammation  of  the  conjunctiva,  to  which  the  name  of 
the  ophtiialmia  of  new-bom  children  has  been  given.  Its  course  and 
effects  are  similar  to  those  just  described,  and  it  sometimes  produces 
entire  destruction  of  the  eye  before  it  attracts  proper  attention,  for  Uio 
eyelids  are  (^mmonly  agglutinated  together  by  the  discharge,  and  are 
so  swollen  that  they  obscure  the  front  of  the  eye.  Its  severest  form 
may  be  suspected  when  the  upper  eyelid  is  much  swollen  and  is  exter- 
nally of  a  bright  red  colour.  The  treatment  must  be  similar  in  its 
principles  to  that  for  the  corresponding  disease  in  the  adult ;  in  severe 
cases  a  leech  should  be  applied  to  the  temples,  and  puigatives  should 
be  administered  in  all;  and  when  the  inflammation  is  somewhat 
relieved,  or  from  the  first,  if  it  be  not  very  severe,  astringent  lotions 
should  be  dropped  into  the  eyes.  The  best  form  is  composed  of  from 
two  to  ten  grains  of  alum  in  an  ounce  of  water,  beginning  with  the 
smaller  quantity  and  gradually  increasing  the  strength. 

Another  form  of  inflammation  of  the  conjunctiva  is  that  called 
strumous  ophthalmia.  It  occurs  in  children  of  scrofulous  habit,  and 
is  chiefly  remarkable  for  the  extreme  intolerance  of  light  by  which  it 
is  accompanied.  The  patient  cannot  be  induced  to  open  the  eyes,  or 
even  to  raise  them  to  the  light,  but  keeps  his  head  down,  with  the 
eyelids  pressed  together  upon  the  ball  of  the  eye,  and  carefully 
covered  with  his  hands  or  his  clothes.  The  degree  of  inflammation  is 
by  no  means  proportionate  to  the  severity  of  this  symptom ;  the  con- 
jimctiva  is  usually  only  a  little  reddened,  but  in  many  cases  little 
pustular  elevations  form  upon  the  edges  of  the  cornea.  The  treat- 
ment of  these  cases  should  be  chiefly  that  adapted  for  the  constitutional 
disorder  on  which  their  peculiarities  depend.  [Scrofula.]  Pure  air 
and  exeroise,  mild  aperients  and  tonics,  and  especially  bark,  iodine,  and 
iron  should  be  administered,  and  the  general  health  uiould  be  carefully 
attended  to.  In  the  earlier  stages  a  few  leeches  may  be  applied,  but 
afterwards  counter-irritation  by  blistere  placed  behind  the  eara,  or  by 
tartar-emetic  ointment  rubbea  on  the  same  parts,  is  most  useful. 
Slightly  astringent  lotions  may  also  be  applied  to  the  eyes,  and  the 
ulcers  or  little  pustules  on  the  cornea  touched  with  the  solid  nitrate  of 
silver  (lunar  caustic). 

The  charactera  of  inflammation  of  the  sclerotica  are  very  diflerent 
from  those  of  inflammation  of  the  conjunctiva,  but  very  often  the  two 
affections  are  coincident,  so  that  the  appearances  belonging  to  each  are 
confounded.  In  sclerotitis,  as  this  form  of  ophthalmia  is  sometimes 
called,  the  redness  of  the  eye  has  a  rose-pink  or  violet  tinge,  rather 
than  the  scarlet  hue  which  is  seen  in  the  pr^seding  form ;  for  the  dis- 
tended vessels  are  fewer  and  smaller,  and  ara  to  s  certain  extent 
obscured  by  the  conjunctiva,  beneath  which  they  lie.  This  redness  is 
most  intense  in  s  zone  around  the  cornea,  at  which  the  enlsuged  vessels 
are  concentrated  like  rays,  and  from  whose  outer  border  the  redness 
diminishes  in  brightness  till  it  is  nearly  lost  at  the  angles  of  the  eye ; 
and  by  this  ciroumstance  sclerotitis  is  further  distinguished  from  in- 
flammation of  the  conjunctiva,  in  which  the  redness  increases  with  the 
distance  from  the  cornea.  In  sclerotitis  there  is  always  considerable 
pahi  of  a  dull  heavy  kind,  which  often  extends  aU  round  the  orbit,  or 
over  the  forehead  and  head,  and  is  accompanied  by  intolerance  of  light 
and  a  profuse  secrotion,  not  of  mucus  or  pus,  as  in  the  preceding  cases, 
but  of  hot  tears.  The  pain  is  very  often  aggravated  in  the  evening,  or 
throughout  the  night. 

The  treatment  of  inflammation  of  the  sclerotica  must,  as  far  as 
general  means  aro  concerned,  be  the  same  as  for  acute  inflammation  of 
the  conjunctiva.  The  application  of  astringents  or  stimulants  is  use- 
less, and  sometimes  injurious;  the  vapour  of  hot  water  and  other 
warm  fomentations  are  the  local  means  which  are  most  agreeable  to 
the  patient.  The  moderate  uso  of  mercury  is  generally  useful.  In 
rheumatic  and  gouty  conditions  of  the  system,  with  which  this  form 
of  ophthalmia  is  often  connected,  and  is  then  called  rheumatic  or 
arthritic  ophthalmia,  the  treatment  adapted  to  the  general  disorder 
should,  as  far  as  possible,  be  combined  with  those  means  which  arc 
proper  for  the  local  disease.  [Gout  ;  Rheumatism.] 

Inflammation  of  the  cornea,  comeitis,  or  keratitis,  is  very  generally 
connected  with  some  degree  of  the  preceding.  Its  signs  are  those  which 
are  common  to  the  inflammations  of  all  the  deep-seated  tissues,  namely, 
dull  pain,  intolerance  of  light,  and  profuse  discharge  of  hot  burning 
teara ;  at  the  same  time  a  few  vessels  passing  inward  from  the  red 
zone  around  the  cornea  become  visible  upon  its  surface ;  it  loses  its 
transparency  and  becomes  hazy,  or  assumes  a  grayish  and  often  opaque 
chalky-whit^  hue,  from  the  deposition  of  lymph  between  its  laminae. 
[Leuooma.]  In  very  severe  cases  suppuration  takes  place  in  the 
cornea,  and  it  acquires  a  yellow  colour  and  ulcerates ;  or  matter  is 
poured  into  the  ^anterior  chamber  [Htpopium],  or  the  cornea  is  per- 
forated by  ulcere  and  the  iris  protrudes ;  or  it  sloughs  and  becomes  soft 
and  weak,  so  that  staphyloma  is  produced. 

The  treatment  of  comeitis  in  its  active  state  is  the  same  as  that  for 
inflammation  of  the  sclerotica.  After  the  inflammation  is  subdued,  iti 
effects  (which  the  situation  of  the  cornea  renders  peculiarly  important) 
adpiit  of  but  little  useful  treatment.  The  opacity  which  rcmain.s, 
when  it  is  superficial,  is  usually  gradually  removed,  and  that  proce-3 
may  be  in  some  degree  assisted  by  the  application  of  a  weak  solution  of 

E 


u 


OPIANIC  ACID, 


OPIUM,  ALKALOIDS  OF. 


6a 


nitrate  of  ailvor  or  some  other  Btimulant ;'  the  ulcerations  generally 

Ijroceed  beat  when  left  to  themselvea,  the  chasms  which  they  leave 
)eing  gradually  filled  up,  and  the  yellow  tinge  of  the  cornea  which 
accompanies  them  being  ezchajiged  for  a  gray  or  bluish  colour ;  the 
more  serious  effects,  such  as  staphyloma,  extensive  leucoma,  sloughing, 
protrusion  of  the  iris,  &c.,  are  irremediable. 

Inflammation  of  the  iris  has  already  been  treated  of.     [iBiris.] 

Inflammation  of  the  membrane  of  the  aqueous  humour  is  not 
uncommon  in  young  persons ;  it  is  marked  by  dullness  and  haziness  of 
the  cornea  (which  is  surrounded  by  the  vascular  red  isone  formed  by 
the  distended  vessels  of  the  sclerotica)^  an  alteration  in  the  colour  of 
the  iris,  which  assumes  a  dull  reddish  hue  and  a  turbid  or  purulent 
appearance  of  the  aqueous  humour,  with,  in  some  cases,  hypopium. 
The  proper  treatment  does  not  difler  essentially  from  that  of  inflamma- 
tion of  the  iris  or  sclerotica,  w^ith  which  this  form  of  ophthalmia,  like 
all  the  affections  of  the  deep-seated  tissues  of  the  eye,  is  very  generally 
conjoined. 

The  inflammations  of  the  parts  of  the  eye  which  are  still  more 
deeply  seated  are  much  rarer  than  any  of  the  preceding;  their 
symptoms  also  are  more  obscure,  and  they  are  seldom  found  uncom- 
bined  with  those  of  some  other  form  of  ophthalmia.  Hieir  signs  are 
similar  to  those  of  the  inflammations  of  the  sclerotica  and  cornea ;  but 
the  intolerance  of  light  and  the  loss  of  vision  are  usually  greater  than 
would  arise  from  the  degree  of  Inflammation  which  exists  in  <the  visible 
tissues.  The  treatment  must  be  similar  to  that  for  the  acute  inflamma- 
tion of  the  iris  or  cornea,  and  be  actively  administered ;  for  the  nature 
of  the  parts  affected  renders  the  least  disorganisation  of  them  of  the 
highest  importance. 

All  kinds  of  ophthalmia  may  either  become  chronic  after  having 
existed  for  some  time  as  acute  diseases,  or  may  be  chronic  from  their 
commencement.  Their  symptoms  in  either  case  differ  only  in  degree 
from  those  of  the  corresponding  acute  forms,  and  the  treatment  of 
them  should  be  the  same  in  pnnciple,  though  less  active.  Counter- 
irritation  by  blisters  or  other  means,  appUed  to  the  neighbourhood  of 
the  eyes,  or  setons  in  the  back  of  the  neck,  are  among  the  most  useful 
means ;  and  to  the  milder  forms  of  astrins^ent  lotions  some  preparation 
of  opium,  as  the  vinum  opiij  may  be  added  with  advantage. 

OPIANIC  ACID.    [Opium,  Alkaloids  of.] 

OPIANINE.    [Opium,  Alkaloids  of.] 

OPIANO-SULPHUROUS  ACID.    [Opium,  Alkaloids  of.] 

OPIANYL.    [Opium,  Alkaloids  of.] 

OPICI.    [OscL] 

OPIUM,  ALKALOIDS  OF.  Opium— the  dried  juice  that  exudes 
from  incisions  made  in  poppy  heads  while  still  growing  on  the  plant — 
owes  its  well-known  narcotic  properties  to  certain  organic  bases  or 
alkaloids.  The  number  of  these  alkaloids  at  present  known  is  seven ; 
their  names  are — 1.  Morphine;  2.  Codeine;  3.  Thebaine;  i.  Papaverine; 
6.  Opianine ;  6.  Narcotine ;  7.  Narceine,  They  exist  in  opium  chiefly 
in  combination  with  Mecokic  Acid,  and  associated  witn  them  are 
opianyl  [Meconin],  resinous  matter,  caoutchouc,  fat,  gum,  volatile  oil, 
lignin,  and  small  quantities  of  inorganic  salts.  The  following  table 
exhibits  the  per-centage  composition  of  four  varieties  of  Smyrna  (the 
best)  opium,  analysed  by  Mulder  in  the  year  1 836,  and  consequently 
before  thebaine,  papavenne,  and  opianine  were  rescued  from  theWU- 
defined  matter  called  "  gummy  ext^tive  :  '*— - 


1. 


S. 


t. 


4. 


MfHTpbilltt       •           • 

10*849 

4*100 

9*852 

3*800 

Narcotine         •    . 

6*808 

8*150 

9*860 

6*546 

Codeins        «        • 

0*678 

0*884 

0*848 

0*620 

Narceine  •        .    • 

6*662 

7-506 

7*684 

18*240 

Meconine      .        • 

0-804 

0*846 

0*814 

0*608 

Heconio  aoid    •    • 

A'124 

3*968 

7*620 

6-644 

Fat       .        ,        . 

2*166 

1*350 

1-816 

1*508 

Caoatchouc       .    . 

6*012 

5*026 

8*674 

8*206 

Besin   . 

8*582 

2*028 

4*112 

1*834 

Gammy  extractive 

25*200 

31*470 

21*834 

25*740 

0am        •        .    • 

1*042 

2*896 

0*098 

0*896 

Mucos  .        •        • 

19*086 

17*008 

21*068 

18*022 

Water      .        •    . 

d*846 

12*226 

11*422 

14*002 

Loss     .        •        • 

2*148 

2*496 

0*568 

3*834 

100000         100*000         100000         100*000 

The  morphia  is  however  sometimes  present  to  tho  extent  of  twelve, 
and  in  some  French  opium  prepared  in  diflerent  parts  of  the  Sommo 
department  even  twenty  to  twenty-two,  per  cent.  Constantinople 
opium  varies  somewhat,  but  is  usually  as  rich  in  alkaloids  as  Smyrna 
opium,  while  Persian  opium  is  generally  poor  in  alkaloids,  and  Indian 
opium  midway,  in  that  respect,  between  the  Smyrna  and  Persian 
varieties. 

Separation  of  the  opium  principles  from  each  o«Ac»*.— The  methods  by 
which  any  single  constituent  of  opium  is  extracted  are  tolerably  easy ; 
the  isolation  of  each  one,  however,  from  the  same  specimen  of  opium 
is  a  matter  of  far  greater  difficulty,  and  can  only  be  successfully  carried 
out  by  working  with  large  quantities  of  raw  material.  Fortunately 
tho  operation  is  seldom  or  never  necessary,  and  will  only  be  given  here 
as  ail  ilhistration  of  the  relations  which  the  principles  bear  to  each 
other.  The  following  outline  of  the  method  adopted,  is  abridged  from 
]^nilor*s  '  Chemistry,'  vol.  iii.,  p.  277. 


Three  pounds  of  opium  are  exhausted  with  water;  from  the  in- 
soluble residue  narcotine  may  be  extracted  by  digesting  in  acetic  add, 
precipitating  with  ammonia,  and  purifying  with  animal  charcoal ;  fn.ni 
the  evaporated  infusion,  neutralised  with  chalk,  meconic  ckcid  is  pre- 
cipitated by  chloride  of  calcium,  and  the  meconate  of  lime  farther 
treated  as  described  under  Meoonic  aoid  ;  the  clear  liquid  filtered  from 
the  meconate  of  lime  yields  crystals  of  hydrochlorate  of  Tnorphinc  un 
being  concentrated;  mrther  concentration  of  the  liquid  just  namcti 
causes  hydrochloratea  of  morphine  and  codeine  to  crystallise  out,  from 
which  codeine  is  dissolved  out  by  ammonia  and  afterwards  reprecipi- 
tated  by  potash ;  ammonia  added  to  the  black  mother  liquor  filtered 
from  the  hydrochi orates  of  morphine  and  codeine  precipitates  OicbuiM 
and  papaverine,  which  are  subsequently  separated  from  each  other  by 
basic  acetate  of  lead,  while  narceine  and  meconin  remain  in  the  am- 
moniacal  solution ;  from  the  latter,  narceine  is  precipitated  by  acetate  uf 
lead,  and  meconin  then  alone  remains  dissolved,  Qpianine  has  hithert':^ 
only  been  found  in  Egyptian  opium. 

1.  Morphine  (C^Hi,ifOe+ 2Aq.),  Morphia,  Morphina.  This  alkaloid 
derives  its  name  from  Morpheus,  the  god  of  sleep,  in  allusion  to  its 
narcotic  properties.  It  was  probably  known  dviring  the  17th  century, 
as  Ludwig  notices,  in  1688,  a  substance  called  magistery  of  opium,  pos- 
sessing properties  similar  to  those  of  the  body  in  question.  Morphine 
is  found  only  in  plants  of  the  poppy  tribe  [Pafaveb,  in  Kat.  Hist. 
Div.],  and  is  generally  combined  T?^th  meconic  acid,  but  ■ometimei 
with  sulphuric  acid. 

Morphine  may  be  extracted  from  opium  in  several  ways.  The 
'  London  Pharmacopccia  *  directs  that  the  opium  be  thoroughly  ex- 
hausted with  water,  and  chloride  of  lead  added  to  the  resulting  strained 
liquor  until  no  more  precipitate  of  meconate  of  lead  is  thrown  down  ; 
the  filtrate  is  then  evaporated  to  the  crystallising  point,  the  crystak  of 
hydrochlorate  of  morphine  purified  from  colouring  matter  by  digesting 
with  animal  charcoal  and  recrystallisation,  and  morphine  precipitated 
from  the  hydrochlorate  by  addition  of  ammonia. 

Robinson's  process,  modified  bv  Gregory,  somewhat  resembles  that 
just  described,  but  the  a<|ueous  mfusion  is  first  neutralised  writh  car- 
bonate of  lime,  and  chloride  of  calcium  is  then  used  in  the  place  of 
chloride  of  lead. 

Mohr  and  Thiboum^ry's  method  is  based  on  the  solubili^  of  mor- 
phine, and  insolubility  of  the  other  bases,  in  lime  water.  U  consists 
in  thoroughly  exhausting  the  opium  by  boiling  two  or  three  times  in 
water,  gradually  adding  the  resulting  decoction  to  boiling  diluted  milk 
of  lime,  filtering,  evaporating,  and  neutralising  the  lime  by  chloride 
of  ammonium,  and  finallv  purifying  the  morphine  thus  precipitated  by 
treatment  with  animal  cnarcoal  and  recrystallisation. 

Estimation  of  morphine.  M.  Fordos  has  recently  (1857)  published  a 
process  for  determining  the  amount  of  morphine  contained  in  any 
specimen  of  opium.  A  weighed  quantity  is  macerated  with  water  for 
twenty-four  hours,  the  insoluble  portion  triturated  in  a  mortar,  thrown 
on  a  filter,  and  washed  three  or  four  times  with  water.  The  whole  of 
the  liquors  are  then  mixed  together,  and  a  third  part  of  them  treated 
gi'adually  with  ammdnia  tmtil,  after  brisk  agitation,  a  slight  ammoniacal 
odour  is  perceptible ;  by  this  operation  the  quantity  of  ammonia  neces- 
sary for  the  precipitation  of  the  whole  of  the  bases  is  known;  the 
latter  cannot,  however,  be  at  once  collected,  as  much  resinous  and 
colouring  matter  is  also  thrown  down  by  the  ammonia.  The  next  step 
therefore  is  to  add  an  equal  volume  of  alcohol  to  the  remaining  two- 
thirds  of  the  mixed  liquors,  and  then  double  the  quantity  of  ammonia 
used  with  the  one-third.  The  alcohol  has  the  effect  of  keeping  in 
solution  all  the  resin  and  colouring  matter;  and  although  it  retfuxls  the 
precipitation  of  the  morphine,  the  whole  of  that  alkaloid  goes  down  in 
crystals  after  standing  for  three  days,  and  may  be  collected  on  a  tared 
filter,  washed  with  ether  and  chloroform  to  separate  narcotine,  and 
finally^  weighed  The  amount  of  opium  recommended  to  be  operated 
upon  is  fifteen  grammes  (281  &  grains). 

Morphine  is  colourless  ana  inodorous,  but  has  a  persistent  bitter 
taste.  It  crystallises  in  transparent  prisms,  is  soluble  in  one  thousand 
parts  of  cold,  and  four  hundred  of  boiling,  water.  It  is  readily  soluble 
in  boiling  alcohol,  but  insoluble  in  ether  or  chloroform ;  ammonia  also 
dissolves  it  slightly.  Its  alcoholic  solution  eommimicates  powerful 
left-handed  rotation  to  a  polarised  ray.  Heated,  it  parts  with  its 
water  of  crystallisation,  melts,  and  on  cooling  solidifies  into  a  radiated 
crystalHne  mass. 

Morphine  is  exceedingly  poisonous.  It  is  a  powerful  base,  com- 
bining with  acids  to  form  a  well  marked  series  oi  crystalline  salts,  of 
which  the  hydrochlorate  and  acetate  are  extensively  used  in  medicine. 

Hydrochlorate  of  morphine  (Ca4HigN0g,HCl,-»- 6Aq.),  frequeutly 
called  muriate  of  morpJiia,  is  a  colourless,  inodorous,  bitter  salt,  which 
crystallises  in  plumose  acicular  crystals  :  it  is  soluble  in  16  to  20  times 
its  weight  of  water ;  and  when  boiling  water  is  saturated  with  it,  a 
cnrstalline  mass  is  formed  as  it  cools ;  it  is  also  dissolved  by  alcohoL 
When  exposed  to  a  red  heat,  it  is  toLiIIy  decomposed  and  dissipated. 
Its  preparation  from  opium  has  already  been  described. 

Acetate  of  morphine  is  prepared  by  dissolving  tho  alkaloid  in  acetic 
acid,  and  evaporating  the  solution  so  that  crystals  may  form  ;  these  aro 
not  however  very  readily  procured,  and  by  the  evaporation  of  tho 
solution  a  part  of  the  acid  is  sometimes  dissipated,  and  a  portion  cf 
tho  acetite,  sufTcring  partial  decomposition,  m  rendered  insoluble  in 
water. 
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The  crystals  are  in  the  form  of  colourless  radiating  needles,  which 
are  very  rea,dily  dissipated  by  exposure  to  heat  and,  like  the  other  salts 
of  morphine,  are  decomposed  by  ammonia,  potash,  and  soda,  the 
morphine  b^ng  precipitated.  Acetate  of  morphine  is  slightly  deli- 
quescent. 

MecoffujUe  of  mofpJdne,  which  is  the  natural  salt  existing  in  opium, 
does  not  crystallise;  it  is  soluble  in  water  and  in  alcohol. 

Sulphate  of  morphine  (C,^H^NOa,  HO,  S0.  +  5Aq.)  crystallises  in 
needles  grouped  in  bundles ;  it  is  soluble  in  about  twice  its  weight  of 
water. 

BUulphate  of  morphine  is  procured  by  supersaturating  the  neutral 
salt  with  sulphuric  acid ;  the  excess  of  acid  is  to  be  removed  by  ether, 
which  does  not  dissolve  the  bisalt. 

Nitrate  of  morphine  is  obtained  by  dissolving  the  alkaloid  in  the 
acid ;  it  assumes  at  first  a  fine  deep  orange  colour,  which  afterwards 
becomes  yellow,  and,  by  the  continued  action  of  the  nitric  acid,  oxalic 
acid  is  procured ;  when  however  dilute  acid  is  used,  a  neutral  salt  is 
procured  in  the  form  of  stellated  orystals.  It  is  soluble  in  1 4  P^  ^^ 
water. 

PhoapheUe  of  morphine  crystallises  in  cubes,  or  in  radiating  bundles, 
when  Uie  acid  10  in  excess. 

Tartrate  of  morphine  contains  (2Cj^4Hi,NOe,C,HoO„,+  6Aq.),  and 
Utartrate  of  morphine  (C^^H^NO^  CbHjO,.  +  Aq.).  The  citrate  is  said 
to  be  the  morphme  salt  contained  in  "  black  drop.'* 

Sulphomorpkide  (C^H„K,O,0S,)  containing  the  elements  of  sulphate 
of  morphine  less  four  atoms  of  water,  is  an  amorphous  substance  pro- 
duced by  the  action  of  excess  of  dilute  sulphuric  acid  upc^n  morphine : 
if  binoxide  of  lead  is  also  present  a  brown  uncrystolUsible  matter 
termed  morphelin  residts. 

lodomorphine  {O^K^J^O^,  I.  ?).  Obtained  on  triturating  together 
equal  parts  of  iodine  and  moriinine,  or  on  addins  iodine  to  solution  of 
sulpIuU;e  of  morphine  and  heating.    It  has  a  rei^brown  colour. 

ife%^mo;7?Ain«(C,^Hie(C^H,)NOa)andrfAw^wo»^Atne(C,^Hi.(C,H5) 
NO.)  are  obtained  as  crystalline  hydriodates  by  acting  upon  morphine 
with  the  iodides  of  methyl  and  ethyl  respectively. 

The  general  properties  of  the  salts  of  morpnine  and  the  means  of 
detecting  their  presence  are  as  follow : — when  nitric  acid  is  dropped 
on  crys^llised  morphine,  a  bright  red  or  orange  colour  is  the  result ; 
when  morphine  or  one  of  its  saJts  is  acted  on  by  a  neutral  solution  of 
sesquioxide  or  sesquichloride  of  iron,  a  fine  blue  colour  is  the  result, 
which  disappears  when  an  excess  of  acid  is  added,  and  reappears  when  the 
latter  is  saturated.  Lassaigne  proposes  to  detect  the  presence  of  the  salts 
of  morphine  by  evaporating  the  suspected  solution  at  a  temperature  of 
212^ :  the  residue  treated  with  alcohol  dissolves  the  salt  of  morphine, 
and  probably  some  other  matters  which  may  have  been  mixed  with  it; 
by  spontaneous  evaporation  of  the  alcoholic  solution  the  salt  of 
morphine  crystallises ;  from  this,  redissolved,  ammonia  throws  down  a 
precipitate  which  is  recognised  to  be  morphine  by  its  bitter  taste, 
alkalinity,  solubility  in  alcohol,  &c.  Vegetable  alkaloids  sA  a  general  rule 
combine  with  iodic  acid  to  form  iodates ;  but  when  a  solution  of  iodic 
acid  is  brought  into  contact  with  morphine  or  its  salts,  the  liquid 
assumes  a  reddish  brown  colour,  and  exhales  the  peculiar  smell  of 
iodine,  the  presence  of  which  may  be  detected  by  starch.  According 
to  Serullas,  who  proposed  this  test,  a  grain  of  morphine  in  7000 
grains  of  water  may  be  detected  by  it. 

2.  Codeine  (CjoH-iNOq  -H2  Aq.).  This  alkaloid  derives  its  name  from 
the  Greek  word  K^fj,  a  poppy  head,  in  allusion  to  its  natural  source. 
It  exists  in  opium  in  far  smaller  quantity  than  morphine,  the  amount 
varying  from  two  to  eight  parts  in  one  thousand.  Large  quantities  of 
it  are,  however,  obtedned  aa  a  bye-produot  in  the  preparation  of 
morpl:dne,  and  as  a  substitute  for  that  (dkaloid,  it  has  of  late  years  been 
much  used  on  the  continent.  It  readily  crystallises  on  evaporating  the 
liquors  from  whioh  morphine  has  been  precipitated  by  ammonia. 

Codeine  crystallises  in  large,  colourless  rhombic  octohedra.  It  is 
soluble  in  eighty  parts  of  cold,  and  seventeen  of  boiling  water,  and  is 
also  freelv  soluble  in  alcohol  and  in  ether.  Its  solutions  possess 
powerful  Wo-rotation. 

The  salts  of  codeine  are  as  great  in  number  as  those  of  morphine, 
and  are  even  more  readily  obtained  in  large  orystals :  their  constitu- 
tion is  also  very  similar.  Iodide  of  ethyl  combines  with  codeine  to 
form  hydriodate  of  ethyl-codeine  (C^JS^Ji.^)^0^.  Chlorine,  bro- 
mine, and  peroxide  of  nitrogen  respectively  ^give  ehloroeodeine 
(C»«H^ClN0fl  +  8Aq),  bromocodeine  (C„Ha,BrNOfl  +  Aq.)  and  nitro- 
<^^'»'«  (Cs«H^NOjNOo).  Tribromocodeine  (C„H,gBr,NOa)  has  also 
been  obtained  ;and  to(^ocod!ein€(CMH,|NO0,Ig)bya  process  similar  to  that 
for  preparing  iodomorphine,  Di-todocodcine  (C^HipIaNOg)  is  a  yellow 
cryetolUne  precipitate  formed  on  adding  chloride  of  iodine  to  a  strong 
solution  of  hydrochlorate  of  codeine.  Cyanogen  passed  into  a  strong 
alcohoUc  solution  of  codeine  is  absorbed  and  after  a  time  brilliant  hexa- 
gonal plates  of  a  new  base  Cyanocodeine  (C4oH,iNaOo=C„Hj.NO„ 
Cy.)  are  deposited.    Cyanocodeine  forms  crystalline  salts  with  acids. 

8.  Thdbaine  (CagHjiNOe),  so  called  from  Thebes,  an  ancient  city  of 
^gypt,  the  alkaloid  having  probably  been  first  obtained  from  £g3rptian 
opium.  Pelletier  thought  it  only  an  isomeric  modification  of  morphine, 
and  lienoe  called  it  paramorphine.  Its  position  among,  and  the  method 
ot  its  separation  from,  the  other  alkaloids,  have  already  been  indicated. 
It  is  not,  like  papaverine,  precipitated  from  solution  by  subacetate  of 
lead,  but  on  separating  the  lead  by  sulphuric  acid  and  adding  slight 


excess  of  ammonia;  it  is  then  thrown  down,  and  may  be  rendered 
colourless  by  treatment  with  animal  charcoal  and  recrystallisation  from 
alcohol. 

Thebaine  crystallises  in  colourless  square  plates  of  silvery  lustre  and 
acrid,  styptic  taste.  It  is  insohible  in  alkalies  and  in  water,  but  readily 
so  in  alcohol  or  ether.  It  melts  at  257*  Fahr.,  and  at  a  higher  tem- 
perature is  decomposed;  is  coloured  red  by  sulphuric  acid;  rapidly 
attacked  by  nitric  add ;  with  adds  forms  salts  that  crystaUise  with 
difficulty,  or  not  at  all ;  and,  finally,  is  very  poisonous. 

4.  Papaverine  (C^H,jNOa).  This  base  was  discovered  bv  Dr. 
Merck  in  1848.^  It  is  separated  from  the  lead  compound  already 
mentioned,  by  digesting  in  alcohol,  filtering,  distilling  off  the  alcohol, 
treating  the  residue  witii  hydrochloric  add,  again  filtering,  evaporating, 
and  setting  aaido^  when  hydrochlorate  of  papaverine  gradually  crystal- 
lises out. 

Papaverine  occurs  in  confused  aggregated,  acicular,  white  crystals. 
It  is  tolerably  soluble  in  hot  alcohol  or  ether,  but  insoluble  in  water. 
In  contact  with  great  excess  of  hydrochloric  acid  it  separates  in  oily 
drops,  and  collects  as  a  layer  at  the  bottom  of  the  vessel,  but  this 
layer  gradually  solidifies  into  a  mass  of  crystals.  Papaverine  differs 
from  the  other  opium  alkaloids  in  giving  s  blue  colour  with  strong 
sulphuric  acid.  The  salts  that  it  forms  with  acids  are  mostly  difficultiy 
soluble  in  water,  and  do  not  appear  to  be  very  poisonous. 

5.  Opianine  (O^H^'Sfi^j),  This  alkaloid  seems  to  exist  only  in 
Egyptian  opium,  and  occurs  along  with  the  morphine  prepared  from 
that  variety  of  the  drug.  It  is  less  soluble  in  alcohol  than  morphine 
and  may  therefore  be  separated  by  crystallisation.  It  forms  long, 
colourless,  transparent,  brilliant  needles;  is  precipitated  from  its 
solutions  by  ammonia  as  a  white  impalpable  powder ;  is  insoluble  in 
water  and  cold  alcohol,  and  not  very  soluble  in  boiUng  alcohol,  the 
solution  possessing  a  marked  alkaline  reaction,  powerfully  bitter  taste, 
and  is  apparenUy  as  poisonous  as  an  equallv  strong  solution  of  mor- 
phine. The  hydrochlorate  forms  double  salts  with  the  chlorides  of 
platinum  and  mercury.  Opianine  is  unaltered  by  strong  sulphuric 
acid ;  is  turned  yellow  by  nitric  acid ;  and  blood-red  changing  to  yellow 
by  sulphuric  acid  containing  nitric  acid.  It  much  resembles  nar- 
cotine. 

6.  Nareotine  (Q^fi„^0n  +  2Aq.)  derives  its  name  from  the  Qreek 
vapHWTUchSf  narcotic ;  its  narcotic  properties  are,  however,  far  inferior 
to  those  of  morphine.  It  is  extracted  from  that  part  of  the  opium 
that  remains  insoluble  after  exhaustion  with  water,  by  treating  with 
dilute  acetie  or  hydrochloric  acid,  and  precipitating  the  filtrate  with 
ammonia;  the  precipitate  digested  in  boiUng  alcohol,  filtered  and 
allowed  to  cool,  deposits  the  nareotine  in  crystals. 

Nareotine  occurs  in  opium  to  the  extent  of  six  to  eight  per  cent. 
It  crystallises  in  colourless  right  rhombic  prisms,  inodorous,  but  of 
bitter  taste.  It  ia  insoluble  in  cold  water;  only  soluble  in  seven 
thousand  parts  of  boiling  water;  insoluble  in  caustic  alkalies,  but 
soluble  in  ether,  alcohol,  and  the  fixed  and  essential  oils.  Its  alcohoUo 
solution  exerts  laovo-rotation  on  polarised  light,  but  dextro-rotation  if 
excess  of  an  acid  is  present.  It  is  coloured  blood-red  by  sulphuric 
acid  containing  nitric  acid.  By  heat  it  fuses  and  gives  off  water,  and 
at  a  higher  temperature  than  340 **  Fahr.  is  decomposed. 

Karcotihe  combines  with  some  of  the  acids,  but  the  resulting  salts 
are  somewhat  unstable  and  crystallise  with  difficulty.  The  cfiloro' 
platinate  contains  (C^^Hs^NOi^,  HCl,  PtCl,).  The  eiUphate  is  decom- 
posed, when  boiled  with  dilute  sulphuric  acid,  into  a  dark  green 
amorphous  powder  termed  sulphonarcotide  {Cg^^^t^.Bfi^^),  that  is  to 
say,  the  elements  of  neutral  sulphate  of  nareotine  less  four  atoms  of 
water :  if  some  binoxide  of  lead  is  also  present  a  brown  amorphous 
alkaloid  termed  narcetine  results. 

Narcotic  acid  is  produced  as  an  oleaginous  potash  salt,  on  boiling 
nareotine  for  some  time  with  strong  caustic  potash. 

Humopic  acid  is  a  dark  brown  amorphous  body  formed  on  heating 
nareotine  in  an  oil  bath  to  a  few  degrees  above  its  fusing  point. 

Colamine  (C^^^0f^+2A,q.)  is  produced  when  nareotine  is  acted 
upon  by  oxidising  agents.  It  forms  starry  groups  of  colourless 
needles,  slightly  soluble  in  cold  water,  more  so  in  hot  water,  insoluble 
in  potash,  but  soluble  in  alcohol,  ether,  and  ammonia.  It  readily 
combines  with  acids  to  form  salts.  The  hydrochlorate  contains  (0,o 
Hj^NOe,  HC1,+  6  Aq.),  and  crystallises  in  bng  silky  needles. 

Opianyl  (CjoH^qOb)  (Gerhardt's  hydride  of  opianyl  (C^HgO^,  H),  ac- 
companies cotiumine  under  the  circumstances  just  mentioned.  It  is 
identical  with  the  meconin  that  exists  naturally  in  opium.  It  occurs 
in  acicular  crystals.  Nitric  acid  converts  into  hyponitromeconie  acid, 
or  nitromeconin,    [Mecokin,] 

ApophyUic  acid  (CioH,NO,),  so  called  from  the  resemblance  of  its 
crystals  to  those  of  the  well  known  mineral  apophyllite,  is  produced  by 
the  breaking  up  of  cotamine  on  prolonging  the  oxidation  of  nareotine ; 
the  opianyl  is  also  then  broken  up  into  hemipinic  and  opianic  acids. 

Hemipinic  acid  {O^llinOi^  +  iAq.)  crystallisos  in  colourless  rhom- 
boidal  prisms.  It  is  volatile  and  condenses  in  brilliant  plates.  ElhyU 
hemipinic  acid  contains  (C^oHg (C^H,)  0,,  +  3  Aq.). 

Ojianie  acid  (C^HjoOiq)    (Gerhardt's  hydvatcd  oxide  of  opianyl 

**  H  0  I  )  ^  *  tolerably  abundant  product  of  the  energetic  oxida- 
tion of  nareotine.  It  crystallises  in  small,  shining,  silky  prisms ;  is 
sUghtly  soluble  in  cold  water,  more  so  in  hot  water,  imd  ako  in  alcohol; 
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reacts  as  an  acid ;  readily  melts  but  does  not  appear  to  be  volatile. 
The  lead  and  silver  salts  occur  in  thin  shining  prisms  and  flakes. 
Sulphurous  acid  converts  it  into  oplano-sulphuroui  acid  (Cg^HgOg, 
S,0,?). 
Sulphopinic  acid    (CgoHj^OgS,)    (Gerhardt's  sulphide  of  opianyl 

*^^  H  S  r  )  ^^  produced  on  passing  sulphuretted  hydrogen  into  a 

solution  of  opianio  acid  kept  at  a  temperature  of  about  1 58**  Fahr.    It 
crystallises  from  alcohol  in  slender  needles. 

Opiammon  (C^oHjgNOg),  (Gerhardt's  nitiide  of  opianyl  and  hydrogen 

N  •<  CjtoH^Og  J  is  a  pale  yellow  cryst^illine  powder  obtained  on  evapo- 

I      H       / 
rating  a  solution  of  opianate  of  ammonia.    Caustic  potash  partly  con- 
verts it  into  xanihopenic  acid, 

(  C„H,0, 

Teropiammon  (CcoHmNO-),  (Gerhardt's  nitride  of  opianyl  N  J  CjoHgOg 

[  C^H,0, 
+2 HO)  is  formed  when  narcotine  is  acted  upon  by  dilute  nitric  acid. 
It  crystallises  from  boiling  alcohol  in  thin  colourless  needles. 

Narcogenine  (C^^'Rj^JSfi^)  was  the  name  given  by  Blyth  to  the  base 
in  a  platinum  salt  that  he  obtained  after  oxidising  narcotine.  It 
appears  however  to  be  merely  a  combination  of  the  chloroplatinates  of 
narcotine  and  cotamine. 

Alcohol-radical  derivative  of  narcotine.  From  the  experiments  of 
Wertheim  it  would  seem  that  narcotine  (C^qH^sNOi^)  contains  ethyl ; 
he  therefore  represents  its  composition  by  the  formula  (0^,^E^Q(Cfi^ 
NOj^),  looks  upon  opianine  (C^^HjiNOn)  as  normal  narcotine  (C^H^ 
(H)N0|4),  and  has  succeeded  in  obtaining  a  methyl  derivative  (C^^H^o 
(C,H3)N0iJ,  and  a  propyl  derivative  (C«H2o(CoH,)NOiJ. 

7.  Narceine  (C^Hj^NOj,).  Narceia.  So  called  from  vApicrif  stupor. 
From  the  lead  with  which  it  is  combined  in  the  precipitate  already 
mentioned,  narceine  is  separated  by  sulphuretted  hydrogen ;  the  filtrate 
after  evaporation  to  a  syrupy  consistence  deposits  silky  crystals  of 
narceine. 

Narceine,  purified  by  recrystallisation,  occurs  in  colourless  needles 
soluble  in  boiling  water  and  in  alcohol,  but  insoluble  in  ether.  It  is 
more  fusible  than  morphine,  or  narcotine,  and  does  not  seem  to  be 
poisonous.  Concentrated  sulphuric  acid  colours  it  intensely  red, 
changing  to  green  on  application  of  heat.  Iodine  gives  it  a  deep  blue 
colour.  It  forms  crystalline  salts  with  most  of  the  acids,  though  in 
basic  power  it  is  somewhat  feeble.  The  hydrocklorate  contains  (CmH^q 
NO,,,  HCl).  ^' 

Porphyroxin  (from  woptp^ptos,  purple,  and  5|uy,  acid)  is,  according  to 
Merck,  another  principle  contained  in  opium.  It  is  said  to  be  a  crys- 
talline resin,  and  on  its  turning  red  when  paper  wetted  with  its  ethereal 
solution  is  exposed  to  warm  hydrochloric  acid,  is  founded  a  test  for 
the  presence  of  opium  in  a  compound  mixture. 

Psevdomorphine  (Cg^H^^NOi^  ?)  is,  according  to  Pelletier,  occasionally 
met  with  in  opium.  It  somewhat  resembles  morphine  but  does  not 
form  salts,  is  not  affected  by  iodic  acid,  and  apparently  is  not 
poisonous. 

OPIUM,  MEDICAL  USES  OF.    [Papav^b.] 

OPIUM  TRADE.  The  principal  countries  in  which  opium  is  pre- 
pared are  India,  Turkey,  and  Persia.  The  poppy  is  cultivated  in  Egypt 
and  Arabia ;  in  JLtaly,  France,  and  other  parts  of  Europe ;  but,  with 
slight  excex)tions,  rather  for  the  sake  of  its  capside  and  the  oil  extracted 
from  its  seeds  than  for  the  inspissated  juice.  Indian  opium  is  of 
three  kinds,  of  which  the  chief  are  Patna,  grown  in  the  province  of 
Bahar,  and  Benares,  the  former  of  which  is  most  esteemed ;  the  third 
kind,  produced  in  the  district  of  Malwa,  is  still  less  esteemed  than 
that  of  Benares.  The  best  Indian  opium,  however,  is  inferior  to  that 
of  Turkey.  For  some  time  the  quantity  of  opium  produced  and 
brought  to  the  Eastern  markets  from  all  parts  was  not  equal  to  the 
demand,  and  the  Malwa  and  Turkish  opium  were  introduced  to  supply 
the  deficiency.  At  first  there  was  a  strong  prejudice  against  the  latter. 
The  Turkey  opium  was  introduced  into  the  Indian  Archipelago  in 
1815,  and  the  merchants  reluctantly  consented  to  its  constituting 
one-fourth  of  the  supply  for  the  year ;  but  two  years  afterwards  they 
expressly  stipulated  for  one-half,  and  in  the  following  year  for  three- 
fourths,  although  the  price  rose,  while  Indian  opium  was  stationary. 
A  strong  preference  has  also  been  shown  in  Cluna  for  the  Turkish 
opium,  which  has  been  introduced  by  the  Americans.  Several 
thousand  persons  are  engaged  in  the  cultivation  in  Turkey ;  they  are 
generally  very  poor,  and  the  quantity  annually  brought  to  market 
by  each  cultivator  does  not  exceed  one  or  two  baskets.  The  annual 
average  produce  of  Turkey  was  estimated  some  years  ago  at  about 
half  a  million  pounds.  The  whole  quantity  of  land  under  the  poppy 
cultivation  in  India  is  said,  not  to  exceed  100,000  acres.  Milbum 
('  Oriental  Commerce,^  p.  224)  gives  the  following  accoimt  of  the  opium 
monopoly,  as  maintained  at  a  time  when  the  East  India  Company 
was  at  the  height  of  its  power :— "  The  monopoly  in  the  trade  of 
opium,  or  the  cultivation  of  the  poppy,  may  be  traced  at  least  as 
far  back  as  the  commencement  of  the  British  influence  in  BengaL 
The  advantages  resulting  from  it  were  for  several  years  merely  con- 
sidered as  a  port  of  the  emoluments  of  certain  officers  under  the 
government.  In  the  year  1773  the  trade  was  taken  out  of  their 
hands,  and  the  profit  assumed  for  the  benefit  of  the  Company.    The 


provision  of  the  article  was  for  many  years  let  out  upon  contract. 
The  opium  trade  continued  under  the  direction  of  the  Board  of 
Revenue  till  1793,  when  it  was  transferred  to  the  Board  of  Trade.  On 
the  expiration  of  the  contracts,  in  1797,  the  cultivation  of  opium  waa 
restricted  to  Bahar  and  Benares,  and  discontinued  in  Bengal :  the  mode 
of  provision  by  agency  was  resorted  to,  and  still  continues  in  practice. 
In  July,  1799,  some  regulations  were  published  '  for  the  guidance  of 
all  persons  concerned  in  the  provision  of  opium  on  the  part  of  goveni- 
ment,  and  for  preventing  the  illicit  cultivation  of  the  poppy  and  the 
ilUcit  importation  or  traffic  in  the  article  of  opium.*  Under  these 
regulations,  which  were  further  modified  in  1807,  the  cultivation  of  the 
poppy,  except  on  account  of  government,  is  expressly  forbidden ;  but 
it  is  left  entirely  at  the  option  of  the  cultivator  to  enter  into  engage- 
ments on  account  of  government  at  a  settled  price,  or  to  decline  it 
altogether."  Of  recent  events  in  the  opium  trade  we  shall  speak 
presently. 

Opium  is  often  adulterated  with  the  pulverised  leaves  and  stalks  of 
the  poppy,  which  are  mixed  up  into  a  mucUaginous  mass  with  gum 
arabic  or  some  similar  substance.  In  Sumatra  the  opium  prepared  for 
smoking  is  frequently  adulterated  with  pine-sugar,  and  crude  opium 
with  the  fruit  of  the  pisang,  or  plantain.  An  engrossing  taste  for 
opium  pervades  all  classes  in  China,  and  has  spread  with  astonishing 
rapidity.  From  the  superior  classes,  who  were  the  first  to  practise  it, 
the  habit  of  opium  smoking  has  descended  and  become  general. 
**  Worthless  subordinates  in  offices  and  nefarious  traders,'*  says  Sir  J. 
F.  Davis,  "first  introduced  the  abuse;  young  persons  of  family, 
wealthy  citizens,  and  merchants,  adopted  the  custom ;  until  at  last  it 
reached  the  common  people.  I  have  learned  on  inquiry,  from  scholars 
and  official  persons,  that  opium  smokers  exist  in  all  Hie  province, 
but  the  larger  proportion  of  them  are  to  be  found  in  the  govenun^ 
offices ;  and  that  it  would  be  a  fallacy  to  suppose  that  there  are  not 
smokers  among  all  ranks  of  civil  and  military  officers  below  the  station 
of  provincial  governors  and  their  deputies."  Gutzlaff  says  of  the 
Chhiese  sailors,  that  most  of  them  are  smokers  of  opium,  and  that 
when  the  weather  is  rough,  and  more  than  ordinary  attention  is 
required  firom  them,  they  turn  in  and  intoxicate  themselves  with  this 
drug ;  and  on  shore  they  indulge  in  smoking  it  until  all  their  wages 
are  squandered.  The  tribes  of  the  Indian  Islands  more  frequently 
smoke  opium  than  eat  or  chew  it.  They  in  fact  chew  tobacco  and 
smoke  opium,  while  the  practice  of  the  Turks  and  other  people  of 
Asia  is  directly  the  reverse.  Raffles  states  that  in  Sumatra  the 
opium  prepared  for  smoking  is  used  along  the  coast,  whereas  crude 
opium  is  chewed  by  the  people  of  the  interior.  On  the  west  coast 
of  Celebes,  the  principal  rajah  and  his  family,  and  the  various  smaller 
rajahs  amongst  whom  the  country  is  divided,  are  the  chief  opium 
smokers:  persons  of  inferior  rank  not  being  able  to  command  the 
luxury.  In  some  parts  of  India,  opium  is  presented  at  visits  and  enter- 
tainments in  the  same  familiar  maimer  as  a  snuff-box  in  Europe.  The 
prohibition  of  intoxicating  liquors  by  the  Mohammedan  law  has,  it  is 
believed,  encouraged  the  habit  of  taking  opium ;  and  in  consequence 
of  the  Turks  of  the  present  day  being  fso'^less  bigoted  than  formerly, 
the  consumption  of  opium  is  said  to  have  declined  with  the  more 
frequent  indulgence  in  wine  and  arrack.  The  habit  is  believed  to  be 
more  prevalent  at  present  in  Persia  than  in  Turkey,  though  it  is  not 
often  carried  to  the  same  excess.  In  Europe  opium  is  almost  wholly 
employed  as  a  medicine ;  it  has  been  made  in  England  from  the  native 
poppy,  but  the  cultivation  is  not  likely  at  any  time  to  become  worthy 
of  attention  on  a  large  scale.  The  opium  consumed  in  this  country  is 
chiefly  from  Turkey.  Opium  in  small  quantities  is  a  permanent  article 
of  import  from  Italy  and  France ;  occasionally,  but  in  still  less  quan- 
tities, it  is  imported  from  Russia,  Germany,  Holland,  and  Belgium ; 
rarely  from  India.  Within  the  last  few  years  £gypt  has  exported 
opium  to  England,  and  the  quantity  has  been  yearly  increasing.  The 
supply  received  from  each  country  is  liable  to  great  fluctuations,  on 
account  of  the  imcertainty  of  the  crop. 

It  is  in  the  relations  between  India  and  China  that  the  opium  trade 
IB  most  important.  Some  authorities  have  stated  that  opium  has 
always  been  prohibited  in  China;  but  this  does  not  appear  to  have 
been  the  case.  It  was  a  legitimate  branch  of  trade  down  to  the  close 
of  the  last  century,  prohibitory  regulations  having  been  first  made  in 
1796.  From  this  period  the  trade  has  always  been  contraband;  and 
yet  in  little  more  than  forty  years  the  consumption  of  Indian  opium 
m  China  rose  fron^  1000  to  27«000  chests  per  annum.  Opium  con- 
stituted about  one-naif  of  the  total  value  of  British  imports  into 
Canton  just  before  the  opening  of  other  Chinese  ports  to  the  British. 
Nothing  but  the  extraordinary  corruption  of  the  Chinese  authorities 
can  account  for  this  increase  of  a  trade  prohibited  by  the  laws ;  but 
it  is  another  proof  of  the  difficulty  of  putting  in  force  regulations 
which  are  at  variance  with  the  popular  habits  and  taste.  Macao  was 
at  first  the  centre  of  the  Indian  opium  trade ;  but  in  1802,  in  con- 
sequence of  the  conduct  of  the  Portuguese  towards  the  British  mer- 
chants, the  trade  was  removed  to  the  island  of  Lintin.  Here  the  opium 
was  kept  stored  in  armed  ships,  and  delivered  to  the  Chinese  by 
written  orders  from  Canton,  on  the  sale  being  concluded  and  the 
money  paid  at  that  place.  The  price  gradually  fell,  and  the  quantity 
imported  gradually  increased.  Imperial  edicts  were  frequently  issued 
against  opium  dealers  and  smokers,  but  with  little  effect.  There  is 
reason  to  believe  that  the  dhinese  government  was  less  alarmed  about 
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the  introduction  of  opium,  than  at  the  drain  of  bullion  which  the 
opium  trade  occadona  Formerly  the  produce  of  China  was  paid  for 
in  silver,  but  opium  has  bo  successfully  served  the  purpose  as  a  medium 
of  commercial  exchange,  that  it  has  been  less  necessary  to  employ 
coin  or  bullion.  The  opium  trade  has  thus  been  the  means  of  draining 
China  of  the  precious  metals.  The  Chinese  do  not  regard  gold  and 
silver  as  signs  of  wealth  merely,  but  as  wealth  itself ;  and  in  many  of 
their  public  documents  relating  to  the  opium  trade  the  export  of  silver 
is  also  noticed;  in  some  cases  it  is  difficult  to  ascertain  which  is 
considered  the  paramount  grievance.  In  1836  an  officer  of  the  Chinese 
government  proposed  that  opium  should  be  rendered  a  legitimate 
article  of  commerce,  and  that  the  cultivation  of  the  poppy  should  be 
permitted.  Extraordinary  as  it  may  appear,  the  poppy  is  cultivated 
in  at  least  six  different  provinces  in  China  with  the  connivance  of  the 
local  functionaries. 

So  importajit  a  source  of  revenue  has  the  opium  monopoly  become 
to  the  Indiaa  government,  that  war  with  China  has  been  regarded  as  a 
less  evil  than  a  surrender  of  this  privilege.  The  government  is  not 
the  grower  of  the  poppy,  but  controls  the  growers  in  an  extraordinary 
None  must  be  grown  in  Benares  or  Patna,  except  that  of  which 
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the  juice  is  sold  to  the  government  at  a  fixed  price.    No  one  is  obliged 
to  cultivate  the  plant,  and  therefore  the  government  offers  such  a  price 
as  will  just  stimulate  production ;  and  this  price  is  about  9d,  per  lb. 
for  the  juice,  on  an  average  of  years.  The  government  buys  the  whole 
produce,  be   it  laige  or  small,  at  this  price.    The  poppy-fields  are 
measured  every  year,  and  their  boundaries  fixed,  in  order  to  prevent 
collision  among  those  to  whom  they  are  assigned.    When  the  poppies 
are  ripe,  agents  make  a  circuit  of  the  district,  and  form  by  guess  a 
probable  estimate  of  the  produce  of  each  field  j  and  the  cultivators  are 
made  to  sign  an  agreement  to  deliver  the  quantity  thus  estimated, 
and  as  much  more  as  the  field  will  yield.    The  rigour  of  the  law  ia 
brought  to  bear  upon  those  cultivators  who  depart  from  the  agree- 
ment ;  they  may  cultivate  the  poppy  or  not  as  they  please ;  but  if  they 
do,  they  become  boimd  to  the  government  in  a  most  stringent  way. 
The  thickening  of  the  juice  by  inspissating,  the  making  up  into  balls, 
the  classifying  into  qualities,  and  the  packing  in  chests  made  of 
mango-wood  (holding  on  an  average  about  140  lbs.  each) — cost  the 
govemment  about  3f.  per  lb. ;  making,  with  the  cost  of  the  juice  itself, 
fiomcthing  under  is,  per  lb.  on  an  average.    MsJwah  is  not  a  British 
possession,  and  the  monopoly,  therefore,  cannot  extend  to  that  region ; 
but  the  govemment,  nevertheless,  obtains  a  large  revenue  from  Malwah 
opium,  by  imposing  a  frontier  duty  on  all  opium  sent  to  Bombay 
or  other  portM  for  slupment ;  Malwah  itself  having  no  seaboard.    Until 
1834  the  East  India  Company  sent  their  own  opium  in  their  own  ships 
for  sale  in  China  or  elsewhere ;  but  when  the  trading  powers  of  the 
Company  were  abolished,  a  new  system  was  organised.    The  opium 
from  Patna  and  Benares  is  sold  by  auction.     When  packed  in  the 
chests,  it  is  sent  from  the  dep6ts  at  those  two  cities  to  Calcutta,  where 
it  is  sold  by  auction  to  the  highest  bidders,  who  carry  it  to  any  market 
they  please,  but  nearly  all  to  China.    The  auction  price  has  varied 
from  7s.  to  21«.  per  lb.,  in  different  years ;  but  the  average  is  about 
12s.,  of    which    %s.  is  clear  profit.      These    auctions  are  held  ten 
or  twelve  times  in  the  year.    The  govemment  not  only  pays  the  cid- 
tivator  for  his  opium,  but  advances  him  money  to  assist  in  the  culture : 
a  system  which  throws  him  much  into  the  power  of  the  govemment 
agents.      In  the  accounts  of  the  Indian  Revenue  and  Expenditure, 
annually  laid  before  parliament,  there  are  always  items  for — advances 
to  opium-cultivators ;  purchase  of  poppy  leaves ;  purchase  of  opium 
juice ;  packing  and  transit  expenses ;  salaries  of  agents ;  and  expenses 
of  sale.    So  important  to  the  exchequer  of  India  ia  the  4,000,000/.  or 
5,000,000/.  now  annually  derived  from   opium,  that,  though  often 
objected  to,  it  still  remains  untouched.    The  Marquis  of  Dalhousie,  in 
1856,  published  a  minute,  giving  a  sketch  of  the  improvements  which 
liad  been  made  in  India  during  his  Governor-Generalship  from  ^1848 
to  that  year  ;  he  spoke  with  pleasure  of  the  opium-revenue,  but  said 
nothing  about  the  morale  of  the  trade.    During  the  Indian  mutinies 
of  1857-8,  the  opium-cultivators  were  much  disturbed,  and  much  of 
their  property  was  destroyed ;  but  the  relations  between  ^the  govern- 
ment and  the  cultivators  continued  as  before.     The  tnmsfer  of  the 
govemment  from  the  Eist  India  Company  to  the  Queen,  in  1858, 
made  very  little  if  any  change  in  these  relations. 

The  above  slight  sketch  of  the  opium-trade  in  reference  to  India 
posy  usefully  be  followed  by  a  few  words  concerning  the  proceedings 
in  China.  The  opium  of  India  is  chiefly  bought  by  English  and 
American  merchants,  who  send  most  of  it  to  China  in  low-hulled 
swift  sailing  vessels.  Other  portions  go  to  Malaya,  Sumatra,  Borneo, 
Celebes,  and  other  places  in  the  East.  The  augmentation  of  price 
becomes  enormous,  either  by  a  monopoly  of  the  trade  to  native 
princes,  or  by  the  imposition  of  a  high  duty  The  opium  clippers  sent 
to  China  are  mostly  armed  for  self-defence,  seeing  that  the  trade  is  an 
illegal  one  in  the  eyes,  of  the  govemment,  or  is  at  least  never  openly 
i^cognised.  There  are  always  Chinese  merchants  willing  to  assist  the 
English  merchants  in  the  traffic,  and  Chinese  officials  willing  to  be 
bribed  into  connivance;  and  hence  there  is  very  little  difficulty  in 
getting  the  opium  landed  on  shore,  in  exchange  for  Sycee  silver. 
There  are  no  bills,  bonds,  or  barter;  pure  solid  silver,  at  so  much  per 
oz.  is  insisted  on  as  the  medium  of  purchase.  It  has  been  conjectured 
that  the  merchants  obtain  somewhat  over  a  guinea  a  poimd  for  the 


opium,  in  an  average  of  vears ;  but  there  are  no  means  of  determining 
this ;  whatever  it  may  be,  this  price  is  enormously  increased  by  the 
time  the  opium  smokers  and  chewers  obtain  the  drug  in  the  interior  of 
China.  When,  on  the  cessation  of  the  East  India  Company's  trading 
powers  in  1834,  a  "  Superintendent  of  Trade  "  was  sent  to  China  by 
the  British  Govemment,  this  superintendent  was  perpetually 
engaged  in  broils  with  the  Chinese  govemment  concerning  the  opium 
trade ;  these  broils  led  to  the  seizure  and  destmction  of  20,000  chests 
of  opium  by  the  Chinese  officials  in  1839 ;  and  this  seizure  led  to  a 
state  of  hostilities  which  has  had  little  intermission  between  1889  and 
1860.  We  refer  to  the  articles  Canton,  China,  Hongkong,  &c.  in  the 
Gbog.  Dxy.  for  an  account  of  the  various  transactions  in  which  Lin, 
Keshen,  Ewan,  and  Ee-guy,  figured  on  the  part  of  the  Chinese, 
and  Davis,  Elliott,  Maitland,  Brewer,  Gough,  Parker,  and  Pottinger  on 
the  side  pf  the  British. 

OPOPCNAX  CHIROISnUM  (Koch),  a  native  of  the  south  of 
Europe,  and  also  of  Asia  Minor,  a  tail  {dant,  often  8  feet  high,  from 
the  base  of  the  stem  or  summit  of  the  root  of  which,  when  wounded, 
flows  a  yellow  milky  juice,  which  hardens  on  exposure  to  the  sun  and 
air.  It  occurs  either  in  tears  or  in  masses  called  placent®.  The  tears 
are  globose  or  angular,  fatty  to  the  touch,  externally  brownish-yellow, 
fragile,  and,  on  being  triturated,  yield  a  yellow  powder.  The  odour 
is  strong,  somewhat  nauseous,  resembling  ammoniacum  with  a  bitter 
balsamic  taste.    The  specific  gravity  is  1*622. 

Its  constituents  are  resin,  gum,  and  volatile  oiL  In  its  action  on  the 
human  system  it  corresponds  with  the  other  gum-resins  of  the 
UmbelUfercB.  [Asafostida.]  The  Fenda  ffooshee,  a  native  of  Beloo< 
chistan,  produces  a  gum  called  hooshee,  which,  though  not  collected, 
resembles  the  opoponax  of  the  European  shops. 

(Royle,  Flora  of  the  Himalaya^  p.  231.) 

OPPOSITION.    [Conjunction  and  Opposition.] 

OPTIC  AXIS.  The  line  or  lines  m.  a  doubly-refracting  crystal  in 
the  direction  of  which  no  double  refraction  takes  place,  is  termed  the 
opHe  axis  or  axes.  Iceland  spar  has  but  one  optic  axis,  and  this 
coincides  with  the  axis  of  the  rhombohedron.  In  nnifl-yal  crystals  the 
optic  axis  is  identical  with  the  geometricaL  When  the  doubly- 
refractive  forces  neutralise  each  oSier,  so  that  there  is  no  double 
refraction  in  a  particular  direction,  a  line  along  that  direction  is  some- 
times termed  the  resultant  axis.  In  umax^  crystals  the  course  of  the 
extraordinarily  refracted  ray  [Refraction  ;  Polabization]  is  constant 
for  each  crystal  with  relation  to  the  optic  axis ;  it  is  either  refracted 
towards  it,  relatively  to  the  ordinary  ray,  when  the  crystal  is  said  to 
have  a  poHHve  optic  axis ;  or  bent  from  it,  when  the  crystal  is  said  to 
have  a  negative  axis. 

OPTICS  is  that  branch  of  physical  science  which  explains  the 
formation  of  images,  as  depending  on  the  known  laws  by  which  the 
modifications  of  light  are  governed.  [Light.]  These  images  are 
formed  either  by  polished  reflecting  surfaces  or  by  transparent  refract- 
ing media.  In  the  former  case,  the  angles  of  incidence  and  reflectioB 
are  equal;  in^  the  latter,  the  sines  of  the  angles  of  incidence  and 
refraction  are  in  a  constant  ratio  for  one  and  the  same  medium.  The 
position  and  magnitude  of  the  image  of  an  object  is  easily  ascertained, 
when  we  have  previously  ascertained  the  position  of  the  image  of  a 
point,  in  reference  to  tiie  position  of  the  point  itself  and  of  the 
reflecting  or  refracting  instrument;  in  other  words,  when  we  have 
found  the  relation  between  the  conjugate  foci,  so  called  because  it 
universally  holds  in  optics,  that  whichever  focus  be  considered  the 
object,  the  other  will  be  the  imago.  The  principal  focus  of  an  instru- 
ment is  that  to  or  from  which  a  pencil  of  parallel  rays  falling  perpen- 
dicularly (or  nearly  so)  on  the  instrument  is  made  to  converge  or 
diverge  after  reflection  or  refraction.  In  a  plane  mirror  the  conjugate 
foci  are  similarly  situated  at  opposite  sides  of  the  mirror  [Light]; 
consequently  in  this  instance  the  instrument  has  no  principal  focus. 
Generally,  the  distance  of  the  principal  focus  from  the  instrument  is 
called  the  focal  length  of  that  instrument,  whether  a  reflector  or  a 
refractor.  Since  conjugate  foci  are  mutually  such,  it  follows  that  lays 
proceeding  from  the  principal  focus  will,  after  reflection  or  refraction, 
emei^e  in  a  parallel  pencil  We  shall  now  proceed  to  the  relations 
existing  between  the  conjugate  fod  of  spherical  reflectors,  obsoring 


that  the  axis  of  the  instrument  is  the  right  line  oontaining  the  centre 
of  the  spherical  surfiuje  and  the  conjugate  fod.     The  rays  under 
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consideration  are  those  whicli  are  directed  neafly  along  the  axis, 
and  which  therefore  fell  exceedingly  nearly  perpendicularly  on  the 
reflector. 

Let  DBB  represent  the  section  of  a  spherical  reflector  made  by  a  plane 
passing  through  its  axis,  c  its  centre,  a  the  focus  of  incident  rays,  ad  an 
incident  ray,  a  D  o  is  the  angle  of  incidence.  Make  the  angle  a  D  c  = 
ADC,  then  a  D  0  is  the  angle  of  reflection,  and  If  the  point  of  incidence 
D  were  inflnitely  near  to  the  point  b  in  the  axis,  then  all  the  reflected 
rays  of  which  the  incidence  was  nearly  perpendicular  would  converge 
to  a,  the  latter  would  then  be  the  locus  conjugate  to  a,  for  if  rays 
diverged  from  a  they  would  after  reflection  evidently  converge  to  A. 

Now,  if  a  straight  line  as  c  D  bisect  an  angle  of  a  triangle,  as  the 
angle  a  D  a,  it  will  divide  the  base  into  segments  a  c,  c  a  proportional  to 
the  adjacent  sides  a  D,  D  a  ('  Euc.,'  book  vi.),  that  ls,AO:Oa::AD:Da; 
but  when  D  is  infinitely  near  to  B,  we  may  write  ab  and  Ba  instead  of  AD 
and  Da,  in  which  case  we  should  haveAC  :  ca : :  AB  :  Ba.  Let  ab  =  A, 
aB=A',  and  the  radius  CB=r;  then  ac=A— r;  ca=r— A';  whence 
j^^r  :  r— A' :  :  A  :  A',  or  A'  (A-r)=A  (»'-A') ;  therefore  2  A  A'  =  r 

(A  +  AO,  which  may  be  also  written  in  the  form  —  -f-  —  =  -.     We 
i  A      A'      r 

should  have  precisely  the  same  investigation  if  we  had  supposed  rays 

jas  £  D  to  fall  on  the  convex  side  converging  to  a  focus  A ;  but  being 

reflected  in  the  direction  D  e,  they  woiUd  appear  to  diverge  from  the 

conjugate  fociis  a  :  hence  the  above  formula  applies  to  two  cases^ — 

namely,  when  diverging  rays  fall  on  the  concave  surface,  or  converging 

rays  on  the  convex  surface,  of  a  spherical  reflector. 

Example  1. — A  candle  is  placed  before  a  concave  speculum  at  a 

distance  of  3  feet  from  it :  what  will  be  the  distance  of  its  image  from 

'the  same,  the  radius  of  the  speculum  being  2  feet  ? 

Here  we  have  given  A = 3  feet,  r= 2  feet,  and  to  find  A'  we  substitute 

112 
theM  numben  in  the  general  formula  .  +  _.  =  f ,  which  thus  becomes 

A    A'    r 

112  12  8 

.  _ + —5 = -  3=  1 ;  whence — —  -,  and  therefore  A'=  -  =  1 4  foot :  the  imago 

8    A'    2  A'    8  2  ^^ 

will  consequently  be  1  foot  6  inches  in  front  of  the  speculum. 
I  It  being  sometimes  convenient  to  measure  the  distances  of  the  foci 
from  the  centre  instead  of  the  sur&ce  of  the  speculum,  it  is  easy  to 
find  s  proper  formula  from  the  proportion  we  have  established — 
namely,  AO:oa::AB:Ba.  Let  a o » p,  c a  =  p' ;  then  a b  =  r  +  p, 
a  BBsr>-p',  whence  p  :  p' :  i  r+p  *.  r—p',  or  p  (v'-p')  =p'  (r  +  p),  therefore 

r(p— pO  =2pp^,  consequently^ — =.;   thus,  in  the  example  given 
«  P     P    r 

above,  we  find  (since  pal  and  r=2)  ——1=1,  or  i.«2 ;  therefore p'= 

p'         p' 

^,  which  is  agreeable  with  the  former  result. 

When  the  incident  rays  proceed  ^m  a  point  exceedingly  distant  (at 

II 

the  sun  for  instance),  then  A  being  very  great  t,  will  be  exceedingly 

A 

tmall  and  may  be  rejected,  in  which  case  we  have  -t  »r  or  a'k  -,  that 

A'    r  2 

is,  parallel  incident  rays  are  made  after  reflection  to  convez|^  to  F,  the 
middle  point  of  the  radius  c  B.  Hence  the  focal  length  of  a  spherical 
speculum  is  one-half  that  of  its  radius. 

In  examining  the  formula  for  the  positions  of  the  conjugate  foci, 

112 
namely,  ^  +  ^  s  .,  we  find  that  when  A  » i*  we  also  must  have  A' 
A      A'      r 

=  r ;  hence  when  the  focus  a  is  at  c  the  centre,  the  conjugate  fooua  a 

will  be  at  the  same  point.    If  a  move  to  the  left  of  c  (in  fy,  1),  A 

being  then  greater  than  r,  _  is  less  tlian  t,and  therefore  i-  must  be 

A  r  A' 

greater  than  -  or  A'  is  less  than  r,  and  as  A  increases  to  greater  magni* 
tudes.  A'  accordingly  4jniinishe8,  until  A  becomes  infinite,  when  A',  as 
we  have  seen,  becomes  ^  :  hence,  whilst  a  moves  on  the  left  indefi- 
nitely from  0,  the  other  focus  moves  on  the  right  from  o  as  far  as  the 
principal  focus  F. 

With  respect  to  the  images  formed  by  concave  specula,  let  AO 
represent  a  small  object  at  a,  the  line  a  o  being  perpendicular  to  a  c, 
join  Q  c,  then  a  c  B  will  be  the  axis  of  the  speculum  when  a  is  con- 
sidered the  focus  of  incident  rays,  and  its  conjugate  focus  g  can  be 
foimd  by  the  preceding  formula :  hence  a  ^  will  be  the  image  of  a  o, 
its  position  is  evidently  inverted,  and  it  ia  easy  to  see  that  the  line  ag 
is  very  nearly  perpendicular  to  o  B ;  and  by  similar  triangles,  the  linear 
dimensions  of  the  image  a  ^  are  to  those  of  the  object  a  a  as  o  ^  :  c  o, 

or  as  p'  :  p.    Kow  the  formula  z.  —  i  =  ?  gives  ^  =  — L_  ;  hence 
,     .  .  P'      P      r  p       2p  +  r 

the  image  (in  respect  to  linear  dimensions)  is  less  than  the  object  in 
the  ratio  of  r  :  2p  +  r  (or  since  p= A— r)  as  r  :  2  A— r ;  on  the  contrary, 
if  the  object  be  placed  between  the  centre  and  principal  focus,  as 
at  ag,  then  aq  woidd  become  the  image;  for  aq  :  ag  ::  p  :  p' ;  but 

Z,  **  r— o-^*=  ;rrr —  *  therefore  Aa  :a'g::r:  2  A'— r :  which  shows 
p'      r—2pr     2a— r 


that  the  image  is  then  greater  than  the  object,  or  magnified.  Frota 
the  principles  of  gjeometry  it  follows  that  the  surfaces  of  the  image  and 
object  are  as  the  squares  of  the  linear  dimensions,  and  the  apparenfc 
volume,  or  bulk,  as  their  cubes. 

Example  2. — An  object  is  placed  at  a  distance  of  12  feet  in  the  axis 
of  a  concave  speculum  of  two  feet  radius :  to  find  how  miicn  it  will 
appear  dimini^ed  in  its  image,  with  respect  to  its  linear,  superficial, 
and  solid  dimensions. 

Here  r=2,  a=12,  2A~r«22;  therefore 

for  linear  dimensions  Image  :  Object :  :  2  :  22, 

that  is  ::  1  :  11; 

for  superficial  do.  the  ratio  is  aa  1  :  121,  and  for  apparent  bulk  it  i* 

as  1  :  1331. 

Heat  being  capable  of  reflection,  like  light,  the  rays  of  the  sun  m%y 
be  collected  by  a  concave  speculum  in  its  principal  fooua  (or  burning- 
point)  F. 

Example  3.— To  find  how  much  an  object  will  be  magnified  by  xhe 
same  speculum,  when  placed  1  foot  6  inches  in  front  of  it. 

Her«  A'  =  li,  r=2,  2a'— f«l;  therefore  in  linear  dimnnwans  the 
ratio  ia  as  2  : 1 ; 

in  superficial  a«  4  : 1 ; 
and  in  cubical  as  6  : 1, 

Let  U0  next  consider  the  relation  between  the  conjugate  foci  when 
diverging  rays  fall  on  a  convex  spherical  speculum,  which  will  also  be 
the  relation  when  converging  rays  faU  on  a  concave  speculum  as  will 
be  evident  by  inspection  of  the  figure  {Jig.  2).  Employing  the  same 
letters  with  the  diagram  as  before,  c  wUl  be  the  centre,  a  the  focus 
of  incident  rays,  a  of  reflected  rays,  &a 


Fiff.  I. 


Let  AD  be  an  incident  ray  near  the  axis  ao,  join  o  D  and  produce 
to  e ;  make  the  angle  of  reflection  c  D  e  equal  to  the  angle  of  incidence 
ADC,  and  produce  the  reflected  ray  D e  to  meet  the  axis  in  a ;  then 
when  D  is  infinitely  near  B,  a  is  the  focus  conjugate  to  a.  The  same 
figure  would  equafiy  apply  i£  we  had  supposed  rays  E  d  conveiging  to  a 
to  fall  on  the  concave  surface,  for  since  the  angles  A d c,  cDc,  ace, 
CDE  are  all  equal.  Da  would  then  be  the  actual  reflected  ray  and 
therefore  a  would  be  still  the  focus  conjugate  to  a.  Now  since  tiie 
external  angle  a  D  E  of  the  triangle  a  D  a  is  bisected  by  the  straiglit 
lino  D  c,  it  follows  (Simson's '  Euc.,'  book  6)  that  AC:ca::AD:Da 
(and  D  being  supposed  infinitely  near  to  b  in  order  that  the  rays  may 
be  incident  nearly  perpendicularly)  : :  a B  :  B a.  Let  ab=a,  aB=^, 
qUb}',  CA=p,  Ga—p',  tiien  we  have 

p  :  p^  : :  A  :  A',  or  r  +  A  :  r— A  : :  A  :  A',  hence 
A'(r-|-A)  =  A(r— A'), 

112 
therefore  2  a  A'=rr  (A— AO  whence  T/  —  7  =  1  - 

portion  p  :  p' : :  A  :  A'  may  be  written  p  :  p' 


Again  the  same  pro- 

p—r:r-'p';    hence 

112 
p  {r—p')=p'  (p—r)  therefore  r  (j>  +  p^  =  2pp'  whence   7  +  7  =  7' 

If  we  suppose  p^r,  we  find  p'=r,  which  shows  that  tho  foci  are 
together  at  b,  and  as  p  increases,  p'  diminishes,  until  p  becomes  infinite, 

r 

when  p'  =  o  >  showing  that  a  will  then  reach  the  principal  focus  f. 

Hence,  in  general,  the  principal  foci  move  in  contrary  directions,  and 
meet  both  at  the  centre  and  circumference.  In  the  formula  just  given 
one  of  the  conjugate  foci  lies  between  the  principal  focus  and  the 
surface  of  the  speculum ;  while  in  the  first  set,  one  lay  between  that 
point  (f)  and  the  centre.  A  single  formula,  however,  as  the  reader 
may  verify,  will  include  all  cases,  whether  of  concave  or  convex  specula, 
or  divergent  or  convergent  pencils,  provided  we  admit  the  use  of 
negative  quantities,  and  interpret  the  negative  sign  to  mean  that  tho 
distance  affected  by  it  must  be  measured  in  a  direction  contrary  to 
that  in  the  figure  on  wlilch  the  formula  was  framed. 

With  respect  to  images,  if  a  o  be  the  object  and  g  the  focus  con- 
jugate to  o,  then  ag  will  be  the  image  of  a  o ;  and  conversely,  if  a^ 
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be  the  object,  A  o  will  bo  the  image,  and  their  proportion  may  bo  easily 
calculated,  for  a  o  :  a  <7  : :  c  a  :  c  o,  that  is,  bb  p  '.  f/,  or  aa  A  :  a',  which 
we  have  seen  is  the  same  ratio. 

Example  4. — In  the  concaTS  speculum  of  two-foot  radius,  an  object 
is  placed  within  6  inches  of  its  interior  surface :  how  far  will  the 
image  appear  at  the  back  of  the  speculum,  and  how  much  will  it  seem 
enlai-ged? 

1.112 


Here  r=2,  in  feet,  A'=  g  ,    and    since  -/ 


we   have 


2  —  T  =1,  therefore  A=l,  or  the  image  will  appear  a  foot  behind  the 

convex  side  and  will  be  enlarged  in  linear  dimensions  as  A  to  A',  that 
li,  as  2  to  1 ;  in  surface  4  :  1 ;  in  volume  8  to  1. 

Example  5. — An  object  is  placed  10  feet  distance  from  a  convex 
si^eculum  of  8  feet  ituiiuB;  find  the  position  and  magnitude  of  its 
image. 

112,  1      28    ^      , 

Here  r=s8,  A=10,  therefore  "^'^Tq^  3  *  whence^ «■  gg,  therefore 

7 
A'  =  1  ^  feet,  or  1  foot  3  inches,  8  ports  nearly,  at  which  distance  in 

the  concavity  of  the  speculum  the  image  will  seem  to  be,  and  (in  linear 

80 
dimeDsions)  Object :  Image  : :  A  :  A'  : :  10  :  ^3)  that  is  as  23  :  3 ;  the 

Btirfaces  as  529  :  9,  Ac.  Thus  the  reader  with  only  a  moderate  know- 
Ic'lgc  of  simple  equations  will  be  able  to  solve  all  questions  relative  to 
the  images  of  objects  formed  by  spherical  specula,  concave  or  convex. 
The  images  in  the  last  two  examples  are  erect.  Generally  the  image 
T^'iU  be  erect  or  inverted  according  as  one  of  the  conjugate  foci  is 
between  the  principal  focus  and  surface,  or  between  that  point  and  the 
Centre ;  and  this  will  include  all  cases,  for  it  is  easily  seen  that  in 
every  case  one  of  the  foci  is  in  some  part  of  the  radius  between  the 
centre  and  surface. 

In  the  preceding  calculations,  we  have  confined  ourselves  to  such 
rays  as  fall  nearly  perpendicularly  on  the  reflecting  surfaces.  The  rays 
which  are  at  a  considerable  dl&tance  from  the  axis  of  a  spheriod 
f:])eculum  are  not  reflected  accurately  to  the  same  point  as  those 
incident  near  the  axis ;  hence  arises  a  diffusion  of  the  reflected  ravs 
arit^iiig  from  the  sphericity  of  the  speculum  and  denominated  the 
spherical  aberration;  and  when  mea<)ured  a^ij^the  axis, it  is  called  the 
longitudinal  aberra(i(m ;  but  when  perpendicular  to  it,  through  the 
focus,  the  lateral  aberration.  It  will  be  suflicient  in  this  article  to 
calculate  tho  amount  of  these  aberrations  in  the  most  usual  case  when 
the  incident  rays  are  parallel,  as  those  which  proceed  from  the  heavenly 
bodies. 

Let  s  D  represent  a  ray  &lling  parallel  to  the  axis  Ob;  B  D  being  the 

a  ^ 


Fiz.  3. 


intermediate  arc  of  the  section  of  the  speculum,  D  a  the  reflected  ray ; 
if  this  figure  revolve  roimd  c  B,  it  is  evident  that  all  rays  incident  on 
the  annudus  through  which  d  moves  will  likewise  be  reflected  to  o, 
which  is  therefore  strictly  the  focus  of  that  annulus.  Now  F,  the 
middle  point  of  ob,  is  the  point  to  which  rays  falling  near  the 
^vxia  are  reflected ;  hence  a  F  is  the  longitudinal  and  7  b  the  lateral 
•iberratioa  corresponding  to  the  above  annulus.  To  calculate 
the  amount  of  these  we  may  observe  that  the  angle  SDO  (of  inci- 
dence) ig  equal  to  CD  a  (of  reflection),  and  also  to  DC  a  (by  tho 
theory  of  parallels) ;  and  since  the  angles  a  D  c,  a  c  D,  are  thus 
<^'4'ial,  therefore  0  a  =  a  D.  Let  d  T  be  a  tangent  at  D,  then  a  D  t  and 
"  T  D,  being  respectively  the  complements  of  a  d  c  and  a  c  D,  are  also 
wjual,  whence  ttT  =  aD,  but  also  ca=aD,  therefore  a  is  the  middle 
P'nnt  of  c  T ;  and  since  f  is  tho  middle  of  c  b,  it  follows  that  a  F  is  the 
hilf  of  B  T ;  thus  the  longitudinal  aberration  is  known  ;  and  since  tho 
•ingle  F  a&  is  the  double  of  D  c  B,  the  lateral  aberration  is  from  thence 
known.  Let  the  angle  D  c  B= 0,  and  radius  0  B  =  r,  then  0  T  =  r  sec.  d 
aadBT=:r  (sec.  0—1),  hence  we  obtain  the  exact  values  of  the  two 

a^Jerrations,  namely,  the  longitudinal  =  -^  (sec.  fi— 1),  and  the  lateral 

,     »'Un.  2e 
'*"•■     2 (sec  0—1),    Hence  in  order  that  the  aberrations  may 


be  inconsiderable,  wo  ought  to  have  the  extreme  magnitude  of  0, 
namely,  the  angle  boc^  (in /</.  8),  also  small.  On  this  supposition 
formulw  sufficiently  approximate  may  be  deduced  from  the  above  and 

better  adapted  for  practice.    For  sec.  $  put  1  +  5 ,  and  for  tan.  2  0 

put    20,    which  are   respectively  the   approximate  values;   thence 

r.O*     BD* 
we  get,  longitudinal  aberrations^  ~4"bo'  ^'"^  lateral   aberration 

r.^      bd' 
= '  2    ~  2bc^ *  ^°^  ^^  which  are  evidently  very  small,  particularly 

the  latter.  The  least  circle  of  aberration  is  the  smallest  that  would  be 
formed  on  a  card  placed  perpendicular  to  the  axis  near  the  focus  f  to 
receive  the  reflected  rays ;  now  if  the  intersection  y  of  a  reflected  ray 
j}g  with  the  final  one  rfp  be  taken  the  most  remote  possible  from  the 
axis  c  B,  it  is  evident  that  all  the  other  reflected  rays  will  pass  between 
<j  and  the  axis,  and  hence  the  perpendicular  distance  from  g  to  the 
axis  is  the  radius  of  the  ch-cle  of  least  aberration  or  diffusion.  The 
question  is  thus  reduced  to  one  of  maxima  and  minima,  and  may 
be  easily  solved  in  tho  usual  manner  by  means  of  the  Differential 
Calculus. 

We  have  hitherto  considered  only  such  'rays  as  fall  nearly  perpen- 
dicularly on  the  reflecting  surface ;  but' since  rays  fall  at  all  incidences 
from  a  luminous  point,  each  pencil  of  rays,  at  whatever  incidence, 
when  in  a  plane  passing  through  the  centre  of  the  spherical  reflecting 
surface,  after  reflection  converges  to  or  diverges  from  some  point  in 
that  plane  (unless  reflected  parallel) ;  a  line  of  light  containing  all  such 
points  in  that  plane  forms  a  caustic  line,  and  in  all  possible  planes  con- 
stitutes a  caustic  surface.  Caustics  formed  by  reflection  have  been 
distinguished  from  those  produced  by  refraction  by  giving  the  name  of 
diacaustics  to  the  latter  and  catacauatics  to  the  former,  in  the  same 
manner  in  which  that  part  of  optics  connected  with  refraction  has 
been  denominated  dioptrics,  and  that  with  reflection  catoptrics.  In 
both  cases  the  caustic  line  is  the  curve  which  each  reflected  or  refracted 
ray  touches  :  hence  the  equation  to  the  caustic  curve,  whether  produced 
by  parallel,  diverging,  or  converging  rays,  is  easily  obtained  by  taking 
the  equation  to  one  of  the  reflected  or  refracted  rays,  and  then  apply- 
ing the  differential  calculus  to  find  the  curve  touched  by  all  such 
straight  lines ;  namely,  differentiate  tho  equation  to  the  reflected  or 
refracted  ray  relatively  to  the  constant  in  its  equation,  and  then 
eliminate  the  constant  between  the  two  equations,  which  will  then 
produce  the  equation  to  tho  caustic.  In  the  general  case  of  a  system 
of  rays  no  longer  symmetrical  about  an  axis  we  still  have  caustic  sur- 
faces, but  the  problem  is  then  one  of  greater  complexity.  If  the  sun 
or  a  candle  shine  on  a  vessel  containing  liquid,  and  polished  in  tho 
interior  (such  as  a  china  cup  of  tea),  a  caustic  line  of  light  will  be 
observable  on  tho  surface  of  the  liquid,  which  line  is  a  horizontal 
section  of  the  caustic  surface  by  that  of  the  liquid. 

We  now  come  to  the  consideration  of  refracting  transparent  media ; 
and  if  we  suppose  the  constant  ratio  of  the  sine  of  incidence  to  that 
of  refraction  to  be  aa^m  :  1,  then  m  is  called  the  index  of  refraction  for 
the  particular  medium  employed,  the  incident  light  being  supposed  to 
pass  from  vacuum.  But  if  the  light  pass  from  the  medium  into 
vacuum,  then  the  ratio  of  the  sine  of  incidence  to  that  of  refraction 

1 
wHl  be  as  1  :  m,  and  ~  will  be  the  refractive  index ;  m  is  evidently 

greater  than  unity,  since  the  ray  after  entering  the  medium  is  turned 

towards  the  perpendicular,  and  —  is  less  than  unity,  because  after 

the  ray  emei^es  from  the  medium  into  vacuum,  it  is  turned  from  tho 
perpendicular.  If  m  be  the  index  of  re&action  from  vacuum  into  one 
medium  which  we  may  call  a,  and  m'  that  from  vacuum  into  a  different 

medium  B,  then  -7  is  the  index  when  the  light  passes  from  the 

mediimi  a  to  b.  [Light.]  A  table  of  refractive  indices  is  given  in 
Optics,  Practical. 

Diverging  rays  fall  from  vacuum  on  the  plane  surface  of  a  uniform 
and  transparent  medium  :  it  is  required  to  find  the  relation  between 
the  conjugate  foci. 

Let  A  be  the  focus  of  incident  rays,  D  b  e  the  surface  of  the  medium, 
ab  a  perpendicular  on  de,  a  a  an  incident  ray  near  this  perpendicular, 
a  0  (a  a  produced)  the  course  of  the  ray  if  unrefracted,  o  c  its  actual 
course  nearer  to  the  perpendicular  than  o  c,  then  c  a  to  an  eye  placed 
in  the  medium  will  appear  to  proceed  from  the  point  a,  tho  con- 
jugate focus ;  the  question  is  to  determine  the  relative  situations  of 
a  and  a. 

Let  A B = A,  a B  =  a',  and  m  be  the  index  of  refraction ;  then  bag, 

the  complement  of  a  o  B,  is  equal  to  the  angle  of  incidence,  and  b  a  g  to 

that  of  refraction.     Let  these  angles  be  respectively  denoted  by  i  and 

R,  and  BO=il*;   then  k=A  tan.  i,  and  also  to  A'  tan.  B,  therefore 

A'    tan.  I    sin.  i    cos.  r     ^  cos.  R .  v    .     ,        ^  .  „  ,1 

— = —  - —  . =?». ;  but  when  0  is  very  near  b,  the 

A     tan.R    sm.  B    cos.  I         cos.  I 

angles  i  and  R  are  exceedingly  small,  and  their  cosines  may  be  taken  as 

units,  in  which  case  _  =m,  therefore  A'=mA;  and  since  m  is  greater 

A 

than  unity.  A'  is  greater  than  A  in  the  ratio  of  m :  1.     Conversely, 

if  a  ray  from  a  medium  bounded  by  a  plane  surface  pass  into  vacuum. 
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L  is  then  the  index  of  refraction,  and  we  should  have  A'=  — .A,  in 


m 


m 


which  case  A'  is  less  than  A.    This  explains  why  the  bottom  of  a  clear 


river  seems  nearer  to  the  surface  than  it  really  is  by  about  one-fourth 
of  its  true  depth. 

The  image  of  a  straight  line  in  vacuo  seen  from  such  a  medium  will 
be  another  straight  Une ;  for  let  a  a'  be  such  a  line,  produce  it  to  d,  and 
join  D  a,  then  since  a'  b'  :  a'  b'  :  a  b  :  a  B  : :  m  :  1 ;  therefore  a'  is  the 
focus  conjugate  to  a',  and  consequently  a  a'  is  the  image  of  a  a'.  It 
must  however  be  observed  that  a  a'  must  be  of  small  dimensions,  in 
order  that  the  rays  reaching  the  observer's  eye  may  be  considered  as 
nearly  perpendicular  to  de,  otherwise  the  above  proportion  would 
require  to  be  modified,  and  the  image  would  be  curved.  In  the  above 
case  the  image  a  a'  is  more  remote  from  the  surface  D  E  than  the 
object ;  but  the  contrary  happens  when  the  object  is  in  the  medium, 
when  the  image  will  be  nearer  the  surface  than  the  object  is.  Hence 
many  familiar  optical  phenomena  may  bo  imderstood.  Thus,  when  a 
straight  stick  is  partly  immersed  in  water,  the  image  of  the  immersed 
part  being  raised  nearer  to  the  surface  than  the  true  object,  will  cause 
the  stick  to  appear  bent  or  broken,  as  well  as  shorter  than  it  really  is ; 
but  when  immersed  perpendicularly  to  the  surface,  the  stick  appears  to 
be  only  contracted  about  one-fourth  of  the  part  immersed,  for  the  image 
and  object  are  then  in  one  straight  line. 

As  refracting  media  bounded  by  a  single  curved  surface  rarely  if  ever 
can  occur  in  practice,  we  shall  proceed  to  consider  lenses,  particularly 
the  double  convex  lens,  as  known  most  generally.  For  their  various 
species  and  for  further  details  see  Lens. 

Let  D BE b' represent  a  plane  section  of  a  double  convex  lens,  that 
plane  including  the  centres  c  (/  of  the  bounding  surfaces  D  b  e  and  D  b'e  ; 
let  A  (in  the  axis  c  c')  be  the  focus  of  incident,  and  a  of  the  emergent 

rays.     Let  m  be  the  index  of  refraction  for  incident,  and  therefore  — 

m 
for  emergent  rays ;  and  let  a  a  K  a  represent  the  track  of  a  ray  near  the 
axis;  letoB=r;  o'B'=r',  ab  =  A,  aB'  =  A, and  the  thickness  BB'  =  f, 
wo  have  to  determine  the  relation  existing  between  these  quantities. 
First  we  have  sin  AOc=m  sin  kqc,  let  oac=^,  acA=a,  and  the 
inclination  of  K  a  to  the  axis  be  0 ;  while  8  is  the  diistance  of  the  point 
at  which  o  k  cuts  the  axis  from  B ;  then  the  above  equation  is  the  same 

D 


as  sm  (a-t-a)=m  sm  (<p  +  a),  from  which  by  trigonometry  we  deduce 
sin  0—ni  sin  <p    m  cos  A—cos  0      ^.y       sin  ^    c  o     ^     , .  ,     , 

-r— ^= -^ Now  JiL.=li!,  of  which  the  ulti- 

sm  a  cos  a  sin  o    A  a 


mate  value,  when  a  is  at  b,  is  £-?=il,  for  the  same  reason  the  ultimate 

AB       A 

value  of  -— -?  is   -,  and  the  ultimate  values  of  cos  0,  cos  ^  and  cos  a, 

are  each  unity;  therefore  we  get  -I— STsw— 1  or  JL  — fL=5?Zll  • 

A       8  '       A      a  r     ' 

hence  8,  which  determines  the  focus  of  the  first  set  of  refracted  rays,  is 
known ;  and  therefore  also  «  +  e,  which  is  its  distance  from  the  second 
8urf«».  Now,  smce  the  ray  would  traverse  the  same  course  if  we  sup- 
posed  It  to  commence  at  a,  and  proceed  through  aK  Q  to  a,  it  follows 

in  the  same  way  that  i+-^  =  !JL=i,  from  whence  A' is  known. 

A     0  +  t       r 


If  we  neglect  t  as  being  small,  we  may  eliminate  ~,and  thence  obtain 

0 

i_  +  -L=(TO— 1)^  1  +  —  ) ;  the  spherical  aberrations  may  be  found 
A'      A  Kr^       r  / 

by  a  similar  process  to  that  we  have  employed  for  reflection,  and  the 
inverse  or  erect  positions  of  the  images  ascertained  by  the  hke  method. 

When  we  have  one  side  plane,  we  have  only  to  suppose  r  infinite, 
and  when  concave  to  suppose  r  negative,  and  thus  one  general  formula, 
by  proper  attention  to  the  signs,  may  be  made  to  apply  to  all  fomu 
of  lenses. 

There  is  a  cause  of  aberrration  for  refracted  light,  which  does  not 
exist  for  reflected  rays,  and  it  is  of  more  consequence  in  deforming  and 
colouring  images  thiui  all  the  effects  of  spherical  aberration.  The  chro- 
matic dispersion  [Dispersion]  arises  from  the  fact  that  all  the  coloured 
rays  which  compose  solar  or  other  light  hare  different  refractive  indices 
for  one  and  the  same  refracting  medium ;  hence  the  prismatic  spcctnim, 
which  only  consists  of  successive  circular  images  of  the  sim,  of  the 
different  colours  of  the  rays,  overlapping  each  other.  This  aberration 
has,  by  the  successive  labours  of  DoUond,  Fraunhofer,  and  others,  been 
successfully  combated.    [Optics,  Practical.] 

The  possibility  of  correcting  the  aberration  arising  from  the  unequal 
refrangibility  of  rays  of  light  in  the  refracting  telescope,  by  means  of  a 
compoimd  object-glass,  permits  the  employment  of  object-glasses  of  a 
much  larger  diameter,  in  comparison  with  their  focal  length,  than  could 
otherwise  have  been  tolerated.  Now  for  a  lens  of  given  focal  length, 
the  spherical  aberration  increases  rapidly  with  the  aperture.  It 
becomes  therefore  of  importance  to  correct  as  far  as  possible  this 
aberration  by  giving  appropriate  forms  to  the  surfaces,  or  by  combining 
together  two  or  more  lenses. 

Writers  on  optics  show  that  a  curve-line  by  whose  revolution  about 
an  axis  there  shall  be  described  a  surface  which,  being  that  of 
a  refracting  medium,  will  cause  all  rays  incident  upon  it,  when  they 
diverge  from  or  converge  to  one  point,  to  be  refracted  so  as  to  converge 
to  or  diverge  from  one  point  is,  in  its  most  general  form,  of  the  fourth 
order :  but  when  the  radiant  point  is  at  an  infinite  distance  from  the 
refracting  surface,  as  when  it  is  at  a  celestial  body,  the  form  of  the 
surface,  supposing  the  density  of  the  refracting  medium  to  be  greater 
than  that  of  tiie  medium  which  sun'ounds  it  and  in  which  are  the 
incident  rays,  is  proved  to  be  that  of  a  spheroid :  and  rays  falling  on 
its  convexity,  parallel  to  the  major  axis  of  the  spheroid,  would,  within 
the  medium,  converge  accurately  to  the  focus  most  remote  from  the 
place  of  incidence.  If  the  refracting  medium  were  less  dense  than  that 
in  which  are  the  incident  rays,  the  surface  would  be  that  of  an  hyper- 
boloid.  The  semi-transverse  axis  both  of  the  spheroid  and  hyper- 
boloid  must  be,  to  the  excentricity,  as  the  sign  of  the  angle  of  incidence 
is  to  the  sign  of  the  angle  of  refraction:  in  the  former  case  the 
refraction  is  from  the  surrounding  medium  into  the  spheroid ;  and  in 
the  latter,  from  the  concave  surface  of  the  hyperboloid  into  the 
surrounding  medium.  It  follows  therefore  that  if  a  meniscus  lens 
denser  than  the  surrounding  medium  have  its  anterior  surface  sphe- 
roidal, and  its  posterior  surface  that  of  a  sphere  whose  centre  is  at  the 
further  focus  of  the  spheroid;  since  the  rays  will  then  suffer  no 
refraction  in  passing  through  the  posterior  surface,  it  will  be  aplanatic. 
Also  if  the  anterior  surface  of  a  medium  be  plane,  so  that  the  parallel 
rays  incident  perpendicularly  on  it  may  suffer  no  refraction  in  entering, 
and  the  other  surface  be  part  of  a  hyperboloid,  the  medium  between 
the  surface  being  denser  than  that  which  surrounds  it,  the  plane  lens 
thus  formed  will  be  aplanatic ;  the  refracted  rays  conveiging  to  the 
opposite  focus  of  the  hyperbola. 

The  form  of  the  expression  for  aberration,  when  parallel  rays  are 
incident  on  a  lens  of  moderate  ax>erture  having  spherical  surfaces,  is 
such  that  the  aberration  cannot  be  made  to  vanish  with  any  real  values 
of  the  radii  of  those  surfaces  unless  the  index  of  refraction  in  the 
medium  be  equal  to  or  less  than  0*25.  But  there  is  in  nature  no 
medium  which  has  such  a  refractive  index,  therefore,  failing  in 
making  spherical  lenses  strictly  aplanatic,  and  it  having  been  found 
impossible,  hitherto,  to  form  them  with  surfaces  produced  by  the 
revolutions  of  conic  sections,  mathematicians  have  investigated  expres- 
sions for  the  form  under"  which,  with  a  given  refractive  index,  the 
aberration  of  the  focus  shall  be  a  minimum ;  see  the  article  "  Light " 
in  the  '  Encydopoedia  Metropolitana '  (art.  305),  where  the  ratio 
between  the  radii  of  the  surfaces,  in  this  state,  is  given.  From  that 
ratio  it  is  shown  that,  when  the  index  of  refraction  is  1*5  the  lens 
should  be  of  the  double  convex  form,  having  the  radius  of  the  posterior 
surface  six  times  as  long  as  that  of  the  anterior  surface,  or  that  which 
is  nearest  to  the  radiant  point. 

But  although  the  spherical  aberration  for  a  pencil  of  parallel  rays 
cannot  be  made  to  vanish  in  a  single  lens  bounded  by  spherical 
surfaces,  the  compound  lens  employed  in  an  achromatic  object  glass, 
designed  in  the  first  instance  to  correct  the  chromatic  aberration,  has 
the  further  advantage  of  enabling  us  to  render  insensible  the  spherical 
aberration.  Such  a  lens  presents  us  with  four  spherical  surfaces,  the 
three  independent  ratios  between  the  radii  of  which  enable  us  to  satisfy 
three  conditions,  while  the  scale  of  the  system  is  determined  by  the 
focal  length  of  the  combination.  The  most  important  condition  to 
satisfy  is,  that  the  chromatic  aberration  shall  be  corrected ;  and  if  we 
further  assume  that  the  spherical  abeiTation  (or  rather  it«  leading 
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tenn)  shall  vaniah,  we  shall  still  have  one  relation  between  the  four 
radii  remaining  disposable,  whereby  some  further  advantage  may  be 
secured,  provided  it  be  not  incompatible  with  those  already  assumed, 
which  will  be  known  by  its  leading,  when  the  condition  of  it  is 
expressed  analytically,  to  an  equation  having  only  impossible  roots. 
Clairaut  introduced  the  condition  that  the  adjacent  surfaces  should 
haye  the  same  radii,  one  surface  being  convex  and  the  other  concave, 
GO  that  the  lemies  would  be  eveirwhere  in  contact,  and  might  be 
cemented  tog^ether.  Instead  of  this.  Sir  J.  Herschel  proposes  to 
introduce  the  condition  that  the  lens  shall  be  aplanatic  for  pencils, 
not  only  of  parallel,  but  also  of  slightly  divergent  rays.  In  the 
treatise  on  light  above  quoted  (arts.  468-473),  he  has  pointed  out 
certain  advantages  of  this  method,  and  has  computed  with  different 
dispersive  ratios  a  table  of  the  radii  of  the  lenses  for  the  compound 
object-glass  of  a  telescope  constructed  according  to  this  system  as 
nearly  aplanatic  as  possible,  the  compound  focal  length  being  10*000; 
and,  by  the  proportions  indicated,  the  radii  for  object-glasses  of  any 
other  compound  focal  length  may  be  found.  (On  the  subject  of 
aplanatic  lenses  for  microscopes,  see  Micbosoope.) 

It  may  be  well  here  to  make  a  few  remarks  about  the  eye,  regarded 
merely  as  an  optical  instrument,  its  general  structure  and  functions 
being  very  fully  described  under  the  article  Etb,  in  the  Nat.  Hist.  Diy. 
In  this  point  of  view  its  general  office  resembles  that  of  a  telescope  in 
having  to  form  images  of  distant,  or  moderately  distant  objects  at  its 
focus,  which  in  order  that  the  vision  may  be  distinct  must  coincide 
with  the  retina.  It  differs,  however,  from  a  telescope,  in  having  the 
whole  space  between  the  place  of  the  first  refraction  and  that  of  the 
focus  filled  with  dense  matter,  in  not  having  the  refraction  at  the  several 
surfaces  centrical,  and  in  having  a  much  larger  aperture,  in  comparison 
with  the  focal  length,  than  could  be  tolerated  in  the  best  telescope. 

On  account  of  Uie  magnitude  of  this  aperture,  the  effect  of  spherical 
aberration  might  be  seriously  inconvenient  if  the  media  of  which  the 
eye  is  composeid  were  severally  homogeneous  and  bounded  by  spherical 
surfaces.  The  defects  of  spherical  aberration,  it  should  be  remembered, 
increase  very  rapidly  with  the  aperture  of  a  telescope,  more  rapidly 
than  those  of  chromatic  aberration.  It  is  at  the  surface  of  the  cornea 
that  the  main  refraction  takes  place,  and  the  protuberant  form  of  this 
part  of  the  eye  seems  calculated  to  diminish  the  aberration ;  for  we 
have  seen  that  a  prolate  spheroid  of  suitable  excentricity  refracts 
accurately  to  a  point  a  pencil  of  rays  incident  parallel  to  its  axis. 
The  increasing  density  of  the  crystalline  lens  in  passing  from  its 
exterior  to  its  centre  has  a  similar  tendency,  since  an  ordinary  glass 
lens  fails  to  refract  &  pencil  of  parallel  rays  accurately  to  a  point  in 
consequence  of  the  over  refraction  of  the  mai^ginal  rays  compared  with 
those  incident  towards  the  middle. 

No  compensation  for  the  chromatic  aberration  of  direct  pencils  seems 
to  exist,  or  to  be  required.  If  a  pure  spectrum  be  thrown  on  a  page  of 
small  print,  and  the  page  be  viewed  by  a  person  of  ordinary  sight  at 
the  ordinary  distance  of  reading,  the  print  will  be  seen  ver^  distinctly 
about  the  bright  part  of  the  spectrum,  but  somewhat  indistmcUy  from 
long-sightedness  in  the  red,  and  very  indistinctly  from  short-sighted- 
ness in  the  violet.  Again,  if  the  sun  or  a  candle  be  viewed  tlubugh 
several  pieces  of  cobalt  blue  glass  superposed,  a  combination  which 
transmits  only  the  extreme  red,  and  the  blue  and  violet  of  the  spectrum, 
the  red  image  and  the  blue  image,  though  superposed,  will  not  be  seen 
in  focus  together.  But  in  ordinary  vision,  where  all  the  colours  of  the 
spectrum  are  viewed  together,  the  confusion  arising  from  the  imperfect 
focusing  of  the  fainter  extremities  of  the  spectrum  is  insensible. 

If  the  eye  were  perfectly  invariable  in  form,  the  images  of  objects 
at  different  distances  could  not  all  be  formed  on  the  retina,  and 
therefore,  such  objects  could  not  all  be  seen  distinctly.  The  eye, 
however,  possesses  a  power  of  adaptation,  answering  to  the  focusing  of 
a  telescope,  which  accompanies  involuntarily  the  voluntary  act  of 
making  the  axes  of  the  two  eyes  converge  towards  a  nearer  or  more 
distant  object  by  looking  at  the  object. 

If  the  cornea  be  too  protuberant,  the  rays  will  be  brought  to  a  focus 
before  reaching  the  retina  (unless  they  come  from*  an  object  close  at 
hand),  and  the  vision  will  be  indistinct.  A  person  thus  affected  is 
said  to  be  thort-nghted.  If  the  cornea  be  too  flat,  the  rays  will  reach 
the  retina  before  they  come  to  a  focus  (unless  they  come  from  a  very 
distant  object,  and  perhaps  not  even  then),  and  the  vision  will  again  m 
indistinct,  such  a  person  being  said  to  be  long-nghUd,  These  defects, 
as  is  well  known,  may  be  corrected  by  the  use  of  spectacles,  re- 
spectively concave  and  convex,  and  of  suitable  power.  But  there  is 
another  defect,  consisting  in  the  length  of  sight  being  different  in 
different  planes,  which  is  far  from  uncommon,  which  cannot  be 
corrected  by  ordinary  lenses,  though  it  may  by  a  properly  chosen  lens 
having  one  or  both  surfaces  cylindrical.  [Lens.] 
«  OPTICS,  PRACTICAL,  is  that  part  of  science  which  applies  the 
physiGal  properties  of  Light  and  the  mathematical  laws  of  Optics  to 
the  construction  of  useful  optical  instruments.  By  the  former  we 
determine  the  constants  necessary  to  render  the  formulae  of  the  latter 
convertible  into  numbers.  The  refractive  and  dispersive  indices 
peculiar  to  transparent  media  are  constants  of  this  nature,  and  the 
instruments  adapted  to  the  easy  vision  of  near  or  distant  objects,  to 
great  or  small  objects,  and  to  other  optical  purposes,  are,  according  to 
the  plan  of  this  work,  described  under  their  proper  heads.  [Cajusba 
Lucida;  Heliostat;  Mtobosoope;  Telescope;  &c.] 
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The  refractive  indices  of  transparent  and  semi-transparent  media 
have  been  a  subject  of  research  to  many  experimenters,  and  were  con- 
siderably advanced  by  Newton.  (Newton's  *  Optics.')  The  additional 
properties  of  light  discovered  since  his  time  have  enabled  philosophers 
to  calculate  to  a  far  greater  degree  of  accuracy  the  indices  both  of  re- 
fraction and  dispersion  than  was  then  piucticable. 

The  theory  of  achromatism,  or  the  method  of  correcting  the  aberra- 
tions of  the  rays  of  light,  has  been  pursued  by  Euler,  D'Alembert, 
Herschel  (Sir  J.),  and  many  others ;  but  the  earliest  successful  con- 
struction was  inade  by  Mr.  Hall,  in  1733.  The  same  was  effected  in 
1757  by  Dollond,  whose  labours,  together  with  that  of  his  son,  gave  a 
great  impulse  towards  the  complete  accomplishment  of  an  object  of 
which  Newton  seems  almost  to  have  despaired.  In  the  same  career  of 
late  years  we  must  distinguish  Fraui^ofer,  of  Benediktbeuem,  in 
Bavaria,  who  obtained  at  an  early  age  from  the  French  Academy  the 
prize  for  the  actual  construction  of  achromatic  glasses.  Not  only  were 
the  necessary  manual  operations  conducted  by  himself  with  patience 
and  the  minutest  attention  to  all  the  practical  details  of  the  quality  of 
his  glasses  and  the  accuracy  of  grinding  and  polishing,  but  he  had  also 
the  merit  and  advantage  of  observing  the  dark  lines  which  cross  the 
prismatic  spectrum,  and  which  are  of  the  greatest  utility  in  determining 
the  indices  above  alluded  to.  From  the  nature  of  the  composition  of 
the  glasses,  some  of  his  finest  telescopes  have  of  late  become  consider- 
ably tarnished,  particularly  those  in  exposed  situations.  This  could 
not  have  been  easily  foreseen,  and  many  of  his  telescopes  remain  still 
in  good  condition. 

The  first  account  of  Fraunhofer's  remarkable  optical  discoveries  is 
given  in  a  paper  which  he  published  in  the  '  Memoirs  of  the  Academy 
of  Bavaria'  for  1814-15.  By  means  of  a  theodolite  furnished  with  a 
telescope,  he  measured  the  distances  of  the  principal  lines;  and  by 
applying  a  photometer  to  the  different  coloured  rays,  he  drew  a  curve, 
the  ordinates  of  which  express  the  illuminating  powers  of  the  several 
rays.  To  these  researches  he  soon  afterwards  added  some  beautiful 
experiments  on  the  diffraction  of  light,  an  account  of  which  he 
published  at  Munich,  and  they  also  appeared  in  an  abridged  form  in 
the  '  Biblioth^que  Univeraelle,'  January,  1822.  It  is  believed  that  his 
close  application  to  those  and  similar  researches  accelerated  his  death, 
which  followed  soon  after. 

The  accurate  determination  of  the  refractive  and  dispersive  indices 
has  also  been  pursued  with  great  success  in  this  country,  and  simul- 
taneously by  some  of  the  following  distinguished  men : — Dr.  Thomas 
Young,  Dr.  Brewster,  Dr.  Wollaston,  Sir.  J.  Herschel,  Prof.  Faraday, 
Prof.  Powell,  &o. ;  and  in  France,  by  Biot,  Dulong,  &c. ;  some  of  the 
results  of  whose  experiments,  in  a  very  compressed  form,  are  given  in 
the  two  following  tables : — 
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Hydrogen     •        •        • 
Oxygen    .        .        • 
Air  (atmospherie) . 
Nitrogen .        .        • 

Aqueous  homoor  of  eye 
Vitreous  .        •        • 
Salt-water     . 
Albumen .        •        . 
Crystalline  lens  of  eye  • 
Oil  of  almonds .        • 
Oil  of  turpentine  •        • 
Camphor  •        •        • 


1*00014 
1*00037 
1 '00029 
1*0008 


S37 

sse 

S4S 
360 
S78 
470 
475 
600 


1*500 
1*514 


1*5S3 


Glass— English  plate 

Dutch  .        • 

Fraunhofer's  crown 
(No.  13)  ray  E  . 
Bock  crystal    .  1*568  to  1*575 

Amber         .... 

Euby  red  glass  • 

Sulphur       .        .        •        • 

Glass  of  antimony     .        . 

Diamond  (8.0.  ss  3*4)  •   • 


547 
601 
058 
000 
430 


Chrom.  lead 
Oil  of  casda 
Green  glass 
Flint  glass 


DispEBSivx  Pownas, 

•  0-400        Oil  of  turpentine 

•  0*130        Amber 

«  0-061         Gum  Arabic      . 
.  0*052        Oilof  clores 

Sulphate  of  lead 


0*043 
0*041 
0*036 
0*062 
0*060 


OPTO'METER  (from  Itrro/xoi,  to  see,  and  ftirpoy,  a  measure)  is  an  in- 
strument for  ascertaining  with  precision  the  refractive  powers  of  lenses, 
and  the  distances  at  which  minute  objects  may  be  distinctly  seen. 
The  idea  originated  with  Scheiner ;  but  such  an  instrument  was  con- 
structed by  Dr.  Porterfield,  and  was  improved  by  Dr.  Thomas  Young. 
It  consisted  of  a  slip  of  ivory,  tmpolLshed,  or  of  wood  covered  wiUi 
white  paper,  about  eight  inches  long  and  half  an  inch  broad,  on  which, 
in  the  direction  of  its  length,  was  drawn  a  narrow  and  well-defined 
black  line.  At  one  extremity  of  the  slip  was  fixed  a  plate  of  ivory,  or 
a  piece  of  card,  nearly  perpendicular  to  its  length,  and  this  was  per- 
forated either  with  a  single  aperture  or  with  two  apertures  at  distances 
from  one  another  varying  from  j\;th  to  ^th  of  an  inch,  but  not  exceeding 
the  diameter  of  the  pupil  of  the  eye.  On  applying  the  eye  to  a  single 
aperture,  and  looking  in  the  direction  of  the  ^e,  drawn  on  the 
instrument,  the  line  appears  to  have  a  certain  breadth,  and  to  be  ill 
defined,  at  the  nearest  extremity :  the  breadth  gradually  diminishes  at 
points  successively  more  remote  till  it  becomes  a  minimum,  when  the 
line  becomes  distmct ;  beyond  that  point  the  line  gradually  increases 
in  breadth,  becoming  again  ill  defined.  On  applying  the  eye  to  a 
double  aperture,  the  line  appears  to  be  double,  the  parts  seeming  to 
cross  one  another  at  a  very  acute  angle,  and  the  intersection  is  at  the 
place  where  a  single  line  would  have  had  the  minimum  breadth : 
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beyond  this  intersection  the  two  lines  appear  to  diverge  from  one 
another^  and  to  become  indistinct.  The  point  of  intersection  is  that 
at  which  a  minute  object  being  placed,  its  image  would  be  distinctly 
seen  by  the  eye  at  the  aperture,  and  its  distance  from  the  eye  may  be 
immediately  found  by  means  of  a  scale  of  inches  on  the  instrument,  a 
sliding  index  being,  at  the  time  of  making  the  observation,  moved  to 
the  point  of  intersection. 

This  distance  affords,  evidently,  a  measure  of  the  refractive  power 
of  the  observer's  eye ;  since  rays  of  light  diverging  from  a  small  object 
at  that  distance  are,  by  the  lenses  of  the  organ,  made  to  convei^e 
accurately  to  a  point  on  the  retina,  so  as  to  form  there  a  single  and 
well  defined  image.  If  the  object  were  either  brought  nearer  to  or 
removed  farther  from  the  eye,  the  rays,  after  passing  through  the  two 
apertures,  would  form  two  images,  both  of  which  would  appear  to  be 
less  perfectly  defined  than  the  single  image. 

It  being  assumed  that  a  person  whose  sight  is  perfect  sees  a  small 
object  distinctly  at  the  distance  of  8  inches  from  the  eye,  Dr.  Young 
obtained  by  computation  a  series  of  numbers  which  he  placed  on  the 
scale  of  the  optometer,  at  such  distances  from  the  plate  containing  the 
apertures,  that  a  spectator  having  a  presbyopic  eye  (or  one  which,  like 
those  of  most  persons  who  are  advanced  in  hfe,  has  distinct  vision  of 
small  objects  only  when  they  are  at  greater  distances  than  8  inches) 
on  looking  through  the  slits  and  observing  the  place  where  the  two 
images  of  the  line  cross  each  other,  might  ascertain  at  once,  by  the 
number  at  the  place,  the  focal  length  of  a  convex  lens  which  would 
enable  him  to  see  distinctly  at  8  inches.    He  also  computed  a  series  of 

£  umbers  which  he  placed  on  the  scale  in  such  situations  that  a  person 
aving  a  myopic  eye,  or  one  which  has  distinct  vision  of  objects  at  less 
than  that  distance  hx)m  it,  on  observing  the  place  at  which  the  lines 
appeared  to  intersect  one  another,  might  ascertain  the  virtual  focus  of  a 
concave  lens  which  would  enable  him  to  see  distinctly  at  8  inches.  The 
optometer  thus  became  a  means  of  enabling  persons  to  make  choice  of 
the  proper  lenses  for  spectacles  which  would  correct  the  imperfections 
of  their  natural  vision. 

But  the  scale  of  Dr.  Young's  optometer  being,  for  convenience,  only 
8  inches  long,  and  the  inferior  limit  of  distinct  vision  in  a  presbyopic 
eye  being  beyond  that  distance.  Dr.  Young  applied  to  his  instrument  a 
convex  lens  of  4  inches  focus,  by  which  the  point  of  distinct  vision  for 
such  an  eye  was  reduced  within  8  inches  from  it :  the  numbers  on  his 
scale  were  therefore  computed  for  the  instrument  when  furnished  with 
such  a  lens. 

Dr.  Young  used  the  optometer  for  the  purpose  of  determining  the 
refractive  powers  of  the  eye,  not  only  in  its  usual  state,  but  also  when, 
in  cases  of  cataract,  the  crystalline  lens  had  been  displaced  or  extracted, 
and  when  the  effect  of  the  oomeahad  been  rendered  null  by  immersing 
the  anterior  part  of  the  eye  in  water,  which  was  contained  in  a  cell  of 
s  proper  form,  and  having  a  plane  glass  in  front.  By  such  means  he 
endeavoured  to  ascertain  in  what  manner  the  eye  accommodates 
itself  to  distinct  vision  for  objects  at  different  distances  from  it;  and 
his  conclusion  is  that  the  faculty  depends  entirely  upon  changes  of 
figure  which  take  place  in  the  crystalline  lens.  (Lectwru  on  Natural 
PhUotophy,  vol  ii.) 
OKA.    [Money.] 

ORACLE  (from  the  Latin  onoculum,  and  that  from  og,  or-t>,  a 
mouth).  Oracle  was  the  Roman  name  used  to  denote  the  place  where 
answers  were  supposed  to  be  given  by  any  of  the  divinities  to  those 
who  consulted  them  respecting  the  future.  Sometimes  also  it  was 
used  to  signify  the  response  which  was  delivered,  and  sometimes  the 
deity  from  whom  this  response  was  imagined  to  proceed.  Its  primary 
and  proper  signification  indeed  is  that  of  a  response.  Cicero  (*  Topic.,* 
20)  says  that  oracula  were  so  called  "quod  Inest  in  his  Deorum  Oratio." 
Those  who  were  sent  to  consult  them  were  sometimes  cijled  orotoret. 
(Livy,  v.  15.)  Oracular  responses  were  called  tihrtmi  (jcpnirtiot)  or 
manteia  (juofrua)  by  the  Greeks ;  the  name  mantewn  (jicarrth^)  was 
also  often  given  to  the  oracular  place,  or  the  seat  of  the  oracle. 

Curiosity  regarding  futiuity,  and  the  desire  to  penetrate  its  mys- 
teries, are  dispositions  which  exert  a  powerful  control  over  the  minds 
of  men  in  every  stage  of  societV ;  among  nations  that  have  made  little 
sdvanoement  in  dvuisation  and  intelligence,  they  operate  with  peculiar 
force,'  and  in  these  dispositions,  combined  with  the  belief  that  the 
gods  had  both  the  ability  and  the  inclination  to  afford  the  knowledge 
so  eagerly  longed  after,  the  oracles  of  the  pagan  world  had  their  origin. 
Of  these  oracles  the  most  famous  were  those  of  Qreece,  and  among 
them  that  which  had  claims  to  the  highest  antiquity  was  the  oracle  of 
Zeus  at  Dodona,  [Dodona,  in  Geoo.  Div.]  But  the  most  celebrated 
of  the  Grecian  oracles  was  that  of  Apollo,  at  Delphi,  a  city  built  on 
the  slopes  of  Parnassus  in  Phocis.  [Delphi,  in  Gkoo.  Div.J  Besides 
the  oracles  of  Zeus  and  Apollo  at  Dodona  and  Delphi,  that  of 
Trophonius,  near  Lebadeia  in  Boeotia,  may  be  mentioned,  as  having 
been  held  in  high  estimation.  There  were  many  other  oracles  in 
Qreece,  but  of  lees  repute. 

Among  the  other  most  noted  orades  of  antiquity  were  that  of 
Zeus  Ammon  m  the  desert  of  Libya,  that  of  the  Branchida  in 
I^a,  of  Pella  in  Macedonia,  of  Sinope  in  Paphlagonia,  of  the  head  of 
Orpheus  at  Lesbos,  &c.  Most  of  the  heathen  deities,  and  even  the 
demigods  and  heroes,  had  oracles  of  then-  own.  There  were  also 
cuirent  in  Greece  numerous  so-caUed  prophecies,  the  productions  of 
individuals  who  were  probably  supposed  to  epeok  under  a  divine 


influence.  Such  were  those  of  Bacis  and  Musaeus,  in  which  the  battle 
of  Salamis  was  predicted,  and  that  of  Lysistratus,  an  Athenian. 
(Herod.,  viii.  96.)  But  those  productions  are  perhaps  more  appro- 
priately considered  imder  the  nead  of  Pbophect,  though  Herodotus 
applies  to  them  the  same  name  {xpV^t*-^^)  ^  to  the  responses  from 
Delphi  and  other  oracular  places.  As  to  the  Sibylline  oracles,  see 
Sibyl. 

Though  the  Romans  had  various  modes  of  ascertaining  the  will 
of  the  deities,  it  does  not  appear  that  oracles  like  those  of  Delphi  or 
Dodona  were  ever  established  among  them;  and  we  find  that  the 
oracles  of  Greece,  and  particularly  &e  far-famed  oracle  of  Delphi, 
were  consulted  by  them  on  many  important  occasions.  (Livy,  v.  15 : 
xxii.  57,  &c.) 

Among  the  Jews,  the  Urim  and  Thummim,  which  by  an  eztrs- 
ordinary  brightness  made  known  the  will  of  Jehovah,  bore  a  striking 
resemblance  to  the  heathen  oracles;  and  the  oracle  of  Bathcol,  or 
daughter  of  the  voice,  which  was  originated  after  the  death  of  Maladii, 
was  completely  identical  with  them. 

The  modes  in  which  oracular  responses  were  delivered  were  verj 
various.  At  Dodona  they  issued  from  the  hollow  of  an  oak ;  at  Delphi 
they  were  delivered  by  the  Pythia ;  and  at  the  oracle  of  Amnion  they 
were  pronounced  by  the  priests.  At  Memphis  a  favourable  or  unfavour- 
able answer  was  imderstood  to  be  returned,  according  as  Apis  received 
or  rejected  what  was  presented  to  him.  [Apis.]  Sometimes  the  replj 
was  given  by  letter ;  and  sometimes  the  required  information  could  be 
obtained  only  by  casting  lots — the  lots  being  dice  with  certain  characten 
engraved  on  them,  the  meaning  of  which  was  ascertained  by  referring 
to  an  explanatory  table.  Dreams,  visions,  and  preternatural  voices 
also  announced  the  will  of  the  divinities. 

The  importance  attached  by  the  Greeks  and  Romans  to  oracular 
responses  is  a  striking  feature  in  the  history  of  those  people.  Hardly 
any  enterprise,  whether  public  or  private,  of  any  moment,  was  under- 
taken without  recourse  being  had  to  them  and  their  sanction  being 
obtained.  In  later  times,  indeed,  their  Influence  was  greatly  dimi- 
nished, and  thus  gradually  fell  into  disrepute.  Cicero  affirzna  that 
long  before  his  age  even  the  Delphic  oracle  was  regarded  by  many 
with  contempt ;  and  there  is  little  doubt  that  oracles  were  considered 
by  philosophers  as  nothing  different  from  what  they  really  were,  and 
Vy  politicians  as  instruments  which  could  be  tised  for  their  purposes. 
The  reply  of  Cato  to  Labienus,  who  wished  him  after  the  battle  ot 
PharsaUa  to  consult  the  oracle  of  Jupiter  Ammon,  embodies  the 
opinion  of  that  eminent  Stoic  respecting  the  propriety  of  thus  quee- 
tioning  the  gods.  "  On  what  account,  Labienus,  would  you  have  me 
consult  Jupiter  ?  Should  I  ask  him  whether  it  would  be  better  h> 
lose  life  than  liberty  ?  Whether  life  be  a  real  good  f  We  have  within 
us,  Labien\iB,  an  oracle  that  can  answer  all  these  ouestions.  Nothing 
happens  but  by  the  order  of  God.  Let  us  not  require  of  him  to  repeat 
to  us  what  he  has  sufficiently  engraved  on  our  hearts.  Truth  has  not 
withdrawn  into  these  deserts;  it  is  not  engraven  on  the  sands  of 
Libya.  ....  Let  the  inconstant  and  those  mat  are  subject  to  waver 
according  to  events  have  recourse  to  oracles.  For  my  part,  I  find  in 
nature  everything  that  can  inspire  the  most  constant  resolution.  The 
coward,  as  well  as  the  brave,  cannot  escape  death.  Jupiter  can  tell  us 
no  more."    (Lucan,  *  Pharsalia,'  lib.  ix.,  v.  566^84.) 

The  question  has  been  gravely  discussed,  whether  oracular  responses 
ought  %o  be  ascribed  to  mere  human  ingenuity  and  wisdom,  or  to 
diabolical  agency.  Most  of  the  Christian  fathers  maintained  that  they 
ought  to  be  ascribed  to  the  latter.  Allusion  is  made  to  this  opinion 
in  the  first  book  of  '  Paradise  Lost,'  iehere  the  spirits  of  Pandemonium 
are  described  as  having  taken  possession  of  the  various  idols  of  the 
heathen  world.  There  is  nothing,  however,  in  the  history  of  the  ancient 
oracles  to  countenance  such  a  notion,  or  to  lead  to  the  belief  that 
a  supernatural  cunning  and  skill  directed  them.  Their  replies  to 
those  who  consulted  them  were  for  the  most  part  obscurely  and 
equivocally  expressed,  and  so  as  to  admit  of  different  explanations, 
according  as  the  wishes  of  the  inquirer  might  suggest  or  the  event 
determine;  and  even  in  those  instances  where  trial  was  designedly 
made  of  the  reality  of  their  pretensions,  it  is  not  difficult  to  account 
for  the  success  with  which  they  stood  the  test,  without  calling  in  the 
assistance  of  demoniacal  instrumentality. 

Another  circumstance  respecting  the  oracles,  which  has  given  birth 
to  much  controversy,  is,  the  time  when  they  ceased  altogether  to  give 
responses.  Eusebius  was  the  first  who  propounded  Uie  opinion  that 
they  became  silent  ever  after  the  birth  of  Christ,  and  many  writers, 
wilung  thus  to  do  honour  to  the  author  of  Christianity,  have  given  it 
their  support.  Milton  makes  allusion  to  this  theory  also  in  the  most 
magnificent  of  all  his  minor  poems, '  The  Hymn  of  the  Nativity ; '  and 
in  lines  of  solemn  and  elevated  beauty,  of  which  the  following  are  the 
oonunencement,  pictures  the  consternation  of  the  heathen  idola  at  tlie 
advent  of  the  Saviour : — 

**  The  orteles  are  dnmb, 
No  voice  or  hideous  hum 

Bings  throagh  tHe  arohed  roof  in  words  deceiving. 
Apollo  from  his  shriae 
Csn  no  more  dirine, 

With  hoUow  shriek  the  steep  of  Delphos  leaving. 
No  nightly  trance  or  breathed  spell 
Inspires  the  pale-ejed  priest  from  the  prophetic  oeU." 
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But  the  circumstance  that  may  thus  be  made  available  for  the 
pur]i08es  of  poetical  ornament,  happens  unfortunately  to  be  contrary 
to  fact.  It  appears  from  the  edicts  of  the  emperors  Theodosius, 
Gratian,  and  Valentinian,  that  oracles  existed,  and  were  occasionally 
at  least  consulted,  till  so  late  as  ▲.D.  358.  About  that  period  they 
entirely  ceased,  though  for  several  centuries  previous  they  had  sunk 
very  low  in  public  esteem.  So  few  resorted  to  them,  that  it  was  no 
longer  a  matter  of  interest  to  maintain  them.  Towards  this  consum- 
mation Christianity  powerfully  contributed,  by  the  superior  enlighten- 
ment which  it  carried  along  with  it  wherever  it  was  introduced,  and  by 
the  display  which  it  made  of  the  falsehood  and  folly  of  the  superstitions 
which  it  was  destined  to  overthrow. 

ORANGE.  In  the  article  CiTBUS,  in  Nat.  Hist.  Div.,  the  diJBferent 
species  of  this  genus  have  been  described,  as  well  as  the  more  remark- 
able varieties  of  the  orange.  Being  a  native  of  warm  southern  latitudes, 
the  orange  is  a  remarkable  instance  of  a  fruit  which  gives  employment 
and  forms  even  an  article  of  conunerce  from  the  southern  to  the  more 
northern  European  nations.  Thus,  it  is  exported  from  Italy  and  Malta, 
as  well  as  from  the  south  of  Spain  and  from  Portugal,  but  in  very 
large  quantities  from  the  Azores.  Its  cultivation  is  profitable  not  only 
on  account  of  the  esteem  in  which  the  fruit  is  held,  but  also  from  the 
extreme  proUficnoss  of  the  tree,  so  that  the  fruit  is  sold  even  in  Eng- 
Lind  at  a  price  not  much  above  and  sometimes  even  for  less  than  our 
own  apples  and  pears. 

Oranges  are  miported,  as  well  as  lemons,  packed  in  boxes,  and 
wrapped  up  separately  in  paper.  The  entries  for  home  consumption, 
m  1859,  amounted  to  984,901  bushels. 

The  citron  is  considered  to  have  been  first  cultivated  in  Italy  by 
Palladius,  in  the  2nd  century,  but  the  oran^  not  until  the  14th  cen- 
tury; it  is  probable,  from  the  name,  that  it  was  introduced  by  the 
Arabs  into  Spain.  Oranges  bear  the  open  air  also  at  Nice,  Genoa,  and 
Naples,  but  at  Florence  and  Milan,  and  often  at  Rome,  they  require  the 
temporary  protection  of  a  shed.  Thev  are  usually  planted  in  boxes,  and 
removed  irom  the  conservatory  into  the  open  air  in  summer,  in  France 
M  well  as  in  England ;  but  since  the  introduction  of  the  great  variety 
of  flowers  from  all  countries,  orangeries  and  fine  specimens  of  orange  and 
citron  trees  have  been  less  in  fashion,  though  none  are  more  desirable 
on  account  of  the  combination  of  elegant  verdure,  the  grateful  odour 
of  the  flowers,  and  the  rich  appearance  of  the  fruit.  They  have  been 
cultivated  in  England  since  1492  :  and  Mr.  Loudon  states  that  at  the 
Wilderness,  Kent,  there  are  three  trees  in  boxes,  not  surpassed  by  any 
trees  so  grown  in  Eurdpe ;  and  that  at  Saltcombe,  in  Devonshire,  there 
are  in  a  few  gardens  orange-trees  which  have  withstood  the  winter  in 
the  open  air  for  upwards  of  a  hundred  years.  They  are  propagated 
cither  by  seeds,  by  cuttings,  by  layers,  by  grafting,  or  inoculation ; 
and  the  orange  thrives  best  when  grafted  on  the  lemon.  The  plants 
grown  from  seeds  require  so  long  to  come  to  perfection,  that  they  are 
seldom  so  propagated  in  England.  The  most  regular  and  garden-like 
culture  is  in  the  orange  orchards  at  Nervi,  Monaco,  and  other  places  in 
the  neighbourhood  of  Genoa.  At  the  former  are  the  orange  nurseries 
which  may  be  said  to  supply  all  Europe  with  trees,  though  the  culti- 
vation is  of  a  very  indifierent  character,  but  the  fine  climate,  strong 
clayey  soil,  and  abundant  manurings  supply  the  place  of  more  skilful 
treatment.  Budding  and  grafting  are  performed  in  England  at  the 
utjual  season  for  such  operations,  but  they  may  be  performed  at  any 
time  when  the  sap  is  in  motion.  In  budding  Mr.  Macintosh  recom- 
mends that  the  cross  cut  should  be  nuide  at  we  bottom  of  the  slit  in 
the  bark  instead  of  the  top.  Mr.  Henderson,  of  Woodhall,  one  of 
the  most  successful  growers  of  the  Citrus  tribe,  has  given  a  full 
description  of  the  practices  he  adopts  ('  Caled.  Hort.  Mem.,'  iii ; 
and  Loudon's  'Eucycl.  of  Gardening') ;  he  considers  cuttings  as  the 
quickest  mode  of  getting  plants.  At  Genoa  and  Florence  the  trees 
are  grown  in  a  strong  yellow  clay  which  is  richly  manured.  The 
French,  in  preparing  a  eompost,  compensate  for  quantity  by  richness 
of  manure.  Henderson  takes  one  part  of  light  brown  mould  from  a 
piece  of  ground  that  has  not  been  cropped  or  manured  for  many  years, 
one  part  of  peat  earth  such  as  is  used  for  growing  heath,  two  parts  of 
river-sand,  or  pit-sand,  if  it  be  free  from  mineral  substances,  and  one 
part  of  rotted  hot-bed  dung,  with  one  part  of  rotted  leaves  of  tree& 
and  mixes  them  aU  well  together,  so  as  to  form  a  compact  soil  of 
uniform  quality.  The  blood  of  animals  is  found  to  be  viduable  as  a 
manure,  and  is  improved  by  being  mixed  wiUi  mineral  superphosphate 
of  lime.  Charcoal,  not  too  finely  broken,  adds  much  to  the  health  of 
the  tree  when  mixed  with  the  soil. 

Orange-trees  grow  exceedingly  well  in  pots  and  boxes,  but  they 
S'hould  be  raised  from  the  floor  and  well  drained.  The  temperature  of 
the  soil  required  for  producing  fruit  in  perfection,  is  from  a  maximum 
of  85'  to  a  minimum  of  58°.  In  England  the  soil  seldom  reaches  66**, 
and  often  sinks  to  36^;  therefore,  except  in  forcing-houses  nothing  can 
he  expected  from  the  plant  but  its  flowers,  the  fruit  if  formed  being 
small  and  tasteless.  Yet  the  tree  is  hardy,  and  will  live  through  an 
Knglish  winter  if  kept  in  the  dark  and  dry.  After  the  flowering, 
instead  of  allowing  the  wood  to  grow,  continental  gardeners  clip  them 
round  into  perfect  globes  with  the  hedge-shears.  To  use  the  knife 
^'ould  be  better,  but  the  practice  is  right ;  it  rids  the  trees  of  super- 
fluous matters,  insures  the  maturing  of  the  buds  on  the  short  branches 
left,  the  sap  Ib  thrown  back  into  tEe  buds,  and  thus  elaborated  into 
perfect  flower-buds  for  the  ensuing  season.    Trees  so  treated,  and  kept 


pretty  dry  from  November  till  March,  remain  perfectly  safe  imder  an 
opaque  roof.  With  us,  the  growing  season  is  not  favourable  enough 
to  ripen  the  wood  without  the  aid  of  covering ;  and  that,  to  insure 
health  and  abundance  of  bloom  (the  only  thing  to  be  sought  for),  must 
be  transparent.  These  remarks  apply  to  the  lemon  as  well  as  to  the 
orange. 

Mr.  St.  John  ('  Travels  m  the  Valley  of  the  Nile ')  says,  he  saw  a 
tree  produced  by  joining  the  seed  of  the  citron,  the  orange,  and  the 
lemon.  The  external  coating  being  removed  from  one,  this  was  placed 
between  the  other  two,  from  whi<£  the  coating  of  one  side  only  had 
been  removed.  They  were  then  boimd  together  with  a  fine  grass  and 
planted ;  the  result  was  a  fruit  combining  beneath  one  rind,  but  dis- 
tinctly marked  both  internally  and  extemsdly,  the  qualities  of  the  thr«e 
species  of  which  the  seeds  had  been  used. 

(See  the  work  of  Risso  of  Nice,  and  Poiteaux  of  Versailles,  ffUtoire 
NatwrdU  des  Oranga,  where  l(i9  sorts  are  described,  and  105  of  them 
figured ;  also  that  of  Gallezio,  TraiU  du  genus  CUrut,  who  has  given  an 
account  of  the  40  different  kinds  cultivated  in  Italy ;  and  Mr.  Loudon's 
Encycl,  of  Gardmitig,) 

ORANGE,  LEMON,  lAME— Medical  Pn^criiee  of.  These  are  all 
species  of  the  genus  CUruM,  Save  the  root,  wood,  and  bark,  every  one 
of  them  yields  from  every  part  something  of  use  in  medicine  or  per- 
fumery. Citrus  aurtuUium,  or  sweet  orange,  is  too  well  known  to 
require  description.  Its  leaves  and  unripe  berries  yield  by  distillation 
a  fragrant  oil  called  essence  de  petit  grain.  The  small  green  unripe 
fruits  of  this  species,  and  also  of  the  Citrus  bigtuxidia,  or  bitter  orange, 
have  an  aromatic  odour  and  bitter  taste,  and  are  used  to  flavour 
cura^oa.  "  When  smoothed  by  a  lathe,  they  form  the  issue  pesa  of 
the  shops."  The  flowers  of  the  sweet,  but  still  more  the  bitter,  orange 
are  distilled  to  yield  orange-flower  water,  termed  aqua  Naphae,  This 
contains  free  acetic  acid ;  this  acid  acts  upon  the  lead  in  the  joining  of 
the  stills  in  which  it  is  prepared,  or  the  leaden  vessels  in  which  it  is 
imported ;  so  that  orange-flower  water  often  contains  a  notable  quan- 
tity of  acetate  or  sugar  of  lead,  giving  rise  to  some  troublesome 
decompositions  when  iodine  or  several  other  matters  are  mixed  with  it, 
as  first  pointed  out  by  Mr.  Squire.  It  is  directed  to  be  tested  with, 
hydrosulphuric  acid,  to  ascertain  its  freedom  from  this  contamination. 
Oil  of  orange-flowers,  called  oleum  Neroli,  is  obtained  by  distillation  of 
the  flowers  of  the  sweet  and  still  more  of  the  bittco-  orange.  An 
inferior  sort  is  got  by  expression  of  the  grated  rind. 

The  Citrus  medica,  or  citron,  yields  two  volatile  oUs,  one  termed 
essence  or  essential  oil  of  citron,  the  other  essence  or  essential  oil  of 
cedrat.  This  must  not  be  confounded  with  cedrat,  which  is  a  liqueur 
or  compound  of  the  distilled  oil  of  lemons  and  simple  syrup.  Neither 
must  it  be  confounded  with  citronelle,  or  eau  de  Barbada,  which  is  a 
West  Indian  distilled  spirit  of  orange,  lemon-peel,  and  aromatics,  with 
proof  spirit.  CritM  des  JBarbades  is  similar,  prepared  with  rum. 
CitroneUa  Zeylanice^  or  oil  of  lemon-grass,  from  Ceylon  and  the 
Moluccas,  is  obtained  from  the  Andropogon  citratum,  a  grass,  not  of 
the  orange  tribe.  Citrus  hergamia  yields  from  the  rind  of  tlie  trvtii, 
by  either  expression  or  distillation,  the  well-known  essence  or  volatile 
ou  of  bergamot.  This  name  is  also  applied  to  a  volatile  oil  obtained 
from  a  mint,  the  Mentha  citrata  (or  M.  odorata  of  Sole,  in  his  work  on 
'  British  Mints '),  called  bergamot  ^lint.  The  volatile  oil  of  the  genuine 
bergamot  is  saia  by  Llebig  po  differ,  by  containing  oxygen,  from  the 
other  oils  of  this  genus,  which  are  mere  carburets  of  hydrogen.  This 
similarity  of  chemical  composition  renders  it  difficult  to  distingulBh 
mint  oil  from  that  of  beigamot;  but  in  all  probability  ^ere  is  a 
difference  in  their  polarising  power  or  tendencies. 

As  stimulants,  carminativesj  and  antispasmodics,  these  oils  are  occa- 
sionally used  pure,  on  sugar,  but  mostly  as  constituents  of  tinctures 
and  mixtures.  Many  of  them  enter  into  the  oooKxmtion  of  eau  de 
Cologne,  where  ammonia  seems  the  chief  solvent.  The  pure  oil  of  the 
lemon,  either  spirted  or  carefully  dropped  into  the  eye,  has  been  used 
with  benefit  in  chronic  inflammation  of  that  organ,  whether  of  rheu- 
matic or  scrofulous  origin,  particularly  where  there  is  a  tendency 
to  the  formation  of  specks  of  the  cornea.  It  acts  like  the  Viiwm 
cpii. 

The  fresh  rind  of  the  sweet  orange,  rasped,  and  pounded  with  three 
times  its  weight  of  loaf  sugar  till  well  incorporated,  constitutes  the 
cdnfedvo  aurmaiii  of  the  Fhannacopoeia.  The  rind  of  the  sweet,  more 
frequently  of  the  bitter,  orange,  occasionally  of  the  citron,  and  even 
the  lemon,  is  made  into  a  conserve  by  having  the  pulp  scooped  out, 
then  boiled,  and  boiled  sugar  poured  over  the  rind. 

The  rind  or  peel  of  the  sweet,  but  more  frequently  of  the  bitter, 
orange,  and  idso  the  citron,  are  frequently  candied  and  used  at  dessert, 
or  the  last  in  rich  puddings,  buns  (Scotch),  and  short-bread.  The  rind 
or  peel  of  the  bitter  orange,  from  which  the  soft,  white,  downy  inside 
lining  has  been  carefully  stripped  off',  consUtutes  what  is  termed 
Flaveido  aurantii,  a  wholesome  stomachic.  The  bitter  orange,  termed 
Seville,  is  made  in  Scotland  into  a  conserve  called  marmalade.  The 
whole  of  the  fruit,  except  the  pips  and  inside  lining  (termed  dofi')  of 
the  peel,  is  used  for  this  purpose,  being  boiled  till  the  fruit  is  made 
quite  tender ;  the  skin  is  then  to  be  cut  into  fine  shreds  (the  finer  the 
better,  or  rasped),  and  the  whole  boiled  till  it  jellies.  The  flavour  is 
greatly  improved  by  using  a  few  of  the  more  fragrant-skinned  sweet 
oranges  along  with  the  bitter.  When  properly  prepared,  this  forms 
one  of  the  most  wholesome  conserves  at  breakfast  or  dessert. 
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The  skin  of  the  sweet  orange  in  the  crude  state  is  indigestible,  and 
even  dangerous.  Children  should  be  prevented  eating  it  or  swallowing 
the  pips,  as  even  &tal  results  have  followed  eating  the  rind  of  one 
orange.  The  pulp  of  the  sweet  orange,  and,  still  better,  the  expressed 
ju2cti,i8  very  grateful  to  persons  with  feverish  or  inflammatory  diseases. 
Orangeade  is  made  by  adding  water  and  sugar  to  the  juice.  The 
adjunct  of  sugar  is  objectionable.  Greatly  more  objectionable  is  sugar 
with  lemon-juice,  which  is  much  more  digestible  when  pure  or  diluted 
with  water  only.  The  utility  of  lemon- juice  in  exalting  the  digestive 
powers  of  the  i^mach  was  long  familiarly  known  to  gourmands,  and 
taken  by  them  as  an  accompaniment  of  young  and  fat  meats,  such  as 
veal,  lamb,  pork,  goose,  and  other  food.  Those  are  almost  all  it^ite 
meats ;  but  in  French  cookery  lemon-juice  is  taken  with  block  meats, 
such  as  game.  Ducks  of  different  kmds  are  seasoned  by  the  English 
with  lemon- juice.  It  was,  however,  long  before  the  observation  of 
its  power  in  these  instances  led  to  its  employment  to  raise  the  depressed 
condition  of  the  stomach  among  seamen  and  others  compelled  to  use 
salted,  hard,  and  innutritions  meat  for  a  length  of  time.  To  Sir  Gilbert 
Blane  is  due  the  merit  of  this  great  improvement,  which  has  almost 
entirely  banished  sea-scurvy  from  our  navy.  [Antisoorbutics.]  But 
many  medicines  have  their  curative  power  increased  by  the  accompa- 
niment of  lemon- juice.  Bilious  and  autumnal  fevers  of  an  inter- 
mittent type  are  often  cured  by  cinchona  with  lemon-juice,  which 
cinchona  could  not  affect  alone,  or  in  other  combinations.  The  most 
efficacious  of  antidotes  to  sea-sickness  is  lemon-juice  alone,  or  with  com- 
mon table-salt  dissolved  in  it.  The  health  of  many  persons  on  land 
is  very  greatly  improved  by  the  habitual  employment  of  lemon- juice 
at  meals,  in  preference  to  malt  liquors ;  but  it  must  be  taken  with- 
out sugar.  Of  late  lemon- juice  has  been  reconmiended  as  a  cure 
for  rheumatism,  in  some  cases  with  unquestionable  benefit;  but  it 
requires  to  be  taken  in  large  quantity,  and  fresh,  not  old  imported 
juice,  or  the  imitation  of  genuine  juice  made  by  dissolving  citric  acid 
and  adding  tincture  of  lemon-peeL  Headaches  of  a  neuralgic  kind  and 
malarious  origin  are  often  speedily  relieved  by  pure  lemon- juice. 
Heartburn  is  often  relieved  by  the  same  means.  Slices  of  lemon 
applied  to  the  skin  by  a  bandage  often  cure  cutaneous  disorders. 
Lime-juice  is  used  in  the  West  Indies  in  the  same  way  as  lemon-juice. 
Both  are  much  employed  as  ingredients  in  punch;  but  sugar  is  an 
objectionable  accompaniment. 

ORATOHIO  (Ital.),  a  sacred  musical  composition,  conaiBtingof  airs, 
duets,  &Q.,  and  choruses.  The  text  is  generally  a  dramatic  poem,  as 
Handel's  '  Samson,'  and  Cimarosa's  '  Sa^ifizio  d'Abramo.'  Sometimes 
it  takes  the  form  of  a  narrative,  as  '  Israel  in  Egypt ; '  and  occasionally 
it  is  of  a  mixed  kind,  as  Haydn's  '  Creation.*  The  '  Messiah '  is  a  col- 
lection of  passages  from  our  received  translation  of  the  Scriptures. 

Concerning  the  origin  of  the  Oratorio,  Dr.  Brown,  Sir  John  Hawkins, 
and  others  seem  to  have  misunderstood  Uie  P^  Menestrier,  who,  in 
his  work '  Des  Reprt5sentations  en  Musique,'  attributes  to  the  pilgrims, 
on  their  return  firom  the  Holy  Land,  not  the  introduction  of  what  we 
term  oratorios,  as  those  writers  suppose,  but  of  the  sacred  dramas 
called '  Mysteries.'  And  the  learned  Jesuit  is  perhaps  himself  in  error 
on  this  subject.  It  is  Warton's  opinion  that  about  the  8th  century 
the  merchants  who  frequented  the  fairs,  employing  every  art  to  draw 
numbers  together,  were  accompanied  by  jugglers,  minstrels,  and  buf- 
foons, who  were  the  source  of  great  amusement  to  the  people.  The 
clergy,  thinking  that  such  entertainments  tended  to  irreligion,  pro- 
scribed them ;  but  their  censures  and  f ulminations  being  disregitrded, 
they  took  into  their  own  hands  the  management  of  popular  recreations 
— ^they  turned  actors — and,  instead  of  pro&ne  mummeries,  presented 
stories  taken  from  legends  or  from  the  Bible.  ('  History  of  Poetry.') 
Voltaire  conjectures  that  religious  dramas  came  from  Constantinople, 
where,  about  the  4th  century,  Gregory  of  Nazianzus,  an  archbishop, 
and  one  of  the  Others  of  the  church,  banished  plays  from  the  stage  of 
that  city,  and  introduced  stories  from  the  Old  and  New  Testament. 
As  the  ancient  Greek  Tragedy  was  originally  a  religious  representation, 
a  transition  was  made  on  the  same  plan,  and  the  choruses  turned  into 
Christian  hymns.  "  This  opinion,"  says  Warton,  "  will  acquire  pro- 
bability, if  we  consider  the  early  conomerdal  intercourse  between  Italy 
and  Constantinople."  Admitting  this,  we  need  perhaps  seek  no  further 
for  the  original  source  of  the  saaed  musical  drama. 

As  regards  the  more  recent  introduction  of  the  oratorio,  Crescimbeni, 
in  his  *  Comentarj,'  tells  us  that  it  is  attributable  to  San  Filippo  Neri, 
bom  in  1516,  who,  in  his  chapel,— ('ncZ  luo  oratorio ')— after  sermons 
and  other  devotions,  in  order  to  allure  young  people  to  pious  offices, 
and  to  detain  them  from  earthly  pleasure,  had  hymns  and  psalms  sung 
by  one  or  more  voices.  [Nebi,  in  Bioo.  Div.J  Bourdelot  is  rather 
more  circumstantial  on  this  subject  He  says,  S.  Phihppe  de  Nery,  a 
native  of  Florence,  foimder,  in  1640,  of  the  congregation  of  the  Priests 
of  the  Oratory  in  Italy,  observing  the  taste  and  passion  of  the  Romans 
for  musical  entertainments,  determined  to  afford  the  nobles  and  people 
the  means  of  enjoying  them  on  Sundays  and  festivals  in  his  church, 
and  engaged  for  this  purpose  the  ablest  poets  and  composers,  who  pro- 
duced dialogues  in  verse  on  the  principsl  subjects  of  Scripture,  which 
he  caused  to  be  performed  by  the  most  beautiful  voices  in  Rome, 
accompanied  by  sJl  sorts  of  instruments.  These  performances  con- 
sisted of  airs,  duets,  trios,  and  recitatives  for  four  voices  :  the  subjects 
were,  Job  and  his  Friends;  the  Prodigal  Son  received  by  his  father; 
the  Angel  Gabriel  with  the  Virgin ;  and  the  Mystery  of  the  Incarnation. 


Nothing  was  spared  to  render  these  attractive,  the  novelty  and  po^ 
fection  whereof  drew  a  crowd  of  auditors,  who  were  delighted  wlUi 
the  performances,  and  contributed  largely,  by  admission  money,  to  the 


and  among  the  first  authors  of  them  was  P.  Agostino  MannL  Ona  ci 
the  most  remarkable  was  entitled  '  Rappresentatione  dl  AniniA  e  di 
Corpo,  del  Signor  Emilio  dd  Cavalieri,  per  recitar  cantando.'  It  wu 
the  firat  attempt  in  the  recitative  style,  and  performed  in  action,  on  « 
stage  erected  in  the  church  of  Santa  Maria  della  ValUcella  at  Boca, 
wiiSi  scenes,  dances,  &c.,  as  appears  from  the  editor's  dedication  to 
Cardinal  Aldobrandini,  and  the  composer's  instructions  for  the  per- 
formance. From  the  latter  Dr.  Bumey  ('  Hist,'  iv.  88)  gives  wotat 
curious  extracts,  among  which  are  the  following : — 

The  accompanying  instruments — ^namely,  a  doable  lyre,  a  harpsi- 
chord, a  laige  guitar,  and  two  flutes — to  be  behind  the  scenes ;  but  iht 
performers  are  desired  to  have  instruments  in  their  hands,  as  the  a^ 
pearing  to  play  would  help  the  illttsion. 

The  books  of  the  words  were  printed.  Instead  of  the  modem  ove- 
ture,  a  madrigid,  with  all  the  parts  doubled,  and  fully  accompanied,  it 
recommended. 

When  the  curtain  rises,  two  youths,  who  recite  the  prologue,  appor. 
Then  Time,  one  of  the  characters,  comes  on,  and  has  the  note  witii 
which  he  is  to  b^in  given  him  by  the  instruments  behind  the  sceno. 
The  chorus  is  to  be  placed  on  the  stage,  part  sitting  and  part  standii^; 
and  when  they  sing  they  are  to  be  in  motion  with  gestures. 

II  corpo  (the  body),  at  the  words  Si  ehe  hormai  alma  'eia,  throvs 
away  his  ornaments.  The  World  and  Human  Life  are  to  be  gail? 
dressed,  and  when  divested  of  their  trappings  are  to  appear  pocB*  and 
wretched,  and  finally  dead  carcasses. 

The  performance  may  conclude  with  or  without  a  dance.  If  with- 
out, the  last  chorus  is  to  be  doubled  in  all  its  parts ;  but  if  a  dance  is 
preferred,  a  verse  beginning  ''  Chiostri  altissimi  '*  is  to  be  sung,  aooom- 
panied  reverentially  bywe  dance.  During  the  ritornela  the  four 
principal  dancers  are  to  perform  a  ballet,  aaitato  con  capriolt  (danced 
with  capert),  without  singing.  They  may  sometimes  use  the  ffolUard 
step,  sometimes  the  canary,  and  sometimes  the  courani. 

The  name  of  oratorioa  was  given,  some  think,  to  these  performancee, 
because  they  owed  their  birth  to  the  prietts  of  the  Oratory.  We  are, 
however,  more  inclined  to  derive  the  term  from  the  place,  the  oratoni 
{oratorium,  oratory,  or  small  chapel),  in  which  they  were  first  heard. 
But  the  word  does  not  appear  to  have  been  in  use  till  about  the  y«v 
1680,  when  Balducci  applied  it  to  two  of  his  sacred  poems. 

The  unfortunate  Straidella  was  one  of  the  first  of  those  who  distizt- 
guished  themselves  in  this  exalted  kind  of  composition  [Stradklla,  ia 
BiOG.  DiY.l :  his  '  Oratorio  di  S.  Gio.  Battista,'  produced  about  the 
year  1670,  is  analysed  and  much  praised  by  Bumey  (iv.  105).  A  fine 
chorus  from  this,  in  five  parts,  is  printed  in  the  fourth  voL  of  '  The 
FitKwilUam  Music.'  The  increasing  popularity  of  the  sacred  drama  at 
length  induced  poets  of  eminence  to  employ  their  pens  in  its  aenrice. 
Apostolo  Zeno,^e  imperial  poet-laureate,  produced  seventeen  work«  of 
tins  kind,  under  the  title  of  '  Azioni  Sacre,'  most  of  which  were  set  bj 
Caldara,  imperial  vice-chapel-master  to  Leopold  L,  whose  reputation  as 
a  composer  of  sacred  music  deservedly  stands  high.  The  first  of  them, 
'Sisara,'  was  performed  in  1717.  Metastasio  wrote  seven  'Azioni,' 
of  which  Caldara  set  two ;  the  first,  '  La  Passione,'  in  1730.  Thii 
was  r&set  by  Jomelli,  and  is  justly  reckoned  among  the  best  of  his 
works. 

The  oratorio  was  introduced  into  England  in  1720,  when  Handel  set 
'  Esther '  (Racine's  tragedy  abridged  and  altered  by  Mr.  Humphrep) 
for  the  chapel  of  the  Duke  of  Chandos  (Pope's  '  Tunon ')  at  Cannona. 
This,  in  1731,  was  performed  by  the  children  of  the  Chapel  Royal,  at 
the  house  of  their  master,  Bernard  Gates.  The  next  year  it  was 
publicly  produced,  as  appears  from  the  following  advertisement  in  the 
'  Daily  Journal : ' — "  By  his  Majesty's  command,  at  the  King's  Theatre 
in  the  Haymarket,  on  Tuesday,  the  2nd  of  May,  will  be  performed  the 
sacred  story  of '  Esther,'  an  oratorio  in  English,  formerly  composed  br 
Mr.  Hand^,  and  now  revived  by  him,  with  several  additions,  and  to  be 
performed  by  a  great  number  of  voices  and  instruments.  N.B.  Tha« 
will  be  no  acting  on  the  stage,  but  the  house  will  be  fitted  up  in  a 
decent  manner  for  the  audience."  The  success  of  this  was  of  the  most 
decided  and  encouraging  kind ;  but  for  an  account  of  the  great  master  s 
other  oratorios,  and  of  his  inducement  for  first  producing  them,  we 
refer  to  the  life  of  Handel,  in  the  Bioa.  Div.  of  this  work. 

The  custom  of  performing  oratorios  on  the  Wednesdays  and  Fridays 
in  Lent  is  to  be  dated  from  1737,  from  which  time  they  were,  with 
few  intermissions,  continued  till  a  very  recent  period.  Handel  was 
succeeded  in  this  musical  speculation  by  his  friend  J.  C.  Smith.  wh« 
was  followed  by  Stanley  and  the  elder  Linley.  [Stanley,  and  Linlet, 
in  Bioo.  Div.]  Linley  and  Dr.  Arnold  then  in  conjunction  most  bqc- 
cessfully  carried  on  the  oratorios,  which  were  continued  by  the  latter 
on  the  retirement  of  his  colleague.  [Arnold,  in  Bioo.  Drv.]  An 
opposition  was  now  started  by  Ai^ley,  who  had  been  active  as  a  subor- 
dinate agent  at  the  Commemoration  of  Handel  in  1784.  This  person 
soon  transformed  the  performances  into  secular  and  often  vulgar 
concerts,  though  retaining  the  original  name ;  and  from  that  time  Uie 
oratorios  began  to  degenerate,  till  at  length,  having  been  for  some  years 
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carried  on  by  different  penons,  and  generallj  at  a  loss,  they  ceased 
altogether.  Though  it  would'  be  unjust  not  to  admit  that,  even 
during  tbijs  unfavourable  interval,  there  were  two  or  three  seasons  that 
reflected  some  credit  on  the  managers,  in  which  '  The  Messiah/  with 
Mozart's,  added  accompaniments,  was  first  publicly  produced  in  London, 
and  alBO  Beethoven's  '  Mount  of  Olives/  Of  late  years,  chiefly  through 
the  exertions  of  the  Sacred  Harmonic  Society,  oratorios  have  been 
restored  to  more  than  their  early  popularity  in  this  country,  and  are 
probably  performed  with  more  power,  feeling,  and  precision  than  at 
any  previous  period.  The  oratorios  of  Mendelssohn  have  contributed 
not  a  little  to  this  work.    [Mendelssohn,  in  Bioo.  Drv.] 

ORATORY.  The  principal  design  of  oratory  is  to  convince  or 
persuade.  It  contemplates  the  investigation  of  truth  only  as  a 
secondary  object.  Assuming  as  its  basis  certain  supposed  or  admitted 
priuciples  or  facts,  its  aim  is,  by  presenting  these  in  the  form  best 
adapted  to  win  the  assent  of  the  imderstandiug  and  impress  the  heart, 
to  deter  from  or  incline  to  a  particular  mode  of  resolution  and  action. 
Thb,  the  chief  end  of  oratory,  ought  never  to  be  left  out  of  sight  in 
any  disquisition  on  that  subject,  inasmuch  as  upon  it  the  genenl 
theory  of  the  art  is  founded. 

The  oratorical  art  has  been  always  held  in  high  estimation;  among 
the  ancient  Greeks,  as  among  the  rudest  savages,  the  possession  of 
eloquence  has  ever  conferred  a  high  degree  of  power  on  its  possessor. 
Eloquence,  however,  does  not  consist  in  the  observance  of  artificial 
rules;  such  rules  are  rather  deduced  from  an  examination  of  the 
qualities  of  eloquence,  which  depends  upon  peculiar  mental  powers, 
and  is  included  in  what  is  often  termed  genius,  such  as  has  distinguished 
many  of  the  orators  of  antiquity,  and  some  of  modem  times.  The 
practice  of  reading,  of  delivery,  and  the  improvement  of  the  memory, 
should  be  diligently  attended  to  by  the  orator.  This  constitutes  the 
art  of  elocution,  of  which  we  now  propose  to  treat. 

Elocution  is  that  pronunciation  which  is  given  to  words  when  they 
are  arranged  into  sentences  and  form  discourse.  It  includes  the  tones 
of  voice,  the  utterance,  and  enunciation  of  the  speaker,  with  the  proper 
accompaniments  of  countenance  and  gesture.  The  art  of  elocution 
therefore  may  be  defined  to  be  that  system  of  rules  which  teaches  us 
to  pronounce  written  or  extemporaneous  composition  with  justness, 
energy,  variety  and  ease ;  and  agreeably  to  this  definition,  good  reading 
or  speaking  may  be  considered  as  that  species  of  delivery  which  not 
only  expresses  the  sense  of  the  words  so  as  to  be  barely  understood, 
but  at  the  same  time  gives  them  all  the  force,  beauty,  and  variety  of 
which  they  are  susceptible. 

The  Greeks  and  Romans  paid  great  attention  to  the  study  of  elocution, 
and  there  can  be  no  doubt  that  their  most  celebrated  orators  attained 
to  a  high  degree  of  excellence  in  this  branch  of  their  art ;  but  they 
have  left  nothing  on  record  which  shows  that  they  had  made  a 
minute  uialysis  of  the  speaking  voice.  They  did  indeed  distinguish 
its  different  qualities  by  such  terms  as  hanl,  smooth,  sharp,  clear, 
hoarse,  full,  slender,  flowing,  flexible,  shrill,  and  rigid.  They  were 
sensible  to  the  alternations  of  heavy  and  light  in  syllabic  utterance  : 
they  knew  the  time  of  the  voice,  and  regarded  its  quantities  in  pro- 
nunciation :  they  gave  to  loud  and  soft  appropriate  places  in  speech : 
they  perceived  the  existence  of  pitch,  or  variation  of  high  and  low ; 
and  noted  further  that  the  rise  and  fall  in  the  pronunciation  of 
individual  syllables  are  made  by  a  conertU  or  continuous  slide  of  the 
voice  as  distinguished  from  the  discrete  notes  produced  on  musical 
instruments.  They  designated  the  pitch  of  vocal  sounds  by  the  term 
accent,  making  three  kinds  of  accents,  the  acute,  the  grave,  and  the 
circumflex,  which  signified  severally  the  rise,  the  fall,  and  the  turn  of 
the  voice,  or  imion  of  acute  and  grave  on  the  same  syllable.  But 
beyond  this  they  did  not  go,  and  it  was  left  to  modem  inquirers  to 
give  that  clear  and  full  description  of  the  elements  of  speech,  on  which 
alone  any  definite  instruction  can  be  founded.  For  the  advance  which 
has  been  made  in  elocutionary  science  in  modem  times  we  are  indebted 
to  the  useful  labours  of  Steele,  Odell,  Walker,  Thelwall,  Chapman, 
Smart,  and  Rush,  especiidly  to  the  last,  who  has  done  much  to  perfect 
what  was  begun  by  others,  and  whose '  Philosophy  of  the  Human 
Voice '  *  contains  a  more  minute  and  satisfactory  analysis  of  the 
subject  than  is  to  be  found  in  any  other  work.  From  his  book  chiefly 
we  shall  borrow  the  substance  of  this  article. 

When  the  letter  a,  as  heard  in  the  word  day,  is  pronounced  simply 
as  an  alphabetic  element,  without  intenseness  or  emotion,  and  as  if  it 
were  a  continuation  and  not  a  close  of  utterance,  two  sounds  are 
heard  continuously  successive :  the  first  has  the  noniinal  sound  of  this 
letter,  and  issues  from  the  organs  with  a  certain  degree  of  fulness; 
the  last  is  the  element  e,  as  heard  in  eve,  which  gradually  diminishes 
until  its  close.  During  the  pronunciation,  the  voice  rises,  by  the 
concrete  or  continuous  movement,  through  the  interval  of  a  tone,  the 
beginning  of  the  a  and  the  termination  of  the  e  being  severally  the 
inferior  and  superior  extremes  of  that  tone.  This  sound  commences 
full  and  somewhat  abruptly,  and  gradually  decreases  in  its  upward 
movement,  till  it  finally  dies  away  in  the  upper  extreme  of  the  tone, 

*  Second  edition,  8to,  Philadelphia,  18S8.  See  also  Mr.  Steele's  *  Essay 
towards  establishing  the  Melody  and  Measure  of  Speeeh,  to  be  expre»aed  .ind 
perpetuated  bj  peculiar  symbola,'  London,  1775.  The  second  edition  mas  pub- 
U<<hed  in  1779,  with  the  title  of  *  Prosudia  Rationalis.'  Mr.  OdelPs  work  is 
entitl-d  'An  Essay  on  the  Elements,  Accents,  and  Prosody  of  the  English 
Langtago,'  ISmo,  London,  1805. 


having  the  increments  of  time  and  rise,  and  the  decrement  of  fullness, 
equally  progressive.  The  flint  portion  therefore,  or  base  of  this  sound, 
is  called  the  racUcal  movemerU,  and  the  second  portion  the  vanishing 
movement.  This  sound  is  called  a  concrete,  or  slide,  to  distinguish  it 
from  musical  sounds,  which  (in  their  pure  character)  continue  for  s 
given  space  of  time  on  a  certain  point  of  the  scale,  and  then  leap,  as  it 
were  (discretely),  to  another  point  either  higher  or  lower.  These  slides 
may  extend  through  the  space  of  a  tone,  or  they  may  be  carried  up  to 
any  point  on  the  scale  to  which  the  voice  can  attain,  those  intervals 
which  are  the  most  distinctly  recognisable  by  the  ear  and  the  most 
easy  of  execution  being  the  tone  (or  second),  the  third,  the  fifth,  and 
the  octave.  The  direction  also  which  they  take  may  be  either 
upwards  or  downwards,  the  full  opening  radical  .however  always 
occupying  the  first  place,  and  the  vanish  the  second.  It  also  frequently 
happens  that  there  is  a  union  of  the  upward  and  downward,  or  of  the 
downward  and  upward  movement,)  on  the  same  syllable :  these  are 
called  waves  or  drcumJUxes  ;  they  may  rise  and  fall  through  the  extent 
of  a  tone,  or  of  a  third,  or  of  any  wider  interval  of  the  scale ;  they,  are 
then  called  direct  waves  :  or  they  mav  fall  and  rise  through  the  same 
extent  of  pitch,  being  then  cidled  indirect  waves ;  they  may  be  equal, 
having  their  constituent  rise  and  bXL  through  the  same  extent  of 
pitch ;  or  they  may  be  unequal,  having  either  the  ascent  or  the  descent 
longer  than  the  other  part. 

The  succession  of  the  seven  sounds  of  any  one  series,  to  which  the 
octave  is  usually  added,  is  called  the  Natural  or  Diatonic  Scale.  In 
speech,  as  in  music,  it  consists  of  five  tones  and  two  semitones,  the 
latter  being  the  spaces  between  its  third  and  foiuih  and  its  seventh 
and  eighth  degrees.  But  a  progression  may  also  be  formed  by  semi- 
tones :  these  have  only  half  the  extent  of  pitch  which  the  full  tones 
have :  like  them,  they  may  be  carried  upwards  or  downwards,  and 
they  often  occur  in  the  form  of  waves.  They  serve  for  the  expression 
of  animal  distress. 

But  the  succession  of  discrete  sounds  may  be  exhibited  under  still 
more  minute  divisions.  These  consist  of  a  transition  from  place  to 
place  in  pitch,  over  intervals  much  smaller  than  a  semitone,  each 
point  being,  as  it  were,  rapidly  touched  by  a  short  and  abrupt  emission 
of  voice.  This  description  may  he  illustrated  by  that  noise  in  the 
throat  which  is  called  ffurgling,  and  by  the  neighing  of  a  horse.  The 
analogy  here  regards  principally  the  momentary  duration,  frequency, 
and  abruptness  of  sound,  for  the  gurgling  is  generally  made  by  a  quid^ 
iteration  in  one  unvarying  line  of  pitch,  whereas  in  the  scale  now 
under  consideration  each  successive  pulse  of  sound  is  taken  at  a 
minute  interval  above  uie  last,  till  the  series  reaches  the  octave.  The 
precise  extent  of  these  small  intervals  it  is  very  difficult  to  estimate. 
They  may  however  be  carried  concretely  through  the  wider  interval 
of  ULe  sode,  provided  they  do  not  lose  their  distinctive  character  of 
momentary  tune  and  abruptness  of  utterance.  These  concrdtes  are 
used  both  in  laughter  and  in  crying.  In  the  descending  scale,  the 
direction  not  only  of  the  radicals  but  of  the  vanishes  is  downwards. 
IiUonation  is  the  act  of  performing  the  movements  of  pitch  through 
the  several  scales. 

There  are  then  four  scales  of  pitch  for  the  speaking  voice  : — 

1.  The  Concrete,  in  which  from  the  outset  to  the  termination 
of  the  voice  there  is  no  appreciable  interval,  or  interruption  of 
continuity. 

2.  The  Diatonie,  the  transitions  of  which  are  principally  by  whole 
tones. 

3.  The  Semitonic,  or  CSuromaHc,  consisting  of  an  entire  succession  of 
semitones. 

4.  The  Tremuhus,  consisting  of  minute  intervals  smaller  than  the 
semitone. 


Concrete  Scale. 


iThe  alphahet  is,  in  our  grammars,  usually  divided  mto  vowels,  con« 
sonants,  mutes,  and  semivowels ;  but  it  will  be  more  useful  to  class  the 
elements  according  to  their  use  in  intonation.  As  the  number  of 
these  elementary  sounds  in  the  Enghsh  language  exceeds  the  literal 
signs,  and  some  of  the  letters  are  made  to  represent  various  sounds 
without  any  rule  of  discrimination,  it  is  necessary  to  use  short 
words  of  koown  pronunciation,  containing  the  elementary  sounds, 
with  the  lettera  which  represent  them  marked  in  itaUos.  The  ele- 
ments of  articulation  are  thirty-five,  and  they  may  be  arranged  under 
three  general  heada 

I.  The  first  division  embraces  those  sounds  which  display  the  pro- 
perties of  the  radical  and  vanish  in  the  most  perfect  manner.  They  are 
twelve  in  number,  and  are  heard  in  the  usual  sound  of  the  separated 
italics  in  the  following  words : — o-ll,  a-rt,  a-n,  a-le,  o-ur,  i-sle,  o-ld,  ee-l. 


n 


ORATORY. 


ORATORY. 


ourze,  e-TT*  e-nd,  t-n.+     From  their  forming  the  purest  and  most 

Elastic  material  of  intonation,  these  are  called  Tonic  sounds.  They 
ave  a  more  musical  quality  than  the  other  elements ;  they  are  capable 
of  indefinite  prolongation;  admit  of  the  concrete  and  tremulous 
rise  and  fall  through  aJl  the  intervals  of  pitch,  and  may  be  uttered 
more  forcibly  than  the  •  other  elementary  sounds,  as  well  as  with 
more  abruptness. 

II.  The  next  division  includes  a  number  of  sounds  possessing  vari- 
ously among  themselves  properties  analogous  to  those  of  the  tonics, 
but  differing  in  degree.  They  amount  to  fourteen,  and  are  marked  by 
the  separatwi  italics  in  the  following  words : — J?-ow,  rf-are,  g-tve,  r-ile, 
z-one,  y-e,  w-o,  th-en,  a-2-ure,  si-nfj,  ^ove,  wi-ay,  n-ot,  r-oe. 

'  From  their  inferiority  to  the  tonics  in  all  the  emphatic  and  elegant 
purposes  of  speech,  whilst  they  admit  in  some  measure  of  being  into- 
nated, or  carried  concretely  through  the  intervals  of  pitch,  they  are 
called  stibtonic  sounds. 

III.  The  remaining  nine  elements  are  aspirations,  and  have  not  that 
sort  of  sound  which  is  called  vocality.  They  are  produced  by  a  cur- 
rent of  the  whispering  breath  through  certain  positions  of  the  enuncia- 
tive  organs.  They  are  heard  in  the  words — V-p,  on-t,  bt-Ic,  i-f,  ye-#, 
h-e,  «?A-eat,  th-in,  pu-«A. 

As  they  admit  of  little  or  no  pitch,  and  supply  no  part  of  the  con- 
crete when  breathed  among  the  constituents  of  syllables,  they  are 
termed  the  Atonic  sounds. 

The  name  of  Abrupt  sounds  is  also  given  to  three  of  the  subtonics 
and  three  of  the  atonies,  namely,  b,  d,  g,  p,  t,  h,  since  they  confer  an 
explosive  character  on  the  foUoAving  tonic,  the  breath  bursting  out 
after  a  complete  occlusion.it 

In  conformity  to  the  above  division  of  the  letters,  and  with  especial 
reference  to  the  time  which  is  occupied  in  pronunciation,  syllables  are 
divided  into  three  classes — 1st,  Immutable,  such  as  at,  ap,  ek,  kap-l^a, 
pit-isdl,  ac-cep-tance ;  2nd,  if u^o^^,  as  yet,  what,  ^oMtude,  des- frui- 
tion ;  3rd,  Indefinite,  as  go,  thee,  for,  day,  man,  till,  de4ay,  he-^uile, 
en'treme,  er-ro-neous.  It  is  the  peculiar  nature  of  this  last  class  of 
syllables,  that  to  whatever  necessary  degree  their  quantity  is  prolonged, 
their  character  is  still  preserved,  while  the  mutable  and  immutable  in 
some  cases  almost  lose  their  identity  by  too  great  an  addition  to  their 
time.    The  use  of  these  distinctions  will  appear  in  the  sequel 

Thus  much  having  been  premised,  it  wiU  be  the  more  easy  to  under- 
stand the  general  divisions  of  vocal  sound.  All  the  varieties  of  sound 
in  the  human  voice  may  be  referred  to  the  following  general  heads  :  — 

QucUiiy,  Force,  Time,  and  Pitch.  % 

I.  The  terms  by  which  the  Otudity  or  kind  of  voice  is  distinp^ished 
are  rough,  smooth,  harsh,  full,  thin,  slender,  soft,  musical,  and  some 
others  of  the  same  metaphorical  structure. 

There  are  three  different  sorts  of  voice,  the  natural,  the  faUette,  and 
the  orotund,  to  which  must  be  added  the  whisper,  which,  strictly  speak- 
ing, is  not  voice.  The  natural  is  that  which  we  employ  in  ordinary 
speaking.  It  includes  a  range  of  pitch  from  the  lowest  utterable  sound 
up  to  that  point  at  which  the  voice  is  said  to  break.  At  this  point  the 
natural  voice  ceases,  and  the  higher  parts  of  the  scale  are  made  by  a 
shriller  kind,  called  the  faUette,  of  wMch  the  cry,  the  scream,  the  yell, 
and  all  shrillness  are  various  modes.  The  name  of  orotund  (from  ot 
rotundum)  is  given  to  that  natural  or  improved  manner  of  uttering  the 
elements,  which  exhibits  them  with  a  fulness,  clearness,  strength, 
smoothness,  and  a  ringing  or  musical  quality  rarely  heard  in  ordinary 
speech,  and  which  is  never  found  in  its  highest  excellence  except  as 
the  effect  of  long  and  careful  cultivation.  This  voice  is  highly  agree- 
able to  the  ear ;  it  is  possessed  by  actors  of  eminence,  and  is  peculiarly 
adapted  to  set  forth  the  beauties  of  epic  and  tragic  composition.  The 
whisper  is  the  constituent  of  the  atonic  elements;  but  all  the  tonics, 
and  the  greater  part  of  the  subtonics,  may  likewise  be  uttered  in  this 
mode  of  sound.  The  subtonics  v,  z,  w,  th-en,  zh,  when  whispered,  are 
not  respectively  different  from  the  atonies/,  s,  wh,  th-va,  sh, 

II.  For  the  specifications  of  Force  we  use  the  words  strong,  weak, 
feeble,  loud,  soft,  forcible,  and  faint.  These  are  indefinite  m  their 
indication,  and  without  any  fixed  relationship  in  degree. 

III.  Time,  in  the  art  of  speaking,  is  divided  into  long,  short,  quick, 
alow,  and  rapid.  These  distincUonB  may>  suffice  for  the  common 
purposes  of  discourse ;  if  more  precision  is  required,  a  notation  will  be 
found  in  Ikfr.  Steele's '  Prosodia  Rationalis.'  The  distinction  of  immutable, 

*  The  writer  of  this  article  has  personal  opportanlty  of  knowing  that  by  this 
word  Dr.  Rush  meant  to  designate  that  sound  which  Mr.  Cull  represents  by 
htr. 

t  If  ot  or  oy,  aA  in  voice  and  ftoy,  be  added  as  perhaps  they  ought,  the  number 
of  the  tonics  will  be  thirteen. 

%  It  is  difficult  to  decide  on  the  analysis  of  the  elementary  sounds  repre- 
sented by  the  alphobet.  That  of  Dr.  Rush  i«  given  In  the  text.  The  following 
has  been  furnished  to  the  writer  of  this  article  hj  Mr.  Cull,  and,  although  not 
free  from  objections,  is  more  complete. 

I.  Vowels,  as  heard  in  the  following  oyllables :— all,  arm,  an,  ale,  end,  ee\ 
hffr,  fsle,  »n,  old,  ooi»,  on,  tig,  cube,  ptill,  oin*,  oil. 

II.  CoKsoMA2fT8.  1.  Votce  Consonaiits : — be,  do,  go,  lo,  tne,  no,  roe,  rat,  w^, 
yc,  zone,  slwy,  asurc,  then,  Jew,  2.  Voted fM  Oonson/ints  '—up,  at,  or*,  if, 
hope,  quit,  tin,  chin,  shin,  thin,  when.    In  all  forty-three  elements. 

§  To  xhae  Dr.  Rush  adds  a  fifth,  namely^  Abruptness  ;  but  this  appears  to  be 
resolvable  into  force  and  time. 


mutable,  and  indefinite  syllables  has  reference  to  time,  and  haa  been 
already  treated  of. 

IV.  The  meaning  of  the  term  Pitch,  as  applied  to  speech,  has  been 
already  explained. 

We  come  now  to  the  application  of  these  elements  and  distinctions 
to  the  practical  purposes  of  reading  and  speech. 

In  plain  narrative  or  description,  the  concrete  utterance  of  each 
syllable  is  made  through  the  interval  of  a  tone,  and  the  successive 
concretes  have  a  slight  difference  of  pitch  relatively  to  each  other. 
The  appropriation  of  these  concretes  to  syllables,  and  the  manner  in 
which  the  succession  of  their  pitch  is  varied,  are  exemplified  in  the 
following  notation  :-— 

He    reads    in    no.   ture'i  in*   t-  nita  boek  of     ••-    ere-  ey. 


If  these  lines  and  the  enclosed  spaces  be  supposed,  each  in  proximate 
order,  to  denoto  the  difference  of  a  tone  in  pitch,  the  successions  of 
the  xadical  points,  with  their  issuing  vanish,  will  show  the  places  of 
the  syllables  of  the  superscribed  sentence  in  easy  and  unimpaasloned 
utteianoe,  though  it  in  not  denied  that  a  somewhat  different  arrange- 
ment might  also  be  agreeable.  The  perception  of  the  succetwions  here 
exemplified  is  called  (in  a  restricted  meaning  of  the  term)  the  melody 
of  speech. 

In  simple  phraseology,  which  conveys  but  little  feeling  or  emphatic 
sentiment,  most  of  the  syllables,  except  one  or  two  of  the  last  in  the 
sentence,  consist  of  the  upward  radical  and  vanishing  tone.  The 
succession  of  these  concrete  tones  is  made  with  a  variation  of  pitch,  in 
which  any  two  proximate  concretes  never  differ  from  each  other  more 
than  the  interval  of  a  tone,  nor  do  there  occur  more  than  three 
successive  tones  in  one  direction  either  upwards  or  downwards.  ThiB 
is  called  the  diatonic  melody.  The  rise  of  each  separate  syllable  is 
called  the  concrete  pitch  of  melody,  and  the  place  which  each  syllable 
assiunes  above  or  below  the  preceding,  the  radical  pitch.  The  current 
melody  of  sentences  in  plain  discourse  admits  of  considerable  variety, 
but  the  forms  of  radical  pitch  are  all  reducible  to  a  limited  number  of 
aggregates  of  the  concrete  tones,  which  may  be  called  the  phrctses  of 
melod^.  Their  forms  are  pointed  out  in  the  notation  of  the  following 
lines: 


That    quor-    ter        most    [the      skil-    fal  Greeks       an- 


noy 


Monotone.       Falling  Ditene.    Rising  Tritone.    Rising  Ditone. 
Where  jtai    wild     fig-  trees    joia    the         walls      of      Troy. 


Falling  Tritone. 


Alternation. 


Triad  of  the  Cadence. 


The  mdody  of  the  cadence,  as  distinguished  from  the  current  melody, 
is  formed  on  the  two  or  three  last  syllables  of  a  sentence,  and  is 
effected  by  a  descent  of  radical  pitch  through  three  conjoint  degrees, 
with  a  downward  concrete  always  on  the  last,  and  frequently  on  the 
preceding.  One  form  of  the  cadence  has  been  illustrated  in  the 
sentence,  the  notation  of  which  has  been  given  above ;  but  there  are 
various  forms  according  to  the  component  parts  and  the  sense. 

Plain  declarative  sentences  generally  take  one  form  or  other  of  the 
cadence,  in  order  to  ^mark  the  satisfactory  close  of  the  period ;  and 
downwiird  concretes  are  also  frequently  introduced  into  what  are  called 
loose  sentence,  to  denote  that  the  sense  is  complete,  and  that  the 
succeeding  clause  does  not  modify  that  which  precedes  it.  Where,  on 
the  contrary,  the  sense  is  suspended,  as  it  most  commonly  is  in 
the  middle  of  a  sentence,  the  concretes  must  have  an  upward  durection. 

For  conveying  the  peculiarities  of  sentiment  or  feeling,  or,  in  other 
words,  for  the  expression  of  speech,  a  much  more  varied  apparatus  is 
necessary.  This  expression  is  effected  by  quality,  time,  pause,  melody, 
pitch,  the  waves,  the  semitones,  the  tremor,  force,  and  rhythm,  all 
which  are  only  so  many  forma  of  the  four  general  divisions  of  vocal 
sound  above  specified. 

I.  Most  of  the  elements  which  range  under  the  general 'head  of 
Quality  have  already  been  enumerated.  It  must,  however,  be  remarked 
that  they  are  susceptible  of  combination  with  the  various  modes  and 
degrees  of  force,  time,  and  pitch.  In  short,  quality  of  voice  must 
necessarily  be  united  with  some  of  the  degrees  of  the  other  genera ; 
for,  whatever  be  the  kind,  it  will  be  either  strong  or  weak  :  its  time 
must  be  long  or  short;  and  it  must  be  of  some  definite  radical  or 
concrete  pitch.  Certain  qiwdities  of  the  voice  are,  however,  exclu- 
sively congenial  with  particular  conditions  of  these  other  accidents ; 
thus  smoothness  will  more  generally  affect  the  moderate  degrees  of 
force. 
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II.  Time. — The  degrees  of  duration  of  the  voice  represented  by  the 
tenus  long,  shoi-t,  and  the  rate  by  quick  and  slow,  are  amon^  the  most 
effective  Tn^Anff  of  expression ;  rage,  mirth,  raillery,  and  mipatience 
aflfeotiug  a  quick  time;  and  downess  of  time  being  the  symbol  of 
sorrow,  grief,  respect,  veneration,  dignity,  apathy,  contrition,  and  all 
other  sentiments  which  embrace  the  idea  of  deliberation.  A  slow  time 
of  discourse,  if  not  made  by  long  quantities  on  single  svllables,  would 
be  offensive  from  its  pauses ;  these  two  forms  of  time  therefore  neces- 
sarily involve  each  other.  Slowness  of  time  and  long  quantity  are 
generally  Joined  with  the  element  of  the  wave,  since  the  return,  or 
contrary  flexure  of  intervals,  is  one  of  the  means  for  producing  an 
extension  of  time  without  destroying  the  equable  concrete  of  speech, 
or,  in  other  words,  without  passing  into  song.  The  wave  of  a  tone 
will  be  perceived  in  the  dignified  and  appropriate  utterance  of  the 
syllables  marked  in  italics  in  the  following  lines  :>— 

'*  Pardon  me,  thou  Heeding  piece  of  earth, 

That  I  am  meek  and  gentle  vith  these  bntehen.*' 

*'  Mail,  holy  light,  oflbpring  of  heaven,  firstborn, 
Or  of  the  eternal,  oo-etemal  beam, 
May  I  express  thee,  miblamedl " 

III.  The  use  of  ^tt«e  for  the  more  conspicuouB  display  of  sense  and 
sentiment,  by  separating  certain  words  or  aggregates  of  words  from 
each  other,  is  of  great  consequence  in  elocution,  but  cannot  be  gone 
into  at  length  in  this  article.  To  these  pauses  the  grammatical  points 
are  by  no  means  a  sufficient  guide.    [Punotuation.  J 

lY.  A  comprehensive  account  of  MeJody  would  properly  represent  it 
as  produced  by  a  variation  in  the  time,  pauses,  force,  and  piteh  of  the 
voice,  since  the  well-appointed  uses  and  dispositions  of  these  accidents 
make  up  the  agreeable  impression  of  speech ;  but  we  use  it  here  as 
relating  solely  to  the  successions  of  radical  pitch.  Under  this  head  it 
may  be  remarked  that  a  predominance  of  the  monotone  is  suited  to 
feelings  of  dignity,  crief,  tenderness,  solemnity,  and  serious  admonition; 
that  the  alternate  phrase  well  describes  the  earnest  excitement  neces- 
saiily  produced  by  the  rapid  succession  of  incident ;  and  that  a  pro- 
gretnon  gradually  rising  and  falling  through  the  whoU  compass  of  the 
voice  corresponds  with  a  wide  variation  of  force  in  the  sentiment.  For 
illustrations  of  these  modes  see  Dr.  Rush's '  Philosophy  of  the  Voice/ 
pp.  112,  144. 

V.  Pitchy — Discrete  pitch  is  illustrated  by  the  word  must  in  the 
following  passage.  As  it  is  a  syllable  which  does  not  admit  of  pro- 
longation, it  is  raised  discretely  a  third  above  the  preceding : — 

''If  I  must  contend,  sold  he. 
Best  with  the  best,  the  sender,  not  the  sent." 

We  have  an  example  of  a  concrete  rising  fifth  on  heath,  and  of  a 
discrete  third  on  mor-,  in  the  following : — 


And    bean-    iy    im- 

mor. 

tal     a-    wakes    from     the  tomb. 

•rj//            rf^//^ 

If  we  suppose  that  the  following  words  are  spoken  interrogatively , 
and  that  they  express  surprise,  the  concrete  rising  fifth  must  be  given 
to  the  emphatic  syllables : 

Give  Bmttts  a  statne  with  his  ancestors  t 

If,  on  the  other  hand,  the  line  be  read  as  a  command,  the  direction 
of  the  concretes  will  be  downwards. 

On  the  word  know,  in  the  following  clause,  not  only  does  the  voice 
descend  concretely  a  third  or  a  fifth,  but  the  descent  begins  discretely 
ft  third  above  the  preceding  word : — 

W9  know  what  we  worship,  for  solvation  is  of  the  Jews. 

As  the  diatonic  melody  is  suited  to  plain  narration  and  description, 
•0  will  the  emphasis  be  the  more  strongly  marked  in  proportion  to  the 
'nder  extent  of  the  intervals,  whether  of  concrete  or  discrete  pitch, 
vhich  are  employed.  It  may  also  be  remarked  in  general,  that  the 
upward  concretes  denote  interrogation,  doubt,  or  what  is  concessive, 
wnditional,  hypothetical ;  the  downward  concretes  denote  what  is 
strong,  certain,  authoritative,  as  also,  wonder,  admiration,  surprise,  and 
exclamation,  when  not  conjoined  wiUi  an  interrogative  meaning. 
, .  Y"  ^^^y^ve  is  a  very  frequent  element  of  expression,  and  performs 
'Ugh  functions  of  speech.  In  its  minor  forms  it  is  used  to  give  length 
and  emphasis  to  syllables  and  dignity  to  utterance:  in  its  wider 
intervals  it  is  admirably  expressive  of  irony  and  derision.  Thus  the 
^Qy  of  the  following  passage  can  be  brought  out  only  by  the  indirect 
wave  of  a  fifth  in  boui  places  in  which  it  occurs : — 

Bat  it  is  foolish  in  as  to  compare  Drosiu  Africanas  and  onrselves  with 
♦s.  i°*.L  •?  °°'  °^^^'  calamities  were  toleri^ble.  but  no  one  can  patiently  boar 
"•dcithofClodius.  -^        * 


VII.  The  semiiones.— These  are  used  for  the  expression  of  complaint, 
pity,  grief,  plaintive  supplication,  and  other  sentiments  congenial  witli 
these.  The  intonation  by  the  concrete  is  universally  the  symbol  of 
nature  for  animal  distress.  It  affects  generally  a  slow  time  and  long 
quantity  in  utterance,  and  is  therefore  most  commonly  heard  in  the 
form  of  the  wave.  The  interjective  exclamations  of  pain,  grief,  love, 
and  compassion,  are  prolongations  of  the  tonic  elements  on  this' 
interval;  but  it  may  be  executed  on  the  short  time  of  immutable 
syllables,  such  as  cup.  The  appropriate  utterance  of  the  following 
line  will  exhibit  the  wave  of  the  semitone  on  the  most  important 
syllables,  poor  and  old  being  distinguished  by  direct  imequal  waves  of 
the  same  interval.  It  must  be  taken  as  an  isolated  line,  and  not  in 
conjunction  with  the  verse  of  which  it  forms  part  :— 


Pi-      ty 


the 


sor- 


rows    of 


poor 


old 


man. 


VIII.  The  tremor. — When  the  tremulous  function  is  made  through 
the  second,  third,  fifth,  or  octave,  or  through  the  wave  of  these 
intervals,  it  joins  the  sentiment  of  derision,  mirth,  joy,  or  exultation, 
to  that  of  interrogation,  surprise,  command,  or  scorn,  conveyed  by  the 
smooth  concrete  of  those  intervals.  In  short,  it  is  the  introduction 
into  speech  of  what  is  transferable  in  the  function  of  laughter,  and  it 
adds  tiiereto  idl  the  meaning  and  force  of  its  satisfaction.    Thus — • 

**  Thou  art  the  rains  of  the  noblest  man. 
That  ever  lived  in  the  tide  of  times." 

There  is  a  sentiment  of  exultation  and  a  superlativeness  of  com- 
pliment in  this  eulogy,  which  cannot  be  properly  expressed  by  the 
smooth  movement  of  the  concrete;  but  if  the  first  syllable  of  the 
emphatic  word  noblest  be  uttered  with  the  tremulous  intonation  of 
the  wave  of  the  third  or  second,  this  will  give  the  vocal  consum- 
mation to  the  feeling  which  suggests  the  exceeding  measure  of  the 
praise. 

The  chtickle  is  an  example  of  a  somewhat  similar  application. 

When  the  tremor  is  formed  of  a  single  tonic,  in  the  semitone  or  its 
waves,  it  constitutes  the  function  of  crying ;  and  when  employed  in 
the  syllabic  intonation  of  the  chromatic  melody,  it  sets  a  more  marked 
distinction  on  those  emphatic  words  which  express  the  sentiments  of 
tenderness,  grief,  supplication,  and  other  connatural  states  of  feeling. 
This  may  be  illustrated  on  the  emphatic  syllables  of  the  line  just 
quoted : — *'  Pity  the  sorrows,"  &c. 

IX.  The  application  of  the  different  degrees  of  jPor«  to  the  purposes 
of  expression  is  almost  too  obvious  to  require  illustration.  Thus  the 
distance  of  a  person  spoken  to  is  pictured  by  loudness,  and  nearness  by 
abatement  of  force ;  secrecy  mufiies  the  voice  against  discoveiy,  and 
doubt  adopts  the  subterfuge  of  an  undertone.  Certainty  and  anger 
assiune  force  and  strength.  All  sentiments  which  are  unbecoming  or 
disgraceful  smother  the  voice  into  softer  degrees,  in  the  desire  to 
conceal  even  the  voluntary  utterance  of  them.  Joy  is  loud,  and  so  are 
bodily  pain,  fear,  and  terror. 

Such  are  some  of  the  uses  of  force  when  applied  to  phrases,  or  to 
one  or  more  sentences,  in  order  to  distinguish  them  from  adjacent 
phrases  or  sentences  in  discourse.  There  are  other  applications  of  it, 
to  single  words,  to  syllables,  and  to  certain  parts  of  the  concrete  move- 
ment, into  which,  though  of  some  consequence,  it  is  not  within  the 
purport  of  this  article  to  enter.  They  will  be  found  described  in  Dr. 
Rush's  <  Philosophy  of  the  Voice.' 

The  common  idea  of  Emphasis,  it  may  be  remarked,  is  that  of  mere 
force ;  but  it  is  more  correctly  defined  to  be  the  expressive  but 
occasional  distinction  of  a  syllable,  and  consequently  of  the  whole 
word,  by  one  or  more  of  the  specific  modes  of  time,  quality,  force, 
and  pitch.  Most  of  these  have  been  illustrated  under  the  above 
heads. 

X.  Bhythm  is  one  of  the  applications  of  force  and  quantity.  It  may 
be  defined  to  be  the  metrical  arrangement  of  speech.  It  is  not  mainly 
dependant  on  custom  or  on  the  genius  of  any  language  whatever,  but 
arises  from  the  very  manner  in  which  speech  is  produced,  and  is  as 
involuntary  as  the  throb  or  remission  of  the  pulse,  or  the  inhaling  and 
respiration  of  the  breath.  In  the  formation  of  speech  there  is  a 
regular  action  and  reaction  of  the  organs  which  produce  it.  To  form  a 
heavy  syllable,  or  one  which  has  accentual  stress  upon  it,  these  organs 
are  necessarily  placed  in  a  certain  position ;  and  from  their  very  nature 
it  is  necessary  that,  before  they  form  another  heavy  syllable,  they 
should  recover  their  first  position ;  but  the  time  which  is  occupied  in 
this  recovery  of  their  position  is  not  always  lost  to  the  purposes  of 
speech,  for  it  may  be  fiUed  up  with  one  or  more  syllables,  which  have 
no  stress,  and  which  are  therefore  very  properly  denominated  light; 
if  it  is  not  filled  up  in  this  way  it  is  a  pause  or  rest.  To  illustrate  this, 
let  us  take  the  words- 
One,  two,  three,  four,  five. 

These  monoysllables,  if  distinoUy  and  deliberately  pronounced,  have 
two  peculiarities ;  each  haa  the  oiganio  Btress  or  emphasis,  and  OMh 
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has  a  pause  after  it.    Let  tliese  pauses  be  filled  up  with  the  ligh^ 
syllable  and  ;  and  then  the  two  Hues,  namely : — 


and 


One  and  two  and  three  and  four  and  flye  and 
One,        two,        three,        four,        fire. 


will  be  ol  exactly  the  same  length  as  to  time  in  music,  or  rhythm  in 
speech,  the  syllable  and  occupying  no  more  time  than  what  necessarily 
inutrvenes  beitween  the  eyllmbles  under  organic  emphasis. 

This  alternate  action  and  reaction  of  the  organs  of  speech  was  called 
by  the  Greeks  by  the  significant  terms  TheaU  and  Arsis;  the  former 
denoting  the  aeUing  down  of  a  syllable,  as  the  setting  down  of  the  foot 
in  walking ;  the  latter  denoting  the  raiting  of  U  up^  like  the  lifting  of 
the  foot  from  the  ground ;  the  former  producing  the  heavy  syllables, 
the  latter  the  light  ones. 

The  weight  of  syllables,  or  in  other  words,  the  stress  with  which 
they  are  enunciated,  must  be  carefully  distinguished  from  their 
quantity,  since  the  weight  or  stress  with  which  the  syllable  is 
uttered  does  not  always  correspond  to  the  relative  time  .which  the 
utterance  requires.  Thus  in  the  word  pensiife,  the  syllable  pen  is  the 
heavier,  but  it  is  not  longer  than  the  syOable  $ive.  &  also  in  the  word 
inward f  there  is  an  eqiiality  of  time  in  the  two  syllables,  but  not  of 
weight.  In  hanithf  banner,  bamter,  the  first  syllable  is  heavy  but  short ; 
in  paper,  taper,  vapovar,  it  is  both  heavy  and  long;  and  the  same 
observation  applies  to  vmery,  middle,  miitreu,  compared  with  niiier, 
ffitnor,  ruitre. 

Those  emphatical  divisions  into  which,  from  the  very  nature  of  the 
organs,  all  speech  naturally  falls,  are  called  by  writers  on  this  subject 
cadenceM,*  Every  full  spoken  cadence  consists  of  a  heavy  syllable,  and 
of  one  or  more  light  ones,  but  pauses  may  be  substituted  to  make  up  the 
time  which  any  of  these  syllables  would  occupy.  Measure,  or  metre, 
therefore  in  speech  naturally  distributes  itself  into  two  kinds :  common 
measure,  which,  according  to  Mr.  Steele,  is  the  allotment  of  two 
crotchets  or  their  equivalents  to  each  cadence ;  and  triple  measure, 
which  is  the  allotment  of  three  crotchets  or  their  equivalents  to  each 
cadence ;  emphasis  however  will  sometimes  prolong  the  duration  of  a 
cadence  beyond  the  allotted  time,  just  as  an  oo^  libitum  is  allowed  in 
solos  in  music.  Without  entering  further  into  minute  distinctions  or 
exceptions,  the  following  may  serve  as  specimens  of  each  kind.  This 
mark  §  indicates  a  short  pause,  this  ||  a  longer,  and  this  1!  a  still  longer 
one: — 

COXXOH  MSAIVBB. 

"  So  {  I  spoke  the  |  guardian  |  5  of  the  |  Trojan  sUte,  | 

UThen  |  mah'd  im.  |  petuoug  9  |  through  the  |  Sciean  |  gate ;  I 
Him  I  PariB  |  followed  |  6  to  the  |  dire  a.  I  larms :  | 
Both  §  I  breathing  |  slaughter,  {  |  both  re-  |  lolT'd  in  |  arms."  | 

Pope's  Iliad,  b.  vU. 

<*  Straight  mine  |  eye  {  hath  |  caught  new  |  pleasures,  | 
'Whilst  the  I  landscape  |  round  {  it  |  measures,  | 
Russet  I  lawns  {  and  |  fallows  |  grey,  | 
IVhere  the  J  nibbling  |  flocks  {  do  |  stray ;  | 
Mountains  j  |  on  whose  |  barren  |  breast 
The  I  labouring  |  clouds  §  do  |  often  |  rest."  | 

Taipu  MxABvas. 
"  II^At  the  I  does  of  the  |  day  §  when  the  i  hamlet  is  |  stm,{ 
And  I  mortals  {  the  |  sweets  of  for.  |  getAilneas  |  prore ;  ||  | 
IT  When  |  nought  but  the  |  torrent  {  is  |  heard  on  the  |  hill,} 
And  I  nought  but  the  |  nightingale's  |  song§  in  the  |  grove."  ||  | 

If  this  system  of  measuring  verse  were  adopted,  the  prosody  not 
only  of  our  own  but  of  the  learned  languages  would  be  greatly 
sunptified.  The  list  of  feet  which  is  usually  given  at  the  beginning  of 
the  '  Gradus  ad  Pamassum/  would  be  reduced  to  four  or  five ;  we 
should  hear  of  no  such  imnatural  foot  as  an  iamb  or  an  anapaest,  and 
the  syllable  at  the  beginning  of  an  iambic  line  would  either  of  itself 
form  a  cadence,  or  would  be  the  close  of  a  cadence,  of  which  a  pause 
or  the  last  syllable  of  the  preceding  line  would  form  the  commence- 
ment. Those  lines  of  Anaoreon  would  then  be  reduced  to  the  trochaic 
measure,  thus : — 


\\$9\'  I  wA(.  I  7Civ^A-  I  rpctSof,  | 

§a  I  fiapfii-  I  ros  8e  |  x^p^f  \ 
lis-  I  pwra  I  nowop  \  iyx«i.  | 


From  the  above  examples  it  is  clear  that  there  is  a  regular  rhythmus 
in  poetry ;  and  it  cannot  be  necessary  to  insist  on  this  being  strictly 
attended  to,  if  we  would  read  verse  in  an  agreeable  and  expressive 
manner.  Prose  also  has  its  rhythmus,  for  the  alternate  action  and 
reaction  of  the  oigans  of  speech  necessarily  proceeds,  whether  what  is 
spoken  be  prose  or  verse ;  and  the  only  difllerence  (so  far  as  sound  is 
concerned)  between  these  two  species  of  composition  is,  that  verse 
consiata  of  a  regular  succession  of  similar  Ciuiences,  or  of  a  limited 
variety  of  cadences,  divided  by  grammatical  pauses  and  emphasis 
into  proportional  clauses,  so  as  to  present  sensible  responses  to  the 
ear  at  regular  proportioned  distances;  prose,  on  the  other  hand,  is 

•  More  properly  rhythmical  cadences,  to  distinguish  them  from  the  cadences 
cf  mslodi^,    Mr.  Cull  would  prefer  the  term  meamrss. 


composed  of  all  sorts  of  cadences,  arranged  without  attention  to  obvi<nrs 
rule,  and  divided  into  clauses  which  have  no  obviously  ascertained 
proportion,  and  present  no  responses  to  the  ear  at  any  legitimate  or 
determined  intervals. 

There  is  nothing  which  contributes  more  to  the  rhythmical  flow  oE 
prose  than  giving  a  light  sound  to  monosyllables.  If  thia  be  done, 
they  then  form  the  latter  part  of  cadences,  of  which  either  pauses,  cr 
emphatical  monosyllables,  or  the  emphasised  syllables  of  longer  wori* 
form  the  beginning;  but  if  they  be  pronounced  heavy  it  is  ths 
necessary  that  they  should  themselves  form  the  beginning  of  new 
cadences,  which  is  the  occasion  of  many  pauses  being  intax>duced,  asd 
of  a  heavy  and  halting  character  being  communicated  to  the  piece. 
Thus  the  clause  "  Let  not  your  |  heart  be  |  troubled,"  |  will  be  rhyth- 
mical if  your  be  thus  made  a  light  syllable ;  but  the  effect  will  be  Texj 
different  if  it  be  read  thus : — **  Let  not  |  your  §  |  heart  be  |  troubled." 

Of  the  advantage  of  cadences  in  triple  measure  we  have  a  beautiful 
illustration  in  the  first  verse  of  the  136th  Psalm  : — 

|]'<0  I  give  II  I  thanks  unto  the  j  Lord;|||  §for  he  is  good,  Q  |  Qfor  his| 
mercy  en-  |  dureth  for  )  ever."|]  | 

On  the  other  hand,  a  succession  of  heavy  syllables,  with  a  pao^ 
intervening,  is  one  of  the  most  expressive  forms  of  emphasis  both  m 
prose  and  verse.  Thus  the  following  line  from  Milton  would  lose  all 
its  force,  if  read  so  as  to  form  only  the  usual  number  of  six  cad^ices; 
emphasis  prolongs  it  to  eight,  thus : — 

*<Rock8,0  I  eaves,  {  j  lakes.^  j  fen8,||  |  bog8,||  |  dens  and  j  shades  of  j  death.'*;)  j 

Independently  of  its  agreeable  effect  upon  the  ear,  and  its  power  as 
an  element  of  expression,  there  can  be  no  doubt  that,  as  rhythm  arises 
from  the  very  manner  in  which  speech  is  produced  by  the  organs,  he 
who  speaks  agreeably  to  its  laws  will  speak  easily  to  himsell  The 
practice  of  reading  or  speaking  aloud,  with  a  due  attention  to  the 
rhythmus,  may  even  be  recommended  as  a  means  of  improving  the 
health,  since  it  brings  into  regular  and  natural  action  the  muscles  of 
the  face,  the  throat,  and  the  chest;  and  no  attempt  completely  and 
permanently  to  remove  impediments  of  speech  can  be  suocessinl 
which  is  not  based  on  the  principle  here  developed. 

(A  succinct  account  of  rhythm  will  be  foimd  in  Wood's  Grammar 
of  Mocuiion,  ch.  iv.  and  v. ;  and  the  subject  is  treated  much  more  at 
length  in  Steele's  Prosodia  BatUmaUs;  in  Thelwall's  lUustratioiu  <^ 
English  Rhythmus  ;  in  Roe's  Principles  of  Rhythm  ;  and  in  Chapman'e 
Music,  Melody,  and  Rhythmus  of  the  EngUsh  Language,  8vo,  Edinbui^, 
1819 ;  as  well  as  in  his  Rhythmical  Orammar,  12mo,  1821.) 

In  order  to  read  and  speak  well,  it  is  necessary  to  have  all  the  vocal 
elements  under  complete  oonmumd,  so  that  they  may  be  duly  applied 
whenever  they  are  required  for  the  vivid  and  elegant  delineation  of  the 
sense  and  sentiment  of  discourse.  The  student  therefore  should  first 
practise  on  the  thirty-five  alphabetic  elements,  in  order  to  ensure  a 
true  and  easy  execution  of  their  unmixed  sounds.  This  will  be  of 
more  use  than  pronouncing  words  in  which  they  occur;  for  when 
pronounced  singly,  the  elements  will  receive  a  concentration  of  the 
organic  effort,  which  will  give  them  tf*  clearness  of  soimd  and  a  definite 
outline,  if  we  may  so  speak,  at  their  extremes,  making  a  fine  prepara- 
tion for  their  distinct  and  forcible  pronunciation  in  the  compounds  of 
speech.  He  should  then  take  one  or  more  of  the  tonic  elements,  and 
carry  it  through  all  the  degrees  of  the  diatonic  and  concrete  scales^ 
both  in  an  upward  and  a  downward  direction,  and  through  the  i^incipal 
forms  of  the  wave.  He  should  next  take  some  one  familiar  sentence, 
and  practise  upon  it  with  every  variety  of  intonation  of  which  it  will 
admit.  He  should  afterwards  run  through  the  phrases  of  melody,  and 
the  forms  of  the  cadence ;  and  lastly  he  should  recite,  with  all  the  force 
that  he  can  command,  some  passage  which  requires  great  exertion  of 
the  voice.  If  he  would  acquire  power  and  volume  of  utterance,  he 
must  practise  in  the  open  air,  with  his  face  to  the  wind,  his  body 
perfectly  erect,  his  chest  expanded,  his  tongue  retracted  and  depressed, 
and  the  cavity  of  his  mouth  as  much  as  possible  enlarged ;  and  it  is 
almost  unnecessary  to  add  that  anything  which  improves  l^e  general 
tone  of  the  healUi  will  proportionably  affect  the  voice.  If  to  this 
elementary  practice  the  student  add  a  careful  and  discriminating 
analysis  of  some  of  the  best  pieces  which  our  language  contains,  both 
in  prose  and  verse,  and  if  he  strenuously  endeavour  to  apply  to  them 
all  the  scientific  principles  which  he  has  learned,  there  can  be  no 
doubt  that  he  will  acquire  a  manner  of  delivery,  which  will  do  ample 
justice  to  any  subject  on  which  he  may  be  called  to  exercise  his  vocal 
powers. 

Intimately  connected  with  the  subject  of  delivery  is  that  of  Action, 
Oratorical  action  has  been  defined  to  be  the  just  and  elegant  adapta- 
tion of  every  part  of  the  body  to  the  nature  and  import  of  the  subject 
on  which  we  are  speaking.  As  every  man  who  feels  his  subject  wiU 
necessarily  have  some  action,  it  is  of  consequ^ce  that  it  should  be 
graceful  and  significant  The  first  point  to  be  attained  is  to  avoid 
awkward  habits,  such  as  resting  the  chief  weight  of  the  body  first  on 
one  foot  and  then  on  the  other,  swinging  to  and  fro,  jerking  forward 
the  upper  part  of  the  body  on  every  emphatic  word,  keeping  &e  elbows 
pinioned  to  the  sides,  and  sawing  the  air  with  one  hand  with  oce 
unvaried  and  ungraceful  motion.  As  for  the  attainment  of  excel- 
lences, more  specific  rules  must  be  sought  for  in  professed  treatises  on 
the  subject,  but  the  following  general  directions  will  be  found  to 
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embrace  much  that  ia  uaefiil :  "  Keep  the  trunk  of  the  body  erect ; 
let  your  hands  be  at  liberty ;  feel  your  subject,  and  the  action  will 
come ;  recollecting  at  the  same  time  that  the  right  hand  is  essentially 
the  instrument  of  action,  and  that  the  left  should  be  used  only  as 
subordinate  to  it." 

As  gesture  is  used  for  the  illustration  and  enforcement  of  language, 
80  it  dbould  be  limited  in  its  application  to  such  words  and  passages  as 
admit  of  or  require  it.  A  judicious  speaker  will  not  only  adapt  the 
general  style  and  manner  of  his  action  to  the  subject,  the  place,  and 
the  occasion,  but  even  when  he  allows  himself  the  greatest  latitude,  he 
will  reserve  his  gesture,  or  at  least  the  force  and  ornament  of  it,  for 
those  parts  of  his  discpurse  for  which  he  also  reserves  his  boldest 
thoughts  and  his  most  brilliant  expressions. 

(On  the  subject  of  etction  very  minute  directions  will  be  found  in 
Austin's  Chironomia ;  Chapman's  Music  of  the  Englith  Language, 
Walker's  Elements  of  ELocvUum  ;  Richard  Cull's  Acoustics  and  Logic  in 
their  Application  to  Beading  aloud,  1855;  and  James  Hunt's  Manual  of 
the  Philosophy  of  Voice  and  Speech,  especially  in  JtelaHon  to  the  Engli^ 
Language  and  the  Art  of  Public  Speaking,  1859.) 

ORB,  ORBIT.  The  word  orbis  signifies  the  circumference  of  a  circle 
or  of  any  round  body ;  orbs  among  the  ancient  astronomers  meant  ihe 
vast  crystal  spheres  in  which  the  heavenly  bodies  were  supposed  to  be 
placed,  and  with  which  they  revolved ;  hence  orb  came  to  be  used  for  a 
sphere,  as  when  the  sun  is  called  the  orb  of  day.  The  word  orbit  now 
means  the  relative  path  [Motion]  in  whicli  a  planet  travels  round  the 
BUD,  or  a  satellite  round  its  primary. 

We  should  perhaps  ratner  say  that  by  the  orbit  of  a  planet, 
technically  speaking,  is  meant  the  approximate  path,  circular  or 
elliptic,  in  which  the  planet  may  for  a  time  be  supposed  to  move 
without  sensible  error.  Thus,  when  for  some  particular  purpose,  as  the 
explanation  of  the  seasons,  we  say  the  earth  moves  round  the  sun  in  a 
circle,  we  make  an  orbit  whioh  is  exact  enough  for  that  purpose ;  and 
when,  to  explain  the  equation  of  time,  we  are  obliged  to  have  recourse 
to  a  more  exact  supposition,  that  of  an  elliptic  motion,  we  are  still  said 
to  speak  of  an  orbit  of  the  earth.  But  if  we  were  to  speak  of  the 
cloaely-folded  interlacing  spiral  in  which  the  centre  of  the  earth 
actually  moves  round  the  sun,  usage  (and  nothing  else)  would  require 
us,  if  we  would  be  understood,  not  to  call  this  l£e  orbit  of  the  earth, 
but  its  real  path,  or  real  orbit,  or  some  such  distinctive  term ;  for  it  is 
generally  understood  that  the  word  orbit  appUes  at  most  to  the  ellipse, 
which  for  a  time  does  not  differ  sensibly  from  the  real  path. 
Theoretically  speaking,  this  ellipse  only  touches  the  real  path  in  one 
point ;  and  the  ellipse  which  most  exactly  tends  to  coincidence  with 
the  re^  path,  consistently  with  satisfying  other  desirable  conditions,  is 
called  the  instantaneous  ellipse.    [Gravitation.] 

The  elements  of  the  orbit  are  those  quantities  by  which  the  position 
and  magnitude  of  the  {pro  tempore)  orbit  are  fixed,  such  as  the  major 
axis  and  eccentricity,  which  determine  its  magnitude  ,*  the  longitude  of 
the  node  and  inclination  of  its  plane  to  the  ecliptic,  which  determine 
the  position  of  that  plane  in  space ;  and  the  longitude  of  the  perihelion, 
which  determines  tne  direction  of  the  major  axis.     One  more  deter- 
mining quantity  is  tacitly  supplied  in  the  condition  that  one  focus  of 
the  ellipse  is  always  to  be  in  the  centre  of  the  sun.    The  only  remaining 
element  is  the  periodic  time  of  the  planet,  or  its  time  of  revolution 
round  the  sun ;  this  however  is  not  a  sepaxate  element  for  each  planet, 
hut,  all  the  other  elements  being  given,  is  known  for  every  planet 
when  it  is  known  for  any  one. 
ORCEIN.    [Lichens,  Colouring  matters  of;  Obciw.] 
ORCHARD.     Apples,  pears,  plums,  and  cherries  are  the  fniits 
prmcipally  cultivated  in  orchards.    The  term  orchard  is  likewise  used 
to  signify  enclosures  in  which  filberts  or  walnuts  are  grown  :  the  word 
yard  is  commonly  used  for  similar  spaces  appropriated  to  the  produc- 
tion of  figs  and  grapes. 

Orchards  of  apples  and  pears  are  more  numerous,  because  more  pro- 
ductive, on  the  old  and  new  red-sandstone  formations  than  on  any 
other  strata ;  a  very  large  proportion  of  all  the  cider  and  perry  that  is 
manufactured  is  grown  upon  these  soils.  The  principal  orchards  of 
England  are  in  Devonshire,  Somersetshire,  Gloucestershire,  Hereford- 
shire, and  Worcestershire ;  on  the  continent,  in  Normandy  and  in  the 
vale  of  Stuttgard ;  and  in  America,  in  the  New  England  states. 

For  an  orchard  of  apple-trees,  a  deep  unctuous  soil  should  be 
selected,  in  a  situation  sheltered  from  the  north  and  north-west  winds, 
and  open  to  the  south  and  south-east ;  and  a  bank  is  preferable  to  a 
low  spot,  for  not  only  is  the  blossom  more  liable  to  be  injured  by 
f^uig  frosts  where  fogs  and  damp  prevail,  but  the  trees  themselves 
'>ecome  mossy,  and  perish  from  excess  of  moisture.  Dr.  Lindley 
I'^^ide  to  Orchard  and  Kitchen  Garden,')  recommends  an  early  and 
effectual  preparation  of  the  soil,  and  the  early  transplanting  of  the 
treta.  Young  trees  will  require  to  be  watered  if  a  dry  spring  should 
succeed  the  autumn  of  their  planting,  and  their  roots  should  be  occa- 
sionally dug  round  and  manured.  Pruning  is  advantageous  to  young 
trees  when  skilfully  performed,  for  it  is  desirable  that  branches  should 
not  he  crowded  together,  especially  in  the  centre  of  the  tree :  we  are 
01  opinion  that  it  is  seldom  beneficial  to  old  trees,  excepting  for  the 
removal  of  misletoe;  and  recommend  that  under  no  circumstances 
should  a  pruner  be  employed  who  amputates  large  limbs  and  leaves 
womi(jg  which  injure  the  alburnum  or  sap-wood  by  exposing  it  to  the 
atmosphere,  and  produce  cnnker  in  the  stein  or  principal  branches.     It 
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may  frequently  be  useful  in  an  exposed  situation  to  plant  two  or  three 
rows  of  pear-trees  to  shelter  the  apple-trees  from  the  prevailing  storms, 
as  pear  trees  are  on  the  whole  less  uable  to  suffer  from  wind  tiian  their 
more  brittle  kindred.  The  trampling  of  heavy  cattle  is  at  all  times 
injurious  to  orchards. 

For  pear-orchards  a  lighter  soil  is  desirable  than  for  apples ;  the 
same  rules  may  be  observed  for  their  planting  and  preservation. 
Washes  for  the  destruction  of  the  eggs  of  insects,  and  mrections  for 
the  preservation  of  orchard-trees  from  barking  by  hares,  rabbits,  and 
sheep,  are  given  in  Lindley ;  Forsyth '  On  Fruit  Trees; '  and  Loudon's 
'  Arboretum.'  For  further  information  see  articles  Apple,  Cidxr,  and 
Pear. 

The  principal  cherry-orchards  in  England  are  in  Buckinghamshire 
and  Kent ;  from  the  latter  county  a  large  supply  is  sent  to  the  London 
markets.  In  Alsace,  Wiirtembei^,  Berne,  and  Basle,  "  kirschwasser," 
an  ordinary  spirit,  is  distilled  ^m  cherries.  There  are  likewise 
orchards  of  a  small  acid  cherry  called  "  marasca"  in  the  neighbourhood 
of  Trieste,  and  also  near  Zara  in  Dalmatia,  from  which  Maraschino  is 
derived  :  in  the  Bei^gstrasse,  near  Heidelberg,  there  are  cheny-orchards 
which  fumiah  an  early  supply  to  the  London  market.  The  cherry  and 
plum  require  but  little  pruning. 

In  all  cases,  as  is  judiciously  pointed  out  by  Mr.  Macintosh  ('  Book 
of  the  Garden,'  voL  ii.)  it  is  of  great  importance  that  good  sorts  should 
be  introduced  into,  and  the  worthless  extirpated  from,  our  orchards  as 
soon  as  possible.  The  importation  of  good  foreign  fruit  has  rendered 
the  continued  growth  of  inferior  sorts  a  practice  that  must  certainly 
result  in  loss.  Much  has  been  done  in  this  direction  by  market 
gardeners. 

For  filbert  and  walnut  orchards  see  Filbert  and  Walnut. 

ORCHESTRA  (Gr.  hpxh^^pa,  which  contains  the  same  element  as 
the  verb  hpxtiff^ai,  **  to  damce  "),  that  part  of  the  Greek  theatre  in  which 
the  chorus  was  situated — ^where  the  duices  were  performed.  [Theatre.] 
With  the  modems,  the  orchestra  is  the  place  in  the  theatre  allotted  to 
the  instrumental  band,  and  that  portion  of  a  concert-room  which  is 
assigned  to  the  musical  performers,  both  instrumental  and  vocal.  We 
not  only  apply  the  word  to  the  place  set  apart  for  the  musicians,  but 
often  use  it  to  designate  the  whole  of  them  collectively ;  in  which  case, 
orchestra  and  band  are  treated  as  synonymous  terms. 

Till  the  end  of  the  17th  century  or  the  beginning  of  the  18th,  the 
instrumental  performers  of  our  theatres  were  stationed  in  a  box  on  the 
side  of  the  stage,  and  out  of  view  of  the  greater  portion  of  the  spec- 
tators. They  were  then  few  in  number.  But,  however  desirable  in 
some  respects,  it  would  be  impossible  so  to  dispose  of  the  lai^ge  bands 
of  the  present  day ;  and  all  things  considered,  they  could  not  he  better 
placed  than  where  they  now  are — ^just  below  the  stage,  so  as  not  to 
interrupt  the  sight,  and  between  the  singer  and  the  audience,  thus 
enabling  the  former  to  have  in  view  the  conductor  and  leader — a 
matter  of  great  importance  in  the  musical  drama,  where  all  is  sung  by 
memory. 

The  orchestra  of  a  concert-room  should  be  so  contrived  that  the 
front,  when  no  passage  beneath  it  is  required,  is  about  five  feet  higher 
than  the  level  of  the  room,  and  it  should  rise  rather  steeply  to  the 
back,  the  comers  of  which  ought  to  be  rounded  off,  in  order  that  the 
whole  body  of  sound  may  be  directly  reflected.  But  the  due  appor- 
tionment of  the  orchestra  to  the  sisse  and  character  of  the  room,  and 
the  requirements  of  the  immense  masses  of  vocal  and  instrumental 
performers  now  employed  in  the  execution  of  oratorios,  &c.,  is  a  matter 
that  demands  great  knowledge  of  the  laws  of  sound  and  considerable 
adaptive  skill  on  the  part  of  the  architect.  None  of  the  great  music 
halls  yet  constructed  in  this  country  can  be  considered  as  perfectly 
successful  in  this  respect. 

ORCHIL.    [Lichens,  Colouring  maiters  of] 

ORCIN  (Ci«HsO«  +  2Aq.)  Alphaorcin.  It  has  already  been  stated 
[Lichens,  &[>louring  matters  of]  that  this  peculiar  ciysttdline  principle 
exists  to  a  small  extent  in  the  free  state  in  many  of  the  lichen&  It  is 
lately  produced,  however,  when  lichens  are  exposed  to  the  joint 
influence  of  heat  and  alkalies,  conditions  that  always  exist  in  the 
manufacture  of  archil,  litmus,  cudbear  and  other  colour  derivatives  of 
the  lichens.  Under  these  circumstances,  some  acid  substances  that 
occur  naturally  in  the  lichens  are  split  up  into  secondary  acids  and 
orcin,  the  latter  immediately  undergoing  further  alteration  by  absorb- 
ing oxygen  and  nitrogen,  and  becoming  converted  into  a  deep  purple 
or  red-coloured  body  termed  orcein.  By  skilful  management  the 
operation  may  be  arrested  at  any  stage,  various  tints  being  thus 
obtained,  or  orcin  itself  may  be  extracted. 

Stenhouse  gives  the  following  directions  for  isolating  orcin :  exhaust 
the  lichens  with  water  containing  lime,  boil  the  strained  liquor  till  it 
is  concentrated  to  about  one-fourth  its  original  bulk,  separate  lime  by 
a  current  of  carbonic  add,  filter,  evaporate  to  a  syrupy  consistence, 
treat  with  boiling  absolute  alcohol,  and  set  aside  to  crystallise.  The 
orcin  thus  obtained  is  usually  of  a  red  colour,  but  may  be  perfectly 
decolorised  by  two  or  three  recrystallisations  from  ether. 

Pure  ordn  crystallises  in  colourless  qiubdrangular  prisms,  and  is 
very  soluble  in  water,  alcohol,  or  ether.  It  is  neutral  to  test  paper, 
has  a  mawkish  sweet  taste,  loses  its  two  equivalents  of  water  when 
moderately  heated,  or  when  exposed  in  vacuo,  or  even  when  crystallised 
from  anhydrous  ether.  It  sublimes  in  needles  on  being  slowly 
heated  in  flat  vessels ;  is  precipitated  white  by  acetate  of  lead,  and  red 
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by  perchlorid6  of  iron;  is  converted  fint  into  a  rosin,  and  finally  into 
oxaHc  acid  by  nitric  acid;  and  gives  an  intense  purple-red  colour, 
quickly  changing  to  yellow,  with  chloride  of  lime. 

Brom-orein  {C iJifir fi^)  was  discovered  by  Stenhouse/  It  is  formed 
on  adding  bromine  to  a  concentrated  aqueous  solution  of  orcin,  and 
may  be  obtained  in  silky  needles  by  crystallisation  from  dilute 
alcohol     It  is  very  fusible,  insoluble  in  water,  but  soluble  in  alcohol 

or  ether. 

Chhr-orein  is  produced  in  the  same  wsy,  and  much  resembles 
brom-orcln.    Its  exact  composition  has  not  yet  been  asoertamed. 

In  the  presence  of  ammonia  ordn  rapidly  absorbs  oxygen,  and  is 

converted  into  orcein : — 


Ammonia.       Oxyfen. 


Gi«H,NO,     +     4H0 
Orcein.  Water. 


Orcin  may  be  precipitated  from  its  dilute  ammoniaoal  solution  by 
the  addition  of  acetic  acid ;  it  then  falls  in  red  flocks,  almost  insoluble 
in  water,  readily  so  in  alcohol  and  sparingly  so  in  ether.  It  is  very 
soluble  in  ^kalies,  forming  rich  purple  solutions.  Its  solutions  are 
decolorised  by  nascent  hydrogen  and  again  become  coloured  by 
exposure  to  air,  but  if  ammonia  is  added  before  exposure,  an 
abundant  white  precipitate  of  Uuooreem  is  thrown  down.  Leuooroein 
becomes  purple  in  contact  with  air. 

Chlor-orcein  is  a  yellowish-brown  substance,  formed  on  passing 
chlorine  through  water  containing  orcein.  It  is  insoluble  in  water, 
but  soluble  in  alcohol  or  ether. 

ORDEAL,  from  the  Anglo-Saxon  itrdail.  Spelman  derives  this 
word  from  or,  "magnum,"  and  dcel,  ''judicium,"  which  is  Idso  the 
derivation  given  by  Ducange.  Lye  and  Bosworth  derive  it  from  or, 
privaUve,  **  without,'*  and  tick,  "  difference,"  an  indifferent  or  impartial 
judgment,  a  judgment  without  distinction  of  persons.  The  German 
word  tifiheUf  a  judgment,  is  i^parently  the  same  word,  and  is  also  a 
compound. 

The  earliest  traces  of  any  custom  resembling  the  ordeal  is  found  in 
the  book  of  Numbers  (ch*  v.),  in  the  waters  of  jealousy,  which  the 
Hebrew  women  suspected  of  adulteiy  were  compelled  to  drink  as  a 
test  of  their  innocence. 

Blackstone,  speaking  of  the  several  methods  of  trial  sod  conviction 
of  offenders,  says,  '*  The  most  ancient  species  of  trial  was  that  by 
ordeal,  which  was  peculiarly  distinguished  by  the  appellation  of 
jwdvdumdei^KtA  sometimes  tidgfxru  pttrgcUio,  to  distinguish  it  from 
the  canonical  purgation,  which  was  by  the  oath  of  the  party.  This 
was  of  two  sorts,  either  fire-ordeal  or  water-ordeal ;  tlie  former  being 
confined  to  persons  of  higher  rank,  the  latter  to  the  common  people. 
Both  these  might  be  performed  bv  deputy ;  but  the  principal  was  to 
answer  for  the  success  of  the  trial,  the  deputy  only  venturing  some 
corporal  pain  for  hire,  or  perhaps  for  friendship.  Fire-ordeal  wss  per- 
formed  either  by  taking  up  in  the  hands  unhurt  a  piece  of  red-hot 
iron,  of  one,  two,  or  three  pounds  weight,  or  else  by  walking  barefoot 
and  blindfold  over  nine  red-hot  ploughshares,  laid  lengtiiwise  at  un- 
equal distances ;  and  if  the  party  escaped  being  hurt,  he  was  adjudged 
innocent ;  but  U.  it  happened  otherwise,  as  without  collusion  it  usually 
did,  he  was  then  condemned  as  guilty.  However,  by  this  latter  method 
Queen  Emma,  the  mother  of  Edward  the  Confessor,  is  mentioned  to 
have  cleared  her  character  when  suspected  of  familiarity  with  Alwyn, 
bishop  of  Winchester.  Water-ordeal  was  performed  either  by  plunging 
the  bare  arm  up  to  the  elbow  in  boiling  water,  and  escaping  unhurt 
thereby,  or  by  casting  the  person  suspected  into  a  river  or  pond  of  odd 
water,  and  if  he  floated  therein  without  any  action  of  swimming  it 
was  deemed  an  evidence  of  his  guilt,  but  if  he  sunk  he  was  acquitted." 
Another  species  of  ordeal  was  the  corsned,  or  morsel  of  execration  : 
this  was  a  piece  of  cheese  or  bread,  about  an  ounce  in  weight,  which 
was  consecrated  with  a  peculiar  form,  and  it  was  prayed  that  the  bread 
might  cause  convulsions  and  paleness,  and  find  no  passage,  if  the  man 
was  really  guilty,  but  might  turn  to  health  tind  nourishment  if  he  was 
innocent.  The  corsned  was  then  given  to  the  suspected  person,  who 
received  the  holy  sacrament  at  tiie  same  time, — ^if,  indeed,  as  some 
have  suspected,  the  corsned  was  not  the  sacramental  bread  itsell 

The  Ordeals  of  water  and  Iron  are  first  mentioned  in  the  77th  law  of 
Ina ;  and  afterwards  in  those  of  Athelstan,  Edward  the  Confessor,  and 
the  ConquenM'. 

In '  Domesday'  the  readiness  of  daimants  to  prove  their  title  to 
land,  by  ordeal  or  by  battle,  occurs  in  a  great  variety  of  instances  :  as 
among  the  lands  belonging  to  the  monastery  of  Ely,  at  a  place  then 
called  Photestorp,  in  Norfolk :  "  Hano  terram  calumpniatur  esse  liberam 
Vlchetel  homo  Hermeri  quocunque  modo  judicetur,  vel  bello  vel 
Jaditio.*'  (See  torn,  ii.,  foL  218,  and  other  mstances,  fol  110  b,  137, 
162,  166,  172  b,  193,  208,  277  b,  882.)  '  Ferri  candentis  Judicium' 
(the  ordeal  of  hot  iron)  is  the  only  ordeal  of  the  Domesday  Survey.' 
The  reason  for  this  is  given  by  Qlanville  (1.  xiv.,  ch.  1) :  "in  such  a 
case  the  accused  is  bound  to  clear  himself  by  the  judgm«it  of  Qod, 
namely,  by  hot  iron,  or  by  water,  according  to  the  difference  of  rank, 
that  is,  by  hot  iron  if  he  should  be  a  free  man,  and  by  water  if  he 
should  be  a  villein  (si  fuerit  nisticus)." 

Eadmer  ('  Hist  Novor.,'  p.  48)  speaks  of  no  fewer  than  fifty  persons 
of  Saxon  origin  who,  in  the  reign  of  William  Rufus,  being  accused 


of  killing  the  king's  stags,  were  at  one  time  sentenced  to  the  fire* 
ordeal. 

It  is  probable  that  the  Trial  by  Ordeal  was  not  discontimied  in 
England  by  any  positive  law  or  ordinance,  although  Sir  E.  Coke 
(9  Rep,,  82),  and  after  him  Blackstone  (4  Comm.,  845),  have  expressed 
an  opinion  that  it  wss  finally  abolished  by  an  act  of  parliament,  or 
rather  an  order  of  the  king  in  council,  in  the  8  Henry  III.  (1219). 
This  Older  is  to  be  found  in  Rymer's '  Foedera,'  voL  i,  p.  228 ;  Sp^ 
man's '  Glossary,'  sub  voce  Judicium  Dei  ;  and  in  Selden*s  '  Notes  to 
Eadmer.'  Spelman,  however,  thinks  that  this  was  merely  a  temporuy 
law,  wiliiout  any  general  or  permanent  operation,  and  that  the  Trial 
by  Oideal  continued  to  a  latei*  period.  Tliis  opinion  seems  oonfirmed 
by  a  reference  in  the  '  CaL  Bot  Pat.,'  p.  16,  to  another  order  in  councfl 
in  the  14  Henry  III., '  De  justiti4  fadendA  loco  ignis  et  aquSB.'  As, 
however,  it  is  only  mentioned  ss  a  former  custom,  and  not  as  an  exist* 
ing  institution,  by  Braoton  (lib.  iii.,  cap.  16),  who  wrote  at  the  and  of 
the  reign  of  Henry  III.  or  the  commencement  of  that  of  Edward  L,  it 
is  probable  that,  in  consequence  of  the  judgments  of  couneils  and  the 
interference  of  the  clergy,  the  Trial  by  Ordeal  fell  hito  disuse  about 
the  middle  of  the  18th  century  (Belden's '  Notes  to  Eadmer') ;  but  thu 
was  long  alter  it  had  disappeared  from  the  judicial  systems  of  mot 
other  European  nations. 

Blackstone,  in  the  part  of  his '  Commentaries'  already  quoted,  saji, 
"Purgation  by  ordeal  seems  to  have  been  very  ancient,  and  vny 
universal  in  the  times  of  superstitious  barbarity.  It  was  known  to  the 
ancient  Qreeks  :  for  in  the '  Antigone'  of  Sophocles  (v.  270)  a  persoo, 
suspected  by  Creon  of  a  misdemeanor,  declares  himself  ready  *U 
handle  hot  iron,  and  to  walk  over  fire,'  in  order  to  manifest  his  inno- 
cence ;  which  the  scholiast  tells  us  was  then  a  very  usual  purj^on." 
And  Qrotius  (on  '  Numb.'  v.,  17)  gives  us  many  instances  of  water- 
ordeal  hi  Bithynia,  Sardinia,  and  ottier  places. 

"  In  Siam, 'besides  the  usual  methods  of  fire  and  water-ordeal,  both 
parties  are  sometimes  exposed  to  the  fury  of  a  tiger  let  loose  for  that 
purpose :  and  if  the  beast  spares  either,  that  person  is  accounted 
innocent;  if  neither,  both  are  held  to  be  guilty ;  but  if  he  spares  both, 
the  trial  is  incomplete,  and  they  proceed  to  a  more  certain  criterion." 
('  Mod.  Univ.  Hist.,'  vol  viL,  p.  266.) 

The  'Asiatic  Researches'  (vol.  i,  4to.  Calcutta,  1788,  p.  889-404)  cos- 
tain  a  memoir  on  the  trials  by  ordeal  among  the  Hindus,  by  Ali  Ibra- 
him Khto,  chief  magistrate  at  Benares,  communicated  by  Warren 
Hastings,  Esq.,  nine  in  number :— 1,  by  the  balance ;  2,  by  fire ;  8,  hj 
water ;  4,  by  two  sorts  of  poison ;  6,  by  Cosha,  in  whicii  the  accus^ 
drinks  of  water  in  which  the  images  of  the  sun  and  other  deities  have 
been  washed;  6,  by  chewing  rice;  7,  by  hot  oil;  8,  by  hot  iron;  9,bj 
Dharmach,  in  which  an  image  named  Dharma,  or  the  genius  of  justice, 
made  of  silver,  and  another  of  an  antagonist  genius  Adharma,  made  of 
clay  or  iron,  or  those  figures  painted  respectively  on  white  and  black 
cloth,  are  thrown  into  a  large  jar,  from  which  the  accused  is  instructed 
to  draw  at  hasard. 

The  Latin  forms  of  service  for  the  diflbrent  species  of  ordeal,  as 
anciently  used  in  England,  are  given  by  Spelman  in  his '  Glossary,'  ia 
V.  from  the  Textus  Koffensis. 

The  reader  may  consult  for  further  information  Qrimm's '  Deutsche 
Rechts-Alterthiimer,  GottesurtheiL' 

ORDER  is  distinguished  from  decree  in  mathematical  language  by  a 
purely  conventions  boundary.  Both  are  terms  of  succession ;  thus 
an  expression  is  of  the  first,  second,  third,  &c.,  degree,  according  as 
its  highest  power  is  the  first,  second,  third,  &c.,  of  the  principal  letter. 
But  u  another  succession  should  occur,  say  one  of  differentiations,  then 
the  numbor  of  sudi  successive  operations  is  the  order  of  the  process. 
Thus  a  differential  equation  which  contains,  at  the  highest,  the  fifth 
power  of  a  differential  co-efficient,  is  said  to  be  of  the  fifth  degree ; 
while  if  the  highest  differential  co-efficient  which  occurs  in  it  is  the 
third,  it  is  said  to  be  of  the  thiixl  order. 

There  is  a  particular  use  of  the  word  order  in  regard  to  quanti- 
ties which  increase  or  diminish  without  limit.  If  A  and  B  both 
diminish  without  limit,  but  if  A  diminish  without  limit  with  respect 
to  B  [iKFtviTE],  A  is  said  to  be  of  an  inferior  order  to  B ;  and 
generally  the  first  powers  of  small  quantities  are  said  to  be  of  the  firet 
order ;  products  of  two  small  quantities,  and  second  powers,  of  the 
second  order ;  and  so  on. 
ORDER  IN  COUNCIL.  [Privt  Coxjncil.] 
ORDERS,  HOLY.    [OBDHfATiON.] 

ORDINARY.  This  terra,  when  used  in  English  law,  commonly 
signifies  the  bishop  of  the  diocese,  who  is  in  general,  and  of  common 
right,  the  ordinary  judge  in  ecclesiastical  causes  arising  within  hi!» 
jurisdiction.  (Lindwoode's  '  Provinciale,'  lib.  i.,  tit.  8.)  The  term  is 
also  applied  to  the  commissary  or  official  of  the  bishop,  and  to  other 
persons  having,  by  custom  or  peculiar  privilege,  judicial  power 
annexed  to  their  offices  or  dignities.  Thus  an  archdeacon  is  an  ordi- 
nary. A  bishop  therefore  is  always  an  ordinary,  but  every  ordinary  is 
not  a  bishop. 

The  term  is  derived  from  the  Canonists,  and  Is  in  common  use  in 
several  European  countries.  Since  the  Lateran  council,  when  the 
apostolic  see  assumed  the  power  of  presenting  to  benefices,  the  pope 
has  sometimes  been  called  by  canonical  writers  "  ordinarius  ordinaiio- 
rum."  The  judex  ordinarius  of  the  canon  and  of  the  later  Roman  law 
is  a  judge  who  has  judicial  cognisance  in  his  own  proper  right,  as  such 
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judge,  of  all  causee  arismg  within  iith  territorial  llmite  of  his  jurisdic- 
tion. He  is  opposed  to  the  judex  delegatus,  or  eztraordinarius,  whose 
jurisdiction  extends  only  to  such  causes  as  are  specifically  delegated  to 
him  by  some  superior  authority.  (AyliflFe's  *  Parergon/  p.  809  ;  Justin., 
'  Novell./  20,  0.  S  and  112,  c,  31.)  With  reference  to  this  distinction, 
it  became  usual  to  apply  the  term  "  ordinary"  to  bishops,  who,  when 
acting  in  their  judicial  character  in  ecclesiastical  causes,  have  strictly  an 
ordinary  jurisdiction ;  and  we  find  it  used  in  this  sense  by  Braoton  and 
the  earhest  writers  upon  English  law. 

ORDINATE  is  that  particular  rectangular  Co-ordinate  of  a  curve 
which  is  measured  perpendicularly  to  one  of  the  axes  and  not  upon  an 
axis.  [Co-ordinate.]  It  is  necessary  to  observe  that  though  the 
term  co-ordinate  has  been  extended  to  what  are  called  polar  co-ordi- 
nates, yet  the  word  ordinate  is  not  separately  used  in  the  latter  system. 
The  etymology  of  ordinate  will  be  found  in  the  article  cited. 

ORDINATION,  the  ceremony  by  which  holy  orders  are  conferred, 
or  by  which  a  person  is  initiated  into  the  mimstry  of  religion,  or  set 
apart  for  preaching,  administering  the  sacraments,  and  oiBcharging 
other  ecclesiastical  rites  and  duties,  public  or  private.  In  the  Church 
of  BlngUnd,  a  candidate  must  be  twenty-three  years  of  age  before  he 
can  be  ordained  deacon,  and  twenty-four  before  he  can  be  ordained 
priest ;  must  have  an  appointment  to  some  cure,  except  he  be  a  fellow 
of  a  college ;  bring  letters  testimonial  of  his  life  and  doctrine,  for  three 
years,  from  three  beneficed  clergymen;  imdergo  an  examination  in 
Latin,  Greek,  and  theological  learning ;  subscribe  to  the  Thirty-nine 
Articles  and  the  Liturgy ;  and,  as  bishops  now  almost  invariably  re- 
quire, have  g^raduated  at  one  of  the  English  universities,  at  Trinity 
College,  Dublin,  or  at  some  other  recognised  schooL  No  person  can 
hold  any  vicarage,  rectory,  or  benefice  whatever,  except  he  be  in  full 
orders. 

A  form  of  some  kind  has  always  been  observed  in  conferring  the 
priesthood.  This  was  the  case  under  the  Old  Testament  dispensation ; 
in  which  the  family,  age,  and  qualifications  of  the  individual  appointed, 
are  particularly  descnbed.  In  the  New  Testament,  our  Iiord  called 
the  twelve  apostles,  and  sent  them  out— ordained  them  to  perform  the 
offices  of  religion.  So  likewise  the  apostles  ordained  others ;  and  the 
form  they  adopted  for  setting  them  apart  was  prayer  and  the  impontion 
of  hands.  In  this  manner  bishops,  priests,  and  deacons  were  appointed ; 
and,  for  at  least  ten  centuries,  no  other  ceremony  was  used  or  added 
thereto.  When  the  church  became  corrupt,  this,  like  almost  every 
other  ordinance,  shared  the  general  perversion.  It  lost  its  primitive 
simplicity,  and  was  elevated  to  the  dignity  of  a  sacrament.  The  plan 
was  adopted  of  dehvering  to  a  person  ordiuned  priest  the  sacred  vesseltj 
that  is,  the  plate  and  the  cup;  employing  with  the  action  certain 
words  by  which  he  was  authorised  to  offer  sacrifice  to  Qod,  and  to 
celebrate  mass.  To  constitute  a  sacrament,  three  things  are  required, 
matter,  form,  and  imtiiutioTh,  Ordination  was  evidently  instituted  by 
Jesus  Christ  and  his  apostles ;  but  in  their  institution  of  it,  it  clearly 
wants  the  main  essentiaLs  of  a  sacrament.  The  church  of  the  11th  cen- 
tury, in  converting  it  into  a  sacrament,  considered  the  vesieU  as  the 
matter,  and  the  form  was  the  delivering  them  with  the  words : — **  Take 
thou  authority  to  offer  up  sacrifices  to  God,  and  to  celebrate  masses, 
both  for  the  living  and  the  dead ;  in  the  name  of  the  Father,  the  Son, 
and  the  Holy  Ghost."  Protestant  chiurches  have  returned  to  the 
original  method  of  conferring  orders,  and  use  only  prayer  and  the 
imposition  of  hands ;  some  sects  dispense  with  the  latter,  as  the  Wes- 
leyau  Methodists. 

The  great  controversy  between  Episcopalians  and  Presbyterians  is, 
the  authority  by  which  holv  orders  are  conferred.  The  former  hold 
that  bishops  alone  are  vestea  with  this  authority  :  and  those  especially 
who  entertain  the  notion  of  Apostolic  succession,  that  is,  assert  the  fact 
of  an  unbroken  episcopal  series  from  the  days  of  the  Apostles  to  the 
present  time,  to  which  the  power  of  ordaining  ministers  is  confined 
and  through  which  it  descends,  deny  the  validity  of  orders  and  even 
the  existence  of  a  church,  where  there  is  no  bishop.  The  Presby- 
terians, on  the  contrary,  contend  that  the  presbytery,  or  a  body  of 
priests,  have  authority  for  t^us  purpose ;  and  that  bishops  and  presby- 
ters are  in  Scripture  the  same,  and  not  distinct  orders  or  officers. 
They  urge  that  Timothy  waa  ordained  by  the  laying  on  of  the  hands 


of  the  presbytery;  and  that  Paul  and  Barnabas  were  ordained  by 
certain  teachers  and  prophets  in  the  church  of  Antioch,  and  not  by 
any  bishop  presiding  in  that  city.  It  is  certain  however  that  bishops 
have  existed  as  a  distinct  order  from  the  verv  earliest  times;  and 
though  we  cannot  assert  that  they  are  absolutely  essential,  yet  they 
evidently  contribute  to  complete  tne  idea  of  a  church,  and  tend  to  its 
orderly  and  effectual  operation. 

Many  at  the  Reformation  held  the  call  of  the  people  the  only  thing 
essential  to  the  validity  of  the  ministry,  and  taught  that  ordination  is 
only  a  ceremony  which  renders  the  call  more  solemn  and  authentic. 
Accordingly  the  Protestant  churches  of  Scotland,  France,  Holland, 
Svnitzerland,  ftc.,  and  the  dissenting  churches  of  England,  have  no 
episcopal  ordination.  For  Luther,  Calvin,  Bucer,  Melancthon,  and  all 
the  first  reformers  and  founders  of  these  churches,  who  ordained 
ministers  among  them,  were  themselves  presbyters  and  no  other. 
There  are  some  remarks  on  this  subject,  at  once  liberal  and  judicious, 
in  Burnett's  '  Exposition  of  the  Thirty-nine  Articles/ 

ORDNANCE,  a  general  term  applied  to  the  great  artillery  (guns, 
cannonades,*  howitzers,  and  mortars)  which  is  used  in  war,  on  la^d  or  at 
sea ;  the  name  being  probably  derived  from  the  compagnies  d^ordtm- 
nance,  or  Francs  Ajchers,  instituted  hi  1448  by  Charles  YIL  of 
France. 

The  wars  between  the  emperor  Charles  V.  and  Francis  I.  gave  rise 
on  the  Continent  to  the  first  important  improvements  in  the  con- 
struction and  use  of  heavy  artillery.  According  to  Templehof  it  was 
then  that  some  efforts  were  made  to  establish  a  system  of  proportions 
between  the  length,  the  thickness,  and  the  calibre  of  ordnance ;  that 
g^unpowder  was  improved,  and  that  certain  relations  between  the  charge 
of  powder  and  the  weight  of  the  projectile  began  to  be  established. 
It  was  not,  however,  tUl  the  beginning  of  the  17th  century  that 
artillery,  which  had  before  been  chiefly  used  in  the  attack  and  defence 
of  fortresses,  began  to  be  extensively  employed  in  engagements  between 
hostile  armies ;  but  in  1632  the  Austrians  and  Swedes  together  are 
said  to  have  brought  into  the  field  2000  pieces,  among  whidii  were  24, 
16, 12,  and  6  pounder  guns. 

An  artillery  capable  of  accompanying  the  rapid  movements  of  cavalry, 
was  first  systemically  introduced  into  warfare  by  Frederic  the  Great 
[Abtillkbt]  ;  but  the  full  development  of  the  important  services 
which  are  capable  of  being  rendered  by  this  arm  is  due  to  the  Prussian 
general  Scharnhost,  since  whose  time  the  horse-artillery,  as  it  is  called, 
has  been  considered  as  an  indispensable  requisite  in  the  armies  of  every 
nation  in  Europe. 

In  the  British  service  a  rocket  carriage  and  tube  for  the  military 
rockets  invented  by  Sir  W.  Congreve,  is  attached  to  each  troop  of  horse 
artillery  and  battery  of  artillery;  and  these  missiles,  which  have  been 
employed  under  various  circumstances,  have  occasionally  rendered  con- 
siderable service.    [Rocket.] 

The  oonstruction  or  mode  of  manufacture  of  artillery  has  been 
described  under  Cannon.  Under  the  present  head  we  propose  to 
describe  generally  the  size,  &c.,  of  the  guns  now  in  use  in  the 
servioe,  and  very  briefly  their  uses.  Rifled  ordnance,  which  are 
now  being  adopted  in  the  service,  .will  be  found  described  imder 
Rifle. 

Under  the  general  term  ordnance  there  were  comprised  guns  of  five 
classes  :  shot  guns,  shell  guns,  howitzers,  carronades,  mortars ;  to  these 
may  now  be  added  the  rifled  ordnance,  shot  and  shell  guns. 

Shot  guns  of  the  ordinary  smooth-bored  construction  are  com- 
paratively long  and  heavy,  being  employed  for  projecting  solid  shot  on 
all  occasions  when  considerable  penetration  or  length  of  range  is  requi- 
site ;  they  are  of  course,  however,  capable  of  throwing  shells  and  all 
other  descriptions  of  ammunition.  The  calibre  of  a  shot  gun  is 
denoted  by  the  weight  of  a  cast-iron  spherical  shot,  of  which  the 
diameter  is  the  same  with  the  bore  of  the  gun.  The  heavy-shot  guns 
are  constructed  of  cast-iron,  and  are  used  for  sea-coast  batteries,  for 
the  armament  of  ships  of  war,  for  the  defence  of  fortresses,  for  breaching, 
and  for  guns  of  position.  Light-shot  guns  are  constructed  of  bronze 
(they  are  generally  called  brass  guns),  and  are  employed  only  as  field 
artillery  in  the  English  service.  They  are,  however,  employed  for 
siege  purposes  by  tiie  French.     The  annexed  diagram  represents  a 
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A*  if  eonsldered  as  the  length  of  the  gun  («  7  feet) ;  ab  Is  oalled  the  Viiit.fleld  (=  «»5  in.) }  t,  the  twit;  bc,  thsftftl  telnibrce  («»  S0«9  in.) ;  cd,  the  second 
rcinforee  (s>  13'S  In.)  {  oi,  the  ehase  («  8A'8  in.) ;  sp,  the  mnssle  (s  6*5  in.) ;  ao,  the  eascable  (s  6S  in.) ;  na,  the  trunnions ;  n,  the  dolphhis  or 
handles ;  aa  is  oalled  the  base  rinr  (dlam.  b  11*76  in.) ;  8»,  the  base  ring  ogee ;  m,  an  astragal  snd  fillets ;  dd,  the  first  reinforce  ring  and  ogee  (diam. 
=  9*8  in.) ;  es,  the  second  do.  (dlam. =9 '5  Ui.)  j  JT,  an  astragal  and  fillets  (dianu  at  mi  a  6*t8in.)  t  m.  the  moEsle  mooidings :  hh,  the  breech  ogee  and 
fillets ;  *,  the  neck ;  m,  the  button.  ^ »   ^ff 
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brass  gun  (aliesTy  Bix-pounder).  Shell  guns  differ  from  shot  guns  in 
being  of  greater  calibre  in  proportion  to  their  weight  of  metal.  The 
bore  of  shell  guns  is  also  contracted  towards  the  breech,  thus  forming 
a  chamber.  The  size  of  shell  guns  is  denoted  by  the  diameter  of  the 
bore  in  inches.  Shell  guns  are  employed  for  projecting  shell  and 
hollow  shot,  and  are  principally  for  sea  service.  They  are  made  of 
iron.  Guns  of  12-inch  diameter  have  been  made,  but  the  sizes 
employed  in  the  service  now  are  the  lO-inch  and  8-inch  guns  only. 

We  have  subjoined  a  table  of  the  dimensions  and  weights  of  the 
principal  natures  of  guns  in  use  in  the  British  service.    The  natures 
and  uses  of  carronadeSi  howitzers^  and  mortars  have  been  already 
*  described  under  those  words. 
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The  axis  of  the  trunnions  is  at  right  angles  to  that  of  the  gun,  and 
is  usually  about  half  their  diameter  below  the  latter  axis;  but  Dr. 
Gregorji  in  his  '  Lectures  on  Gunnery/  reconunends  that  it  should 
mtersect  the  axis  of  the  gun,  in  order  that  the  recoil  of  the  piece  in 
firing  may  act  less  on  the  caniage.    The  vent  is  two-nintha  of  an  inch 
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in  diameter,  and  it  enters  the  bore  at  about  eight-tenthB  of  an  inch 
from  the  bottom  of  the  latter. 

The  diameter  of  the  bore  is  called  the  calibre  of  the  gun ;  this  is 
rather  greater  than  the  diameter  of  the  shot  by  which  the  nature  of 
the  gun  is  designated,  and  the  difference  between  them  is  called  the 
windage.    [Windagb.] 

A  scieJe  of  quarter  degrees  is  graduated  on  the  base  ring,  the  zero 
line  being  in  a  plane  passing  through  the  axis  of  the  gun  and  cutting 
the  exterior  surface  immediately  above  the  trunnions,  and  the  inter- 
section of  such  phme  with  the  side  of  the  muzzle  is  marked  by  a  notch 
on  the  latter.  These  quarter-sights,  as  they  are  called,  serve  to  give 
the  gun  an  elevation  not  exceeding  three  degrees ;  and  this  is  accom- 
plished by  lowering  the  breech  till  the  division  expressing  the  intended 
elevation  and  the  notch  on  the  side  of  the  muzzle  are  in  a  line  with 
the  object.  The  axis  of  the  gun  will  then  be  inclined  to  a  plane 
passing  through  the  object  and  the  axis  of  the  trunnions,  in 
an  angle  equed  to  that  which  is  indicated  by  the  division  above 
mentioned. 

A  point-blank  disposition  of  the  gun  is  that  in  which  the  zero  notch 
on  the  base  ring  and  that  on  the  side  of  the  muzzle  are  made  to 
coincide  in  direction  with  the  object,  whether  this  line  of  direction  be 
or  be  not  parallel  to  the  horizon.  But  when  a  notch  on  the  top  of  the 
base  ring  and  one  at  the  top  of  the  muzzle  are  made  to  coincide  in 
direction  with  the  object,  the  gun  is  said  to  have  the  liiu  of  mital 
elevation,  [Gunnery.']  The  angle  which  the  axis  of  the  gun,  in  this 
case,  makes  with  a  plane  passing  through  the  trunnions,  and  the  object, 
varies  with  the  nature  and  construction  of  the  gun,  but  is  generally 
about  one  degree. 

For  elevations  greater  than  three  degrees  a  tangent  scale  is  employed ; 
this  is  a  brass  rod  which  sUdes  up  and  down  in  a  groove  formed  in  the 
direction  of  a  diameter  to  the  base-ring  of  the  gun,  and  is  divided  into 
quarter  degrees.  In  using  this  scale  the  latter  is  drawn  up  till  the 
graduation  expressing  the  intended  elevation  is  at  the  surface  of  the 
base-ring;  then  the  breech  of  the  gun  is  lowered  tUl  a  notch  at  the  top 
of  tiie  scale  and  that  at  the  top  of  the  muzzle  are  in  a  line  with  the 
object.  The  axis  of  the  gun  (allowance  being  made  for  the  difference 
between  the  semidiametera  of  the  baae-ring  and  muzzle  [Dispart]  )  ia 
then  inclined  to  a  plane  passing  through  the  trunnions  and  the  object 
in  an  angle  indicated  by  the  said  graduation. 

It  was  considered  advisable  at  one  time  to  convert  a  number  of 
heavy  guns  into  a  description  of  shell  gun  by  boring  or  reaming  up, 
that  iB,  re-boring  and  enlarging  the  bore  of  various  guns  in  the  ser- 
vice to  the  next  higher  caUbre :  thus,  24-pounder8  were  bored  up  into 
82-pounders.  The  practice  was  first  recommended  by  Colonel  Paixhans, 
in  France. 

The  application  of  locks  to  naval  ordnance  was  introduced  by  Sir 
Charles  Douglas  (captain  of  the  fleet  to  Admiral  Rodney  in  the  action 
of  1782),  and  their  efficiency  was  soon  fuUy  recognised.  At  first  the 
locks  were  made  with  one  flint  only,  and  in  the  event  of  this  becoming 
unserviceable  the  loss  of  time  attending  the  fixing  a  fresh  flint  waa 
found  to  be  so  great,  that  instead  of  renewing  the  flint,  recoiurse  waa 
generally  then  had  to  the  lintstock  or  port-fire.  But  this  defect  was 
removed  by  the  construction  of  a  lock  which  carried  two  flints,  so 
disposed,  that  on  the  failure  of  one,  by  simply  turning  the  nut,  the 
other  might  be  brought  into  use.  This  improvement  was  made  in  1818, 
by  Major-GeneralSir  Howard  Douglas ;  it  was  immediately  introduced 
in  the  British  navy,  and  was  afterwards  adopted  in  the  land-service 
artillery.  This  was  followed  soon  afterwards  by  the  introduction  of 
the  percussion  tube  into  the  navy  and  heavy  artUlery,  and  the  friction 
tube  for  field  artillery,  and  indeed  for  heavy  artillery  also  often  when 
on  shore.    The  perciuision  tube  ia  fired  by  a  hammer  which  is  made  to 


-^ 


80 


OBDNANCE. 


OREADES. 


BO 


strike  aimply  by  a  pull  on  a  lanyard  attached  to  it.  It  is  so  contrived 
that  after  striking  it  ia  withdrawn  from  the  vent  and  therefore  not 
thrown  back  by  Qie  ezploeion  of  the  powder.  The  friction  tube  is 
fired  by  sharply  pulling  out  a  portion  of  the  head  which  projects  above 
the  vent^  and  which  is  made  with  an  eye  for  the  insertion  of  the  hook 
of  the  lanyard. 

From  experiments  made  in  France  it  was  ascertained  that  hollow 
shot,  being  with  equal  weight  greater  in  diameter  than  such  as  are 
solid,  when  fired  with  low  charges  of  .powder  against  ships,  pro- 
duced most  dangerous  breaches  in  their  sides ;  and,  in  consequence, 
certain  heavy  iron  howitzer-guns  for  discharging  such  missiles  were 
introduced  in  the  French  navy.  Similar  experiments,  attended  by  like 
results,  were  in  1828  made  in  this  country  by  the  late  General  Millar, 
with  a  short  and  massive  12-inch  gun  which  he  invented  on  the 
occasion.  The  hollow  shot  projected  from  this  piece  of  ordnance 
weighed  120  pounds,  and  being  impelled  by  11  pounds  of  powder, 
producing  an  initial  velocity  of  1000  feet  per  second,  it  pierced,  at  the 
distance  of  400  yards,  a  strong  frame-work  of  timber,  making  an 
opening  which  would  have  seriously  compromised  any  ship  so  struck. 
A  conviction  of  the  necessity  of  using  these  powerful  arms  in  a  future 
war  led  the  British  government  to  adopt  8-  and  10-inch  guns  in  the 
royal  navy,  and  now  the  ships  of  war  always  carry  a  certain  number  of 
such  guns. 

Various  experiments  were  made  in  France,  England,  and  America, 
on  the  effect  of  shells  fired  into  and  exploded  in  ships,  the  fuses  being 
cut  of  such  a  length  as  to  explode  the  shell  after  striking ;  or,  still 
better,  by  means  of  concussion  fuses.  The  destructive  effects  were  so 
great  that  shells  and  shell  guns  were  at  once  adopted  in  the  navy,  and 
form  a  large  portion  of  the  armament,  though  the  existence  of 
loaded  shells  on  board  of  ships  has  been  objected  to  on  account  of  the 
danger  which  might  ensue  from  the  accidental  ignition  of  their  fuses. 
This  danger,  however,  may  be  much  lessened  by  keeping  each  shell  in  a 
separate  box,  and  by  covering  the  fuse  with  a  metallic  cap  till  the 
moment  when  it  is  required  to  be  put  in  the  gun. 

The  carriages  for  guns  vary  much  according  to  the  calibre  of  the 
gun  and  the  objects  to  which  they  are  to  be  applied,  or  the  mobility 
required- 

The  field  gun  carriage,  in  which  great  Ughtness  and  mobility  com- 
bined with  strength  are  required,  is  composed  of  one  large  solid  piece 
termed  the  trail,  to  which  two  small  brackets  are  attached,  one  on  each 
side.     The  trail  rests  at  one  end  on  the  axletree  of  a  pair  of  high 
wheels.     The  trunnion  holes  are  cut  in  these  bracketis  :  as  it   is 
necessary  to  come  into  action  very  rapidly  there  is  only  one  set  of 
trunnion  holes  in  a  field  gun  carriage,  and  they  are  placed  far  back  on 
the  carriage  over  the  rear  of  the  axletree,  which  has  been  found  to  be 
the  best  position  both  on  account  of  the  reduced  strain  on  the  carriage 
when  fired,  and  of  the  ease  with  which  the  trail  can  be  lifted  to 
limber  up  or  unlimber  the  gun.    When  the  gun  is  in  action  the  rear 
extremity  of  the  trail  rests  on  the  ground,  but  when  it  is  required  to 
be  moved,  the  end  of  the  trail  which  is  fitted  with  an  eye  is  raised  and 
placed  on  a  hook  in  the  limber. 

The  Umber  is  a  bed,  with  shafts,  mounted  on  two  wheels,  and 
carrying  two  ammunition  boxes  for  the  service  of  the  gun ;  the  horses 
are  harnessed  to  the  limber,  and  the  gun  with  its  carriage  is  drawn 
after  the  latter.  An  ammunition  waggon  also  accompanies  each  piece 
of  ordnance,  and  there  are  others  always  in  reserve. 

Field  howitzer  carriages  and  their  umbers  are  similar  to  those  just 
mentioned,  but  stronger. 

Carriages  of  a  light  construction  are  employed  for  the  small  artiUezy 
which  is  used  on  service  in  mountainous  countries. 

The  travelling  carriages  for  siege-ordnance  are  made  wholly  of  oak, 
and  the  Umber  carries  no  ammunition ;  the  great  size  and  weight  of 
the  gim-carriage  trail  not  permitting,  when  it  rests  on  the  Umber,  the 
boxes  to  be  placed  there.  The  tnul  of  siege-carriages  is  made  of  two 
cheeks  or  side  pieces  firmly  attached  together  by  means  of  transoms, 
and  resting  on  the  axletree  of  the  wheels,  instead  of  in  a  single  piece 
or  block  trail,  as  with  field  gun-carriages. 

Carriages  for  garrison  service  and  lor  the  navy  consist  of  two  short 
cheeks  or  brackets,  connected  by  transoms,  and  they  move  on  four 
truck-wheels.  Garrison  carriages  are  now  often  made  of  cast-iron, 
which  is  mure  durable  than  wood,  particularly  in  tropical  climates. 
High  platforms  of  timber  or  cast-iron  are  also  occasionally  placed  at  the 
salient  angles  of  fortresses ;  they  are  made  to  turn  at  one  extremity 
upon  a  vertical  pivot,  the  other  extremity^traversing  through  ninety  or 
^  greater  number  of  degrees.  The  usual  garrison  carriage  is  mounted 
upon  this  platform,  and  thus  the  piece  can  be  fired  over  the  parapet  in 
Any  direction  at  pleasure.  There  is  also  a  species  of  mounting  for 
guns,  termed  a  traversing  platform,  by  means  of  which  the  gun  may 
be  made  to  pivot  on  any  centre,  and  be  directed  with  great  ease  in 
various  directions.  Traversing  platforms  are  principaUy  used  for  heavy 
guns,  68-pounder8,  and  8-  and  10-inch  guns  on  board  ships  and  in 
casemates. 

Mortars  are  placed  upon  soUd  beds  of  wood  or  iron,  which  are  made 
^  heavy  as  is  consistent  with  the  power  of  transporting  them  from 
place  to  place,  and  for  the  sake  of  obtaining  steadiness  when  the  piece 
ifi  fired.  The  larger  kinds  of  mortars  and  their  beds  are  removed  on 
platform  carriages.  Sea  mortar-beds  are  made  of  strong  timber ;  they 
we  a  hole  in  the  middle  for  receiving  the  iron  bolt  on  which  the  bed 


turns  round,  and  they  are  placed  on  strong  wooden  frames  fixed  in  the 
vessels  by  which  they  are  carried. 

The  number  oi  horses  employed  in  the  British  service  to  draw 
artillery  of  the  different  natures  is  as  foUows : — For  an  18-pounder  or 
an  8-inch  howitzer,  from  8  to  10  horses.  For  a  12-pounder,  9-pounder, 
a  heavy  6-pounder,  or  a  24-pounder  howitzer,  from  6  to  8  horses.  For 
a  Ught  6-pounder,  a  heavy  3-pounder,  or  a  12-pounder  howitzer,  from  4 
to  6  horses.  It  may  be  observed  here,  that  4  horses  cannot  draw  a 
weight  twice  as  great  as  that  which  can  be  drawn  by  2 ;  therefore 
the  number  of  horses  which  should  be  appUed  to  draw  weights  must 
be  increased  in  a  higher  ratio  than  the  weights. 

Formerly  two  6-pounder  guns  were  attached  to  each  battaUon  of 
infantry,  but  this  practice  has  long  been  discontinued,  and  now  aU  the 
artillery  which  accompanies  an  army  into  the  field  is  formed  into 
batteries  or  brigades,  each  invariably  consisting  of  six  pieces.  The 
brigades  of  foot-artiUery  consist  either  of  five  medium  12-pounders  and 
a82-pounder  howitzer,  or  five  9-i)ounders  and  a  24-pounder  hovritzer; 
and  a  troop  of  horse-artiUery  is  usuaUy  composed  of  five  9-pounders, 
24-pounder  hovritzer,  though  they  have  occaaionaUy  been  composed  of 
6-pounderB  and  12-pounder  howitzers. 

Six-pounder  guns  were  not  much  employed  with  the  armies  under 
the  Duke  of  WelUngton,  as  they  were  found  to  be  inferior  in  effect  to 
the  artillery  which  the  French  brought  into  action  during  the  war; 
they  may,  however,  be  advantageously  employed  with  a  corps  detached 
for  the  purpose  of  intercepting  an  enemy's  convoy ;  but  it  may  be 
observed  in  general,  that  field  ordnance  should  be  such  as  may  take 
good  effect  against  troops  at  the  distance  of  800  or  1000  yards: 
12-pounders,  and  even  18-pounders,  are  necessary  in  the  field  when 
it  is  reqiured  to  destroy  palisades  or  smaU  intrenchments,  to  break 
down  bridges,  and  the  like. 

The  guns  hitherto  employed  in  siege  trains  have  been  18-  and  24- 
pounders,  and  8-  and  10-inch  howitzers,  though  at  the  siege  of  Sebastopol 
82-  and  68-pounderB  and  8-  and  10-inoh  guns  were  employed.  The 
mortars  are  the  8-  and  10-inch,  and  occasionally,  as  at  Sebastopol,  the 
13-inch  mortar  and  the  small  Coehom  or  4|-inch  mortar. 

With  respect  to  the  quantity  of  ordnance  which  shoidd  accompany 
an  army  into  the  field,  no  precise  rule  can  be  given,  as  the  ratio  of  the 
number  of  men  to  that  of  the  guns  in  the  great  armies  on  foot  during 
the  wars  of  the  early  part  of  the  century  was  very  various;  but, 
according  to  General  Lespinasse,  a  division  of  12,000  men,  including 
two  regiments  of  cavalry,  should  be  attended  by  three  brigades  of 
horse  and  three  of  field  artiUery  :  one  brigade  of  each  kind  is  recom- 
mended to  be  always  with  the  division,  another  of  each  kind  to 
remam  with  the  general  park  of  artiUery,  and  the  rest  with  the  depdt 
in  rear  of  the  army. 

Long  guns  have  now  whoUy  superseded  carronades  for  the  navy, 
both  because  theur  fire  is  more  accurate,  and  because  of  their  greater 
range  and  penetration.  For  the  sake  of  obtaining  a  nearly  horizontal 
direction  when  a  ship  is  rolling,  it  is  a  conmion  rule  in  action  to  fire 
when  the  vessel  is  nearly  upright;  but  this  is  said  to  be  subject  to 
some  limitation,  for  it  may  happen  that  then  the  ship  is  in  the  trough 
or  hoUow  of  the  sea,  in  which  case  she  wiU  have  less  command  over 
her  enemy  than  if  she  were  on  the  summit  of  a  wave:  and  it  is 
recommended  that  shot  intended  to  take  effect  on  the  huU  of  an 
enemy's  ship  shoidd  be  discharged  whUe  the  side  engaged  is  descending 
towards  the  water ;  or  if  intended  to  act  against  the  rigging,  it  should 
be  fired  with  the  rising  motion  of  the  side,  provided  the  aim  be 
taken  low. 

For  further  information  on  the  subject  the  reader  is  referred  to  Sir 
H.  Douglas's '  Treatise  on  Naval  Qunnery.' 

ORE.    [Mining.] 

OREADES  (*Op(idSts,  from  'Opov,  a  mountain).  Nymphs  who  dwelt 
in  mountains,  caves,  and  grottoes ;  but  the  nymph  of  each  cave  and 
mountain  had  a  specific  name  corresponding  to  that  of  her  dwelling- 
place.  (Fausanias,  v.  5,  ix.  8,  and  x.  82 ;  see  also  Theocritus, '  Id.,' 
vu.  187.)  The  Oreades  were  among  the  attendants  on  Artemis.  The 
most  celebrated  of  the  Oreades  was  Echo,  who  incurred  the  anger  of 
Hera  by  engaging  her  in  talk  on  the  mountains  whilst  Zeus  sported 
with  others  of  the  Nymphs.  On  discovering  the  trick,  Hera  deprived 
her  of  control  over  her  tongue,  so  that  she  became  unable  to  speak  tiU 
some  one  else  had  spoken,  and  then  unable  to  keep  from  repeating 
what  was  said.  Wandering  thus,  she  met  and  became  deeply  enamoured 
of  Narcissus,  who  not  requiting  her  affection,  she  pined  away  until 
nothing  remained  of  her  but  her  voice.    (Ovid,  Met.  liL) 

Under  Naiads  and  Nereids  we  have  spoken  of  the  Nymphs  of  the 
fountains  and  fresh  waters  and  of  the  sea :  we  here  add  a  brief  account 
of  Nymphs  generaUy,  in  order  to  render  our  notice  of  the  subject  more 
complete. 

Nymphs  (Nv/x^,  Nympha)  were  female  deities  in  the  Greek  and 
Roman  mythology,  who  were  exceedingly  numerous,  and  were  sup- 
posed to  preside  over  aU  parts  of  the  earth.  Those  who  presided  over 
rivers,  brooks,  and  springs,  were  caUed  Naiad$  ;  those  over  mountains, 
Oreades ;  those  over,  woods  and  trees,  Dtyada  and  Hamadryadea ; 
those  over  the  sea,  Nereids;  those  over  vaUeys,  Napaa,  &c  (Homer, 
'  11.,'  XX.  8.)  They  were  thus  associated  with  all  the  forms  of  external 
nature ;  and  they  were  the  attendants  of  Hera,  Aphrodite,  Artemis, 
and  other  of  the  higher  goddesses ;  they  are  also  seen  with  Apollo; 
,  as  the  nurses  of  many  of  the  gods,  as  Zeus,  Dionysus^  and  Pan ; 


ORELLIEf. 


&    J\™«p^P  J^by  offering,  oT^.  ™i,4d  hof-y,    point  of  f»ct,th«ult^te 

iind    by  ««rif!c™  of  lamb,  {Theo=r.. '  Id./  ';  K^.J");  "«'.  ^P''^ 

were  al«o  dedicated  K.  th™  in  Italy.  (Dc.    '  De  Nat.  Deor.,  iJ.,  17.) 

Another  claw  of  NymphB  were  regarded  as  the  penwnifiostion  of,  or  » 

in  wme  way  waociated  with,  particular  rocea  and  localities,  m  Cyreoe, 

the  DedoDides,  Nyaiadea,  &c.     Tbe  Nymph,  occur  »ery  frequently 

in   aDciBQt  art  either  alone,  a«  attecdanta  on  one  or  other  of  tha 

Buperior  deiUea,  or  in  Bacchic  dances  :  they  are  reprawoted  ai  lovely 

but  somewhat  impaasiTB  maidens,  generoJly  clad  in  light  jtiMspaTent 

garmanta,  or  partly  undraped.    We  gii 

atatuB  of  one,  an  attendant    -    '"^  — 


1  Artemis,  now  in  the  Third  Gnuco- 


ks  found  ta  ITflfl,  in  tbe 


Bonuu  Siloon  of  the  British  Huaenm )  it 
Yilk  Verospi,  omt  the  Sakriao  Qate,  Rome. 

ORELLIN.  A  jeLow  colouring  matter  found  in  the  seeds  of  the 
Bixa  orMmta.  It  Is  soluble  in  water  and  alcohol,  and  dyes  yellow 
wlUi  an  aluminous  mordants 

OKQAN  COf/yrw,  Or.,  6rg<mtan,  I^t.,  an  inHtniment),  the  noblest 
of  mustoal  iniitrumentj,  whether  considpred  in  regard  to  the  grandeur 
■ad  beauty  of  its  sounds,  the  Tariety  of  its  powers,  or  the  sacnid  pur- 
posea  tn  nmioh  it  is  usu^y  dedicated.  It  consists  of  a  vast  Dumber  of 
metallio  and  wooden  pipes,  divided  into  different  itojn,  Uie  wind  being 
admitted  into  the  pipes  from  a  bellows,  and  is  played  on  by  means  of 
B  key-board.  The  machinery  of  an  organ,  which  is  Tsther  complicated 
and  eioeeding^y  curioua,  is  described  in  the  next  article. 

Originally  the  word  vr^iium  had  a  very  eitonsive  meaning,  and 
signified  nearly  sreiy  kind  of  instrument,  for  whatever  purpose 
employed.  By  d^rees  it  wsa  confined  to  instruments  of  music ;  attor- 
wards  it  was  applied  only  to  thoee  of  the  pneumaUc  or  wind  kind;  and 
Gnally  it  was  eiclusively  used  to  designate  that  "  world  of  sounds " 
which  we  call  the  organ.  It  can  hardly  be  doubted  tliat  this  inatm- 
ment  may  be  tracod  to  Pan'tfiiiiei,  or  the  iTfn'nz.  It  must  soon  have 
been  disoovared  that  the  air  may  be  foroed  into  a  clased  cavity,  and 
then  distributed  at  will  to  one  or  more  tube* ;  and,  punning  the  con- 
trivance a  little  further,  something  like  a  modem  organ  waa  likely  t« 
l»o  produced.  Indeed,  Mersenne,  in  his  '  Harmonie  Univetaelle,' 
OenCions  an  ancient  monument  in  the  Mstlei  Oardens  in  Kome,  on 
which  appear*  the  repieaentation  of  a  pneunutic  organ.  It  is  a  small 
gbest  placed  on  a  table.  In  the  trout  ia  a  female  figure  playing  on  a 
number  of  keys,  and  on  the  other  side  is  a  man  blowing  into  the  box 
with  a  pair  of  ballawa  exactly  like  those  in  present  use.  la  Hawkins's 
'  History  of  Uusic  '  (L  403)  Is  an  engnving  of  thii,  from  a  copy  found 
among  the  papers  of  Haym,  the  autlior  of  a  history  of  ancient  medale. 
ISt  Augustine,  in  bla  Comments  on  the  fiflth  Psalm,  alludes  to  Instru- 
msnU  infialed  by  bellows.  In  the  same  passage  he  alio  gives  us  to 
understand  that  organ  was  a  generic  term,  including  every  species. 
"Organa,"  he  says,  "  dicuutur  omnia  instnimenta  musicomm,"  ka. 

The  descriptioaa  ieft  ua  by  different  authors  of  the  musical  instru- 
tnenta  of  the  early  port  of  the  middle  ogee,  and  the  representations  of 
them  on  several  monuments,  prove  that  attompU  were  made  at  different 
periods  to  improve  them.  Much  thought  was  expended  in  discoveiiog 
the  bast  method  of  introducing  air  into  the  pipes  of  the  organ.  For 
this  purpose  a  fall  of  water  was  employed,  and  also  what  must  be 
undeiatood  to  have  been  steam,  William  of  Holmeabiiry  describes  the 
Duuner  in  which  the  lattor  was  used.  He  butb,  "  The  wind,  being 
foroed  out  by  the  violence  of  the  hot  water,  fiUs  the  whole  cavity  of 
the  instrument,  which,  from  several  apertures,  passing  through  l»aea 
[apM^  Rendu  forth  musical  noises,"    At  length  bellows  were  employed 


either  worked  by  wator  or  by  hand.     Tho 

lowers  led  to  the  distinguishing  terma 
r  wator-organ  and  wind-organ,  thougli,  in 
suit  waa  the  same  in  both.  The  invention 
of  tha  former,  whioh  historians  call  an  hydranlicoa,  U  aeoribea  to 
Ctesibius  of  Aleiandri»,  who  Uved  about  B.i;.  155-120,  [OtmibIUS, 
in  BiOQ.  Div.]  Vitmvlus  is  tbe  flial  writer  who  givM  any  account  of 
an  organ  of  that  kind.  ...  t 

The  period  when  the  organ  was  introduced  into  the  churcho*  of 
Western  Europe  is  very  uncertain.  Pope  Vitalian  is  supposed  to  am.ve 
been  the  firrt  to  admit  tha  instrument,  about  the  year  670  ;  but  tbe 
earliest  account  to  be  at  all  railed  on  of  the  inlioduction  of  the  inatru- 
ment  in  the  West  is,  that  about  the  year  766  tha  Greek  emperor  Copro- 
nymua  sent  one  sh  a  present  to  Pepin,  king  of  France,  In  the  time  of 
Charlemagne,  hoviever,  organs  beoame  common  in  Europe.  Tliat 
prince  had  one  buUt  at  Aii-WChapelle,  in  812,  on  a  Greek  model, 
which  the  learned  BenedioUne,  Bedos  do  Celles,  in  his  vast  but  uaef  ul 
and  excellent  work, '  L' Art  du  Faoteur  dea  Orguaa"  (ITBe),"  eoDsid«ir« 
to  have  been  the  flnt  that  was  furaished  with  bellowa  without  the  uee 
of  water.  ,  ,    t-    i      j 

Before  the  lOtt  century  organs  were  not  only  common  in  I^ngland, 
but  exceeded  both  in  aise  and  eompaas  those  of  the  Continent  St. 
Dunatan  gave  one  to  the  abbey  of  Malmsbury,  in  the  reign  of  Edgar, 
ElfM,  bishop  of  Winchester,  obttuned  one  for  his  cathedral  in  951, 
which  was  the  laigest  then  known.  This  is  described  hi  sight  Latm 
»ersBS  by  WoUtan,  the  learned  monk  of  Winchester,  in  the  ,l»th 
century,  of  whioh  Hason,  the  poet,  in  bia  '  Essay  on  luslnunent&l 
Church  Huaic,'  give*  the  following  translaUon  :— 

rung'il  in  lUtted  row. 


In  the  oloM  oonBnM  ot  th'  Inoumlmil  ohtil, 
Od  which  foQi  boodrtd  pLpct  fn  DFdir  rlw, 
To  bcllsv  ttatb  that  blast  the  cbsM  lappUes." 

e  translator  adds  an  explanation  by  no  means  unnecaaaary.  "  We 
lot,"  be  says,  "  1  think,  to  Imagine  that  these  stout  bellows- 
blowers  kept  their  bellows  in  action  ail  the  time  the  organist  was 
Slaying,  I  rather  think  that  his  performance  did  n"* -""-  *'" 
ley  had  Slled  the  chest  completely  with  wind,  wh 
wards  to  expend  by  due  degrees,  as  he  found  occasion. 

The  organ  wos  at  Erst  veiy  rude  in  ita  construction,  and  eitromely 
limited  in  ite  meaus.  The  keys  were  four  or  Hve  inches  broad,  and 
must  have  been  struck  by  the  clenched  hand,  in  the  manner  of  the 
carillons.  Tha  pipoi  were  of  braaa,  harsh  in  sound,  and  the  compass 
in  the  12th  century  did  not  exceed  a  dozen  or  fifteen  notes,  and  to 
accompany  tha  plain  chant  no  more  were  required.  About  that  time 
tialf-notesweremtroducedatVenioe,  where  also  the  important  addition 
ot  pedals,  or  foot-keya,  was  first  made  in  1470,  by  Bernhard,  a  German, 
to  whose  countrymen  we  owe  many  improvements  of  the  instrument, 
though  in  excellence  of  finish  ttiey  have  been  atirpassed  by  our  EngUah 


le  was  aftor- 


bmlde__ 

Few  particulars  are  recorded  concerning  the  organs  of  this  country 
from  the  Reformation  to  the  time  of  Charles  I.  Camden  mentiona  one 
at  Wrexham,  and  Fuller  haa  been  strangely  misguided  in  describing  it 
to  have  had  pipes  of  gold.  It  shared  the  general  fate  of  organs  in 
1841 ;  and  the  old  York  organ,  roplaoed  some  years  baok  by  a  new 
instrument,  was  one  of  the  very  few  that  escaped  the  organoclatU  of 
those  times.  At  the  Heatoration  it  appeared  that  only  four  organ- 
buildera  of  eminence  survived,  a  ciroumstanoe  which  led  to  the  Intro- 
ducUon  ot  foreign  artiste,— of  Barnard  Schmidt  (commonly  called 
Father  Smith),  and  his  two  nephews,  with  the  elder  Harris,  and  his  sou 
BenatuB.  An  account  ot  the  dispute  betwuen  those  two  family  partiea 
is  amusingly  related  in  Bumey's  'Hitt./  iL  437,  Each  erected  an 
orean  inthe  Temple  Church,  as  a  trial  ot  ability  ;  Blow  and  Purcell 
diapUyed  Smith's,  and  Mona.  Lully  (not  the  great  composer)  that  of 
the  Harrises.  The  Lord  Chancellor  J«!Sziee  at  length  decided  in  favour 
ot  Smith,  The  principal  organa  of  the  lattor  are— the  Temple ;  Christ- 
church  and  St.  Mary's,  Oxford  ;  Trinity  CoU^e,  Cambridge ;  6t. 
Margarefs,  Weatminstar;  St.  Clamenfs  Danes;  SouthweU  Minster; 
Trinity  Church,  Hull ;  and  St  Paul's  Cathedral.  Harriae  organ,  after 
being  rejected  by  the  Templars,  waa  divided ;  part  waa  erected  in  St 
Andrews,  Holbom,  and  part  in  Christ^ohurch,  Dublin.  This  last 
portion  was  afterwards  removed  to  Wolverhampton.  His  other  prin- 
cipfj  instruments  iare  those  at  St  Mary- Axe,  St  Bride's,  St,  Lawrence 
tCheapsidfl),  and  Doncaster.  He,  however,  from  acme  unexplained 
cause,  was  commissioned  to  make  twice  as  many  organa  as  his  oom- 

Ktitor.     The  'Spectator,'  Ho.  652,  says  that  he  was  ambitious  of 
dding  an  organ  for  the  metropolitan  cathedral.     We  have,  however, 
no  reason  to  regret  that  his  wish  was  not  gratified. 

To  these  celebrated  mechanicians  aucce<eded  Bchreider,  Smith's  son- 
in-law,  who  built  the  organ  in  Westminster  Abbey,  and  that  at  St 
Martin's-in-the-Fields,  the  lattor  a  present  from  George  I.  as  church- 


Cello,  has  bna  pu 
VDlnmet,  totslher  * 


>B  (he  Organ  bj  M.  Himel,  thitUr  compiled  tron  that 
iibcd  In  tht '  Gncj'clopiidio  Boret'  It  is  In  Ihroe  an 
h  an  Atlas,  eonlahiliig  neatlf  IDOI)  Ogatta. 


OBaAK. 
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warden ;  Snoteler,  Byfleld,  Ac. ;  and  at  a  later  period,  Green,  Aveiy 
(who  most  Buccessfully  imitated  Smith) ;  Gray,  Elliot,  ftc. 

The  tone  of  the  pipes  of  the  old  builders — depending  on  what  ia 
technically  called  the  voiceing — ^has  never  been  excelled  by  later  makers; 
but  in  point  of  touch,  and  mechanism  generally,  the  modems  are  much 
superior  to  their  predecessors.  In  mechanical  skill  and  delicate  finish- 
ing the  English  organ-builders  far  surpass  their  Continental  rivals, 
while  in  tone  they  at  least  equal  them ;  but  the  costliness  of  our  mate- 
rials and  high  rate  of  wages  render  the  organs  of  this  country  much 
more  ezpenaive  than  those  of  Germany  and  France.  It  has  been  truly 
observed,  that  **  notwithstanding  the  imposing  enumeration  of  so  many 
stops,  the  largo  organs  of  the  Continent  are  inferior  in  the  choice  and 
variety  of  them  to  the  best  English  instruments ; "  a  part  being,  in 
fact,  but  half -stops,  and  several  only  absurd  imitations  of  other  musical 
imttnmients,  and  rarely,  if  ever,  used  by  scientific  organists. 

The  following  is  a  list  of  some  of  the  largest  and  most  celebrated 
foreign  orgajis,  from  Crosse's  '  Account  of  the  York  Festival,'  1823, 
**  collected,"  he  says,  "  from  many  sources,  and  enriched  with  some 
additions  communicated  by  the  Rev.  C.  L  Latrobe  "  : — 


Seville  eatbedrsl         • 
GMrliU,  is  Upper  Lnsatia 
Hamburg,  St.  Hlchaers 


Stops.    Pipes. 

.  100        «S00 

83        1370 

.    67 
(9  pipes  of  16  f?€t,  and  I  of  S3) 
AmsterdaiDy  the  old  ehnrch     •        •        .        •    •    64 
Weingarten,  a  Benedictine  monastery  in  Suabia   .    60        6666 

(7  pipes  are  of  10  feet,  and  8  of  83) 

Tears  eathedial  • 60 

Haarlem 60        6000  nearly, 

(8  of  these  plpee  are  16  feet,  and  8  of  83  (.the  greatest 
diameter  being  16  inches.    It  is  108  feet  high,  and 
60  broad.) 
Alost  •••••9»**6o 

Berlin,  St  Peter's 60 

Vienna,  St.  Michaers  ..••••    40 

Rome,  St.  John  Lateran .86 

Baltimore,  in  America 86        3318 

Mr.  (afterwards  Sir  John)  Barrow,  in  his  *  Tour*  (1830),  mentions  a 
new  organ  erected  in  the  church  of  St.  Lawrence,  in  Rotterdam,  con- 
tsuning  5500  pipes,  which,  according  to  his  calculation,  is  150  feet  in 
height. 

Our  English  church-organs  are  numerous,  and  generally  well  toned. 
Though  we  have  none  containing  so  many  nominal  stops  as  a  few  on 
the  Continent  can  boast,  yet  we  possess  some  which,  in  regard  to  the 
greater  calibre  of  the  pipes,  and  power  of  every  kind,  surpass  any 
foreign  instrument.  Chief  among  these  are  the  new  organ  in  York 
Minster,  and  that  in  the  town-hall  of  Birmingham. 

The  York  organ,  built  by  Elliot  and  Hill,  whidi  has  lately  been 
enlarged  and  improved,  contained  56  stops  all  through,  besides  6  copula 
stops.  The  number  of  pipes  was  4200.  The  largest  metal  pipe  was 
32  feet  in  length  and  20  inches  in  diameter ;  the  largest  wooden  pipe 
was  27  feet  long,  3  wide,  and  24  deep.  This,  the  builder  boaetCKi, 
would  contain  12  pipes  and  2  gallons  of  wine.  Both  pipes  gave  o, 
three  octaves  below  the  second  space  in  the  base.  It  had  three  rows 
of  keys,  and  two  octaves  and  one-third  of  pedals.  The  width  of  this 
instrument  was  70  feet,  and  its  height  in  proportion.  The  old  York 
organ,  burnt  in  1829,  was  the  largest  in  the  kingdom;  it  had  3254 
pipes  distributed  among  52  stops. 

The  Birmingham  organ,  built  by  Hill,  and  completed  in  1836,  is,  as 
regards  size  and  power,  the  rival  of  that  at  York,  though  the  latter  is 
superior  in  both,  but  not  in  quality.  This  is  35  feet  wide,  15  deep,  and 
45  high.  The  swell-box  alone  is  the  size  of  a  moderately  large  church- 
organ.  It  has  40  real  stops,  about  3000  pipes,  4  rows  of  keys,  and  2 
octaves  and  one-third  of  pedals.  The  largest  metal  pipe  is  35  feet 
long,  and  21  inches  in  diameter,  formed,  as  ^l  the  metal  pipes  in  this 
instrument  are,  of  zinc  only.  The  weight  of  the  whole  is  about 
40  tons. 

The  old  organ  in  St.  Paul's  cathedral  contains  1797  pipes,  divided 

into  28  stops ;  8  rows  of  keys,  2  octaves  of  pedals,  and  the  largest  pipe 

is  22  inches  in  diameter.    That  in  Westminster  Abbey  has  28  stops,  and 

1524  pipes ;  3  rows  of  keys,  and  double  diapasons  for  the  pedals.    At 

Exeter  is  an  organ,  built  by  John  Loosemore,  in  1666 ;  its  laiigest  pipee 

ve  15  inches  in  diameter.     The  organ  at  Lynn,  made  by  Snetzler,  has 

30  stops,  and  among  them  is  a  (fttZciana,  there  first  introduced.    Green 

built  the  organs  at  Canterbury,  Windsor,  Lichfield,  and  Salisbury. 

That  in  King's-College  chapel,  Cambridge,  was  built  by  Avery.    The 

organ  at  Yarmouth,  erected  in  1740,  has  29  stops.    St  Peter's,  at 

L^eds,  contains  the  same  number,  with  3  rows  of  keys,  built  by  Messrs. 

Oreenwood,  of  that  place.    The  new  church  of  St.  Luke,  Chelsea,  has 

^n  provided  with  an  organ,  made  by  NichoUs,  containing  33  stops 

And  1876  pipes.     The  organ  of  St  Sepulchre,  London,  contains  2500 

pipes,  divided  into  40  stops;  and  that  at  Christ's  Hospital,  by  Hill,  is 

equal  in  number  of  pipes  and  power  to  any  in  the  metropolis.    The 

^e  organ  in  St  Patrick's,  Dublin,  was  presented  to  that  cathedral  by 

queen  Elizabeth. 

The  Great  Exhibition  of  1851  contained  some  fine  organs,  but 
>nch  was  the  vastness  of  the  enclosure  that  they  produced  very  little 


eflfoct,  except  in  their  immediate  vicinity.  One  of  these  organs  (by 
Willis),  altered  and  enlarged,  went  afterwards  to  Liverpool.  Another 
large  organ,  by  Hill,  was  exhibited  at  the  Panopticon  in  Leicester 
Square,  but  on  the  breaking  up  of  that  establishment  it  was  transferred 
to  St.  Paul's  Cathedral,  London,  to  meet  the  altered  circumstanoee 
under  which  divine  service  is  now  at  certain  periods  conducted  in  the 
nave  of  that  building.  The  organ  recently  built  for  Kly  Cathedral  is 
a  fine  instrument.  It  would,  however,  be  quite  impossible,  within 
moderate  limits,  to  do  justice,  even  by  a  bare  enumeration  of  instru- 
ments, to  the  oi^gan  builders  of  this  countiy,  so  \bx^  has  been  the 
demand  made  on  them  of  late  years. 

The  Barrel-Organ  is  an  instrument  by  which  most  of  the  effects  of  a 
small  keyed-organ  are  produced  by  certain  machinery.  Instead  of  keys 
for  the  fingers,  the  keys,  if  so  they  may  be  called,  are  Inside  the  organ, 
and  acted  on  by  means  of  a  cylinder,  or  barrel,  pinned,  or  studded  in  a 
particular  and  singularly  curious  manner.  This  barrel  is  made  to 
revolve  by  a  windi,  and  in  those  of  an  expensive  kind  by  wheel-work 
moved  bv  a  spring. 

The  ApoUonicon  and  the  barrel-organ  are  described  elsewhere. 
[Apollonicon.] 

ORGAN,  CONSTRUCTION  OF.  We  have  on  record  several  kinds 
of  organs — the  HydravUc,  the  Pneumatic,  the  £arrd,  and  the  Finger  or 
Church  organ. 

Of  the  hydraulic  organ  we  know  little  beyond  its  having  been 
operated  on  in  some  way  by  water :  it  may  have  resembled  the  cUptydra, 
or  water-clock,  which  chimed  at  certain  hours ;  but  as  the  passage  of 
water  through  the  pipes  would  not  produce  miisioal  sounds,  it  is  pro- 
bable that  water  was  employed  as  a  moving  power.  Indeed,  the  plan 
of  using  water-power  to  work  the  bellows  of  an  organ  or  harmonium 
has  lately  been  revived,  and  the  water  engine  may  now  be  considered 
as  an  essential  feature  of  an  instrument  which  requires  so  large  a 
supply  of  wind.  The  pneumatic  organ,  whether  more  or  less  ancient 
than  the  hydraulic,  was  certainly  the  parent  of  the  present  finger-oi^gan ; 
but  it  was  so  decidedly  rude  in  its  construction,  thiat  it  must  always  be 
considered  as  a  distinct  instrument  The  barrel-oi^n  is  a  machine 
with  little  variety  and  no  expression ;  it  nevertheless  contains  many 
clever  contrivances,  and  is  daily  receiving  improvements.  The  present 
finger-organ  is  the  largest  and  noblest  of  all  musical  instruments ;  its 
power  is  that  of  a  full  band,  and  for  delicacy  and  sweetness  of  tone  it 
is  unrivalled. 

In  such  an  organ  there  are  several  thousand  pipes,  with  arrangements 
for  enabling  the  organist  to  make  any  single  pipe  of  the  number  speak 
without  disturbing  any  of  the  others.  Now  to  do  this  there  must  be, 
1,  a  bellows  for  supplying  condensed  air  or  wind ;  2,  a  channel  for 
conveying  it  to  the  pipe  in  question  (  8,  a  valve,  or  some  contrivance 
for  acUnitting  wind  to  this  pipe  when  it  is  required  to  speak,  and  for 
cutting  off  the  supply  when  it  is  required  to  be  silent ;  4,  a  lever  for 
opening  or  shutting  this  valve.  There  are  many  other  contrivances 
for  producing  variety  of  effect,  loudness  or  softness,  qualities  of  tone 
resembling  various  musical  instruments,  &c. 

The  sets  of  pipes  in  an  organ  are  called  stops ;  the  corresponding 
notes  of  the  different  stops  may  agree  in  pitch,  that  is,  they  may  be  in 
umson;  or  th^  may  produce  a  chord  or  an  octave  above.  They 
differ  however  in  quality  of  tone.  Each  stop  is,  in  fact,  a  range  of 
pipes  of  the  same  quality  of  tone,  and  extendiiog  throughout  the  com- 
pass of  the  instrument.  When  a  certain  stop  is  drawn,  the  keys  will 
play  throughout  on  pipes  of  that  character  of  which  the  stop  consists. 
A  complete  and  full  finger  oigan  should  have  three  acts  of  key t,  and 
at  least  two  octaves  of  pedals. 

The  first  set  of  keys  takes  the  siVDtH,  the  second  the  great  organ,  and 
the  third  the  eh<iir.  The  compass,  as  well  as  the  size  of  organs,  must 
depend  upon  circumstances.  The  German  scale  or  compass  is  c  o  to 
F  in  alt ;  the  English  formerly  descended  to  o  below,  but  are  now 
generally  constructed  on  the  German  principle ;  the  pedal  organ  taking 
the  notes  down  to  c  c  c,  which,  for  duet  and  solo  performances,  is  cer- 
tainly the  best.  A  good  swell  is  always  important  to  an  organ,  and  we 
should  recommend  c  c  to  F  in  alt  as  the  compass  to  be  preferred. 
The  compass  of  the  choir  is  generally  the  same  as  that  of  the  great 
organ.  Th«9e  several  parts,  or  oi^gans,  when  brought  together  by 
stops,  called  couplers,  give  to  the  keys  of  the  great  organ  the  command 
of  every  pipe  in  the  instrument,  the  power  and  majesty  of  which  are 
without  parallel  in  instrumental  combinations. 

Fig,  1  is  a  section  of  a  large  organ,  showing  the  several  situations  of 
certain  principal  parts  of  the  instrument,  wMch,  however,  are  variously 
placed  by  diii'erent  organ-builders.  ▲  ia  the  noeUrbox,  whidi  is  usually 
made  of  deal,  and  the  thicker  the  better,  but  it  certainly  should  not  be 
less  than  an  inch  and  a  half  in  thickness ;  it  must  be  lined  with  paper 
or  leather  to  deaden  the  tone  when  shut  The  front  is  formed  of 
Zouvre-boards,  all  of  which  are  made  to  move  on  centres ;  they  must 
also  be  an  inch  and  a  half  thick.  The  performer  opens  them  by  a 
pedal  expressly  employed  for  opening  and  shutting  the  swelL  This 
kind  of  ^ont  is  what  ia  known  by  the  name  Venetian,  b  is  the  choir 
sound-board,  or  part  in  which  the  pipes  of  that  part  of  the  organ  are 
placed ;  o  is  the  great  organ  sound-bi/ardfYrhich  also  contains  its  pipes ; 
D  is  the  bellotos  ;  E  is  the  pedal  soundboard;  F  is*one  of  the  front 
pipes,  to  which  the  wind  is  conveyed  by  metal  tubes,  called  amveyancea  ; 
o  GO  are  three  roller  boards,  one  for  each  organ;  h  is  a  tracker,  used 
with  squares  and  centra  to  reach  distant  parts  of  the  action ;  at  i  are 
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ths  tfjw  ,■  at  K  are  the  pedalt ;  L  ia  the  ae&t.    The 
nhiiA  are  nut  indicated  in  this  flgure  must  be  xiiight 
dravriDga,  le  we  cannot  and  do  not  pretend  to  gire  th 
pnctioJ  form. 
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J^.  2  repnocnta  wbat  are  called  the  horiionlal  bcSoat.  a  shewa  the 
rfwmM'r ;  b,  the  deep  frame  through  which  the  wind  ia  taken ;  o,  the 
part  moved  in  blowing,  called  Vbefadtr;  n  d,  the  rfjitlriiri,  by  which 
the  equal  rinng  of  the  reservoir  is  eninired  ;  there  are  valvee  insiile  for 
receiving  and  retaining  the  wind,  all  of  which  are  differently  coDsttucted 
by  diSerent  builders. 


Fig.  8  is  a  perspectiTe  Tiew  of  a  nlUr-baard ;  AAA,  the  board  on 
which  the  rollera  are  flied  ;  B,  three  pall-dowm,  eipliiued  below  ;  c  o  c, 
rollera  centred  aPeach  end  into  small  block*,  in  which  they  move ; 
there  are  also  arm  to  each  end,  in  front,  connecting  the  rollera  with 
the  t«iB  and  the  wind-cheat ;  D,  the  lerera  which  are  connected  with 


Fig.  4  contains  a  few  Bxamplss  of  pipes.  There  are  two  general 
dsBcripUons  of  pipe,  namely,  the  month,  Jlute,  or  jtue  pipe,  and  the  md 
pipe,  each  coatAining  sevenl  different  species.  Moutii  pipes  have  a 
mouth  and  lips  tike  a  flageolet ;  they  may  be  of  wood  or  metal,  and 
the  upper  Bitremity  may  be  open  or  closed  by  means  of  a  plug,  c&Ued 
a  Compion,  the  effect  of  which  is  to  lower  Uae  pitch  a  whole  octare. 
The  ^wer  end  is  also  closed  with  Iha  exception  of  a  narrow  slit,  which, 
in  the  pipes  a  and  d,  meeting  a  portion  of  the  front  wall  bevelled  to  a 
sharp  edge,  forma  what  ie  i^ed  the  upper  lip,  or  viiuf  culler.  The 
foot  of  the  pipe  Gta  into  the  apparatus  or  cheat  which  suppliea  the 
pipes  with  wind.  The  blaat  from  the  narrow  slit  impiogiiig  on  the 
upper  lip  is  thrown  into  vibration,  which  it  imparts  to  the  whole 
column  of  air  in  the  [upe,  the  reault  of  which  is  a  musical  note. 


depending  for  ita  pitch  on  the  length  of  the  coltinm  thus  set  in  motion. 
The  voicing  of  the  pipe  is  performed  by  paring  away  the  upper  lip ; 
the  upper  part  of  the  block  is  also  toothed,  so  ss  to  divide  the  plate  of 
wind,  or  it  would  otherwiso  begin  the  note  with  a  chirping  noise. 
There  are  other  precautions  to  be  attended  to,  such  as  the  widUi  of  the 
mouth.  In  met^  mouth  pipes,  A  B,  the  plate  of  wind  is  formed  by  the 
edge  of  the  languette,  by  leaving  a  thin  slit  between  the  end  of  the 
languette  and  the  lip.  A  is  a  metal  open  pipe  ;  r,  the  sounding  part; 
a,  Uie  part  called  the  langurtlr,  and  H,  the  fonl :  B  is  the  same  pipe, 
showing  the  moulh  and  the  flattened  part  for  ruirrinff  ;  c  is  a  front  view 
of  a  itnpped  dlapaion  pipe ;  D  is  a  section  showing  the  arrangroient  of 
its  construction ;  i  is  the  /ooi  ;  j  tS  the  biocl;  and  K  is  the  cap.  E  is  a 
section  of  the  voice  part  of  a  retd  pipe ;  L,  the  /oo( ;  v,  the  moufli- 
pircc  ;  N,  theresrf/  and  o,  the  lunin't-tpring.  The  pipe  itself  is  msds 
of  a  metal  alloy  of  tin  and  lead  ;  the  rnd  ie  bros.'i,  aii<l  the  ipriiui  is 
soft  ateel  wire,  about  a  tenth  of  an  inch  in  diameter.  By  pushing  down 
or  drawing  up  the  tuning-wire,  the  free  part  of  the  tongue  is  made 
shorter  or  longer.  The  tube  above  the  cone  or  footis  variously  shaped, 
and  on  it  dependa  the  guo&'ly  of  tone  in  reed  pipes,  the  pilA  being  due 


07  ORGAN,  CONSTRUCTION  OF. 

to  the  lengtli,  thicknesa,  md  elasticity  of  the  tongue.  This  form  of 
reed  pipe  is  the  basle  of  tH  the  others,  l^eir  differences  being  mora  ia 
shape  timn  In  principle.  There  ia  howevar  >  distinction  between  the 
frtt  reed  and  the  bealins  reed,  us  eiplained  below.  [See  also  Habmo- 
>'iuM.]  When  epet^iug  of  the  lengtha  of  pipes,  it  is  generally  with 
reference  to  tuning  or  pt(e&  o.  which  is  one  foot  long;  and  all  □'( 
b^ie  are  douiUd  as  we  go  from  1  to  2,  2  to  1,  J  to  8,  S  to  IS,  and  IS 
to  32;  the  lut,  altiiough  Uttle  used  in  this  country,  gives  the  highest 
ranlc  to  organs. 
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Bfuk 

IHO    LUOTE) 

OFSTOH. 

Op«. 

DUpMon, 

Prliuipal,      ud        FUteeDth. 

CO.. 

.«reel.... 

CC,  Ifeet 

Cpiuh,i(Mt...C 

!  Middle,  ( 

3  C  middle,!  foci.. 

c-si-i™ 

c... 

'.Abort... 

Cban.tbaitt.. 

c.»i»i» 

dimaiulou.    Thli  otntn  msit  be  }  in  liuh  talow 
the  Bnt  dot. 

Thii  Table  showi  the  reUtive  lengths  and  diameters  of  the  open 
diapaiuH,  Uie  priiKipal,  and  the  gftteitk  tlopt,  u  hieh  as  0  above 
middle  a 

QniUt,  <toc^yU(,UMl  taquialicnu,  all  take  the  ajxca  and  lengths  of 
their  pmpor  tones  in  the  open  diapason.  Fnanpet  and  (^ot  itop$, 
»ing  what  are  called  uniton  ilopi,  also  tske  their  lengths  from  the  ijKii 
^patm.  The  dorian,  an  octave  stop,  ia  measmed  by  the  principal. 
The  bells  of  all  rentjnpeishotild  be  as  large  as  their  places  in  tike  organ 
will  admit  of. 

^'^dlt  0  in  the  dukiana  is  an  inch  and  a  quarter  in  diameter,  and 
about  two  feet  two  inches  long.  A  large  size  atop-diapaaon  ia  seldom 
pure  and  musical.  An  inoh  and  eighth  wide  and  an  inch  and  three- 
eightha  deep,  with  thirteen  iochea  in  length, ia  a  good  scale  for  a  middU 
<:lop-diapaKm  pipt  in  wood.  Scalaa  may  be  taken  of  larger  or  smaller 
ilunenrioaB,  if  desired,  in  which  case  the  Urger  must  be  ahortar  and 
tha  amaller  muat  be  longer.  Where  atop*  are  repeated,  two  or  throeot 
ttiB  same  name,  it  is  thought  better  to  have  them  of  different  diametera, 
Irnm  an  opinion  that  two  or  more  uniaon-pipea  of  the  same  diameter 
affect  the  ear  only  as  one  pipa  There'ia  aomathingin  thisopinion,but 
how  muoh  we  will  not  vanture  to  determino. 

fh-  S  ia  a  section  of  a  fmad-board,  ^wing  some  part  of  the 
mechaniani.  A  U  the  root-ioonJ,  by  which  the  pipes  are  held  in  upright 
pwi^on;  Bahowi  the  ends  of  the  slides;  c,  that  part  of  the  Bound- 
^°^  which  contains  the  ehanadi  for  conveying  the  wind  to  the  pipes ; 
,:  ™e  tallet  or  valve  which  ia  n>ened  by  the  finger  of  Uie  organist, 
tlUDi^h  the  fay,  the  lever,  the  jnSWoini,  and  the  mfler  (aee  J%.  7)  ; 
Sis  the  apring  which  keeps  tiie  pallet  in  ita  place  when  not  inuae;  i  ia 
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Itvtr,  and  the 
roller-boarcL 

Fly.  6 


M  the  am  of  the  roller,-  o  ia  merely  one  end  of  tl 
.  dmie-sfep,  •  trundU,  and  a  leetr,  all  of  which  ai 


used  by  the  organist  in  changing  a  aiop  or  sUds ;  a  is  tlie  dniu-tdip  ; 
Bis  tbBlmiulU;  0  is  titelefer.-  ntatM^dt.  The  dnw-ilop  is  linked 
to  the  trundle  at  E,  the  trundle  is  linked  to  the  lever  at  p,  and  the 
lever  ia  fitted  to  the  slide  at  0.  Their  centres  are  all  at  H.  In  con- 
nection with  the  above,  there  are  also  pedals  called  etmpoiilim  pedaU, 
three,  four,  and  ftve  to  an  organ. 
Pig.  7  nprMent*  certain  small  part*  ot  the  action,    a  ia  the  wire  by 


jO 


"&. 


which  the  pallet  is  opened ;  b  is  the  pnU-dovni  attached  to  it;  o  la  tt 
pallet-end  of  the  roller,  wiUi  its  fixing  to  the  board ;  d  is  an  end  vie 
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of  B  ToDar,  with  k  pull-dMrn  mi  lerar,  all  in  tbmr  relative  coDIiectjoii ; 
n  is  tlie  pull-down,  and  p  U  tha  lever,  to  which  the  key  fallowH  |  o  ia  » 
catDEdOD  form  of  a  iquart  or  centre,  by  which  the  trockere  bj«  united. 
Traelen  ore  pieces  of  jane  wood,  }  of  an  inch  wide,  and  from  ) 
a  )  thick;  they  are  of  diSe rent  lengtha,  mid  maybe  used  to  anyeitei 
The  Birmingham  ornn  ia  saiil  to  bare  four  miles  and  a,  half  of  trackera 
in  it.     In  the  cath5nJ  Org^  at  Canterbury,  they  aro  employed 
remove  the  keya  to  a  dixtAnce  from  the  instrument,  which  ia  dune 
the  extent  of  niiiety  feet.     H  |a  the  form  of  a  pedalkey  ;  i  ia  the  iharp, 
and  H  is  the  noluni/.     The  length  ts  about  two  feet ;  the  distance  from 
centre  to  centre  of  each  pedal  Is  two  inches  and  a  half. 

Kg.  S  repraaenld  bd  ancnumcter,  or  wind-f{auKe.    it  is  a  glass  tube, 

Plf .  •.  J" 


bent  aa  in  the  flgui« :  the  dark  part  ia  auppoaed  to  be  water,  a  ii 
place  to  which  it  ia  applied  in  the  organ,  which  is  geDeisUy  the  hole 
lor  the  pipe  used  aa  the  pitoh  &  or  c.  The  pnuure  of  the  wind  at  i 
drives  the  water  op  to  0,  and  the  measure  of  their  difference  ia  what  ii 
called  the  mad.  Some  organa  havo  more,  and  some  less ;  two  incha 
and  a  half  ia  the  conunon  niaaiure' 

Fig.  9,  reprasentj  a  percussion  valve.  It  may  be  Bud  to  be  a  amal 
bellows  preaied  by  a  spring.  *  ia  the  wind-tnmk,  to  which  it  is  fixed 
B  ia  the  valve  itsdf,  and  0  la  the  spring.  T!ie  use  of  this  put  of  ai. 
organ  ia  to  ateady  Uie  wind,  which  ia  BometimeB  disturbed  by  sudden 
tranBitione  or  very  rapid  performance  :  the  Bpring  of  the  valve  ia  regu- 
lated so  aa  to  give  way  on  such  occasions  and  to  moderate  their 
effeeta. 

Fig.  10  ia  a  section  of  a  oommoq  barrel-organ,    a  ii  the  haodle  j  b 


*""  T7  f^'^f"""*.  which  move  tlie  barrd  and  bOhut;  o  is  the  burel 
™  which  the  tunes  are  set  The  setting  i.  effected  by  braas  pina  and 
Sl^'^Lf"  *wl.*^'  »*  f "P"  ^^^'^-  -""rding^i;  the 
™°,^™«™Ff  ■"■  ^^°^-  i^^"  ^7'  the  rising  of  which  over  the 
S^.  S  ™  .^  ''T.'V"™v""  ■"'*"  W  iDto^wind-chett  (f),  and 
^T^  ^^  ^  ^"*  '**  ""■  ^"'^  ^  '^^  *i"  piP"  "hove  ;  Q  i^  the 
iXT-'  f  1,'  '  ■*<*I^^I»f''  PP^  Thia  diagram  stows  only  one  bar«l, 
wWch  j«  the  oranmon  plan  tut  Messrs.  Gray  and  Co,  have  introduced 
three  by  which  great  nsk  to  the  mech«iiam  is  avoided  »id  much 
trouble  is  saved. 
The  tuning  of  organs  U  a  subject  on  whioJi  there  is  much  difference 
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of  opinion.  Some  tune  from  o,  on  the  unequal  lemperameni,  and  throw 
the  imperfections  on  what  ia  catted  the  vmlf,  or  key  of  four  Oats, 
Others  tune  from  i,  and  adopt  the  equal  iemperanieiU  ;  this  latter  cer- 
tainly has  the  bett^  reasoning  in  its  form,  aa  it  approachea  nesirer  to 
the  human  voice,  interferes  less  with  the  band,  and  is  more  agreeable 
in  general  modulation.  This  subject  has  been  minutely  handled  by 
some  acientlSo  writers,  who  have  given  themselves  the  trouble  of  what 
may  be  called  siting  ostavea  into  nuilUr  infercob.  But  the  advant- 
ages of  this  minuteness  have  not  yet  extended  beyond  the  schemers 
themselves,  for  not  one  of  their  methods  baa  yet  left  the  crttdle  of  its 
birth.  The  Temple  organ  is  said  to  have  Ii  sounds  in  the  octave  ;  the 
Foundling,  IS  ;  Uawke's  patent,  17 ;  Loeechman  iias  24,  and  Liaton'a 
enharmonic  organ  aa  many  as  59,  of  which  24  are  on  the  keys,  and  tiio 
rest  on  the  pedals  and  other  contrivances.  If  such  sehemea  were  to 
become  general,  they  would  make  practical  men  tremble ;  but  Jlat  fifda 
are  atill  in  use  notwithstanding  the  enharmonic  divisions,  and  they 
have  nothing  to  fear  beyond  an  occasional  dispute  on  the  subject. 

The  niimbera  and  kinds  of  stopa  are  matters  not  subject  to  rule ; 
they  vary  in  almost  every  organ,  and  seem  mora  under  the  command 
"'    '  ■ "        "i  aa  apace  and  prie«,  than  any  oUier  parts  of  the 


In  treating  the  mechanism  of  the  organ  in  bo  general  a  manner,  we 
aholl  liardly  be  expected  to  point  out  all  the  improvementa  which  have 
been  made  of  late  years  in  Its  various  parts :  a  few  however  may  he 
mentioned.  Considerable  strength  both  of  hand  and  foot,  aa  weU  as 
consummate  musical  skill,  are  required  in  an  organist;  the  expenditure 
of  wind  also  may  vary  from  a  few  hundred  to  many  thousand  cubic 
feet  per  second.  With  a  small  expenditure  of  wind  there  is  a  greater 
elasticity  of  the  air,  and  consequently  a  greater  presaure  against  the 
valves  so  as  t«  make  them  more  difficult  to  open.  The  remedy  for 
this  was  Hr.  Barker's  Pneumatic  Lever,  in  which  the  eksticity  of  Uie  sir 
itself  ia  made  to  overcome  the  resistances  which  had  previously  been 
thrown  upon  the  organist.  Ur,  Willis  lias  a  contrivance  for  admitting 
wind  to  the  pipes  of  the  pedal-organ ;  it  is  formed  by  covering  the 
aperture  with  a  piece  of  leather,  fixed  at  one  end,  and  attached  at  the 
other  to  a  wooden  roller,  so  that  when  the  latter  is  moved  by  the 
pedal  key,  it  wraps  the  leather  round  it  and  so  uncovers  the  opening, 
when  the  key  ia  released  a  spring  brings  the  roller  back,  and  by  un- 
rolling the  leather,  again  covers  the  aperture.  Mr.  Bishop's  Compotiiim 
Ftdali,  for  opening  and  shutting  the  stopa  by  the  foot  inatead  of  the 
hand,  are  of  great  value,  as  is  also  hia  Anti-con^umon  apparalut  for 
preventing  the  pulsation  or  concusMon  of  air  in  the  wind-cheat,  when 
a  large  number  of  pipes  are  maile  to  cease  speaking  suddenly  and  a 
few  only  are  held  on.  Mr.  Willis  has  also  introduced  mechanical 
improvementa  for  producing  atiaendo  and  dinunaendo  effects,  enabling 
the  player  to  draw  or  shut  off  any  required  number  of  iJia  stops,  one 
after  the  other  in  succession  by  one  continuous  movemont,  in  contra- 
distinction to  the  intermittent  or  repetition  movemanta.  Mr.  Holt 
has  introduced  the  pneamalie  Itrcr,  or  valve,  to  road  pipes,  so  that 
when  the  wind  is  admitted  it  eipands  and  causes  a  spring  or  jack 
tipped  with  india-rubber  to  strike  the  tongue  and  set  it  in  motion, 
similar  to  the  contrivance  explained  under  HAHMomnM.  The  wii>d 
then  keeps  up  the  vibrations.  By  this  contrivance  the  reeds  may  be 
made  of  thicker  metal,  and  a  fuller,  rounder  tone  be  produced. 
Lorenri,  of  Paris,  has  hitrodueed  various  novsltiea.  The  highly  ex- 
pressive tonea  of  the  organ  depend  principally  on  a  repetitiop  of  Bounds 
which  succeed  each  other  aa  the  keys  are  touched.  The  keya  act  upon 
two  stops,  the  fiist  upon  one  pipe,  and  the  second  upon  another  in 
unison  with  it.  The  sound-boanl  is  divided  into  two  parta  with  double 
valves,  BO  that  thoae  of  the  firrt  part  admit  wind  to  the  pipes  wliich 
are  acted  on  only  by  the  firat  stop,  and  those  of  the  other  part  admit 
wind  to  the  pipes  which  are  aoted  on  by  the  other  stop.  By  pressing 
the  key  lightly  to  the  fiiat  stop,  and  playing  one  note  only,  ■  soft  aweet 
sound  IB  produced ;  and  by  depressing  the  key  entirely,  the  second  Btop  ia 
brought  uto  action,  and  greater  expression  and  power  are  thus  attained. 
In  this  ammgement  there  may  be  a  single  sound-board  in  two  parts,  of 
two  aepoiate  aound-bcorda  mty  be  used.  The  notes  of  the'  first  part, 
particularly  of  the  flute,  bugle,  and  trombone  stops,  are  of  great  deU- 
oaoy  and  BWeatauM;  and  thoae  of  the  other  part,  produced  by  the 
aecood  seriee  of  stopa,  are  of  the  greatest  power  and  are  oocaaioually 
double.  The  transition  from  plane  to  /orli  is  not  perceptible  when 
the  seoond  note  is  conunenoed,  hut  it  is  necessary  to  separate  the  first 
from  the  seoond  port  of  the  sound-board,  as  also  of  the  pipes  by  en- 
cloaing  them  in  ■  swell-box.  By  opening  the  awall  tha  full  power  of 
tiie  notes  ia  obtained,  without  any  violent  transposition  from  piano  to 
forte.  Tha  mechanism  for  effecting  this  ia  attached  to  a  pedal,  so  that 
ft  mi7  be  disangsged  from  the  keya  when  required.  Another  mode  of 
givm^  eipresaion  and  increaaing  the  force  by  vilnation  or  irtmbliiig, 
and  increasing  and  decreasing  the  sound,  when  appUed  to  the  fma- 
chromie  organ  with  two  valves,  allows  ths  parfomiBr  gradually  to 
lugment  the  sound  to  double  ito  usual  (oree,  and  to  diminish  it  again 
n  the  same  manner,  thus  producing  eSecta  of  a  novel  and  delightful 
iharacter.  In  order  to  obtain  this  result,  an  txpantivt  bellows  is  em- 
ployed ;  this  forms  a  reservoir,  and  at  the  same  time  (on  opening  a 
valve)  increasee  the  toroe  of  the  air  newly  twofold.  It  Is  divided 
longitudioally  into  two  parts,  tha  part  answering  to  ordinaiy  bellows 
oooupying  tlu«e-£ftha,  Uie  othar  port  two-fiftha,  so  aa  to  make  two 
bellows  united.    Thia  smaller  part  commimkatea  with  the  larger  bj 
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means  of  a  small  vtlve  placed  above  the  hole,  by  which  this  second 
part  receives  the  supply  of  air.  There  is  also  a  valve  which  should 
remain  open,  and  beside  it  another  valve  applied  to  a  hole  for  the  pur- 
pose of  discharging  the  air  from  this  part  of  the  bellows.  A  very 
simple  mechanism  is  employed  for  opening  this  latter  discharging 
Talve  (no  matter  of  what  size  the  opening  may  be)  and  of  shutting  the 
other,  so  as  to  stop  the  communication  wltn  the  other  part  of  the 
bellows.  By  means  of  this  mechanism,  when  the  smaller  Dellows  has 
dischaiged  itself  into  the  greater,  the  power  of  the  latter  is  nearly 
doubled  li;  is  worked  by  ^e  same  pedal  which  applies  the  trembling 
sound,  and  the  same  pedal  also  acts  upon  the  swell-box  containing  the 
second  series  of  pipes.  These  three  movements  are  so  arranged,  that 
in  depressing  lightly  the  pedal,  it  acts  only  upon  the  mechanism  of  the 
trembling  sound  attached  to  the  pipes  actied  upon  by  the  first  series  of 
stops,  and  nsakes  that  note  only  vibrate ;  by  depressing  the  key  to  the 
second  stop  the  power  of  the  note  is  greatly  increased,  and  by  then 
depressing  tlie  pedal  further  the  note  still  increases  in  power ;  finally, 
when  the  padal  acta  upon  the  mechanism  of  the  expansive  bellows,  it 
gives  a  great  volume  of  sound.  The  reverse  process  gradualljT  dimi- 
nishes the  sound,  but  to  reduce  it  to  pianitHmo,  Another  nedal  oi*  lever 
underlie  key-board,  worked  with  the  knee  (and  henoe  called  a  genual), 
shuts  some  of  the  jalousies  or  lower-boards  of  the  case  enclosing  the 
first  series  oi  pipes,  and  by  this  means  the  note  is  further  diminished 
in  force.  Tliese  jalousies  are  disposed  like  those  for  the  second  series 
of  pipes,  but  with  the  difference  that  in  their  state  of  repose  they  are 
open. 

ORQANIC  ANALYSIS  is  the  generic  term  for  a  great  number  of 
chemical  and  physical  operations,  that  have  for  their  object  the  acoer- 
taining  of  the  composition  and  constitution  of  all  matter  that  has  been 
formed  under  the  infiuences  existing  in  animal  and  vegetable  life.  It 
also,  of  course,  includes  the  similar  examination  of  all  derivatives  and 
artificial  imitations  of  the  matter  referred  to. 

In  illustration  of  the  above  definition  of  organic  analysis,  let  us 
suppose  that  we  have  for  examination  some  well-known  fruit,  such  as  a 
pear.  By  prooessei  presently  to  be  described,  we  separate  and  isolate 
from  it  the  maCtet  or  noatters  that  appeal  to  the  eye,  in  other  words 
the  colouring  agent;  similarly  we  obtaiti  the  odoriferous  principle; 
then  a  matter  that  has  no  odour,  but  a  distinct  and  Well-defined  taste ; 
next  we  chemically  dissect  out  the  framework  or  skeleton ;  and  finally 
tarn  our  atteiition  to  the  great  mass  of  substance  with  which  the 
framework  ifl  filled  In.  Operations  are  next  niidertaken  hf  Which  we 
assure  ourselves  that  the  bodies  thus  separated  are  neither  more  nor  less 
than  what  we  suspect  them  to  be ;  uniformity  is  here  the  great  character- 
istic. Solid  or  liquid,  the  body  in  question  must  have  a  constant  specific 
gravity  i  taste,  c^oiu-,  touch,  must  be  unvaried ;  to  the  eye,  alone  or 
aided  by  the  microscope,  the  appearance  of  each  observable  particle 
must  be  identical ;  if  a  fusible  solid,  it  must  have  a  constant  melting 
point ;  if  a  volatile  liquid,  its  boUing  point  must  be  unvarying.  The 
next  series  of  operations  acqutdnts  us  with  the  number  of  elementatr 
substances  contained  in  each  bodv  under  examination,  as  well  as  wiw 
the  exact  per  centage  amounts  of  those  elements.  Having  now^  to  a 
certain  extent,  a  knowledge  of  the  composition  of  the  bodies^  we  arrive 
at  their  probable  constitution  by  a  process  of  analogical  reasoning;  and 
this  is  confirmed  or  disproved  by  severally  subjecting  them  to  powerful 
chemical  reagents.  Possibly  the  latter  cause  the  substances  to  be  split 
into  two  or  three  bodies  of  more  simple  constitution ;  if  so,  they  each 
must  be  naseed  through  the  prescribed  ordeaL  The  odorUerons 
principle,  tor  instance,  of  the  pear  has  been  isolated  in  a  state  of  purity, 
and  has  been  foimd  to  contain  certain  constant  centesimal  amounts  of 
three  elements ;  but  on  farther  chemical  examination  it  breaks  up  into 
two  compounds,  each  of  which  however  is  found  to  possess  muform 
properties,  and  to  have  a  constant  centesimal  composition.  And  now, 
having  individualised  and  given  character  to  each  of  the  bodies  under 
examination,  we  probably  recognise  them  as  old  acquaintances,  or 
possibly  take  to  ourselves  the  merit  of  having  discovered  new  ones. 
Our  pear  would  yield  us  such  bodies  as  water,  starch,  lignin,  sugar, 
&c. ;  the  flavouring  principle,  or  essence  of  pears  as  we  might  call  it, 
being  found  by  the  latter  part  of  the  examination  to  be  a  compound  of 
acetic  acid  and  oidde  of  amyl,  or  shortly  the  acetate  of  amyL  Several 
o!  the  bodies  enumerated  may  be  artificially  produced,  their  identity 
with  the  natural  products  being  established  by  the  similarity  in  their 
physical  and  chemical  characters,  especially  as  evidenced  by  their 
per  centage  composition. 

From  what  has  already  been  stated,  it  wiU  be  obeerved  that  organic 
aoalysis  is  either  proximate  or  vltimatie.  The  appearance  and  behavioiur 
of  bodies  when  acted  upon  by  various  reagents  or  tests  may,  when 
▼iewed  by  an  experienced  eye,  be  sufficient  to  establish  their  individu- 
&Uty,  and  their  presence  and  even  amount,  in  the  matter  originally 
operated  on,  may  thus  be  satisfactorily  determined :  such  is  proximate 
organic  analysis.  But  perhaps  the  bodies  in  question  have  no  well- 
puuked  properties,  or  are  possessed  of  characteristics  not  before  observed 
in  any  known  substance ;  in  either  case  the  number  of  their  elementary 
constituents  must  be  discovered,  and  the  amount  of  each  element 
ascertained ;  and  such  is  ultimate  organic  analysis.  Ultimate  analysis 
also  forms,  as  it  were,  the  court  of  appeal  from  the  decisions  arrived  at 
iu  proximate  analysis. 

Organic  analysis  and  inorganic  analysis  are  conventional  divisions  of 
chemical  analysis.    Each  is  subdivided  into  proximate  andidtimatcj 


and  either  one  of  the  four  classes  is  qualitative  or  quantitative  in  the 
sense  of  those  words  already  alluded  to  under  CheuicaL  Analysis. 
The  line  of  demarcation  that  separates  these  divisions  Is  not  very  sharp ; 
ztiany  bodies  being  found  In  animals  and  vegetables  in  a  state  not  dis- 
tinguishable from  that  in  which  they  exist  hi  the  inorganic  kingdom ; 
Bucn,  of  course,  demand  inorganic  analytical  treatment.  Other  bodies 
require  modifications  of  organic  or  inorganic  analysis,  according  to  the 
nature  of  the  substances  with  which  they  are  associated,  and  from 
which  they  are  to  be  isolated.  The  broad  principles,  however,  of  in- 
organic and  organic  analysis  are  pretty  well  defined,  and  the  difference 
between  them  easy  of  practical  recognition.  While,  on  the  one  hand, 
inorganic  analysis  comprehends  the  manipulatory  processes  connected 
with  the  examibation  of  metals  and  their  salts  :  organic  analysis,  on 
the  other  hand,  includes  only  operations  which  aid  in  discovering  and 
investigating  the  apparently  innumerable  series  of  compounds  formed 
by  the  imion,  in  various  ways,  of  the  four  elements — cal'botii  oxygen, 
hydrogen,  and  nitrogen. 

Proximate  Organic  Anaiynt. 

This  is  by  far  the  more  dif&cult  branch  of  organic  analysis.  An 
animal  or  vegetable  substance  usually  contains  a  much  gmaater  number 
of  proximate  principles  than  the  most  complex  mineral ;  these  principles 
have  been  bmlt  up  by  the  agency  of  that  mysterious  aggregation  of 
influences  sometimes,  though  very  unphOosophically,  termed  vital 
force ;  and,  inasmuch  as  or^mic  matter  is  necessarily  only  examined 
after  those  influenbes  have  been  withdrawn,  it  foUows  that  there  is  a 
constant  tendency,  as  in  all  dead  animal  and  vegetable  matter,  to  return 
to  its  original  more  simple  and  stable  condition.  In  addition  to  this 
source  of  complication,  the  bodies  in  question  being  held  together  by 
such  weak  affinities,  are  not  only  more  readily  acted  upon  and  altered 
by  the  agents  employed  by  the  chemist  to  separate  them,  but  very 
frequent^  act  upon  each  oUier;  so  that,  indeed,  the  perfect  proximate 
analysis  of  d^gamc  matter  is,  in  the  present  state  of  our  knowledge,  an 
impoesibiUty ;  and  the  various  published  processes,  professing  to  eive  a 
means  of  arriving  at  that  desirable  end,  must  be  looked  upon  as  neing 
merely  provisionaL  We  are,  however,  able  to  isolate  very  many 
proximate  principles,  and  it  is  quite  admissible  to  include  in  an  analysis 
such  substances  as  "  extractive  matter,^'  "  balsamic  matter/'  "  resinous 
matter/'  "  ethereal,  alcoholic,  aqueoui^  or  alkaline  extractive/'  &e., 
provided  always  that  it  be  remembered  that  such  names  are  only  pro< 
visional,  and  that  in  future  times,  as  in  times  gone  by,  an  increasing 
nimaber  of  definite  principles  will  probably  crop  out  from  such 
collective  substances,  and  finally  their  names  be  altogether  expunged 
from  proximate  organic  analysis.  ^  ^ 

We  are  indebted  to  Roohleder  lor  the  latest  improvements  in  this 
department  of  chemistry.  The  process  may  shortly  be  stated  as 
follows.    (For  further  details  see  '  Pharmaceutical  Journal '  for  1860.) 

The  orgasmic  matter  is  first  mechanically  disintegrated.  The  more 
points  of  contact  presented  by  a  solid  to  the  solvent  action  of  a  liquid, 
the  better  it  is  ]  so  that  comminution  cannot  well  be  carried  too  &r. 
Often  a  certain  degree  of  moisture  renders  the  material  tenacious  and 
elastic,  so  that  it  is  difficult  of  pulverisation  |  in  that  case  a  careful 
drying  suffices  to  bring  it  into  a  pulverisable  condition.  Sometimes 
oily  bodies  cause  the  same  kind  of  tenacity,  and  then  expression  of  the 
cold  or  slightly  wanned  material  will  expedite  matters.  In  oUier  oases 
appropriate  solvents  ma^  be  used  for  the  removal  of  bodies  causing 
tenacity,  and  disintegration  thus  facilitated.  If  pulverisation  cannot 
be  accomplished  by  stamping  or  rubbing,  recourse  may  be  had  to 
rasping,  slicing,  Ac*  Obviously  much  will  depend  upon  the  charac- 
teristic properties  of  the  substance  operated  upon,  so  that  no  general 
rule  can  be  laid  down  j  at  the  same  time,  however,  the  above  hints 
m^  give  an  idea  of  the  methods  to  be  adopted. 

The  material  in  a  fine  state  of  division  is  now  divided  into  several 
portions,  and  each  treated  with  a  solvent,  in  order  to  obtain  a  number 
of  extracts,  whidi  are  to  be  submitted  to  farther  examination. 

One  portion  is  boiled  with  water  in  a  distillatory  apparatus,  b^  which 
a  decoction  and  a  distillate  are  obtained ;  the  former  will  contam  non- 
volatile constituents  soluble  in  Water,  the  latter  volatile  matters  only. 
Another  portion  is  treated  with  cold  water,  in  order  to  dissolve  out 
such  matters  as  would  be  coagulated  by  the  hot  water.  A  third  portion 
is  heated  in  water  acidulated  with  sulphuric  acid,  organic  acids  being 
thus  set  free  and  dissolved,  and  sulphates  of  alkaloids  also  extracted. 
The  fourth  operation  is  digestion  in  water  rendered  alkaline  by 
ammonia,  and  for  this  the  residue  of  the  first  operation  may  be  em- 
ployed. A  fifth  portion  ii  subjected  to  the  solvent  action  of  ^cohol, 
either  cold,  hot,  strong,  or  weak,  according  to  the  nature  of  the  material 
under  examination;  fatSi  oils,  resins,  and  many  bodies  insoluble  in 
water  being  thereby  dissolved.  The  sixth  process  consists  In  treating 
with  ether,  which  much  resembles  alcohol  in  its  powers  of  solution, 
but  diffen  in  its  action  upon  free  fatty  aeids^  ana  «ne  or  two  otiier 
important  bodiesi 

In  addition  to  the  above  solvents,  others  are  employed  for  Ipecial 
operations,  as  circumstances  seem  to  indicate.  Thuti  the  alcohol  or  ether 
may  be  used  in  an  add  or  alkaline  condition,  as  described  for  water; 
and  beneole,  chloroform,  bisulphide  of  carbon,  and  similar  liquids,  may 
also  be  pressed  into  service  imder  certain  circumstances.  As  before 
stated,  much  must  depend  upon  the  knowled|^,  judgment^  and  obser* 
vation  of  the  experimenter. 
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The  trentment  of  the  serenl  liquid  extracb  obtaiDed  u  above 
iloBcribed  is  the  next  point  for  consideratjon ;  but  here  the  field  of 
experiment  becomes  so  greatly  enlarged  that  anything  like  a  detailed 
description  of  it  would  lead  u>  far  bejond  the  Umit*  of  the  preeent 
article.  Suffice  it  to  aay,  tliat  fractional  distillation,  fractional  ciyBtal- 
liaatioD,  and  fractional  precipitation  form  the  baeea  of  operation 
adopted  in  the  separation  and  iaolation  of  organio  proximate  prin- 

Tlie  eiamioation  of  the  residue  after  an  orsanic  material  baa  been 
Bucceasively  Bubject«d  ta  the  action  o£  the  aboye  liquidi,  ie  not  i 
matter  of  very  great  difficulty,  inaamiich  u  It  can  only  oonsiit  of  suob 
Hubslauaaii  aji  lignin  and  cellulosa.  Kor  is  it  difficmt  to  extract  oat 
proiimate  priDciple  ouly  from  argaiiia  material,  experience  of  th< 
properties  of  similar  pnuciplea  her«  guiding  to  the  moet  proper 
method. 

The  physical  and  chemical  properties  that  should  diaracterise  an 
organic  proximate  principle  have  already  been  alluded  to  at  the  c»m- 
menoetneot  of  this  article ;  it  ctrw,  therefoie,  only  remains  to  conaider 

Ullinatt  OrgoMC  Analgiit. 
FVom  what  has  been  jitated,  it  is  evident  that  this  operation  mainly 
consists  in  the  determinaljon  of  the  quantities  of  carbon,  hydrogen, 
oxygen,  and  nitrogca  contaiiied  in  any  organic  substance.  Chlorine, 
bromine,  iodine,  sulphur,  and  phoephonis  are  comparatJTely  very  rarely 
met  with  ;  they  are  estimated  in  the  manner  described  under  each  of 
t^oae  elements,  or  by  some  slight  modification  of  the  methods  there 

The  first  point  to  be  attended  to  in  an  organic  analysis,  or  com- 

busUoD,  as  it  is  practically  termed,  is  the  removal  of  hygroecopio 

water— the  removal  of  that  moisture  wluch  most  bodies  absorb  t^  mere 

contact  with  the  ntmosphere.    This  may  be  done  in  several  ways;  a 

very  good  one  consists  m  placing  the  Wy  over  a  surbce  of  oil  of 

■l^K  m  vitriol  under  the  receiver  of  an  ajr-pump  and 

I  I  exhausting,  when  complete  deaiccation  speedily 

■  I  takes  place.    This  process  has  the  advantage  of 

I  ■  not  requiring  the  application  of  heat,  sometimes  a 

I  h^I^^kI  P**'"^  "^  great  importance.    Suhstanoea  that  h«T 

%^^^^Hf  a  temperature  of  212°  Fahr.  are  dried  either  in 

^^■i^^r       a  water  oven,  or  are  placed  in  a  curved  tube  of 

the  anoBied  form,  which  is  introduced  into  boiling  water  and  dry  sir 

dmwn  through  it.     Sometimes  mere  exposure  to  £ied  air  at  common 

ten|meratures  is  sufficient  to  desiccate  a  aubatance. 

Tne  next  step  in  the  process  is  the  accurate  weighing  of  tha  materiaL 
For  this  purpose  the  latter  is  usually  inclosed  in  a  small  tube,  and  a 
balance  employed  that  will  indicate  g^th  of  a  gnun. 

The  following  are  tlie  principles  mvolved  in  the  actual  analysis  : — 
First,  of  compounds  containing  carbon,  oxygen,  and  ht/dri>ffen ;  for 
nitrogen  must  be  estimated  by  a  separate  operation.  It  is  well  known 
that  when  coal  or  wood,  or  anything  containing  the  three  elemeuta 
alluded  to,  is  bumed,  the  carbon  takes  up  oiygen  from  the  air  and 
passes  ofi"  under  the  form  of  carbonic  acid,  while  the  hydrogen  com- 
bines with  the  quantity  of  oxygen  requisite  to  form  water  and  paasee 
off  as  steam.  Further,  it  is  tuso  well  known  that  theae  combinations 
tnke  place  in  filed  and  unvarying  proportions ;  that  aix  parts  of  carbon 
always  combine  with  sixteen  of  oxygen  to  form  carbonic  acid ;  and 
that  one  port  of  hydrogen  alwajra  combines  with  eight  parts  of  oxygen 
to  form  water.  On  these  facte,  then,  is  founded  the  process  about  to 
be  described ;  for,  obviously,  if  a  weighed  quantity  of  the  wood,  coal,  Ae., 
weretsken,  and  the  whole  of  the  carbonic  acid  and  water  formed  could 
be  collected  and  weighed,  we  should  be  in  poskeesion  of  all  the  dsta 
required  for  finding  the  amaunta  of  carbon,  hydrogen,  and  oxygen 
originally  present.  The  total  amount  of  carhooic  acid  divided  by  22 
and  then  multiplied  by  8,  would  give  the  quantity  of  carbon;  the 
total  amount  of  water  djvideil  by  9  would  show  the  quantity  of  hydro- 
gen ;  and  the  difibrence  between  the  combined  weights  of  t^o  carbon 
and  hydrogen,  and  the  weight  of  the  original  substance,  would  give  the 
quantity  of  oxygen. 

The  burning  of  the  substance  must  be  perfect ;  there  must  be  no 
imiduction  of  compounds  intermediate  between  the  original  sulwtance 
on  the  one  hand,  and  the  carbonic  acid  and  water  on  the  other. 
That  the  oxygen  of  the  air  is  insufficient  for  this  purpose  is  evident, 
when  we  remember  that  smoke  is  nearly  always  produced  under 
Buch  circumstances,  and  smoke  is  partly  composed  of  those  inter- 
mediate bodies,  the  production  of  which  it  is  indispensable  to  avoid. 
The  desired  burning  agent  must,  then,  be  one  that  will  so  readily  yield 
its  oxygen  to  organic  matter  at  an  elevated  temperature,  as  to  ensure 
complete  oxidation  of  the  substance  to  carbonic  acid  and  water;  at 
the  same  time  it  must  be  itself  unalterable  by  the  high  heat  employed. 
These  apparently  somewhat  antagonistic  properties  are  possessed  by 
the  black  anhydrous  oxide  of  copper.  [Copper.]  About  four  or  five 
grains  of  the  powdered  and  dried  substance  are  introduced  into  a  tube 
(".  /?■  1)  made  of  very  infusible  ^ass,  about  IB  to  20  intiea  long, 
oear^  half  an  inch  in  diameter,  drawn  out  to  a  point  at  one  end 
(6,  fy.  1),  and  previously  about  one-third  filled  up  with  oxide  of 
copper  that  has  been  dried  by  igniting  to  redness  and  allowing  to  cool 
in  a  well-closed,  long,  narrow  bottle ;  a  little  more  oxide  of  copper  is 
then  poured  in,and  the  substance  well  mixed  witji  the  oxide  by  means 
of  a  wire  twisted  at  one  end  into  a  corkscrew  shape ;  more  oxide  Is 
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again  introduced,  the  wire  passed  once  or  twice  througli  it  to  wash  off 
adhering  substance,  and  the  tube  Gnallv  Slled  up  with  oiida  to  nithin 
two  inches  of  its  open  extremity.  On  beating  this  tube  and  its  con- 
tents to  rednees.  Erst  near  its  open  end  (c,fig,  1),  and  than  gradually 
throughout  its  whole  length,  the  organic  matter  is  thoroughly  burnt 
into  carbonic  acid  and  water,  the  manner  of  separating  and  collectisg 
which  will  presently  be  described. 
With  regard  to  the  beet  material 

depend  upon  circumstances.    Till  n 

has  been  the  fuel  almost  always  employed,  some  pieces  of  which  u 
made  red-faot  in  a  furnace,  and  then  placed,  a  few  at  a  time,  first  round 
the  anterior  part  of  the  tube  {c,  Jig.  1),  the  latter  being  supported  nn 
sheet-iron  crosepiecee  in  the  sheet-tron  trough,  d  d,  represented  in  the 
accompanying  <^wing. 


The  combustion  of  charcoal,  bowev 
amount  of  dust,  and,  since  the  introduction  of  gas  into  laboratories, 
many  furnaces  have  been  contrived  by  means  of  which  the  glass  tuba 
niay  be  gradually  and  regularly  heated  with  that  fueL  The  lateei 
improvement  in  this  respect  is  by  Dr.  Hofmam),  the  general  arrange- 
ment of  wboM  furnace  is  teen  in  ^.2, 


In  this  apparatus  the  combustion  of  the  gas  la  effected  by  means  of  a 
number  of  perforated  clay  humeri,  so  grouped  as  to  form  a  channd 
for  the  combustion  tube,  a  system  of  st^coeks  permitting  to  confine 
the  heat  to  any  special  place  in  which  it  may  be  required  at  the  time. 

The  arrangement  by  which  the  vrater  and  carbonic  acid,  farmed  during 
the  operation  from  the  organic  substance,  are  collected,  is  very  simple. 
A  small  glass  tube,  straight,  as  seen  at  «,  jig,  1 ,  or  bent  to  the  shape  of 
the  letter  U,  and  having  a  bulb  attached,  as  seen  at  e,  fig.  1,  is  Riled 
with  pieces  of  fused  chloride  of  calcium,  and  firmly  fixed  by  a  cork, 
or  solid  india-rubber  plug,  into  the  glass  combustion  tube.  Inmie- 
diately  at  the  opposite  extremity  of  the  chloride  of  calcium  tubes 
piece  of  apparatus,  known  as  '  Liebig's  potash  bulbs'  (/,  fig.  1),  is 
attached  by  a  piece  of  india-rubber  tubing  (?),  The  vapour  of  water 
and  carbonic  acid  evolved  from  the  tube  are  thus  thoroughly  absorbed, 
the  former  by  the  chloride  of  calcium,  and  the  latter  by  a  strong 
solution  of  caustic  potash  previously  placed  in  the  hulbe.  The  whole 
length  of  tho  tube  having  l>een  brought  to  a  red  beat,  and  there  main- 
tained till  no  more  bubbles  of  gas  pass  into  the  potash,  the  charcoal  is 
removed  from  (he  extremity,  the  little  point  b  broken  ofi",  and  ur 
cautiously  drawn  through  the  whole  arrangement  by  aspiration,  with 
a  piece  of  india-rubber  tubing  attached  to  the  potash  bulbe.  In  this 
last  operation  loss  may  be  occasioned  by  the  air  carnring  a  little  vapour 
of  water  away  &om  the  potash  sohition,  and  hence  the  use  of  the  little 
tube  h,  which  contains  a  short  stick  of  solid  hydrate  of  potash.  In 
place  of  driving  out  the  residual  vapour  of  water  and  carbonic  acid  by 
air,  a  few  fragments  of  chlorate  of  potash  may  be  placed  in  the 
posterior  extremity  of  the  tube  ;  and  on  heating  this  at  the  close  of 
the  operation,  evolution  of  oxygen  takes  place,  and  efibcts  the  desjnxl 
object.      The   use   of   chlorate  of   potash  here  is  attended  with  two 

three  advantages,  but  it  is  liable  to  be  decomposed  so  rapidly 
to  blow  some  of  the  solution  of  potash  altogether  out  of  the 
bulbs.  Another  and  greater  modification  of  the  process  consists  in 
having  a  considerable  elongation  of  the  tube  in  the  place  of  the 
little  capillary  extremity  aliove  described  :  into  this  open  end  a  liltle 
platinum  or  porcelain  boat,  contoinmg  the  organic  subotance  to  tw 
analysed,  can  be  placed,  and  a  stream  of  pure  and  dry  air  or  oxygen 
passed  over  it  On  then  gradually  beating  the  glass  tu1»  in  the  neigh- 
bourhood of  the  boat,  the  substance  bums  as  it  would  do  in  ur ;  but 
the  products  of  combustion  pass  on  over  the  ignited  oxide  of  copper, 
and  are  collocted  respectively  in  the  chloride  of  calcium  tube  and 
potash  bulbs.    At  the  same  time  any  inorganic,  non-volatile  matter 
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present  in  the  organic  substance  remains  in  the  boat  as  ash,  and  may 
readily  be^  removed  and  examined. 

Volatile  liquids  may  be  burnt  in  either  of  the  above  modifications  of 
combustion  tube,  but  are  first  inclosed  in  little  bulbs  having  thin  necks 
that  can  easily  be  broken. 

With  substances  not  readily  burnt,  chromate  of  lead  is  sometimes 
used  in  the  place  of  oxide  of  copper. 

Nitrogen  may  generally  be  detected  in  an  organic  body  by  the  odour 
of  ammonia  -which  is  evolved  when  a  little  of  the  substance  is  heated 
in  a  test-tube  with  hydrate  of  potash.  It  is  estimated  on  the  same 
principle  by  the  following  arrangement  of  apparatus.  A  combustion- 
tube  drawn  out  to  a  point,  as  already  described,  is  chaiged  with  soda- 
lime  in  the  place  of  oxide  of  copper.  Soda-lune  is  made  by  slakiug 
lime  with  strong  solution  of  caustic  soda,  evaporating  to  dryness,  and 
heating  to  redness.  The  same  precautions  are  observed  as  before 
detailed,  but  instead  of  a  chloride  of  calciimi  tube  and  potash  bulbs,  a 
three-bulbed  piece  of  apparatus,  of  the  annexed  form,  is  attached  to 
f  jg^  3^  the  open  end  of  the  combustion-tube, 

and  is  charged  with  moderately  strong 
hydrochloric  acid.  The  acid  absorl^ 
the  ammonia  that  is  evolved  on  gra- 
dually heating  the  tube  to  redness; 
^  ^^r^  residual  ammonia  being  driven  into 

the  acid  by  a  current  of  air  drawn 
through  the  whole  arrangement  in  the 
manner  already  indicated.  If  nitro- 
gen be  present  in  an  organic  substance 
it  is  liable,  when  burnt  with  oxide  of  copper,  to  pass  off  in  the  state  of 
acid-oxides  absorbable  by  potash,  hence  the  estimation  of  carbon  and 
hydrogen  must  only  be  proceeded  with  after  a  small  bxmdle  of  copper 
turnings  have  been  placed  just  inside  the  combustion-tube ;  this,  when 
heated  to  bright  redness,  effects  the  decomposition  of  the  oxides 
into  non-abeorbable  nitrogen  and  oxygen. 

So  much  for  the  practical  operations  connected  with  ultimate  organic 
analysis.  The  weights  of  the  chloride  of  calcium  tube  and  potash- 
bulbs  having  been  ascertained,  both  before  and  after  the  combustion,  a 
few  simple  calculations  suffice  for  ascertaining  the  percentage  amoimts 
of  the  elements  present.  These  calculations  will  perhaps  be  most 
easily  described  by  an  illustration.  Suppose  that  sugar  were  the 
substance  experimented  on,  then : — 

Quantity  of  sagar  taken      •        •        •        •        •        4*75  grains. 

Potash  apparatus- 
After  experiment         7B1*1S      „ 

Before        ,, 778*62      ,, 

Carbonic  acid   .        •        •        •    •        7*31      ,, 

Chloride  of  calcium  tube — 

After  experiment     •        .,       •        •        •    226'05  grains. 
Before       „ 223*30      „ 

Water  .        •        .        •        •        2*75      „ 

7*31  grains  carbonic  acid  contain  2*0213  grains  of  carbon. 
2*75     „       water  contain  *3056       „        hydrogen. 

Or^  in  one  hundred  parts — 

Carbon        .        •        .        •        .        .    •      49*55 

Hydrogen 6*43 

Oxygen  (by  differenee)         •        ,        •    •      51*02 

100*00 

The  percentage  of  nitrogen  is  calcukted  from  somewhat  different 
data.  The  acid  liquid  in  the  bulbs  containing  chloride  of  ammo- 
nium, formed  by  the  combination  of  the  ammonia  with  the  hydro- 
chloric acid,  is  placed  in  a  small  capsule,  bichloride  of  platinum  added 
to  it,  the  whole  evaporated  to  dryness  over  a  water-bath,  the  residue 
wa8hed  with  a  mixture  of  alcohol  and  ether,  and  the  insoluble  crystals 
of  the  double  <;^oride  of  platinum  and  ammonium  collected  upon  a 
tared  filter  and  weighed:  220*52  grains  of  such  crystals  contain 
14  grains  of  nitrogen,  their  weight,  therefore,  and  the  amount  of  the 
substance  operated  on  being  known,  the  percentage  quantity  of  nitrogen 
contained  in  the  matter  under  examination  is  easily  calculated. 

To  determine  the  equivalent  or  combining  proportion  of  an  organic  com- 
pound necessarily  forms  an  important  part  of  the  labours  of  an 
analyst,  and  cannot  be  deduced  merely  from  the  data  yielded  by  the 
operations  that  have  been  described.  It  is,  however,  ascertained  with 
tolerable  ease,  if  the  compound  can  be  made  to  unite  and  form  a  definite 
<Alt  with  some  body,  the  combining  proportion  of  which  is  already 
well  known.  An  analytical  operation  having  then  shown  how  much 
of  the  well-known  body  is  thus  introduced,  an  easy  calculation  indicates 
how  much  of  the  organic  compound  would  combine  with  one  equi- 
valent of  the  other  matter,  and  this  number  is  obviously  the  combining 
proportion  of  the  organic  compound.  This  point  having  been  obtained, 
theoretical  considerations  and  the  data  obtained  from  combustion 
conduct  to  a  formula  for  the  compound  submitted  to  organic  analysis. 

ORGANIC  BASES.  Under  the  definition  of  the  term  Base,  the 
organic  btues—or  the  bases  derived  from  animals  and  vegetables — have 


been  alluded  to.  The  source,  preparation,  properties,  Ac,  of  these 
natura  /bases  or  alkaloids  are  detailed  imder  their  respective  names, 
[Cinchona,  alkaloids  of  ;  Conine  ;  Nicotine  ;  Nux  Vomica,  alka- 
loids OF ;  Opium,  alkaloids  of,  &c.]  The  artificial  organic  bases 
have  not  been  so  fully  described,  and  indeed  in  most  cases  only  curso- 
rily noticed  in  the  article  on  the  body  from  which  they  are  derived. 
The  present  article  will  therefore  be  devoted  to  a  description  of  the 
modes  of  formation  and  general  properties  of  the  artificial  organic 
bases,  prefaced  by  a  brief  review  of  the  probable  constitution  of  the 
organic  bases  generally. 

A  prominent  characteristic  of  organic  bases  is  the  presence  of  nitro- 
gen ;  they  all  contain  nitrogen.  The  nitrogenous  principles  in  animalu 
are,  of  course,  directly  or  indirectly  obtain^  from  vegetables ;  and  the 
nitrogen  in  vegetables  is  known  to  be  derived  from  ammonia.  Nearly 
all  artificial  organic  bases  are  actually  built  up  from  ammonia ;  and, 
moreover,  artificially  or  naturally  formed,  they  all  retain  the  character 
of  basicity,  which  is  the  chief  chemical  property  of  ammonia.  Follow- 
ing then  such  strong  presiunptive  evidence,  chemists  have  of  late  years 
referred  the  organic  bases  to  the  simple  typical  body  ammonia,  and 
have  in  most  cases  succeeded  in  showing  how  they  are  constructed 
upon,  or  at  all  events  derived  from,  the  type  NH,  {amines).  Berzelius 
was  the  first  to  suggest  that  the  basic  character  of  the  alkaloids  was  inti- 
mately connected  with  ammonia.  To  the  prophetic  sagacity  of  Liebig, 
however,  are  we  indebted  for  the  idea  that  they  were  derivatives  of 
ammonia;  that  they  were,  in  fact,  amidogen  bases  or  ammonia  (NH^) 
in  which  an  equivalent  of  hydrogen  is  replaced  by  an  electro-positive 
radical  Following  out  this  idea  Wurtz  succeeded  in  obtaining  several 
such  bodies ;  but  it  is  chiefly  to  the  remarkable  and  laborious  investi- 
gations of  Dr.  Hofmann  that  we  are  indebted  for  the  very  complete 
knowledge  which  we  possess  of  thin  interesting  class  of  organic  com- 
poxmds. 

Amines,  is  a  frequent  collective  title  of  the  oi^ganic  bases  that  are 
derivatives  of  NH,.  The  amines  may  be: — 1.  Monamines;  2.  Dia- 
mines; 3.  Triamines;  4.  Tetramines;  or,  5.  PrntonKnes,  according  as 
they  seem  to  be  constructed  upon  a  single,  double,  triple,  quadruple, 
or  quintuple  atom  of  NH,. 

1.  Monamines..    This  class  is  constructed  upon  a  single  typical  atom 

of  ammonia,  namely,  H  ^  N.    Primary  monamines  contain  only  one 

hJ 

of  the  three  atoms  of  hydrogen  (H)  repUced  by  a  radical  (R) ;  their 


general  formula  is  therefore 


■e  hI-N. 

Hj 
R"| 


Secondary  monamines  contain 


two  atoms  of  radical,  thus,  R  >  N ;  and  moreover  the  radicals  may  be 

similar  or  different  ones.  Here  we  get  the  first  glimpse,  and  a  very 
faint  one,  too,  of  the  inconceivable  niunbers  of  organic  bases  that 
possibly  exist ;  for  of  twenty  radicals  the  first  may  b^  occupying  the 
place  of  one  equivsdent  of  hydrogen  in  a  secondary  monamine,  while 
each  of  the  remaining  nineteen  successively  occupy  the  place  of  the 
other  equivalent  of  hvdrogen,  a  new  organic  haao  being  each  time 
produced.  Similarly  the  second  of  the  twenty  radicals  may  be  keeping 
its  place,  while  the  remaining  eighteen  are  consecutively  introduced, 
and  another  batch  of  bases  formed ;  and  thus  with  only  twenty  simple 
radicals  nearly  two  hundred  secondary  monunine  bases  may  be  ob- 
tained. But  there  are  many  more  than  twenty  radicals,  and  each 
successive  one  would  of  course  introduce  a  greater  number  of  changes, 
and  produce,  therefore,  a  greater  number  of  compounds  than  its  pre- 
decessor. Moreover  each  simple  radical  possesses  its  own  chlorine, 
bromine,  iodine,  peroxide  of  nitrogen,  &c.,  derivative,  and  of  course 
each  of  these  might  keep  its  place  in  a  secondary  monamine,  while 
innumerable  changes  were  being  rung  upon  the  second  radical  Indeed 
it  is  useless  endeavouring  to  pursue  these  calculations  farther;  we 
have  only  got  into  the  second  of  twelve  classes,  and  already  view  such 
a  number  of  organic  bases  as  would  defy  the  powers  of  the  most  zealous 
experimenter  to  produce  and  examine.     When,  again,  it  is  remembered 

that  the  next  daas,  the  Urtiary  monamines  B  >  N  must  contain  a  far 

greater  variety,  an  indistinct  notion  can  be  obtained  of  the  number  of 
changes  that  may  take  place  in  the  still  higher  classes.  The  general 
formuls  of  the  monamines  are  obviously  six  : — 


ft. 


0, 


/. 


sl''  Eh  ih  °}''  ^1"  '''"*'' 

a.  Primary  monamines,  sometimes  called  amidogen  haset,  such  as 
ethylamine      H   >  N.     h.  Secondary  monamines,  like  diethylamine 

C.H.  >  N.      c.  Tertiary   monamines^  e,g.  triethylamine    C^Hg  >  N. 

H   )  C,hJ 

rf.  Secondary  monomines — or  imidogen  hoses,  as  they  have  occasionally 
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been  termed — eontaining  a  diatomio  radical  (B'O  in  the  place  of  two 

equivalents   of    hydrogen^  e,g,,  conylamine  (conine)    ^  "jj"     r  N. 

e.  Tertiary  monamines  cotitaining  a  diatomic  radioal,  as,  for  instance, 

metliyl-conylamine  (methyl-oonine)  ^^O*^    |N.    /.  Tertiary  monar 

mines  containing  a  triatomic  radical  (R^Vin  the  place  of  three  equiva- 
lents of  hydrogen,  examples  of  them  are  seen  in  picoline  (C„H,)'"  j  N, 

and  leucoline  (C„H,)'"  |  N. 
2.  IHanUnet.    These  bodies  are  formed  upon  the  type  of  two  atoms 

H,l  HH| 

of  ammonia,  or  diammonia  H.  V  N-,  or  H  H  >  N  N.    A  great  number 

Hj  HH) 

of  organic  bases  belonging  to  this  type  have  already  been  formed ;  not 
only  primary,  secondary,  and  tertiary,  but  belonging  to  intermediate 
divisions,  the  construction  of  which  will  be  readily  understood  on 
looking  over  the  anneted  list  of  the  general  formulaa  of  diamines  : — 


HRJNN 

hhJ 

HHjNN 
HHJ 

K"  ) 

R"  jNlf 
BH) 


RB 


NN 


NN 


NN 


NN 


NN 


NN 


BR 

BH  JNN 

HH 

B"  ) 
BR  }NN 
HH) 


BR 

BR  ^NN 

HH 

B" 

RR  >NN 

RH 

R'"  J 
HHJNN 
H  J 


RR) 

RRJNN 

BH) 


RR) 
RRVNK 

rr) 


HH 


}n^  IZ) 


NN 


NN   R' 


>n»f 


}nn 


The  immense  number  of  bodies  that  may  be  represented  by  any  one 
of  these  general  formulso  may  perhaps  be  obscurely  imagined  on  apply- 
ing, to  either  of  the  first  half  dosen,  the  remarks  made  under  the  head 
of  secondary  monamines. 

The  following  list  of  examples  of  diamines  is  given  in  illustration  of 
the  above  general  formulse.  Some  of  the  latter,  however,  have  no 
actually*obt«lned  representatives  among  the  organic  bases,  although 
the  greater  nimiber  of  them  have  among  the  organic  neutral  principles. 
[Amides.] 


(C,N)H 

(Ct,H.)(C,,H,)}NN 
H  H 

Melanlline. 


(c,o,r 

HH        }NN 

HH 

V -* 


(C,N)H 

(Cx.H,)  (C.H.) 
(C,,Ha)H 


NN 


(C,H,)  (C,H,) 
(C,H,)  (C,H,) 
(C.H,)  (C.H,) 


NN 


.w^ 


Cyan-triphenyl-diamine. 


Trimetbyl-trlvinyl- 
diamine  (Acetoxdne !). 


Urea. 

(C^H.m 

(CxoHx„r 


1 


NN 


..^^ 


(C«H8)HJnN 

H    H) 
* — — vr— ' 

Rtbyl-orea. 

(c^hj; 

(C,H,)" 
(Ci.HOCCj.H,) 


(C^H.)  CC.H.) 
H  H 


1 


NN 


Ethyl^AllyUnrea. 


NN 


(Cx.H.r  > 
(CwH.r  ) 


NN 


EthyUpiperyUurea, 


Diethylene^pheayl- 
diamine. 


Triatilbyl-diamine 
(Amarine  T). 


(C.H,)'" 
HH 
H 


\t» 


NN 


fC  HI 
(c!»H,)(Cj,H,)}NN 

H 

v.«_ ; 


(CxoHt)"'  / 


NN 


Aoetdiamine.      FormyUdiphenyLdiamine.    BinicotyMiamine 

(Conine  7). 

A  peculiar  class  of  organic  bases  designated  by  the  term  p7ioQ>ha» 
minei  seem  to  be  diamines,  corresponding  in  constitution  to  urea. 

(C.SJ"       ) 
(C4H5)  (C^Hg)  \  NP,  ia  such  a  body  formed  by  the  action  of  sulpho- 
(C«H5)C„H,  ) 

cyanide  of  phenyl  upon  triethylphosphine.  It  contains  an  equivalent 
of  phosphorus  in  the  place  of  one  of  nitrogen.  This  class  has  at 
present  only  few  members,  but  inasmuch  as  many  monamines  exist 
containing  not  only  phosphorus  but  arsenic  and  antimony,  in  the 
place  of  nitrogen,  it  is  possible  that  the  NN  in  diamines  may  be 
replaced  by  PP,  As  As,  Sb  Sb,  and  by  NAs,  NSb,  PAs,  PSb,  and 
As  Sb  the  same  as  by  NP,  as  seen  in  the  formula  of  the  phosphamine 
just  given. 

3.  Triamima,  derived  from  a  triple  atom  of  anmionia  or  triammonia. 
the  same  general  remarks  that  have  applied  to  the  monamines  and 
diamines  apply  also  to  this  third  class.  Although  many  natural 
organic  bases  contain  three  equivalents  of  nitrogen,  and  may  be  repre- 
sented as  triamines,  it  is  not  positively  known  that  they  really  are  so. 


and  at  present  only  two   artificial   bases   possess   the  triammoBic 
character  at  all  decidedly ;  they  are  :^- 

(C,N), 
Melamine  (trieyan.triamine)  •       *       •       •        U,  7  x«g 


and 


Cyanethine  (triaUyUtrlamine)   • 


H,  }N, 
(C.H,)'"  ) 


4.  Tetramines. — Theobromine  and  caffeine  contain  four  equivalents 
of  nitrogen,  and  may  possibly  be  tetramines.  The  only  well  marke^l 
artificial  one  is  glycosine  (not  glycocin),  containing  the  hypothetical 

tetratomic  radical  glycyl  (C.HJ"" ;  its  formula  is  (ctH*)""  (  N.,  and 

(C,HJ""  ) 
its  explanatory  name  would  be  triglycyl-tetramine. 

5.  Pentamines  have  no  representatives  among  the  strictly  organic 
bases.  Some  cobalt  bases  that  have  recently  been  discoverc^l  seem  to 
be  pentammonio. 

Ammoniunu, — When  ammonia  (NH^)  is  dissolved  in  water  a  solutioQ 

Lb  obtained  having  all  the  characters  of  the  hydrated  oxides  of  the 

idkali  metals,  and  is  by  analogy  looked  upon,  therefore,  as  contuning 

/  H  N  1 

the  hydrated   oxide  of   ammonium  fNH^O,  HO,  or     *^  VO„   or 

TT  >  0,  j.     Similarly   when   the   monamines,  whose  general 

formulsD  have  already  been  given,  are  dissolved  in  water,  hydrated 
oxides    of    organic    oases   are    produced    of    the    general   formula 


RHHHN1 


Oj,or 


RRHHN 


termination  -monium  in  place  of  the  original  -ine.  I'hus,  ethylamine 
furnishes  hydrated  oxide  of  ethylammonium,  and  di-  and  tri-ethyla- 
mine  yield  hydrated  oxides  of  di-  and  tri-ethylammonium.  Tliis 
change  of  constitution,  and  therefore  of  typical  expression,  is,  more- 
over, warranted  by  the  fact  that  the  fourth  equivalent  of  hydrogen  in 
ammonium  may  be  replaced,  and  organic  bases  of  the  general  formula 

RRRRN  1 

^^  fi  I  ^*  wadily  produced;  such  an  one  is  the  hydrated  oxide  of 

tetrethylanunonium  ^  *  '^*pr  j-O^andthe  corresponding  Compound 
of  methyl-ethyl-amyl-phenyl-ammonium — 


(C,H,)  (C^H.)  (Ci.Hi  J  (Cj.H.)  N 


}0f 


In  the  ammoniums,  as  in  the  amines,  biatomic  (R"),  teratomic 
(R'"),  and  quadratomic  (R"")  radicals  may  replace  two,  three,  or 
four  equivalents  of  hydrogen  respectively.  There  seem  also  to  be 
compounds  conveniently  represented  on  the  ammonium  type  as 
anmionium  in  which  hydrogen  is  replaced  by  ammonium  itself,  or 
rather  by  a  derivative  of  anmionium,  but  at  present  only  two  organic 
bases  can  be  thus  viewed.  Finally,  there  are  good  indications  of  the 
existence  of  di-ammonium  and  tri-ammonium  organic  bases  derived 
from  double  and  triple  atoms  of  hydrated  oxide  of  ammonium,  and 
resembling  the  diamine  and  triamine  bases. 

Formation  of  Organic  bcuet. 

The  modes  in  which  the  natural  organic  bases  are  formed  are  not 
yet  ascertained,  for  all  attempts  to  produce  them  artificially  have 
hiUierto  failed.  The  artificial  bases  are  formed  by  several  processes, 
which  we  now  propose  to  notice,  including  under  each  a  list  of  the 
chief  bases  produced. 

First.  Direct  substitution  of  organic  radicals  for  the  hydrogen  in 
ammonia.  This  process  will  be  readily  understood  by  the  following 
example.  A  mixture  of  strong  alcoholic  solution  of  ammonia  with 
iodide  of  ethyl  is  hermetically  sealed  up  in  a  long  tube  and  heated  for 
some  hours  in  a  water-bath ;  combination  takes  place,  and  the  result 

is  hydriodate  of  ethylamine  (      H  >N,HIj.    On  distilling  the  latter 

(CA)    \ 
H  >  N  I 

are  formed.    On  now  going  through  the  same  process,  but  using 


C.H.I 
ine  C.H.  J  N  ii 
H 


ethylandne  instead  of  ammonia^  dieihylamine  C.H.  >  N  is  obtained. 
On  subjecting  dietbylamine  to  the  same  method  we  produce  triedtyl- 
amtne  l  u^n^  ^  n  |.     Triethylamine  unites  directly  with  iodide  of 


...(IIJk) 


ethyl,  and  the  result  is  the  formation  of  the  iodide  of  tetrethyl- 
CAJ 

ammonium  q*h»[  N,I=(C,H,).N,I.     On  now  treating  this  iodide 

with  freshly-precipitated  oxide  of  silver,  iodide  of  silver  is  formed, 
and  the  hydrated  oxide  of  tetreikyUm/awnium  set  free.    The  latter  body 


IM 
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IB  a  powerful  base,  comparable  only  with  caustio  potash  or  Boda.  It 
saponifies  oik,  precipitates  metallifi  oxides  from  their  salts,  is  not 
volatile  without  decomposition)  rapidly  absorbs  carbonic  acid  and 
water  from  the  air,  is  itself  crystallinej  and  forms  crystalline  salts  with 
acids,  turns  red  litmus-paper  blue,  dissolves  the  cuticle,  and,  in  short, 
behaves  as  though  it  were  an  inorganic  alkali.  Ethylamine  is  a  colour- 
less,  volatile  liquid  of  sp.  gr.  0'606 ;  vapour  density,  1*594;  soluble  in 
water  in  all  proportions ;  acts  like  ammonia  upon  solutions  of  metallic 
salts,  but,  unlike  ammonia,  it  dissolves  recently-precipitated  alumina. 
Diethylamine  ia  also  colourless,  volatile,  inflammable,  and  caustic ; 
boiling  pointy  134*6^.  Triethylamine  resembles  ethylamine  and 
diethylamine,  and  forms  a  beautiful  orangeHK)loured  crystalline  salt 
with  bichloride  of  platinum,  containing  ( (C^Hg),  N,  HCl,  PtCl,). 

So  much  for  the  general  method  of  procuring  the  greater  part  of  the 
organic  bases.  Of  course  the  iodide,  and  sometimes  the  bromide  or 
chloride,  of  any  alooh(d  radical  may  be  employed,  the  amines  formed 
containing  that  radical  in  the  place  of  the  ethyl  in  the  example  quoted. 
Moreover  a  primary  amine  may  be  acted  upon  by  the  iodide  of  a 
radical  other  than  that  it  already  contains,  and  the  secondary  amine 
thus  formed  acted  upon  by  the  iodide  of  a  third  radical  different  from 
either  of  the  two  existing  in  it,  and  finally  the  tertiary  amine  thus 
produoedrmay  be  made  to  unite  with  the  iodide  of  a  fourth  alcohol 
radical,  and  an  ammonium  called  into  existence  having  the  four  equiva- 
lents of  hydrogen  substituted  by  four  different  electro-positive  radicals. 
This  method  is  important,  not  only  in  producing  new  organic  bases, 
bat  as  a  means  of  ascertaining  the  constitution  of  an  organic  base  after 
its  composition  has  been  determined  by  organic  analysis.  For  ob- 
viously, if  the  base  will  only  unite  with  one  molecule  of  an  alcohol 
radical,  it  must  be  a  tertiary  monamine;  if  with  two,  a  secondary 
moneunine;  if  with  three,  a  primary  monsunine.  The  process  does 
not,  however,  tell  us  in  all  cases  whether  the  unknown  radical  already 
present  in  the  body  is  monatomio,  diatomic,  or  teratomic.  The  natural 
bases  conine  and  codeine  have  in  this  way  been  shown  to  be  secondary 
and  tertiary  monamines  respectively,  while  nicotine,  quinine,  cincho- 
nine,  quinidine,  brucine,  and  strychnine  are  either  tertiaiy  monamines 
or  tertiary  diamines. 

The  following  organic  bases,  mostly  formed  by  the  above  general 
method,  have  already  been  mentioned  in  this  Cyclopsadia,  but  for 
details  concerning  them,  have  been  referred  to  the  present  article. 
Their  general  properties  are  similar  to  those  of  the  eUiyl  derivatives 
fully  described  above ;  their  special  characteristics  will  only  therefore 
be  given. 

Mtihylanwne  (N,  H,,  C,H,)  is  frequently  met  with  in  organic  decom- 
positions ;  it  is  a  gas,  but  may  be  condensed  by  a  freezing  mixture ;  it 
is  inflammable,  and  at  05°  Fahr.  water  dissolves  1150  times  its  bulk. 
DrndkylamifM  has  not  been  isolated  in  a  pure  state.  Trimethylamine 
{N(O^U,).)  may  often  be  recognised  by  its  odour  in  the  roe  of  her- 
rings ;  it  boils  at  41^  Fahr.  and  is  inflammable.  TetrametkylafMnoniutn, 
byd.  ox.  (N (CsHa)^, 0, HO),  ciystallises  in  deliquescent  needles;  its 
Baits  also  orystellue  welL  MmyUriethylammonium,  hyd.  ox.  (NC^H,, 
(C^H,)3,0,H0)  is  crystalline;  its  salts  are  very  soluble  in  water. 
Propylamine  (NHjCqH.)  has  not  been  much  studied.  Buiylamine 
(KHjCgHg)  is  a  colourless  liquid,  lighter  than  water;  boiling  point 
sboTit  176*  Fahr. ;  it  forms  stable  crystalline  salts.  Amylamine  (KH^ 
^ioHh)  boils  at  203''  Fahr. ;  has  a  specific  gravity  of  07508,  and  is 
inflammable.  IHamyUmiM  (NH(OjoHji),)  boils  at  888°  Fahr.  TH- 
^mylamne  (N(CjoHj.),)  boils  at  494°'6  Fahr.,  and  much  resembles 
diamylamine.  MetkyUthyl-amylamine  Q^C^Ufi^Bfi^ffi^^)  is  a  colour- 
less oU  of  agreeable  aromatic  odour ;  boiling  point,  275"  Fahr.  Di  iiky^ 
amylamine  {:Si(QJlXpvfii^  hoils  at  809''-2  Fahr.,  and  with  iodide  of 
methyl  gives  the  iodide  of  methyl-dieUiyl-amylHimm^onium.  Tetramyl- 
ammonium^  hyd.  ox.  (N(CioHi,)40HO)  occurs  in  deliquescent  cryataJs. 
^ntyUnetkylammonium^  hyd.  ox.  (N(C,oHii)  (C4Hg)30H0)  forms  crys- 
talline salts,  but  is  not  crystalline  itself.  Tricetylamine  (N(C„H33)a) 
crystallises  in  colourless  needles;  fnelting  point,  102 '2**  Fahr.  Ally- 
fawifw  (NH,C«H.)  distiU  between  856^  and  374*'  Fahr. 

A  second  method  of  forming  organic  bases  is  by  the  reduction  of 
nitro-compounds.  Many  organic  bodies  suffer  substitution  of  peroxide 
of  nitrogen  for  hydrogen,  when  they  are  acted  upon  by  nitric  acid. 
The  resulting  nitro-compounds  undergo  a  remarkable  transformation 
when  subjected  to  the  influence  of  nascent  hydrogen,  sulphuretted 
hydrogen  and  other  well-known  reducing  agents,  NH,  or  H,  taking 
the  place  of  KO^  or  0^.  Thus  benzole  (C„Ho)  yields  nitrobenzole 
v9ii^s^0 J  on  being  acted  upon  by  nitric  acid ;  and  nitrobenzol  fur- 
bishes the  organic  bwe  phenylamine  (NHjC^jH,),  or  anilins,  on  being 
treated  with  sulphuretted  hydrogen,  thus : — 


C^iiH«MO«     -f     0H8 


NHaCxsH,     -f     4H0     +    S« 

Water.     Snlphur, 


}¥itrobensol*    Sulphuretted   Phenylamine, 
hydrogen. 

In  a  similar  manner  there  have  been  formed  iolylamine  (toluidine^ 
j^JJ  A«H,) ;  xylylamine  (xylidine)  (NHjCjeH^) ;  cumylamine  (cumidine) 
l^^s^iaHiJ;  and  naphtylamme,  NG[,(C^H,).  Many  derivatives  of 
Miese  compoimds  have  been  formed  by  applying  the  substitutive  pro* 
^^"^  described  under  the  first  method :  the  following  are  the  chief  of 
^em.   Me^l-phmykmine  (NHC.H,C,,H,},  a  fragrant  oil,  boiling  at 


377-6'  Fahr.  Eihylrphenylandne  (NHG^H»C„H,),  sp.  gr.  0*954 ;  boiling 
point  400"  Fahr.  MtihyUthyJ^henylamine  (NC.HaC^HjC^Hs)  re- 
sembles ethyl-phenylamine,  but  is  not,  like  it,  coloured  blue  by  hypo- 
chlorite of  lime.  DUthylphenylamine  (N  (C.H,),CijH5),  sp.  gr.  0-939 ; 
boiling  point  416'*  Fahr.  Ethylrnitrophenyiamine  contains  (NHC.H. 
[0,,H^NO J ).  Amyl-pha^Umme  (NHC^H,i  C„H.)  is  soluble  in 
ether  and  boils  at  49a**'4  Fahr.  MeikyOmylrpkenylamiiie  (NCgH, 
GioHy,  C.jHg)  has  an  agreeable  odour.  Ethyl -amyl-pkenylamM 
(??CApipHiiC^,H.)    boils    at    SOS^'-O    Fahr.      Diam^yl^pheiiylamiM 


more  fusible  than  cetylphenylamine.  Trietkyl-pkenyUammfmium,  hyd. 
ox.  (N  (C^Hs)3Cj,Hs  OHO)  forms  crystalline  salts.  Meihyiretkyl^myl- 
phenyl-ammonium  hyd.  ox.  (N  C,H,  C^H,  CjoHi,  C„H.  OHO)  much 
resembles  the  preceding  organic  base.  Ethyl-tolylamM  (NHC^Hg, 
Cj.H,)  is  a  colourless  oil,  sp.  gr.  0*939,  boiling  point  422*'*6  Fahr. 
DtethyUolylamine  (N  (C,H,),  C.^H,)  boils  at  444'*  Fahr.  TriethyUolyl- 
ammonium,  hyd.  ox.  contains  {h  (C^Hg),  Cj^H,  OHO). 

The  third  general  method  of  pr(>duoing  organic  bases  is  by  the 
decomposition  of  nitrogenous  substances;  the  agents  used  being 
destructive  distillation,  boiling  with  caustic  potash,  and,  in  a  few  cases, 
oxidation ;  other  agents,  also,  are  used  in  a  few  special  cases. 

The  destructive  distillation  of  coal  furnishes  i>yruj»iM  (N  (CioH.)'")  i 
picoline  (N  (G„H,)'") ;  lutidine  (N  (G,,H,)"') ;  coUidine  (N  (G».H„)'")  J 
leucoline  {N  (C,^R,f*) ;  lepidine  (NG«,H,)'");  and  vrypOdine 
(N(G„^lly").  Methylamine,  ethylamine,  propylamine,  butykmine, 
amylamine,  pyridine,  picoline,  lutidlne,  and  coUidine  are  contained  in 
Dippel's  oil,  a  tarry  matter  obtained  on  destructively  distilling  bones. 
Beans  also,  on  the  application  of  heat  furnish  a  base  named  fabme, 
Gaustic  potash  converts  the  cyanates  of  methyl,  ethyl,  amyl,  allyl,  and 
phenyl  into  methylamine,  ethylamine,  amyUmine,  allylamine,  and 
phenylamine  respectively.  The  compound  ureas,  whose  formulss  will 
presently  be  given,  suffer  a  similar  splitting  up  by  heating  with  potash^ 
unmonia  being  formed  in  addition  to  the  bodies  just  mentioned. 
Soda-lime  converts  cenanthyl-aldehyd  (Gj^Hx^O,)  into  trieaproylamme 
(N(G„Hi,),).  Baryta  converts  creatm  into  ioreotine  (G-H,NOJ. 
Brucine  is  converted  by  nitric  acid  into  eacoiheline  (G^<^J(N03,N,0i  J. 

Finallv,  many  of  the  organic  bases  already  noticed,  are  formed 
during  the  putrefaction  and  fermentation  of  organic  bodies. 

The  organic  bases  whose  names  and  formula  are  here  appended,  are 
chiefly  produced  by  the  first  general  method.  The  cyanates  of  the 
alcohol  radicals  are  the  agents  used  for  acting  upon  the  ammonia,  and 
no  elimination  of  secondary  product  takes  place.  Moreover,  they  are 
mostly  diamines  and  ammoniums,  the  oiganic  bases  hitherto  described 
being  all  monamines. 


Urea 


(C.O,)" 
(C.O,)' 


N, 


EthyLurea        •    •  C^H.  H  >  N, 

H. 

(0,0,)" 

C.HsH 

(0,8,)" 


AllyUorea 


Snlphallyl-Qrea 
(thiosinamine) 


PhenyUnrea 


Snlphophenyl-nroa 


(0.0,)" 
Cj  jHg  H 

(C.8,)" 


N, 


! 


N, 


B»lpl»U,l-phenyl- <°«8«)" 


urea 


Ni 


Dhnethyl-nrea 


DlethyUnrea    •    • 


Diallyl-nrea  (aina- 
poline)      •        . 

DiphenyLurea 
(flavine)        .    . 


Ethyl-4illyl.Qrea    • 


Snlphethyl-^yl. 
nrea  . 


Ethyl-piperyUnrea 


(0,0.)"  ) 

(C4H,),  }n, 

H,      J 
(C,0,)"  ) 

H.     .1 

)"     ) 
^5).  >N. 


(CjO.)" 

(Cx.H.; 

(C.O,)" 
C,H„C.H,  }N, 

(0 
C 


D.8.)"         ) 
H.      J 


(C.O,)" 
C.H,  H 
(CxoHio)' 


N, 


Axophenylamine  • 

Nitrasophenylamloo 

Asonaphthylamlne 


(Cx.H,)") 
H,     JN, 

Cx,[H,(N0)4]" 


N, 


(C.eH,)' 


N, 


Ethyl-picftlyl-ammonlnm.  byd.  ox.     ;  .  ^♦^aCCiaHy)'"^  |  ^^ 

EthyUencolyl-ammonium,  hyd.  ox,  .  ^*^« (^»  •H7)"'N  |  ^^ 

Methyl-morphyUmmoninm,  hyd.  ox.  ,  C,H,(C,,Hj,0,)"'N  |  ^^ 

Bthyl-codyl-ammonlum,  hyd.  ox.  .  .  C4H8(C,,H,iO,)"'N  |q 


Etbyl-qainyl-ammonium,  hyd.  ox« 


C,H,(C,,H„NOJ'" 


m 
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EthyUtrydmyl-wnmonittm,  hyd.  ox.     .  C*H«(C4»H„N0  J"'N  |  ^^ 


EtbyUucotyl-ammoninm,  byd.  ox. 


C^HgCC^oH,) 


The  ndicak  marked  in  the  above  formulss  as  teratomic  {"')  are  only 
empirically  formulated,  their  true  construction  not  being  known.  The 
formula)  of  a  few  additional  bodies  have  already  been  given  as  illustra- 
tions of  diamines. 

Orgcaiicpho8pJu>roua,  arsenic,  and  antimony  bases. — It  has  been  asserted 
that  the  great  characteristic  of  oiganic  bases  is  the  presence  of  nitrogen. 
The  statement  must,  however,  be  received  with  a  certain  amount  of 
qualification,  inasmuch  as  many  true  organic  bases  have  been  obtained 
containing  no  nitrogen.  Their  constitution  and  chemical  deportment, 
nevertheless,  show  that  these  bases  are  strict  analogues  of  the  nitrogen 
bases — as  those  hitherto  described  are  sometimes  distinctively  called — 
and  that  they  are,  in  fact,  amines  and  ammoniums  in  which  nitrogen  is 
replaced  by  phosphorus,  or  arsenic,  or  antimony.  The  remarks  already 
made  respecting  the  nomenclature  of  the  derivatives  of  NH,  and 
NH^OHO  apply  equally  to  those  of  the  compoimds  under  considera- 
tion, the  analogues  of  KH,  being  of  course  phosphines,  arsines,  or 
stibines;  and  those  of  NH^,  phosphoniums,  arsoniums,  or  sUboniums, 
They  are  sometimes  considered  as  derived  from  PH.,  AsH,,  and  SbH, 
respectively ;  while  the  analogues  of  the  hypothetical  body  NH^  are  as 
frequently  spoken  of  as  derivatives  of  the  still  more  hypothetical  bodies 
PH„  AsH^,  and  SbH^. 

The  phosphorous,  arsenic,  and  antimony  bases  are  at  present  limited 
to  the  analogues  of  the  tertiary  monamines  and  ammoniums,  no  pri- 
mary or  secondary  phosphines,  arsines,  or  stibines  having  yet  been 
produced,  nor  any  analogues  of  diamines,  triamines,  or  tetramines. 

The  best  process  for  producing  the  phosphorous,  arsenic,  and  antimony 
bases,  consists  in  treating  the  metallic  compounds  of  the  alcohol  radicals 
with  the  iodides,  bromides,  or  chlorides  of  phosphorus,  arsenic,  and 
antimony,  respectively;  the  triphosphines,  triarsines,  and  tristibines 
thus  produced  readily  combine  with  the  bromides  or  iodides  of  the 
alcohol  radicals,  and  form  the  iodides  of  phosphonium,  arsonium,  and 
stibonium,  respectively.  The  latter  bodies  may  be  converted  into 
hydrated  oxides  by  the  usual  treatment  with  oxide  of  silver.    Thus  :— 

SCC^H.Zn)       +       PCI,       =       SZna       +       (C^Hg),? 


ZincetbyL 


^->^^ 


^->^^ 


and 


Terchloride  of     Cblorlde  of 
phoBphoroB.  zine. 


Triethyl. 
phospbine. 


(C4H,),P        + 
Trietbylphoapbine. 


C^H.I        »        P(C,H,)J 


and 


Iodide  of 
etbyl. 


P(C4H,)J 


+       Ago       + 
Oxide  of  silver. 


UO 


Iodide  of  tetr^ihyl. 
phoephoniom. 

=     «^A)*|)o. 

'^ V ' 

Hyd.  ox.  of  tetr^thyU 
pbosphoniom. 


The  general  terms  of  the  phosphorous  series  are  :--• 


Trimethylphoephine 


.  C,H 


Triethylphotphlne      •        •        .        •    .  C 

C 


Tetramethylphosphoniiun,  hyd.  ox. 
Trimethyl-ethylphosphonium,  hyd.  ox. 
Triiiietbyl.4unylphoBphoniazn,  byd.  ox. 
Tetrethylphotphonimn,  hyd.  ox.      • 
TrietbyUTinylphosphoiiiain ,  hyd.  ox.  . 


(C.H,),  P 


(C,H,),  C4H, 


'l}o. 


(CAKP|^^  ° 

(C,H.),C,H,Pj 


Pha^phanUnes  (RaNSb),  or  diamines  containing  one  equivalent  of 
nitrogen  replaced  by  phosphorus,  have  already  been  alluded  to.    There 

are  a  few  phosphammoniumstj^*^^  |0^  or  diammoniums  containing 

one  equivalent  of  phosphorus  in  tie  place  of  one  of  nitrogen.    The 
following  are  the  formula)  of  their  hydrated  oxides  :— 

Triethyl.ctbylene-pho»phammonium    .  (C*H»)»(C*HJ"H,NP  Jq 

Rf  / 

Tetrethyl^thylene-phoaphammonlum  .  (C«^s)*(C*H,)''H,NP  J^ 

Trimetbyl.triethyl.ethylene-pho^>h-  \    {C^U^)^{C^'B.^)^{C.B.^Y't{V  \^ 
ammoniam         .        .        ,        ,  j  H.  j    * 

Each  of  these  three  bodies  combines  with  bichloride  of  platinum,  and 
forms  a  salt  containing  two  equivalents  of  the  latter  substance. 


SxcoxD  Ssenoir. 

Bensdo  aeries. 
Tolaie  leries. 
Xylio  terics. 
Cominie  teriee. 
Cymenlo  series. 


The  number  of  arsenic  and  antimony  bases  is  about  the  same  as  cf 
organic  phosphorous  bases.  As  they  contain  decided  metals,  they  a?- 
conveniently  classed  with  Obqano-metallig  Bodies  ;  in  basic  chaiaexcs-, 
however,  they  yield  to  none  of  the  oi^ganic  basea. 

ORGANIC  CHEMISTRY.  The  science  of  chemistry  is  generdiT 
studied  under  two  distinct  heads  or  divisions,  namely,  first  tk 
chemistry  of  inorganic  or  mineral  matters,  and  the  numerous  aubetaocR 
derived  from  tiiem  by  arlificial  processes ;  and  secondly,  t^e  chemiic^ 
of  compounds  obtained  either  directly  or  indirectly  from  orgacisd 
beings,  vegetable  or  animaL  The  first  division  constittttes  iw^ 
ganic  chetmHry,  the  second  organic  chemistry.  So  long  as  the  pecolsr 
compoimds  recognised  as  organic  could  be  obtained  only  throu^  t^c 
instrumentality  of  that  combination  of  conditions  sometimes  ten&ed 
vital  force,  the  above  division  of  the  science  was  quite  definite  asd 
philosophical,  but  as  early  as  the  year  1828,  Wohler  succeeded  k 
producmg  artificially  the  substance  urea,  a  body  which  had  up  to  tbs: 
time  been  known  only  as  a  product  of  the  animal  organism.  T\at 
discovery  was  followed  many  years  later  by  the  artificial  f ormatioa  d 
acetic  acid,  from  exposing  a  nnxture  of  protochloride  of  carbon,  wst^, 
and  chlorine  to  sunlight,  and  the  reduction  of  the  chloracetic  a&l 
thus  obtained  into  acetic  acid  bv  an  amalgam  of  potassium.  Tk 
subsequent  production  of  methyl  from  acetic  acid  added  one  of  tie 
organic  radiods  to  the  list  of  oompouflds  obtainable  from  their  elemecu 
without  vital  action.  Although  little  further  progress  was  made  hr 
several  years  in  this  department  of  chemical  researdi,  yet  the  aiH&ask 
production  of  urea  and  acetic  add,  together  with  their  derivatiTtf, 
completely  broke  down  the  barrier  between  so-called  still  organie  sod 
inorganic  bodies ;  the  name  organic  was  retained  for  the  daas  of  bodia 
to  which  it  had  previously  been  assigned,  although  now  obviously  itc 
longer  strictly  applicable. 

Whilst  the  term  organic  chemiMry  is  thus  deprived  of  its  origiml 
meaning,  it  would  still  be  difficult  to  devise  a  more  convenient  nunt 
f  (^r  that  portion  of  the  science  which  treats  of  compounds  that  ait 
ordinarily  though  not  invariably  derived  from  organised  beings,  hence 
the  contmtiance  of  its  use  to  the  present  day. 

Classification  of  organic  compounds. — The  number  of  compound- 
included  within  the  domain  of  oiganio  chemistry  has  of  late  jesn 
become  so  vast,  owing  to  the  laborious  researches  of  numerous  chemists,  < 
as  to  render  some  system  of  classification  almost  absolutely  necetsir 
to  enable  the  mind  to  grasp  a  branch  of  knowledge  embracing  6uch  aa 
infinite  number  of  experimentally  demonstrated  facta. 

Whilst  on  the  one  hand,  it  cannot  be  said  that  organic  chemistiT  i3 
not  yet  sufficiently  developed  to  admit  of  satisfactory  generalisatiooe, 
on  the  other,  it  is  evident  that  in  a  science  which  is  yearly  makiag 
such  rapid  progress,  any  system  of  classification,  however  satis^ctoiy 
when  first  proposed,  can  scarcely  be  expected  long  to  fulfil  all  the  con- 
ditions demanded  of  it.  Hence  it  would  not  be  difficult  to  advance 
objections  against  the  excellent  system  recently  submitted  by  H. 
Oerhardt — a  system  which,  notwithstanding  all  drawbacks,  is  generally 
admitted  to  be  by  far  the  beet  hitherto  proposed.  It  has  Uierefbie 
been  adopted  as  far  as  possible  in  the  chemical  articles  of  this 
Cyclopeedia. 

The  essential  portion  of  Gerhardt's  system  may  be  explained  in  to; 
few  words. 

All  organic  compounds  which  have  been  sufficiently  studied  are 
arranged  around  a  certain  number  of  centres  or  pivots  chosen  from 
amongst  the  two  homologous  series  of  acids,  beginning  respectively  with 
formic  acid  and  benzoic  acid.  The  two  great  divisions  thus  created  are 
termed  sections,  and  the  families  arranged  about  the  centres  are  named 
series.    Thus  we  get  the  following  arrangement : — 

FiasT  SxcTiox. 

Formic  series. 
Acetic  series. 
Propionic  series. 
Butyric  series. 
Yalerlo  series. 
CSaproic  series. 
(Enanthylic  series. 
Caprylie  series. 
Pelargo&ie  series, 
Capric  or  Ratio  series, 
Laario  series. 
Myristic  series. 
Palmitic  series. 
Stearic  series. 
Cerotie  series. 
Helissic  series. 

Each  series  is  subdivided  into  groups :  the  bensoio  series  for  instance 
consists  of  eight  groups.  [Benzoic  Series.]  Under  eadi  group  will 
generally  be  found  described  or  mentioned  every  individual  member 
belonging  to  that  group,  thus  under  Beitzoio  Group,  one  of  the  groups 
of  the  Benzoic  series,  a  large  number  of  compounds  more  or  les 
intimately  connected  with  ^ch  other,  and  with  benzoic  acid,  will  be 
found  described. 

Constitution  of  organic  compownds.^  One  of  the  most  difficult,  but  at 
the  same  time  most  interesting  and  important  problems  which  present 
themselves  to  the  chemist,  is  the  intexml  arrangement  or  constitution 
of  oiiganic  compounds.    A  child  may  so  far  investigate  a  watch  for 
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instance,  as  to  .diacoyer  that  it  consists  of  silver,  steel,  and  glass, 
nay  be  might  even  without  difficulty  make  his  research  a  quantitative 
one,  and  ascertain  the  weights  of  these  different  materials,  which  enter 
into  the  composition  of  the  instrument,  but  such  an  investigation 
would  obviously  leave  the  most  interesting  part  of  the  history  of  the 
watch  untouched ;  it  would  tell  him  nothing  either  of  the  arrangement 
of  these  materials  or  of  the  respective  functions  of  the  wheels,  the 
springs,  the  hands,  &c.,  the  investigation  of  which  would  obviously 
involve  a  much  more  laborious  and  especially  a  much  more  intellectual 
inquiry.  So  in  chemistry,  the  mere  determination  of  the  composition 
of  a  compound  stops  short  of  the  more  interesting  attributes  of  the 
body — ^its  internal  arrangement  and  the  functions  performed  by  its 
several  constituents.  Hence  the  higher  problem,  difficult  as  its  solu- 
tion undoubtedly  is,  has  never  been  lost  sight  of  by  the  chemical 
investigator.  With  a  view  to  its  solution  he  on  the  one  hand  submits 
organic  compounds  to  various  processes,  in  order  to  take  them  to 
pieces ;  and  on  the  other,  he  brings  together  what  he  conceives  to  be 
their  proximate  constituents,  in  order  if  possible  to  build  up  the 
substance  he  is  investigating;  and  thus  he  endeavours  from  both  tiie 
points  of  view  thus  afforded  to  arrive  at  some  conclumon  as  to  their 
internal  constitution. 

It  is  quite  unnecessary  here  to  notice  the  various  views  of  a  more 
general  character  which,  witii  a  greater  or  less  amount  of  this  kind  of 
labour,  have  been  arrived  at  by  different  chemists;  it  will  be  here 
sufficient  to  mention  one  such  general  view,  which  has  for  some  years 
found  very  extensive  acceptance  amongst  chemists.  This  view,  which 
might  be  called  the  doctrine  of  types,  regards  all  organic  bodies  as 
constituted  in  conformity  with  certam  inoiganic  tjrpes,— as  being  cast, 
6o  to  Bpeak,  in  the  moulds  of  these  inoiganic  compounds.  The  four 
principal  types  are 


Hjdrogen 
Type. 


Hydroehlorlo 
acid  Type. 


H 
H 


} 


H 
CI 


} 


Water  Type* 


Ammonia 
Type. 

H 

N{H 

H 


The  radicals,  both  positive  and  negative,  belong  to  the  hydrogen  type. 
The  haloid  compounds  of  these  radicals  are  formed  upon  the  hydro- 
chloric acid  type.  The  alcohols,  ethers,  acids,  and  ethereal  salts  belong 
to  the  water  type ;  whilst  the  ammonia  type  includes  the  organic  bases 
and  liie  amides.  In  this  Cyclopasdia  the  formulae  of  organic  bodies  are 
generally  written  in  accordance  with  these  types. 

In  the  concluding  remarks  of  the  article  Oroanoxetallic  Bodies, 
an  endeavotir  is  made  to  show  that  these  bodies  throw  considerable 
light  upon  the  nature  of  the  so-called  organic  radicals,  and  hence  also 
upon  the  constitution  of  organic  compounds  in  general.  If  the  views 
there  expressed  as  to  the  nature  of  organometollic  bodies  and  their 
eompounds  be  correct,  the  extension  of  those  views  to  the  organic 
compounds  of  carbon  becomes  inevitable.  Regarded  from  this  point 
of  view  the  double  atom  of  carbon,  like  that  of  tin,  is  quadratomic 
in  perchloride  of  carbon  and  carbonic  acid 


and  biatoxnio  in  protochloride  of  carbon  and  carbonic  oxide : 

C»  {  Cl  ^«  {  O 

In  other  words,  the  quadratomic  stage  in  carbon  compounds  is  the 
Btage  of  mAyimmn  saturation,  whilst  the  biatomic  stsige  is  one  of 
exalted  stability.  If  we  substitute  an  atom  of  chlorine  in  perchloride  of 
carbon  by  one  of  ethyl,  we  produce  a  body  having  the  formula  of 
trichlorhydrin : 

[a 

If  now  a  second  atom  of  chlorine  be  substituted  by  one  of  hydrogen, 
we  have  a  body  exhibiting  the  composition  of  bichloride  of  pronvlene : 


The  treatment  of  this  body  with  alcoholic  potash  removes  hydro- 
chloric add,  and  reduces  it  to  the  protochloride  type 

rc,H, 
c,  I  ^j     +  Ko  -  c,  I  ^♦"^  -».  Ka  +  HO. 
[a  y — V — ' 

^  -v      '  Chloride  of  Allyl. 

Biehloride  of  propylene. 

pie  substitution  of  a  third  atom  of  hydrogen  for  chlorine,  gives  the 
formula  of  chloride  of  propyl : 

(C,H. 

Ici 
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whilst  the  substitution  of  the  last  atom  of  chlorine  by  bydrogen  yields 
hydride  of  propyl,  or  by  ethyl,  the  sensed  double  radical  ethyl  propyl : 


Hydride  of  propyl.  BthyUpropyl. 

In  like  manner,  if  we  substitute  an  atom  of  oxygen  in  carbonic  acid 
by  ethyl,  we  have  propionic  anhydride 

O  /  (C4H5) 


Carbonie  acid.  Proploiiio  anhydride, 

A  second  atom  substituted  by  hydrogen  yields  propionic  aldehyde : 


Propionic  aldehyde. 


The  replacement  oi  a  thud  atom  of  oxygen  by  hydrogen  produces 
propylic  ether : 

C.H, 

o 

Propylic  ether. 

Whilst  the  replacement  of  the  last  atom  of  oxygen  by  hydrogen, 
produces  hydride  of  propyl,  and  by  imiatomic  peroxide  of  hydrogen, 
propylic  alcohol : 

H  ^   1H 


H 

H 


HO, 


Hydride  of  propyl.  Fropylio  alcohol. 

Ths  glycols  are  also  consffTucted  upon  the  carbonic  acid  type: 

!Q  [  C.H, 

Carbonic  aeld.  .  Glycpl. 

And  to  the  same  type  belongs  also  the  teraoid  alcohol  glycerin 

c*H, 

0/ 


HO, 
HOs 
^O, 


Under  the  influence  of  iodide  of  phosphopis,  glycerin  yields  iodide 
of  allyl : 

C,H, 


C, 


HO, 
HO, 
HO, 


Glycerin. 

Here  we  have  a  reduction  from  the  carbonic  acid  to  the  carbonic  oxide 
type,  of  precisely  the  same  nature  as  that  which  occurs  when  cacodylic 
acid  is  reduced  to  oxide  of  cacodyl.-  Allylic  compounds  are  tiierefore 
constructed  upon  the  carbonic  oxide  type : 


lo 


I  HO, 


Carbonie  oxide.     Iodide  of  allyl.         AllyUo  alcohol. 

It  would  be  easy  greatly  to  extend  this  view  of  the  constitution  of 
organic  carbon  compounds,  but  the  above  examples  are  sufficient  to 
indicate  its  general  application.  It  is  from  carbonic  acid,  water  and 
ammonia  tiiat  nature  coustructs  her  most  complex  organic  compoimds ; 
these  inoi^ganic  substances  are  the  essential  food  of  plants,  which  thus 
find  ready  formed  in  the  air  and  earth  the  moulds  in  which  to  oast 
their  most  complicated  chemical  compounds,  just  as  animals  find  ready 
formed  in  their  vegetable  food,  the  plastic  constituents  which  they 
employ  for  the  construction  of  the  various  parts  of  their  organisms. 

ORGANIC  COUPOVJUDS,  Artificial  Production  of.  Under  Organic 
Chehistbt  allusion  is  made  to  the  production  of  urea,  acetic  acid,  and 
methyl  (three  essentially  organic  compounds),  by  purely  artificial 
methods,  and  without  any  assistance,  direct  or  indirect,  from  vital 
action.  The  recent  ingenious  researches  of  M.  Berthelot  have  greatly 
extended  this  branch  of  chemical  inquiry,  and  have  in  a  most  important 
degree  increased  the  number  of  bodies  capable  of  artificial  formation. 
The  production  of  chloride  of  methyl,  and  the  members  of  the  olefiant 
gas  &tmily  up  to  amylene  (CiqH^o),  furnishes  us  with  the  whole  series 

z 


lift 
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of  alcohols  tnd  their  deriTatiyeB^  from  amylio  alcohol  downwards. 
Phenylio  alcohol  and  naphthaline,  both  artificially  produced  bj  Ber- 
thelot,  yield  a  host  of  interesting  bodies ;  whilst  phenylcarbonic  acid 
enables  us  to  step  from  the  phenyllc  to  the  salicylic  group,  since,  when 
treated  with  hyponitrous  acid,  it  yields  salicylic  aci<L  Lastly,  M.  Ber- 
thelot  has  succeeded  in  artifioUdly  forming  glycerin,  the  basis  of  animal 
and  vegetable  oils  and  fats.  Grape  sugar  haiB  also  been  added  to  the 
list;  but,  being  produced  by  the  contact  of  glycerin  with  putrifying 
animal  matter,  it  cannot  be  said  to  be  formed  altogether  without  the 
agency  of  vitality,  although  the  putrifying  organic  matter  eontiibutea 
none  of  its  constituents  to  the  new  compound,  and  does  not  undeigo 
any  appreciable  change  in  weight  or  appearance  during  the  process. 
These  substances  yield  such  a  numerous  clasa  of  deriyatives,  Uiat  up- 
wards of  700  distinct  organic  compounds  can  now  be  produced  from 
their  elements  without  the  agency  of  vitality. 

Amongst  the  most  important  organic  oompoundB  thus  formed,  the 
following  may  be  mentioned  : — 

Name.  Formula. 

Ozalio  acid (CtO„  HO), 

Hydrocyanic  acid C^N,  H 

Light  carboretted  hydrogen     .        .        .  C^H^ 
Urea  .......  C,N,H«0, 

Formic  acid  (aeld  of  ants)        .        .        •  C^HOsi  HO 

Chloroform C^Hda 

Acetic  acid     ..«••.  C^HaO,,  HO 

Alcohol C^HsO,  HO 

Ether (C^HgO), 

Oleflant  gas        •        .        »        •        •     •  C4H4 

Acetic  ether C^H^O,  C^H^O, 

OU  of  garlie       .•••••  (C,H|B)i 
Oil  of  moatard        •       4        *        •       »  O^UgS,  C^NS 

Glycerin    •        • GsH,0« 

Bntyrio  aold C^HfOg,  HO 

Pine-apple  flavoitr  (butyric  ether)        .    •  CtH^O,,  C^H^O 

Succinic  acid CgH^Og,  2H0 

Yalerianib  aeld C^  0H9O,,  HO 

Fear  flavour  (aeetate  of  amyl)  •        •  C^B^O,,  Ci^HjiO 

A|^t»le  flavour  (valeriasatt  of  imyl)     •    .  C^ o^o^s*  ^i  ol^i  1^ 
Lactic  acid      .        .        •        •        •        •  C|,H|,Oxa 

Grape  sugar! Oi,Hx,0|a. 

Caproieacid   •        .        •        .        •        •Oit^nOa,  HO 
Benzole      ••••••«  C^t^i 

Nitrobenzole  •        t        •        •        •        •  CxtHgNO^ 

Aniline      •••»••«  K(O|,H0)H, 
Phenyl  alcohol  (ercasote)         »        .        •  C|  sHgO,  HO 

Picric  acid Ci,H,(N04),0,  HO 

Salicylio  aoid  .        •        »        t        .        •  Cj^HgO,,  HO 
Salicylate  of  methyl  (oil  Of  Wlntergreen)  •  Cx^H^O^,  C^HgO 
.Kaphthaliu     •»».;.  C|«H, 

The  artificial  formation  of  urea,  lactic  acid,  and  caproic  add,  is 
interesting  in  connection  with  certain  functions  of  the  animal  economy. 
Pine-apple  oil  and  apple  oil  are  instances  of  the  artificial  production  of 
the  delicate  flavours  of  fruit,  whilst  oil  of  wintei^green  and  nitrobenzole 
are  like  examples  of  the  formation  of  esteemed  perfumes.  But  of  all 
the  bodies  hitherto  thus  produced,  alcohol,  glycerin,  and  sugar  are 
undoubtedly  the  most  deeply  interesting,  owing  to  tiie  part  they  take 
in  tJib  nutrition  of  animals  :  they  prove  to  us  the  possibility  of  pro- 
ducing, without  vegetation  or  any  vital  intervention,  an  important  t>art 
of  the  food  of  man.  Should  the  chemist  also  succeed  in  forming  aHi- 
ficisdly  the  nitrogenous  constituents  of  food,  without  which  life  cannot 
be  maintained,  it  would  then  be  possible  for  a  man  planted  upon  a 
barren  rock,  and  furnished  with  the  necessary  apparatus  and  inorganic 
materials,  to  support  life  without  either  animal  or  vegetable  food.  No 
one  of  these  nitrogenous  constituents  has,  however,  yet  been  artificially 
produced,  and  the  absence  of  all  clue  to  their  rational  constitution 
forms  at  present  a  formidable  barrier  to  their  non- vital  production. 

Considerations  here  naturally  suggest  themselves  regarding  the  possi- 
bility of  economically  replacing  natural  processes  by  artificial  ones  in 
the  formation  of  organic  compounds.  At  present  the  possibility  of 
doing  this  onljr  attains  to  probability  in  the  case  of  rare  and  exceptional 
products  of  animal  and  vegetable  Ufo.  Thus,  valerianic  acid,  which  for 
a  long  time  was  extracted  from  the  root  of  the  Valeriana  officinalU, 
could  now  probably  be  more  cheaply  prepared  from  its  elements  j  but 
a  still  cheaper  source  of  this  acid  haa  been  in  the  meantime  discovered, 
namelv,  the  oxidation  of  amylic  alcohol,  a  waste  product  formed  in  the 
manunusture  of  spirit  of  wine,  and  obtainable  at  such  a  moderate  cost 
as  to  prevent,  in  an  economical  point  of  view,  the  successful  production 
either  of  amylic  alcohol  or  valerianic  acid  by  any  artificial  and  exclu- 
sively non-vital  processes  at  present  known.  It  is  also  highly  probable 
that  if  we  could  produce  artificially  such  bodies  as  quinine  and  the 
rare  alkaloids,  or  alizarin,  and  similar  powerful  and  valuable  organic 


colouring  matters,  we  should  be  able  to  compete  with  organic  life  in 
the  formation  of  these  bodies ;  nevertheless,  the  discovery  of  the  pro- 
cesses of  artificial  formatiDn  would  doubtless  be  preceded  by  a  know- 
ledge of  methods  by  which  such  rar«  bodies  could  be  produced  from 
more  abundant  and  consequently  cheaper  forms  of  vegetable  or  animal 
mattet;  iuid  it  is  therefore  exceedingly  improbable  that  any  purely 
non-tital  process  will  be  successfully  and  at  the  same  time  economically 
employed  for  the  manufacture  eVen  of  such  rare  and  valuable  Mid 
products.  Such  being  the  economical  bearings  of  the  case  with  regatd 
to  the  rare  and  exceptional  eductft  of  vitality,  when  we  turn  to  eonaider 
the  great  staple  products  of  th«  animal  and  vegetable  kingdoms  the 
hope  of  rivaUing  natural  processes  becomes  faint  indeed.  Bv  no  prooea 
at  present  known  could  we  produce  sugar  glycerin,  or  alcohol  from 
their  elements  at  one  hundred  times  their  present  cost  as  obtained 
through  the  agency  of  vitality.  But,  although  our  present  prospects 
of  rivalling  vital  processes  in  the  economical  production  of  staple 
organic  compounds  such  as  those  constituting  the  food  of  man  are  so 
exceedingly  slight,  yet  it  would  be  rash  to  pronounce  their  ultimate 
reaUsation  impossible.  It  must  be  remembered  that  this  branch  of 
chemistry  is  as  yet  in  its  merest  infisacy,  and  that  it  has  hitherto 
attracted  the  attention  of  few  minds ;  and  further,  that  many  analogous 
substitutions  of  artificial  for  natiinl  prooesses  havs  been  achieved. 
Thus,  under  certain  circumstances,  we  find  it  less  eeonomioal  to  propel 
our  ships  by  the  force  of  the  wind,  and  our  carriages  by  anitnal  power, 
than  to  employ  steam  power  for  these  purposes.  We  do  not  find  it 
desirable  to  wait  for  the  bleadiilig  of  our  ealicoss  by  the  sun's  ra3rs; 
and  sven  the  grinding  of  com  is  no  longer  entirely  oonfided  to  wind 
and  water  power. 

In  such  eases,  where  eontemporsneous  natural  agencies  have  been 
superseded,  we  have  almost  invariably  drawn  upon  tihat  grand  store  of 
force  collected  by  the  plants  of  bygone  ages,  and  conserved  in  eur  coal- 
fields. It  is  the  solar  heat  of  a  past  epodi  that  evolves  mechanical 
power  from  our  steam-engines,  enabling  us  to  accomplish  that  which 
the  present  forces  of  nature  alone  are  not  capable  of  performing.  One 
important  element  in  cheap  production  is  time,  and  it  is  precisely  in 
rej^surd  to  this  element  that  we  economically  supersede  in  the  above 
instances  the  contemporary  resources  of  nature.  Now  time  is  also  an 
important  element  in  the  natural  production  of  food,  and  although  it 
is  true  that  the  amount  of  labour  required  for  the  growth  of  a  given 
weight  of  food  is  not  considerable,  yet  it  is  nevertheless  true  that  this 
weight  requires  a  Whole  year  for  its  production.  By  the  vital  process 
of  producing  food  we  can  only  have  one  harvest  in  bach  year.  But  if 
we  were  able  to  manufacture  that  food  from  its  elements  without  vital 
agency,  there  would  be  nothing  to  prevent  us  from  obtaining  a  harvest 
every  week ;  and  thus  we  might,  in  the  production  of  food,  supersede 
the  present  vital  agencies  of  nature,  as  we  have  already  done  ih  other 
cases,  by  laying  under  contribution  the  accumulated  forces  of  past  ages, 
which  would  thus  enable  us  to  obtain  in  a  small  manufactory,  and  in  a 
few  davs,  effects  which  can  only  be  otherwise  realised  from  present 
natural  agencies  when  exerted  upon  vast  areas  of  land,  and  tm^ug;fa 
considerable  periods  of  time. 

ORGANIC  COMPOUNDS,  CLASSIFICATION  OF.  [Obqanic 
Chbmistbt.] 

ORGANIC  COMPOUNDS,  CONSTITUTION  OF.  [Organic 
Chsmistbt.I 

ORGANIC  RADICALS.  The  laige  number  of  simtds  atoms  whidi 
generally  go  to  form  an  oi^ganic  substance  are  not  bound  together 
into  one  homogeneous  compound,  but  are  to  a  great  extent  arranged  in 
groups,  each  group  playing  the  part  of  a  simple  or  elementary  body. 
Such  groups  performing  this  function  are  termed  w^giafUc  or  etntq^mnd 
radiwU*  Thus,  alcohol  contains  4  equivalents  of  cai*bott,  6  of  hydirogen, 
and  2  of  otygen,  but  these  elements  sre  supposed  to  be  almnged  in  the 
alcohol  in  Uie  following  manner : — 


C« 


2'}o. 


That  is,  4  equivalents  of  carbon  and  5  of  hydrogen  exist  in  the  alcohol 
in  the  form  of  a  compoimd  as  distinct  and  independent  as  the  remaining 
equivalent  of  hydrogen ;  this  oompound  of  carbon  and  hydrogen,  which 
is  called  tthyl,  is  an  example  of  an  organic  radical,  or  of  an  organic 
group  playing  the  part  of  an  elemeutary  body :  for  by  certain  chemical 
operations,  the  radical  ethyl  can  be  removed  from  alcohol  and  its  place 
supplied  by  hydrogeu,  a  kind  of  substitution  which  transforms  the 
alcohol  into  water.  Thus  alcohol  and  water  are  related  to  each  other, 
as  shown  in  the  following  formulas : — 


H 
H 


} 


Alcohol. 


Water. 


The  simple  or  elementary  radicals  comprise,  on  the  one  hand,  bodies 
which,  like  potassium,  zinc,  iron,  and  hydrogen,  are  electro-positive  or 
basylous  in  their  character;  and,  on  the  other,  substances  such  as 
oxygen,  sulphur,  and  chlorine,  which  are  electro-negative  or  chlorous 
in  their  behaviour.  The  organic  radicals  admit  of  a  precisely  similar 
classification:  some  of  them,  such  as  methyl,  ethyl,  phenyl,  &c., 
imitating  hydrogen,  zinc,  or  iron  in  their  functions ;  whilat  formyl, 
othyl,  cyanogen,  &c.,  resemble  chlorine  and  sulphur  in  their  chemical 
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ittlatioDB.  Furtlifir,  jiui  as  we  have  uniatomic,  biatomic,  and  ieratomic 
metaJiB  (Uiat  ia,  metals  capable  of  oombining  with  one,  two,  or  three 
equivalents  of  other  elements),  so  we  have  oi-ganic  radicaU  which  CQm> 
port  themselves  in  exactly  the  same  manner  in  their  modes  of  oombi- 
nation.  Thus  etiiyl  (C^Hi)  is  a  uniatomic,  ethylene  (C^H/)  a  biatomic, 
and  the  radical  of  glycerin  (C^Hg'")  a  teratomic  radical  When  a  radical 
has  such  a  polyatomic  charactOT,  its  degree  is  represented  by  dashes 
placed  after  the  formula,  as  in  the  cases  just  mentioned. 

There  are  several  families  of  homologous  organic  radicals,  and  they 
are  usually  distinguished  by  certain  general  f  ormulte.  One  of  the  most 
important  of  these  families  has  the  general  formula  CnHn  +  i,  in  which 
n  represents  an  even  number,  such  as  2,  4,  0,  &o.  The  following  are  a 
few  of  the  chief  radicals  belonging  to  this  family : — 

Methyl C,H,    or    g«J|  } 

Ethyl C^Hj    or    ^*^»  | 

i*«>pji c«H,  or  ^|2;} 

A  second  family  has  the  general  formula  OnHn — t  .  None  of  its 
members  are  yet  known  in  a  separate  state,  but  analogy  admits  of  no 
doubt  as  to  their  existence  ip  eertain  well-known  organic  compounds. 
The  following  are  some  of  the  most  important  members  of  this 
family: — 

Phenyl Ci.H,     or  Jj*^'  J 

Toluenyl C^^H,    «  c**h' I 

C     H      ) 
Comenyl  ,        ,        .        .        •  CjgHu  or  c**h"  j 

Cymenyl C.,H„  or  Jjjgj*  } 

A  third  family  has  the  general  formula  CnHn—  i.  It  has  hitherto 
been  very  little  exploredj  and  t]^  only  member  known  with  certainty 

AUyl C.H.  or^jgj} 

All  the  families  above  dsaoribed  contain  only  uniaiemio  mdieak,  but 
by  the  abstnactian  of  one  equivalent  of  hydrogen  thej  all  yield  eor^ 
nsponding  biatomie  radicals.    Thus  i — 

C4H,    -    H    =    O^H^" 

Bthyl.  Bthylene. 

Th^  following  are  tbe  chief  biatomio  radicals  of  the  form  OoSn  :— 

Methylene        .,...••  ^t^s^ 
Ethylene     ••ttii**  CfH^ 
Propylene         .••••..  C^H^'' 

Butylene G«H," 

Amylene  ,«••••••  C|gH^g 

With  the  exception  of  methylene,  all  these  biatomie  radicals  can  be 
readily  obtained  in  a  separate  state. 

A  ^rnily  of  teratomic  radicals  of  the  form  CnHn— 1  appears  also  to 
exist,  although  up  to  the  present  time  only  one  member  is  known,  and 
that  only  in  combination.  Qlycerin  contains  thi«  radical,  which  is 
tenned — 

Glyceryl C.H,'" 

All  the  radicals  hitherto  considered  are  poHtive  or  hatyUntM  radicals, 
but  by  the  exchange  of  two  equivalents  of  hydrogen  for  two  of  oxygen 
^ey  are  all  transformed  into  negative  or  chlorous  radicals ;  thus,  the 
positive  radical  ethyl,  minus  two  atoms  of  hydrogen,  plus  two  of  oxygen, 
paases  into  the  negative  radical  othyl  or  acetyl  :— 

C^Hj    4-    O,    —    H,     »    C4H,0, 
Ethyl.  Othyl. 

Hitherto  tmiatomic  negative  radicals  alone  have  been  clearly  estab- 
liabed,  but  there  can  be  no  doubt  that  biatomie  and  teratomic  positive 
radicals,  bv  a  similar  substitution  of  oxygen  for  hydrogen,  pass  into 
corresponmng  negative  radicals  of  the  same  polyatomic  character. 

The  follomng  are  some  of  the  most  important  uniatomic  negative 
radicals: — 

1.  Of  the  farn^  QoHn-iOA*    PerivatiTea  from  OnHn  +  t. 
Fonnyl   .....  C.HO.     or  ^•^^.  } 

Othyl  or  acetyl  .  ,  ,  •  ^'*"^  ^»  ^*  clll'oj  } 
Propionyl  •  .  .  .  CJI^O,  or  cJh*oI  } 
B«tryi C«HlOt  "  cK  } 
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2.  Of  the  form  CnHn— «  0..    Derivatives  from  CnHn  >-  w. 


Benzdyl     •        • 

.        .C„H.O.    or«-=.°j} 

Toluyl  •        • 

•      •  •«..«'».   "cSlt'j 

Comyl       •        • 

,        .C..H..O.«S..H..O.| 

8.  Of  the  form  CnHn— »  0^    Derivatives  from  CnHn—  1. 
Acryl C.H,0,  or  ^I^J^l  } 

In  addition  to  the  bodies  above  described,  another  class,  termed 
double  radicaUf  are  known  to  chemists.  These  are  formed  by  the 
union  of  any  two  single  positive  radicals,  or  of  a  positive  with  a  negative 
radical  No  double  negative  radical  has  yet  been  obtained.  The  fol- 
lowing instances  will  suffice  to  indicate  the  oompoaition  of  the  deuble 
radicals: — 

Ethyl^yl Ct^xil 

Acetone  or  methyl-othyl        ....  2*h*^'  } 

The  double  radicals  containing  both  a  positive  and  a  negative  ooU' 
stituent  are  better  known  under  the  name  of  ketones.    rKBTOiiBB.] 

It  has  been  stated  above  that  of  the  single  radicals^  those  belonging 
to  the  positive  division  only  have  been  isolated,  and  of  these  the 
members  of  the  family  CnHn— t  are  entirely  unknown  in  a  separate 
state.^  The  two  methods  admitting  of  general  application  for  the 
isolation  of  the  positive  radicals,  are  the  following : — 

1.  The  action  of  zinc,  potassium,  or  sodium,  upon  the  iodides  of  the 
radicals.    Thus,  for  the  isolation  of  ethyl : — 


jC,H 


i}  + 


2a,     m    Mnl    4* 


Iodide  of  Ethyl. 


Ethyl. 


2.  Bv  the  action  of  nascent  oxygen,  evolved  from  the  positive  pole 
of  a  voltaie  batteiy,  upon  the  fat^  acids.  Thus,  for  the  isolation  of 
methyl: — 

,C.H,0.  1^,^  +  O,   =  SC.O,  +  SHO  +   g.H,  | 

Acetic  acid.  Carbonic  add.  Methyl. 

OROAKOMETALLIO  BODIES.  A  numerous  feunily  of  chemical 
compounds  in  which  compound  oiganic  radicals,  such  as  methyl,  ethyl, 
&c.,  are  united  with  metals,  in  a  manner  analogous  to  that  in  which 
the  elementary  radical  chlorine  is  combined  wil£  sodium  and  zinc,  in 
sea-salt  and  chloride  of  zinc  If,  for  instance,  in  chloride  of  zinc  we 
replace  the  chlorine  by  ethyl,  we  produce  one  of  the  bodies  belonging 
to  this  family,  namely,  zinoethyl : — 

2nCl  ga(C«H|) 


Chloride  of  sins. 


Ziocethyl. 


Although  organometallic  bodies  as  a  distinct  class  of  organic  com- 
pounds are,  wi£  one  exception,  the  creation  of  the  last  ten  years,  yet 
the  derivatives  of  these  bodies  have  been  known  for  a  much  longer 
period.  From  the  time  that  an  oiganic  acid  \%oa  first  united  with  a 
metallic  base  these  organic  compounds  containing  metals  date  their 
existence.  It  is  true  tnat  such  compounds  containing  a  metallic  con- 
stituent have  not  been  regarded  from  this  point  of  view,  but  a  little 
consideration  will  serve  to  show  that  they  stand  in  the  same  relation 
to  organometallic  bodies,  in  the  strict  sense  of  the  term,  as  the  alcohol 
radi^tls  occupy  with  regard  to  the  ethers,  alcohols,  acids,  and  numerous 
other  families  derived  from  these  radicals. 

Thus,  zincethyl  yields  by  oxidation  ethylate  of  zinc — 


Zincethyl. 


s     ZnO,  C.H^O 
Ethylate  of  sine, 


a  body  which,  although  unknown  until  formed  by  this  re-action,  has 
undoubted  and  well-known  analogies  in  the  ethylates  of  potash  and 
soda. 

By  suitable  processes  of  oxidation,  ethylate  of  zinc  may  be  converted 
into  acetate  of  sine  :-* 

ZnO,C,H,0    +    40     -     *''°|^')o,    +    g}o. 

Again,  potassium-methyl  and  sodium-methyl  under  the  influence  of 
carbonic  acid  yield  the  acetates  of  potash  and  soda : — 


KaC,Hs        +       C,04 
Bodiom  methyl.       Carbonic  add. 


Na  i°« 


V 

Acetate  of  soda. 


Such  being  the  relations  between  organometallic  bodies  in  the  usual 
acceptation  of  the  term,  and  that  far  more  numerous  class  of  derivatives 
to  which  the  same  name  might  without  impropriety  be  applied,  it  is 
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scarcely  necessary  to  remark  that  this  article  ¥nll  be  confined  to  the 
consideration  of  organometaUio  bodies  in  the  usual  and  more  restricted 
sense  of  the  term. 

FOBMATION  OV  ObGANOXBTALUO  BoDIES. 

OrganometaUio  bodies  admit  of  being  formed  by  a  great  yariety  of 
processes,  which,  however,  with  very  few  exeeptions,  admit  of  being 
grouped  under  four  heads. 

1.  Fortnation  by  the  union  of  an  orgame  rcuUeal  in  statu  natcenti  with 
the  metal. — Oi^ganic  compounds  containing  zinc,  cadmium,  magne- 
sium, aluminium,  gludnum,  tin,  and  mercury,  are  produced  by  this 
method. 

Zincethyl,  which  may  be  regarded  as  the  type  of  organo-zinc  com- 
pounds, is  obtained  by  digesting  a  mixture  of  equal  volumes  of  iodide 
of  ethyl  and  ether  with  granulated  zinc  in  a  strong  glass  or  copper 
vessel,  at  a  temperature  of  about  260°  Fahr.,  for  sevex^  hours.  Sub- 
sequent  distillation  gives  a  mixture  of  zinc-ethyl  and  ether,  from 
wMch  the  former  is  obtained  pure  by  rectification.  The  re^ustitm  may 
be  thus  expressed — 

JC.H.I    +    Zn,     =     cIhJI^"'    +    *i'} 


Iodide  of  ethyl. 


ZinceUxyL 


Zincmethyl  and  zincamyl  are  produced  by  analogous  processes. 

The  same  method  of  formation  yields  cadmium-ethyl,  when  iodide 
of  ethyl  is  digested  with  cadmium  at  a  temperature  of  from  212^ 
to  280'. 


4-    Cd«     B    SCdl    + 


2(C,H.Cd) 


Iodide  of  ethyl.  Cadmimn^yl. 

Treated  with  iodide  of  ethyl,  magnesium  gives  magnesium-ethyl,  the 
reaction  commencing  briskly  at  ordinary  temperatures,  but  requiring 
a  heat  of  248**  to  266*"  for  its  completion. 


4Mg    + 


jC^H» 


}  = 


^"•{c:?: 


+      2 


M;| 


The  homologous  re-action  with  iodide  of  methyl  appears  also  to  yield 
magnenum-methyL 


4Mg     + 


2--} 


C.H, 


Mg 


■\C,J 


2 


"!} 


Similarly  treated,  aluminium  yields,  at  temperatures  from  212*  Fahr. 
to  266**  F.,  Aluminium-ethyl  and  Aluminium'methyl, 


jC^H. 


C.H, 
I 


}  + 
)  + 


,     =     (  Al  J  C,H.     + 
,     =     (  Al,  {  C.H, 


Al, 


+     Al, 


Double  compounds  of  aluminium-ethyl  and  aluminium-methyl,  with 
the  iodide  of  uuminium,  are  here  formed,  and  the  former  bodies  have 
not  vet  been  obtained  with  certainty  free  from  io^de  of  aluminium. 

Olueinium'ethyl  appears  also  to  be  formed  under  similar  circum- 
stances, although  its  existence  has  not  yet  been  confirmed  by  analysis. 

Compcunde  of  tin  with  alcohol  raeUcalt. — ^Although  these  organo- 
metaUio bodies  can  be  obtained  by  other  processes,  the  general  m^od 
we  are  now  considering  is  doubtless  the  most  convenient  mode  of 
producing  the  most  important  of  them,  as  weU  as  their  iodine 
compounds. 

Tin  is  capable  of  forming  three  distinct  claaaes  of  binary  inorganic 
compounds,  which  may  be  represented  by  the  foUowing  general 
formulae  :— 

B 


Sn,{ 


B 
B 


8n,  {  R 
I  R 


8n, 


In  these  and  the  foUowing  formulsB  B  represents  any  radical  positive 
or  negative,  B  +  a  positive  oxganio  radical,  and  b—  a  negative  inoi^;anio 
radicaL 

This  threefold  atomic  character  of  the  metal  tin  renders  the  results 
of  its  action  upon  the  iodides  of  the  alcohol  radicals  considerably  less 
simple  than  those  which  we  have  Idtherto  considered.  Without 
taking  into  account  compounds  to  which  a  stiU  more  complex  consti- 
tution has  been  assigned,  the  existence  of  the  foUowing  series  of 
organometaUio  bodies  containing  tin  has  heea  established : 


(1)    8n.{5+ 


(B-f 
(5)    Sn,  {R-f. 

(r- 


St 
B+ 
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The  second  and  fourth  of  these  series  have  not  yet  been  produced 
by  the  method  we  are  now  considering. 

First  Serijes. 

Stannw*  ethide,  or  Stanethyl  (Sn,(C«H^>,),  is  fonned  in  imall  qoanti^ 
by  the  action  of  heat  upon  a  mixture  of  iodide  of  ethyl  and  tin— 

Iodide  of  ethyL  SUnnotu  ethide. 

Stannous  metJdde,  or  Stanmethyl  (Sn,(C,Hg),),  is  doubtless  fomed 
imder  similar  conditions. 

Thibd  Series. 

The  third  series  of  stann-organic  compounds  are  formed  by  th« 
foUowing  re-actions : — 

C.H, 
SBa     m     8ii,  {  C,H,     4~     ^"^ 


9 


aC,H 


Sb. 


8nl 


Diethiodideoftiii. 

Fifth  Sbbibs. 
The  foUowing  chemical  changes  express  the  mode  of  formataan  of 


compounds  belonging  to  this  series  :- 
Iodide  of  methyl. 


S8al 


Iodide  of  ethyL 


Trimethiodide  of  tin. 
C,H, 


iSnt 


TrlethiodideoftiB. 


Sixth  Sebies. 

The  most  abundant  products  of  the  action  of  tin  upon  the  Iodides 
of  the  alcohol  radicals  belong  to  this  series.  Indeed,  u  the  action  be 
produced  by  light  instead  of  heat,  this  series  of  bodies  is  fonned 
almost  to  the  complete  exclusion  of  the  others.  It  is  neoessary,  how- 
ever, to  remark,  that  the  materials  exposed  to  light  should  be  com- 
pletely excluded  from  atmospheric  oxygen,  otherwise  the  liquid  assumei 
an  orange  colour,  and  the  action  is  so  effectuaUy  arrested  that  an 
exposure  for  several  months  to  sunlight^  concentrated  by  a  parabolic 
mirror,  wUl  scarcely  produce  any  appreciable  change.  The  following 
re-actions  explain  the  formation  of  bodies  belonging  to  this  series :— 


Iodide  of  methyl. 


8B4 


C,H, 
C,H, 
I 

I 


Stannic  dimethiodideb 


C4H 


x'}    + 


Bn, 


Iodide  of  ethyL 


Stannic  diethlodide  of  tin. 

Mercury  compounds, — ^The  re-action  of  mercuiy  upon  the  iodides  of 
the  alcohol  radicals  gives  rise  to  two  daases  of  ofgaoic  compounds,  the 
general  formuls  of  which  may  be  thus  written : — 


1. 


i. 


The  first  series  only  of  these  bodies  can  be  produced  by  the  general 
mode  of  formation  now  being  considered,  but  the  members  of  the 
second  series  are  readUy  obtained  by  the  action  of  an  oi^gano-zinc  com- 
pound upon  those  of  the  first.  For  the  production  of  tlie  first  series 
of  these  bodies  the  action  of  light  is  essential,  no  elevation  of  tempera- 
ture being  capable  of  producing  the  chemical  change.  The  foUowing 
equations  sufficiently  exhibit  the  nature  of  the  re-action : — 

+    Hg    * 


Iodide  of  methyl. 
C.H.  I     + 

Iodide  Of  ethyL 


Methiodide  of  mercory. 
Hg     -    Hg| 


I 


Ethiodide  of  meronry* 
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For  the  production  of  the  methyl  compound  bright  sunlight  may  be 
employed,  but  the  re-action  for  the  ethyl  body  must  be  conducted  in 
dififuBed  daylight  only,  otherwise  no  organometallic  body  will  be  pro* 
duced,  the  et^yl  being  eliminated  ohidBy  aa  such,  but  partly  also  as 
hydride  of  ethyl  and  ethylene. 

In  addition  to  these  organometallio  bodies,  compounds  containing 
arsenic  and  antimony  can  also  be  produced  by  this  general  mode  of 
formation,  but  they  are  obtained  with  greater  facility  by  the  second 
znetiiod,  which  will  now  be  described. 

2.  Formation  of  organomekUUe  bodies  by  the  action  of  the  reepective 
metaU  alloyed  with  potcuiium  or  sodium  upon  the  iodides  of  the  alcohol 
radicals. — The  principles  involved  in  this  general  mode  of  production 
are  essentially  similar  to  those  in  the  first  method,  but  there  is  here 
less  tendency  to  form  compoimds  containing  negative  as  wellaa  positive 
radicab.  This  method,  although  not  capable  of  such  general  appli- 
cation, ia  more  especially  adapt^  for  the  formation  of  the  organic  com- 
poundis  of  the  polyatomic  metals.  The  simultaneous  production  of  an 
organo-potassium  or  -sodium  compound  is  not  here  to  be  feared,  so  long 
as  tlie  iodide  of  the  alcohol  radical  is  present  in  excess,  because  such 
compoimds  cannot  exist  in  the  presence  of  the  iodides  of  the  alcohol 
radicals. 

This  mode  of  formation  wiU  be  sufficiently  illustrated  by  the 
following  re-actions : — 

Arsenic  Compounds, 


Iodide  of  methyl* 


« , ' 


CaeodjL 

C,H, 
C.H, 
C.H, 


As 


+    SNal 


Iodide  of  methyL         Trimottytardna 


Na,Ai    +    4^«^»} 

Iodide  of  methyl* 


+    SNsI 


v 

Iodide  of 
tetrameUiyUrsoiiiiim. 


Antimony  Compounds, 
Na,8b    +    •^•^»J 

Iodide  of  methyL 


Sb 


C,H, 
C.H, 


+    tKsI 


Trimetby1«tibine. 


C.H, 


Na,8b    +    4^*^»| 


' , ' 

Iodide  of  metbyU 


4-    SNal 


Iodide  of 
tetramethylitiboniimi* 

Tim  Compounds. 
3NaSn    +    JC,H,I        »        «»•  {  cJhI    + 

Iodide  of  methyl.  Metbide  of  tin 

or  stannous  metbide. 


2NaI 


Na,gng    +    •^«°«| 


+    SNal 


Iodide  of  methyl.       gequimethlde  of  tin. 


SNa.8&  ■+    4  ^•^»  I         ■•        an, 


4NaI 


Iodide  of  methyU 


c,n. 


Bimefhide  of  tin, 
or  stannic  metbide. 


Lead  Compounds, 


Na,Pb,    +    8^*^*}        m       Pb,    €>;    + 


SNal 


Iodide  of  etbyL 


Besquietblde  of  lead. 


Bismuth  Compounds. 

a  Bi{C«H.    -t-    SNal 

Iodine  of  eUiyL  s^^^,r^m^' 

BistTiethyl, 


Na,Bi    4-    8G«H|I 


Tellurium  Compounds. 

Organo-tellurium  compounds  are  formed  by  a  modification  of  this 
method,  which  consists  in  distilling  teUuride  of  potassium  with  sulpho- 
vinate  of  potash  and  its  homologuea. 

2(C,H.OS03,K0  80,)  +  2KTe  «   Ti,  ( ^'S*  +4X0  80, 
8ulphomethylateof  potash.  TeUurii^^thyl. 

SCC^HgOSO^KOSO,)  +  2KTe  a  Te,  f  ^♦^^  +  4K080, 

^^  I * 

8nlphoyinate  of  potash. 


TeUariam.etbyU 


2(C,oHxiOSba,  K080,)  +  2KTe  »  Te, 


4K080s 


Bulphamylate  of  potaah. 


Telluriom-amyL 


S.  Formation  of  organometaUic  bodies  by  the  action  of  the  anc  com- 
pounds of  the  organic  radicals  upon  the  haloid  compounds,  either  of  the 
metals  themselves  or  of  their  organo-derivalives. — For  the  production  of 
organometallio  bodies  containing  less  positive  metals  than  sine,  this 
method  is  perhaps  not  only  the  most  convenient  but  also  of  the  most 
general  application.  Organo-oompoimds  containing  mercury,  tin,  lead^ 
antimony,  and  arsenic,  have  in  this  way  been  produced,  out  it  has 
failed  when  applied  to  the  haloid  compounds  of  copper,  silver,  and 
platinum,  for  although  these  bodies  are  violently  acted  upon,  the 
organic  radical  does  not  unite  with  the  metals. 

The  following  leading  reactions  represent  the  present  state  of  our 
knowledge  with  regard  to  this  method  of  formation  : — 


Tin  Compounds, 


2Zn,|^*|j    +    *^®*    *   '^»{c*hJ    +    *^"^ 


C,H. 


Zinoetbyl. 

Zn  (^*°» 

ZincethyL 

ZincmethyL 


C,H. 
C,H. 


Stannie  ethide. 


C,H, 


+    6n 


•^I 


C,H, 


ss    Sn, 


C4H,      I 


2ZnI 


Etblodide  of  tin.      8tannio  ethide. 


Sn. 


C.H, 
C,H, 

C*H, 


+    2ZnI 


Ethiodide  of  tin. 


Btannio  eUiylo- 
metbide. 


2ZnGl 


Mercury  Compounds, 
M^   +    Hga.     -     H,{C.H.    + 

ZinoethyU  Mereurio  ethide. 

Meronric  ethide.  Mercuric  etbochloride. 

Zn,|^j|j     +    *^«^«     •=     ^^{ci°*    +    ^^^^ 
ZincmethyL.  Mercuric  methocbloride. 

Mercurous  ethide  (HgO^H,)  and  mercurotu  methide  (HgC,H,)  have  not 
yet  been  obtained,  either  by  this  or  any  other  process.  The  instability 
of  mercurous  compoimds,  as  seen  in  the  inorganic  oxide  and  iodide,  is 
brought  to  a  climax  in  organic  mercurous  compounds,  they  are 
instantly  transformed  into  metallic  meroury  and  the  moro  stable 
organo-mercuric  compoimds.  Thua  when  xincethyl  acts  upon  mer- 
curous dhloride  the  following  change  results : 

Zn,  I  ^«^»  +  2Hga  =  Hg|  ^*2j  +  Hg  +  2Zna 

Lead  Compounds, 

In  this  series,  the  following  is  the  only  reaction  which  has  hitherto 
been  effected  by  the  method  which  we  aro  now  considering : — 


Zn 

V 


.{C«H.  +  ,pMa  =  Pbjg.J.  +  Pb  +  szna 


Zincethyl. 


Plumbic  ethide. 


4.  Formation  of  organomctalHe  bodies  by  the  displacement  of  a  metal  in 
organic  comlnnation  by  cmother  and  more  positive  metal. — This  mode  of 
producing  organometallic  bodies  has  hitherto  been  applied  only  to  the 
formation  of  sodium  and  potassium  compounda^  or  rather  double 
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compounda  of  these  bodies  with  sinoethyli  ftpcording  to  the  following 
reactions: — 

«».  { ciI:  +  K«.  =  (»'°.{g:g;-^'^'«{g;g;)  +  ''* 

ZineethjL  Double  oompound  of  sodiumethjl 

and  scincethyl. 


Zinoethyl. 


Potauiamethyl  and  sincetbyl. 


Sodium  also  displaces  mercury  from  mercuric  ethide ;  sodiumethyl 
appears  to  be  formed,  but  the  eiact  nature  of  the  reaction  baa  not  been 
ascertained. 

PBOPSBTisa  Of  Oroanometallio  Bodies. 

The  organometallic  compounds  as  a  class  are  distinguished  for  the 
extraordinary  ener^^  of  their  affinities.  With  certain  exceptions}  pre- 
sently to  be  noticeOj  their  disposition  to  unite  with  negative  elements 
increases  with  the  positive  character  of  the  metali  and  with  the  smaU- 
ness  of  the  atomic  weight  of  the  alcohol  radical.  Thus  organo-potassium 
and  sodium  compounds  possess  more  chemical  energy  than  those 
of  sine,  whilst  the  latter  are  more  actiye  than  the  organo-compounda 
of  arseniCi  antimony,  tin,  lead,  &c.  Again,  in  the  fanuly  belonging  to 
each  metal,  the  methylic  compounds  are  more  energetic  thiui  the 
ethylic  ones,  whilst  the  laat  greatly  surpass  the  amyl  compounds  in 
this  respect.  But  whilst  these  general  ^inciples  govern  the  c^iemical 
energy  of  organometallic  bodies,  their  effect  appears  to  be  modified  by 
the  degree  of  saturation  in  which  the  metal  exists.  Although  this 
circumstance  has  hitherto  received  only  yeiT  partial  elucidation,  yet  we 
have  evidence  of  its  existence  in  the  case  of  ^e  organo-tin  compounds. 
Both  stannous  ethide  and  stannous  metiiide  combine  direct^  with 
atmospheric  oxygen,  and  the  union  takes  plaoe  with  tolerable  rapidity, 
but  neither  stannic  ethide  nor  stannic  methide  are  in  the  least  degree 
acted  upon  by  free  oxygen  at  ordinaiy  temperatures ;  even  iodine  acts 
upon  them  with  diffioultyr  This  diminution  of  chemical  energy  in 
organostannic  compounds  cannot  be  ascribed  to  the  mere  influence  of 
the  additional  weight  of  hydrocarbon  lyhic^L  they  contain,  since  stannous 
amylide  readily  unites  with  free  oxygep  at  ordinary  temperatures, 
although  the  single  molecule  of  amyl  wiuch  it  contains  is  considerably 
heavier  than  the  double  atom  of  either  methyl  or  ethyl  oontained  in 
the  oi^ganostannic  compounds  just  cited. 

Organometallic  compounds  in  a  state  of  partial  saturation  play  the 
part  of  compound  radicals.  They  are  uniatomic,  biatomic,  teratomic, 
or  quadratomie,  according  to  the  number  of  molecules  requisite  to 
complete  their  saturation.  On  the  other  hand,  organometallic  bodies 
in  a  state  of  saturation  never  perform  radical  f imctionsi  Uiey  never 
undergo  chemical  change  without  deoompontion :  thus  zincethyl, 
stannic  ethide,  mercuric  ethide,  and  plumbic  ethide  all  give  substitu- 
tion products  when  they  are  chemically  acted  upon. 

The  description  of  the  special  nropeiiies  olthe  or-ganometallic  bodies 
may  be  conveniently  commencea  with  the  most  positive  of  the  class, 
namely : — 

Organo-potattium  and  todium  compoundi. — These  bodies  have  not 
yet  been  isolated,  they  are  known  only  in  combination  with  the  corres- 
ponding zinc  compounds.  The  double  compound  of  sodiumethyl  and 
zincethyl  is  the  only  one  whioh  baa  hitherto  been  aubmitted  to 
analysis.    Its  formula  is 


2°«{c;ij  +  N«c,H. 


This  compound  first  separates  from  its  solution  in  Bincethyl  as  a 
Itransparent  fluid,  which,  after  some  time,  solidifies  to  a  mass  of  large 
tubular  crystals,  which  fuse  at  27*  C,  but  when  once  fused,  remain 
fluid  at  several  degrees  below  that  point  On  the  applieation  of  a 
moderate  heat,  gases  are  evolved,  and  a  n^ixture  of  sodmm  and  zinc 
Iwithout  carbon  is  left  behind.  The  double  oompound  decomposes 
water  with  great  violence,  forming  hydride  of  ethyl  and  hydrated 
oxides  of  sine  and  sodium.  The  behaviour  with  negative  elements  baa 
not  yet  been  studied.  Its  most  interesting  reaction  oonsists  in  the 
absorption  of  carbonic  acid,  which  it  trapsforms  into  propionie  add. 
The  sodiumethyl  alone  takes  part  in  this  reaction. 

Sodiuaietliyl.  -,_^;!      YT^  ^ 

'  Proplonats  of  aoda« 

Similar  double  compounds,  containing  todiummethyl,  as  well  as  the 
potassiui9  compounda  of  ethyl  and  methyi,  have  been  formed.  They 
have  not  yet  been  completely  investigated,  but  it  is  believed  that 
their  composition  and  propertiea  are  j^rfectly  analogous  to  those  of 
sodiumethyl. 

No  compound  of  any  of  these  bodies  with  a  negative  element  has 
been  obtained.  Their  action  upon  carbonic  acid  proves  4^t  they 
possess  a  still  higher  reducing  power  than  the  corresponding  organo- 
uno  compounds,  aod  they  will  therefore  doubtless  orove  valuable 


agenta  for  the  aubstitution  of  positive  groups  for  negfttiTe  elements  in 
cases  where  organo-zinc  compounds  fail  to  produce  the  desired  effect 

BodiumethyT  decompoaea  the  iodi4es  of  the  alcohol  radicals  in  the 
cold,  with  the  formatiou  of  iodide  of  sodium. 


lfaC«Hc    -4- 
BodtomeUiyl. 


C.H, 


} 


Kal    -t- 


%        ^        9 


Iodide  of 
ethjU 


ethyl. 


On  this  account,  these  bodies  can  only  be  prepared  by  method  No  i. 

Organo-mayneHum  compoundi. — The  compounds  containing  ethjl 
and  methyl  only  have  hitherto  been  examined,  and  the  former  alone 
submitted  to  analysis.  These  bodies  possess  a  close  siixiilarity  to 
organo-zinc  compounds.  They  are  very  volatile  colourless  liquids 
possessing  a  powerful  alliaceous  odour,  are  spontaneously  inflammable, 
and  decompose  water  with  violence.  They  do  not  readU^  decompose 
the  iodides  of  the  alcohol  radicals,  and  can  hence  be  prepared  by  the 
method  No.  1.  No  compound  of  these  bodies  with  negative  elemcnti 
has  yet  been  produced.  They  are  in  the  condition  of  cnemical  satura- 
tiorL     Further  details  of  their  properties  are  wanting. 

OrganchcUuminium  compoundi. — ^Like  the  organo-compounds  of  the 
alkaline  metals,  the  aluminium  compounds  have  not  yet  with  oertaintj 
been  isolated;  they  are  only  known  In  combination  with  iodide  of 
aluminium,  and  the  composition  of  the  ethyl  body  only  has  been  fixed 
by  analysis.    Its  formula  is 


A1«{C,H,     +    Al,{l 
(  C,H,  1 1 


These  double  compounds  possess  great  chemical  energy;  they  are 
spontaneously  inflammable  volatile  Uiquida,  which  decompose  water 
with  explosive  violence.  They  are  attacked  by  zincethyl,  forming 
iodide  of  zinc  and  very  inflaxxunable  liquids,  which  are  believed  to  be 
the  pure  organo-aluminium  compoimds.  They  appear  to  be  chemically 
saturated  bodies,  and  therefore  incapable  of  direct  combination.  Further 
details  are  wanting. 

Orgctno-glucinum  compound. — The  metal  glucinum  acts  upon  iodide 
ethyl,  forming  a  liquid  which  rapidly  decomposes  water,  and  which  is 
beUeved  to  be  an^dogous  to  the  double  iodethide  of  aluminium  above 
described,  but  it  has  not  been  further  examined. 

Organo-zinc  compoundL — Three  of  these  are  more  or  less  completely 
known,  namely : — 


Elnemethyl 

Zinoethyl 

Zincamyl 


r  c,H, 

•  [  C.H, 

rc,H. 


They  are  colourless,  transparent,  mobile,  volatile,  and  odorous 
liquids,  composed  of  4  gaseous  volumes  of  the  hvdrocarbon  radical, 
and  2  volumes  of  zinc  vapour,  the  six  volumes  condensed  to  4.  The 
methyl  and  ethvl  compounds  are  spontaneously  inflanunable,  burning 
with  a  greeniah-blue  flame.  All  three  are  saturated  compounds,  in- 
capable of  direct  combination.  In  contact  with  water  they  are  instantly 
decomposed  with  the  formation  of  oxide  of  zinc,  and  hydride  of  the 
organic  ra4i0aL   Thus  zincethyl  auffers  the  following  decomposition : — 


2-.(c:i:  +  s}« 


Zincethyl. 

Gradually  treated  with  oxygen,  so  as  to  avoid  too  violent  action,  they 
form  the  respective  zinc  idcohols : — 


Zn 


+   o, 


3 


Zincethyl, 


Zn    /"» 
£thylate  of  sine. 


The  action  of  iodine  upon  organo-zinc  compounds  consists  in  the 
transformation  of  both  their  constituents  into  iodides  :— 


-I-    I«     «     SEnI    4-    S 


I 


} 


Zincethyl. 


Iodide  of  ethyl. 


Oigano-zinc  compounds  behave  in  a  taanner  exactly  analogous  in 
contact  with  the  other  halogens. 

Reactions  like  the  foregoing  point  to  the  applicability  of  organo-zinc 
compounds  for  effecting  the  substitution  of  positive  groups  for  nc^tive 
elements  in  oompound  bodies ;  an  application  whioh  has  not  faUed  to 
attract  the  notice  of  chemists.  In  addition  to  re-actions  of  this  class, 
given  above,  as  examples  of  the  formation  of  organometallic  bodies  by 
the  third  meUiod,  the  following  have  been  realised : — 
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Bikoxide  of  NUrogm. 


Binoside  of 
niirogen. 


Binemethyl.      DiBitromethylnte  of  sine. 


Blnoxlde  of  nitrogen. 


IMniToethflate  of  liaj* 


It  will  be  perceired  that  thifl  re-aotion  is  the  exact  analogue  of  the 
one  already  mentioned  in  connection  with  organo-sodium  and  potaH- 
aium  compotrnda^  in  which  carbonic  acid,  treated  with  sodium  methyl 
and  Bodium  ethyl  fonns  acetic  and  propionie  aoids :  in  fact,  dinitro- 
methylic  and  dinitroethylic  acids  may  be  regarded  as  the  analogues  of 
acetic  and  propionic  acids  respectively ;  the  nitrogen,  here  sustaining  a 
biatomic  character,  replacing  an  equivalent  amount  of  carbon. 


Sttlphunms  Acid, 


4(80.)    +    4n.|^.n, 


_     oSjCjH, 


=     2 


'l°•^ 


Bolphnrons 
acid. 

8(80,)    + 

Bnlphonnu 
aeid« 


Ziacmettayl. 
fC,H, 


811 


Methylodithionate  of  zino. 


Elneeih^U       Ethylotrithionate  of  alno. 


^(PCls)     +     SZn 


Chlorid/e  ^f  Pho^haruit 


of  phoephornt.         ZlncethyU       Triethylphoaphine. 

There  is  no  apparent  obstacle  to  this  reaction  being  pushed  to  its 
extreme  limit  in  the  case  of  pentatomic  bodies,  such  as  phosphorus, 
arsenic,  or  antimony.  Mr.  Buckton  has  recently  attempted  this  in  the 
case  of  antimony,  but  although  evidence  of  the  existence  of  a  pent- 
ethide  of  antimony  was  obtained,  the  body  could  not  be  isolated  and 
its  composition  satisfactorily  fixed.  The  greatet*  stability  of  the 
triatomic  compounds  of  these  bodies  will  probably  present  considerable 
difficulty  in  the  way  of  obtaining  pentatomic  compounds  of  an 
exclusively  positive  character,  such  bodies  being  doubtiess  easily 
resolved  into  the  more  stable  groupings  represented  in  the  following 
equation  t 


8b 


C,H. 
C4H. 


Fentethide  of  antimony. 


TrietbylBtibino. 


Ethyl 


Whilst  on  the  one  hand  organo-zino  compounds  are  thus  capable  of 
effecting  the  substitution  of  their  positive  organic  group  for  negative 
elements,  on  the  other  they  can  in  certain  caaes  replace  hydrogen  by 
zinc,  forming,  with  ammonia  and  its  homologuee,  for  instance,  a  series  of 
zincamides.  In  thia  direction  the  following  reauctions^  amongst  others^ 
have  been  recorded. 


Zlttcetbyl. 


Ammonia.  Zineamide.      Hydride  of  ethyl. 


2».{c;h;  +  2ir 


Eincethyl. 


=     2N 


Zn 


1^4,^% 


I 


Diethylamfaie. 


Dicthyl£in«. 
amide. 


Hydride  of  ethyU 


Zn 


MC4H,     "T 


»« 


Zincethyl. 


•  C4H5 

*      H 


} 


Ozamide. 


Zincoxlmide.     Hydride  of  ethyl. 


The  memben  of  the  zino  series  unite  with  neutral  salts  to  form 
compounds  which  have  been  but  little  examined.  The  following 
however  are  known : 


Dinitromethylate  of  siific  and  slncmethyl  .  9  ^»^»° J^«  }  O,  +  Zn,  |  ^«^ 
Dinitroethylate  of  cine  and  zineethyl  •    .  %  ^•^*^J;n*  }  O,  +  Zn,  |  ^♦!? 


Finally,  it  has  been  observed  that  zincmethyl,  when  generated  in  con- 
tact with  methylic  or  vinic  ether,  combines  with  these  bodies,  forming 


Methylate  of  eincmethyl . 
Ethylate  of  sincethyl  . 


Cadmium.  Series, — Only  one  member  of  this  series  is  known,  and 
that  very  imperfeotiy.  So  far  as  its  properties  have  been  made  out, 
they  appear  to  be  perfectly  analogous  to  those  of  the  sine  series. 

Tin  Series. — A  larae  number  of  oiganometalUc  bodies  containing  tin 
have  been  described  The  existence  of  the  following  may  be  con- 
sidered as  clearly  established. 


a.  Stannous  Compounds. 

Stonnons  methlde  or  stanmethyl       .        4  •  8n,  J 

Stannous  sthide  or  stanethyl        .        .        •  .  Sn,  | 

&.  Sesqui  Compounds. 

8eiqnimethid6  of  tin        4       •       •        •  •  Bn, 

Sesqaiethide  of  Ua      •        k       4        •        *  «  Sttj 


C4H, 
C«H, 


Itoaqniaitaisthibdide  of  tin 


Sesqnidiethlodide  of  tin 


•       • 


•  Sn, 


Bn. 


e.  Stannic  Compoimds. 


Btsnnis  methide 


Stannic  ethlde    •        •       •       a        •        • 


Stannic  cthylodimethlds 


•        •        »        • 


Stti 


Sn, 


Sn< 


C.H, 

C,H, 
C*H. 

C*H, 

I 

C«H, 
C,H, 


C.H, 


llannie  ethylotrimsthlds     • 


e  •  • 


Trimethiodide  of  tin 


Triethiodlds  of  tin      • 


•       •        •       • 


Sn. 


Sn. 


C,H, 


C.Hj 


C.H, 


C,H, 


C,H, 


Dimethiodide  of  tin  or  iodide  of  itanmethyl      •  6n. 


Diethiodide  of  tin  or  iodide  of  stanethyl       •    .  Bn| 


1%  is  B6areely  necessary  to  observe  that  the  iodine  in  the  above 
compounds  admits  of  replacement  by  any  salt-forming  radical,  and 
also  by  oxygen  or  sulphur. 

Stannous  Compounds  are  oily  liquids,  possessing  a  pungent  odour, 
soluble  in  alcohol  and  ether,  but  insoluble  in  water  They  cannot  be 
distilled  without  decomposition,  being  resolved  into  stannic  compounds 
and  metallio  tm.  Stannous  compounds  are  in  a  state  of  partial 
chemical  saturation  only,  they  therefore  perform  the  part  of  radicals, 
combining  directiy  with  chlonne,  oxygen,  &c  and  forming  well  marked 
bodies  of  great  stability. 

The  stannous  compounds  represented  by  the  above  formuleo  are 
biatonuo,  and  unite  directly  with  free  oxygen,  chlorine,  ftc.  to  produce 
bodies  of  the  stannic  fomL  Thus,  stannous  ethide  forms  with  oxygen 
stannic  diethoxide : 

C4H, 

+    0| 


Stannottfl  ethide. 


Stannic  diethoxide. 


Stannous  compounds  have  never  yet  been  observed  to  play  a 
uniatomic  part.  No  sesquicompound  has  been  directly  formed  from 
a  staanous  body,  the  latter  under  the  influence  of  iodine,  oxygen,  &c 
seems  to  pass  at  once  into  the  stannic  form.    It  must  be  remarked. 
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however,  that  no  direct  experiments  have  been  made  with  a  view  of 
revealing  any  uniatomio  attribute  which  may  attach  to  stannous 
compounds. 

rR+ 

Se9^[uicompound8  of  the  form  Sn,  \^+  have  hitherto  been  very  little 

LR+ 
examined,  they  are  oily  liquids  uniting  directlv  with  negative  radicalsi 
and  forming  extensive  series  of  compounds  belonging  to  the  stannic 
class,  a  considerable'  number  of  which  have  be^  studied.  The 
following  examples  will  serve  to  show  the  mode  in  which  sesquioom- 
pounds  of  this  form  pass  into  bodies  of  the  stannic  class : 


Sii< 


C4H, 
C4H, 


C4H, 


+     I 


SesqnleUiideoftin. 


Btannie  triethiodide. 


8n, 


C,H. 
C4H, 
C4H, 


+    h 


81I4 


C4H, 
C4H. 


+      "i'} 


Stannio  triethiodide. 


Stonnle  dletbiodide. 


Iodide  of  ethyl. 


No  reduction  of  a  sesqui  to  a  stannous  compound  has  yet  been 
effected,  although  it  can  scarcely  be  doubted  that  an  aqueous  solution 
of  sesquidiethiodide  of  tin,  for  instance,  if  treated  with  zinc,  would 
yield  stannous  ethide.  On  the  other  hand,  an  instance  of  the  reduc- 
tion of  a  stannic  to  a  sesquicompound  has  been  observed.  Thus 
stannic  ethylodimethide  in  contact  with  iodine  is  transformed  into 
sesquidiethiodide  of  tin. 


8n. 


C,H, 


+    I,     =     Bn.JC^H, 


+      SC,RsI 
Iodide  of  methyL 


StanBio  ethylodimethide.      S^q^dietWodide  of  tin. 

rR+ 

Sesquicompounds  of  the  form  Sn,<<  R  •«■  are  very  little  known;  in 


fact  the  sesquidiethiodide  of  tin  f  Sn 


m 


the  production  of  which 


from  stannio  ethylodimethide  has  just  been  mentioned,  is  the  only  one 
known  with  certainty.  It  is  a  colourless  mobile  liquid,  possessmg  a 
most  insupportable  odour,  like  essential  oil  of  mustaid,  and  boiling 
with  partial  decomposition  at  a  high  temperature.  Heated  with  an 
excess  of  iodine,  it  is  transformed  into  stannic  diethiodide : 


Bn,  J  C^H, 


+    I 


Seflquidiethiodide  of  tin. 


Stannio  compounds  of  the  fonn  Sn 


Stannio  diethiodide. 


rR+ 

Jr+ 

«1r+ 

R  + 


are  colourless   mobile   li- 


quids, possessing  a  slight  ethereal  odour.  They  are  volatile  without 
decomposition,  and  possess  great  stability.  Bdng  in  the  condition  of 
chemical  saturation  they  are  incapable  of  direct  combination.  Ko 
body  can  act  upon  them  without  expelling  one  or  more  equivalents  of 
positive  radical  Thus,  when  heated  wiUi  hydrochlorio  add,  stannic 
ethide  yields  stannic  triethochloride  and  hydride  of  ethyl : 


+  na 


Sn, 


C4H. 
C4Ha 
C4H8 
CI 


Stannic  ethide. 


Stannic  trietho. 
chloride. 


With  two  equivalents  of  iodine  the  reaction  is : 


+    I,    -    Sn, 


C4H, 
C4H. 


Stannic  ethide.  Stannic  triethiodide. 

And  with  four  equivalents  of  iodine : 


Iodide  of  tthjl. 


+    I. 


Stannic  ethide. 


+    2^*^») 


Stannic  diethiodide. 


R+ 

R  + 
Stannic  compounds  of  the  form  Sn,  ^vtT  oommonly  caUed  coc- 

R- 

pounds  of  seBquistanethyl,have  been  comparatively  well  studied.  Tk 
oxides  are,  in  the  anhydrous  condition,  volatile  limpid  oily  'Qqvak, 
which  readily  unite  with  water,  f onning  crystalline  hydrates  posseKoi 
a  powerful  alkaline  reaction,  and  neutralising  the  strongest  adds,  int: 
which  they  form  an  extensive  series  of  salts.  These  salts  art  aim  C 
soluble  in  water,  readily  crystallisable,  and  poeseas  a  pungent  odonr. 
The  stannio  triethiodide  and  the  sulphate  of  aeaquistanetoyl  mjbt 
adduced  as  examples  of  the  haloid  and  ozyaalts  re^>ectively. 


Stannte  triethiodide 


Stannie  triethyloaalphata 


fin. 


Bd, 


I 


C4H, 
C,H. 
C4H, 
I 

C4H. 
C4H, 

so« 


R-i- 
Stannic  compounds  of  the  form  Sn,  inZ.  haTo  also  been  veiycom- 

pletely  investigated.  The  oxides  are  white  amorphous  powden, 
insoluble  in  water,  alcohol,  and  ether.  They  dissolYe  m  hydrochloric 
hydriodic,  and  hydrobromic  adds,  forming  colourless  and  inodoroos 
salts  crysteJlising  in  fine  prisms.  Most  of  the  oxysalts  can  also  be  obtained 
in  the  crystalline  form,  either  from  aqueous  or  aloohohc  solutiaosL 
The  iodide  and  sulphate  of  stannic  diethide,  which  may  be  regarded  k 
representatiyes  of  tne  haloid  and  oxysalts^  have  the  following  fonnnlft: 


Iodide  of  ataanie  diethide 


Snlphate  of  stannio  diethide 


8ii< 


Sni 


Sn, 


Stannio  compounds  of  this  form  are  readily  reduced  to  staonoai 
compounds ;  thus,  when  a  piece  of  zinc  is  plunged  into  a  solution  «f 
stannic  diethochloride,  stannous  ethide  is  pit)duced  : 

CI 

BiimiUh  Seriet, — The  following  bodies  belonging  to  this  series  bsTe 
been  described : 


1.  Bismuthooa  ethide 


Sttf 


/C4H. 
tc,H, 


4-  szna 


8.  Biamnthoos  dichlorethide 


S.  Biemnthoua  diiodoethide 


4.  Bismnthooa  dUnjethida 


5.  Doable  oomponnd  of  bitmnthona  \ 
sulphide  with  biamuthic  diiulph-  > 
ethide ) 


SBiS,t 


These  bodies  have  as  yet  been  only  verv  imperfectly  inyestagattd. 
Bismuthous  ethide  is  a  colourless  or  slightly  yeUow  mobile  liquiOt 
having  an  unpleasant  odour  like  stibethine.  Exposed  to  the  air  » 
gives  off  dense  yellow  fumes,  inflames  spontaneously,  and  fiwly 
explodes.  It  is  very  instable,  begins  to  decoinpose  at  50*  to  60*  C* 
and  explodes  violently  when  heated  to  150°  C.,  a  temperature  fUu 
below  its  boiling  point.  No  direct  compound  of  this  body  has  jet 
been  obtained ;  it  behaves  like  a  chemicaUy  saturated  substance,  ao^ 
when  slowly  oxidised  in  contact  with  water,  yields  alcohol  and  hydrated 
oxide  of  bimiuth. 


Bi 


C*H,  g 


C4H, 


H 


)o. + 


BiO,.  8H0 


,C,H. 


}0, 


When  an  alcoholic  solution  of  bichloride  of  mercury  is  added  to  an 
alcoholic  solution  of  bismuthous  ethide,  mercuric  etho-chlonde 
crystalhses  out^  whilst  bismuthous  dichlorethide  remains  in  solution : 

Bi^C^H,    +    2HgCl, 
C4H, 


Biamuthous  ethide. 


Blnnuthoaa 
dichlorethide. 


Mercuric 
ethoohloridsi 
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From  the  bismuthoiu  dichlorethide,  the  biniodide  &nd  binozide  are  | 
prepared  by  double  decomposition ;  whilst  the  Bimultaneoufi  action  of 
sulphuretted  hydrogen,  water,  bismuthous  triethide  and  atmospheric 
oxygen  is  said  to  produce  the  double  compound  of  bismuthous  sulphide 
and  bismutluc  disulphethide. 

L^ad  aeries. — The  following  bodies  are  known^  the  ethyl  group  alone 
having  been  explored. 

Diplumbotrietbyl    •••••« 


Oxido  of  diplnmbotilethyl   •        •        •        •    •  Pb, 


Chloridfi  of  diplombotriethyl    • 


Bulpliate  of  diplambotriethjl 


Plombio  ethide 


•       • 


The  ezlBtenoe  of  the  first  of  these  bodies  cannot  be  said  to  be  clearly 
established,  but  by  the  action  of  an  alloy  of  sodium  and  lead  upon 
iodide  of  ethyl,  a  colourless  mobile  volatile  liquid  is  obtained,  which, 
when  disaolved  in  alcohol  or  ether,  and  exposed  to  the  air,  forms  the 
oxide  of  diplimibotriethyl,  a  body  which,  however,  is  more  readily 
obtained  by  the  decomposition  of  tiie  chloride  with  oxide  of  silver. 


Cl 


Chloride  of 
diptambotriethyl. 


Pb, 


+    AgCl 


Oxide  of 
diplumbotriethyL 


Plumbic  ethide  is  a  colourless  limpid  fluid  with  a  faint  odour, 
soluble  in  ether,  but  insoluble  in  water.  It  is  not  acted  upon  by 
oxygen  at  ordinary  temperatures,  but  chlorine,  bromine,  an4  iodine  act 
violently  upon  it.  Plumbic  ethide  belongs  to  the  class  of  saturated 
bodies,  and  is  consequently  incapable  of  forming  compounds.  Treated 
with  hydrochloric  acid,  hydride  of  ethyl  separates^  and  chloride  of 
plumbotriethide  is  formed. 


4-  Ha  s= 


Plumbic  ethide. 


Chloride  of 
diplumbotriethyl. 


Hydride  of  ethyL 


From  the  plumbotriethide  the  sulphate  and  other  salts  can  be  pre- 
pared by  double  decomposition.  These  salts  may  also  be  obtained 
still  more  readily  from  the  oxide,  which  is  a  crystalline  volatile 
pungent  body,  possessing  a  powerful  alkaline  reaction,  and  attracting 
carbonic  acid  from  the  air. 

Merewy  aeriet. — This  series  is  confined  to  bodies  of  the  mercuric 
type,  no  organo-mercurous  compound  having  been  yet  produced.  It 
comprises  the  following  members : — 


Uercaric  methiodide 


Hydrate  of  mercarie  metboxide 
Nitrate  of  mercarie  metboxide 


C,H, 


.Hg| 


NO, 


Mercuric  mcthide °«{c*h' 

Xeieario  ethiodide Hg|^«^« 

^  C  H 
Hydrate  of  menraric  etboxide      ,       •        ,       tto-  J  ^«-"f 


Nitrate  of  mercarie  etboxide    • 
Mereorio  ethide,  or  bydrargethyl  • 
Mcroario  ethylometbide    •       • 


Hg 
Hg 
Hg 


{ho. 


! 


C,H, 
NOe 
/C^Ha 
IC.H, 

Hff  /  ^*^» 


t 


Mercury  allyl Hg|^«^» 


C.H, 


^jteTcurio  methldeand  mercuric-ethide  are  colourless  ethereal  volatile 
^^M,  ioBoluble  in  water,  but  soluble  in  alcohol  and  ether,  and 
P^^^^esBing  great  stability.  They  are  in  a  state  of  maximum  saturation 
•ad  cannot  therefore  unite  with  any  other  body  without  the  expulsion 
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of  an  equivalent  of  positive  radical :   thus  with  bromine,  mercuric 
ethide  gives  bromide  of  ethyl  and  mercuric  ethylobromide : 


Mercuric  ethyU 


Hgp*°» 


Br 


' V ' 

Mercurio 
ethylobromide. 


C«Hb 
Br 


} 


Bromide  of  ethyl. 


Mercuric  methide  possesses  the  highest  specific  gravity  of  any  known 
non-metallic  liquid  (3*069).  Qlass  consequently  floats  upon  its  sur&oe. 
Brought  into  contact  with  mercuric  iodide,  mercuric  methide  and 
mercuric  ethide  are  converted  respectively  into  mercuric  methiodide 
and  mercuric  ethiodide.    Thus  mercuric  methide  gives — 


Mercuric  methide. 


Mercuric  methiodide. 


The  reaction  with  bichloride  of  mercury  is  exactly  analogous. 

The  hydrates  of  merciuric  metboxide  and  mercuric  etboxide  are 
caustic  alkaline  bases  capable  of  expelling  ammonia  from  its  salts,  and 
behaving  in  a  manner  similar  to  the  corresponding  uniatomic  com- 
pounds of  tin  and  lead.  The  remaining  mercury  compounds  which 
may  be  considered  as  derivatives  of  these  two  bodies,  are  represented 
in  the  above  list  by  the  iodides  and  nitrates ;  they  generally  crystalUae 
very  readily,  and,  with  the  exception  of  the  haloid  compoimds,  are 
soluble  in  water.  When  their  aqueous  solutions  are  treated  with  zinc 
they  are  decomposed,  the  zinc  becomes  amalgamated,  and  gaseous 
hydrides  of  the  {positive  radicals  are  evolved.  It  is  lidghly  probable 
that  there  are'  two  stages  in  this  reaction,  organozinc  compounds  being 
first  formed  and  then  decomposed  by  contact  with  water,  thus  with 
mercuric  methiodide — 


+   aHg 


2Hg{J^«^»    +    Zn^    = 

^"'  { c:S: 

+ 

2Z: 

»^-   .__,..    .  ^ 

IT 

Mercuric  methiodide. 

and  then: 

'°-{c:h:  + 

S)°. 

> 

HydHde  of  met 

+ 

Zincmethyl. 

Water. 

hyi. 

azno 


This  view  of  the  reaction  is  confirmed  by  the  fact  that  when  zino 
acts  upon  mercuric  methiodide  at  150**  C,  zincmethyl  is  produced. 

When  one  of  the  above  iodides,  or  the  corresponding  chloride  or 
bromide,  is  treated  with  an  organozinc  compound,  tJie  negative  element 
becomes  replaced  by  the  alcohol  radical  of  the  zinc  compound ;  thus 
when  mercuric  methiodide  is  treated  with  zincmethyl,  mercuric 
methide  is  produced,  and  it  is  believed  that  by  acting  upon  mercurio 
ethochloride  with  zincmethyl,  mercuric  ethylometbide  is  produced. 


2Hg|^*^«    +    2Zna 


Mercurio 
ethochioride. 


Mercurio 
ethylometbide. 


but  this  body  has  not  yet  been  obtained  in  a  state  of  purity.  Di»> 
tillation  graduaUy  resolves  it  into  mercuric  methide  uid  mercurio 
ethide  : — 

Antimony  series, — This  series  of  organometallic  bodies  contains  a 
greater  number  and  variety  of  compounds  than  any  other  with  the 
exception  of  arsenic.  The  remarkable  polyatomic  character  of  anti- 
mony and  arsenic  not  only  renders  the  possible  number  of  their 
organo-oompounds  very  lai^ge,  but  the  variation  in  the  proportions  of 
the  positive  and  negative  molecules  gives  an  extremely  wide  range  to 
their  chemical  character,  extending  as  it  does  from  highly  caustic  bases 
on  the  one  hand  to  powerful  bibasic  adds  on  the  other.  The  following 
are  the  principal  compounds  belongmg  to  this  series  i— 


Trimethylstibine 


Antimonic  trimetbyloxide    •        •       « 


6b' 


Antimonic  trimethyleblorlde 


•       « 


Sb 


Xodide  of  tetrametbylBtibonium     •       •       •    •  Sb* 


C.H, 
C.H, 


C,H, 
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isi 


otliiAJiroMEtiLLLtb  fiobtlte. 


Antimonio  trimeUiyloralpbAte    •       ■       • 


Sulphate  of  tetrametliylsUbo&iiitii  • 


•       • 


TrlethylBUbine 


Antimonio  trlethyloxide 


AnUmonie  irieiHylfafilbride 


•        •        • 


rodidb  bf  tet^fttotbjlBtilfOliiiiin 


•       •       « 


lUdlde  bf  mcth^lotHethylltibbiiittlii 


•        ■ 


Antimonio  triethylotulpbAie  •       • 


Snlpli&te  of  tetnethyloBtiboninm 


Antltaoblo  trtethyimitioinoniie      • 


•       • 


Antimonio  triethylozyiddido 


•       • 


Triamylstibine 


Antimonio  tHunylclilorldo        •       ;       i 


Antimonio  triamyliiitrate 


C,Hi 

so« 

C.H, 

C,H, 
6b^  C4H5 
O 
10 


Sbi 


Sb<  ( 

li 


8b< 


Sb 


§b< 


fib< 


C*H, 


Sb^ 


^IB^IX 


Ci, 


Sb< 


oHii 


'lO-i 


CibHii 


dMAi^Oitei^ibLtd  StolM 


ill 


It  Ib  tetnarkal)le  iJiat  we  have  as  yet  Ho  dedisiTe  eridenoe  of  the 
«xistenbe  in  thia  seriea  of  a  compound  corroBponding  to  cacodyL  It  is  true 
that  such  a  body  has  been  described  under  the  name  of  itibHatnpi,  but 
subsequent  experiments  have  failed  to  confim  its  existence.    Amongst 

rR+ 

organo-antiinony  compounds,  therefore,  the  most  simple  form  is  Sb  <  R  + 

U  + 

!R  + 
J^  + 
R+   are  the  analogues  of 
R+ 
R- 
ammonia  and  its  derivatives ;  f or  a  description  of  them,  see  Oboanio 
Bases. 
The  only  bodies  therefore  of  thia  series  requirhig  notice  here  are 

rR+ 

R+ 

R+  and  their  derivatives.    When  the  two 

R- 

R- 

atoms  of  negative  radical  are  otygetl,  these  compounds  constitute 
what  may  be  termed  biacid  antimony  basest    They   re  formed  either 


those  of  the  )orm  Sb 


by  the  direct  tlhidn  of  m  siibitiiiiheA 


Bb{R+ 

(r+ 


With  oxygeH; 


B4- 

IS 


or  by  the  decomposition  of  the  oorresponding  haloid  compounds  by 
means  of  )k)tash,  thus — 


Sb 


R-4- 
R+ 

a 
a 


+     2K0 


R+ 

Sb<  B+     4- 

Is 


2KC1 


The  stibamines,  although  in  other  respects  the  perfect  analogues  of 
the  nitramines,  here  exhibit  a  much  more  highly  positive  chancier, 
uniting  with  oxygisn  so  energetically  aft  tb  be  spontatiebusly  inflam- 
mable in  ine  lower  portion  of  the  series. 

The  biacid  antimony  bases  are  colourless,  transparent,  amorphous, 
and  tenacious  bodies,  the  ethylic  base  is  easily  soluble  in  water  and 
alcohol,  but  somewhat  less  soluble  in  ether.  They  possess  a  bitter 
taste,  are  noh- volatile,  and  do  not  suffer  any  change  when  exposed  to 
the  air.    I'reated  with  potassium  they  are  reduced  to  stibamines. 


Bh4 


O 


+    SE     a     Bb{E+    +    SKO 


Fuming  nitric  add  decomposes  the  biacid  bases  with  ignition,  but  when 
treated  with  dilute  nitrib  acid,  or  other  acid,  the  respective  biacid  salts 
are  produced.  The  oxysalts  are  soluble  in  water  and  alcohol,  most  of 
them  crystallise  without  much  difficulty,  as  does  also  the  binlodide, 
but  the  bibromide  and  bichloride  of  the  ethylic  base  are  liquids  not 
volatile  without  decompoUtion,  insoluble  in  wtttetj  but  soluble  in 
alcohol  and  ether. 

Artenic  series. — This  series  is  perhaps  the  most  important  and 
intetesting  didoiigst  orgnllo-metallic  hoai&i ;  it  contain^  the  first  dis- 
covered  orgatio-metal;  Cdcodyl,  the  blassical  hivesti^tion  of  which  by 
Bilnsbtl,  im^iaiHid  Hot  merely  a  cdtnpieteilesd  td  bUt- knowledge  of  this 
tiisi-ied,  but  had  afforded  the  clue  to  the  BUceessful  lUterpretatloti  of 
many  phenomena  met  with  iil  other  dhalogouA  Series.  It  will  be  con- 
tenient  to  divide  its  Very  himierous  methbers  into  th)*ee  groups : — 

A.  Organo-araenical  compounds  of  the  type   •  As  j  |^ 

|R 
lA,  Organo-arsehieal  cbmpounds  of  the  type   •  As  {  R 

(r 

I' 

C.  Organo-araenical  oompounds  of  the  type   •  Ab^  B 

u 

All  arpenioai  compounds  permit  of  being  arranged  tm<ier  tjiese  three 
types.    The  following  are  the  principal  bodies  akeady  ihvestigated  :— 

'  A.  Oiyano-artenical  compoand$  of  the  tf^n  ^{r 


Caoodyl    • 
Ethylic  eacodyl 


As 
As 


B.  OrgatKHtneniedt  compounds  of  the  type 


Oitde  of  eacodyl       •        '        ' 
Chloride  of  eacodyl       •       • 
Chloride  of  cacoplatyl       • 
Atsenioiu  dioxymethide        • 
ArNnioos  dichlotmethlde  •       • 
Trimethylarsins   i       • 


fR 
As'^R 

U 
jC,H, 
As  I  C.H, 

As  {  C,H, 
CI 


CjH, 

.  A«{  CjPfn 

01 


«         .    .A.{C,U, 

c.ri. 
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19* 


Triethjlarrine 


-  R 


C.  Orga/na-anmical  e<»np<mndi  of  the  type  Ab-j  R 

R 

ThU  grpup  may  l^Q  cp^vppjently  si^b-divido^  W^.  ^w  f»RHll^j 
jamely : 

R+ 

a.  Bodicf  of  the  form  As  ^  R-  and  their  derlTBtives. 

R- 
R- 

R+ 
R+ 
h,  Bodieii  of  the  form  As  ^  R—  and  their  deriratiree. 

R- 

/R+ 
R+ 
e.  9Qdle«  of  the  Unn  Ae  {  R+  and  their  derifatirei. 

R- 

Vr- 

/B+ 
I  R+ 
i.  Bodies  of  the  form  ▲•  {  B+  and  their  deiivatlTea. 

R+ 


d.  Bodkt  qf  the  fitrm  Ap^ 


B+ 
B- 
R- 

B- 
R- 


BConomethy^arseoio  acid   • 


Honomethylarseniatee 


Areenic  dlozydiehlormethide     o 


6.  Bodies  of  ihe  form  Aa 


R  + 
R- 

B- 


Oaoodjlie  add 


Caeodylatea 


C.H, 

AsJ  O 


Terchloride  of  oacodyl. 


ft  Bodies  of  the  form  Ab-^  R  + 

R- 
R- 


Atsenlo  triethylozlde 


Arsenfo  trlethyliodide 


•  As 


B  + 

B  + 

d.  Modweofikefwm  Aa-j  B+ 

R  + 
B- 


Oxide  of  tetramethylarsoniimi  • 


Ab 


Iodide  of  tetramethylaraonSmn 


As 


Oxide  of  dimethyl-diethjl-arsooiiiii)  • 


Chloride  of  tetrethylanonfaim 


As 


Iodide  of  dimethyl-diamyl-anoninm 


As 


0,U 
C,H 
C,II 
C,H 
O 

CgR 
CaH 
CjH 
CjH 
I 

Pa 
Cat. 

C4II 
O 

c;B 
C4H 

C^H 
CI 

C,H 
C,H 


The  organo-arsenical  pompouncbi   belonging  to  the   type   A9  ]  ^ 

contain  oply  poaitiye  zadicals.  Thej  are  volatile  poiaqnona  Uquida, 
pao'lubl^  in  wate^,  but  yery  soljible  in  alcohol  and  et{ier,  poaseaaipg  an 
inaupportable  odour.     The  lower  ^ep^bers  oi  the  family  are  spon- 

>Ie,  whilst  the  mgher  ones  also  rapidly  oxidise  ii 


taneously  inflammable,  wnusL  ine  uigner  ones  aiso  rapioiy  oxiaise  in 
air.  They  unite  witli  negative  elements  with  great  eneigy,  manifesting 
in  their  combinations  eifiier  a  uniatomio  or  a  teratomic  character,  and 

rR  + 
R+ 
producing  bodies  reqpeotiTaly  ol  the  forms  As^  R-f-  andAs' 


rR4 
JR-l 


R+ 
B-. 
R- 
IR- 

Thus  cacodyl  forms  with  p)4orine,  chloride  of  cacodyl  and  terchloride 
of  cacodyL 

4»(C,^,),     +     R    ^s     4i{C,«.),Cl 

Csoody^,  PWori4?  of  cacpdyj, 

+     a,     =?    Ai(C2H,)|Cl, 


Terehloride  of  oaoodyL 

Methylic  cacodyl  boils  at  338*  F.,  and  ethylio  cacodyl  between  365* 
and  874". 

Heated  to  750",  cacodyl  splits  vp  into  metallic  arsenic,  hydride  of 
methyl,  and  defiant  gas. 

2A8(C,H,),     =    As,     +     ?^»5»|       + 
^^^y^-  HydilSrSf^thyl.  O^efi^^- 


^♦«t 


Bodies  of  this  type  can  Xhb  regenerated  from  many  of  th«{r  uqiatpmio 
compounds  by  reducing  ageiits ;  thus  chloride  of  cacodyl  and  metallic 
zinc  give  cacodyl  and  chloride  of  zinc : — 


As  {  C,H,     +     Zn     = 

a 


Chloride  of  eacodyl. 


As 


(C,H, 


Caeodyl. 


+     XnCl 


fB 


Organo-arsenical   compounds   of   the  type  As  <  R   are    of   three 

U 

forms,  namely — 

(R+  (R+  (»+ 

As  {  R+  As  {  R+  As  {  B- 

(r+  (r-  (b- 

Those  belonging  tq  the  first  are  termed  arnnet,  and  are  the 
analogues  of  ammonia,  but  like  the  corresponding  antimony  com- 
pounds, in  addition  to  t)ieir  alkajoid  fiinctions  they  have  the  power  of 
combining  witf  tif  o  ^eg^tive  a^ms,  forimng  l:^^  ol  t)ie  sub-type 


Thus  triethylarsine  combines  vith  oxygen  to  form  arsenic  diozy« 
ethide. 
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The  lower  members  of  this  type  possess  this  power  to  such  an 
extent  as  to  render  them  spontaneously  inflammable  in  air.   . 

Compounds  belonging  to  the  second  of  the  above  Bub-tyx>es  are  pro- 
duced by  the  direct  combinations  of  the  cacodyles  with  negative 
elements,  the  oxides  are  bases  of  comparatively  feeble  power,  slowly 
sombining  with  two  additional  equivalents  of  oxygen  to  form  acids. 
Thus  oxide  of  cacodyl  by  exposure  to  air  slowly  passes  into  cacodylic 
icid  :— 

C,H, 

O,  m  Ab{  O 
O 
O 


As 


(C.H, 
[0.H. 


Oxide  of  oacodjL 


Cacodylic  add. 


The  chlorine,  bromine,  and  iodine  compounds  of  this  type  are 
volatile  neutral  bodies,  wMch  may  be  regarded  as  the  haloid  salts  of 
cacodyL  Heated  in  contact  with  bichloride  of  platinum,  the  chloride 
of  cacodyl  presents  an  interesting  reaction ;  two  equivalents  of 
hydrogen  in  the  cacodvl  become  replaced  by  a  biatomio  molecule  of 
platinum)  producing  chloride  of  cacoplatyl : — 


Ab 


(C,H, 
C.H, 
I  CI 


CjH, 
PtCl,     a     As  {  C,Pt"H     + 


3Ha 


Chloride  of  oaoodyl. 


Chloride  of  cacoplatyl. 


Cacoplatyl  forms  a  series  of  compounds  analogous  to  those  of 
cacodyl. 

The  only  compounds  of  the  third  form  yet  known  belong  to  the 
methylic  group.  Arsenious  dioxymethide  is  a  crystalline  body  of  a 
neutral  character,  soluble  in  water,  alcohol,' and  ether;  unchanged  bv 
exposure  to  air,  but  transformed  by  distillation  with  hydrate  of  potasn 
into  arsenious  acid  and  oxide  of  caicodyL 


C.H, 
2A8(  0 
O 


s     AbO,     +     As 


C,H, 
C,H, 


Hydrochloric  acid  converts  it  into  arsenious  dichlormethide 


3HC1     «     As 


C.H, 
As{  O  + 

O 

y    \.      f 


Anenioiu  dioxymethide.        AraenioiiB  dichlormethide. 


Hydrobromic  and  hydiiodio  acids  produce  a  perfectly  analogous 
change,  whilst  sulphurotted  hydrogen  transforms  it  into  arsenious 
disulphomethide.  The  chlorine  compound  can  also  be  formed  by 
heating  arsenic  trichlormethide  to  122  F. 

A>(c,H,),a,      ss      ab(c,h,)ci,      +      c,H,a 


Arsenic  trichlormethide. 


AraenioiiB  diohlor.      Chloride  of  methyl, 
methide. 


The  chlorine,  bromine,  and  iodine  compounds  are  neutral  bodies  of 
considerable  stability ;  the  two  former  are  liquid,  the  latter  solid  and 
crystaUine.    By  the  action  of  chlorine  or  oxidising  agents,  they  are 

R  + 


transformed  into  bodies  of  the  form  As 


rR+ 

R 


R- 
R- 
R- 

LR- 


Sub-type  As  -  R—    has  only  yet  been  explored  in  the  methylic 
R — 
I  Re- 
group.    The  oxygen  compound  eonstitutes  anhydrous  monomethyl- 
arsenic  acid,  a  direct  derivative  from  arsenious  dioxymethide. 


Ab 


fC,H, 


+     JAgO 


ArscnlouB  dioxymethide* 


+       SAg 


MonomethylarBcnlc  add. 


This  acid  is  bibasic,  forming  stable  and  weU-defined  ciystallisable 
salts,  the  formulaB  of  which  are  represented  by  the  general  expression 


The  chlorine  compound  is  exceedingly  unstable;  it  may  however  be 


formed  at  14*  F.,  but  is  transformed  at  82*  into  arsenious  chloride  aod 
chloride  of  methyL 

/  C.H, 

-    Aaa,     +    ^-g*} 

Chloxide  of  methyL 


Arsenic  tetrachlormethide. 


Arsenic  dioxydichlormethide  is  a  somewhat  more  stable  body  f  onaed 
by  the  direct  union  of  chlorine  with  arsenious  dioxymethide  : 


C.H, 
A8{  O  + 

O 

^ . ' 

ArsenlooB  dioxymethide. 


CI, 


Arsenic  diozydichlormetliide. 


Nevertheless  even  this  compound  readily  deoomposee  with  the  erdo- 
tion  of  chloride  of  methyl. 

(R  + 
R+ 
R—  the  oxygen  compounds  are  feeble  monobaac 
R- 
R- 
acids,  of  which  cacodylic  acid  may  be  regarded  as  the  represeDtatireL 

rR+ 

They  are  derived  from  the  bodies  As^  R+   by  direct  oxidation,  as 

Lo 

already  described.  Cacodylic  acid  is  remarkable  for  its  stability, 
neither  fuming  nitric  add  nor  a  mixture  of  sulphuric  and  chromic 
acids  attack  it  even  at  the  boiling  point,  and  it  may  be  heated  to 
890°  F.  without  alteration.  Although  it  is  soluble  in  water,  and  con- 
tains upwards  of  54  per  cent,  of  arsenic,  yet  it  is  not  in  the  least 
poisonous.  Several  deoxidising  agents  reduce  cacodylic  acid  to  the 
arsenious,  or  even  to  the  diatomic,  form.  Thus  phosphorous  acid 
transforms  it  into  cacodyl : 

+    a(PO,)    «s    3Ab(C.H,),     + 


2(AB(C,H,).0,) 

N , / 

Cacodylic  add. 


Zinc  also  produces  the  same  result. 
The  cacodylates  have  the  formula 


SFOi 


CaeodyL 


Aa(C,H,),0„  MO. 

Sulphneaeodylic  add  has  not  yet  been  isolated,  but  its  salts  present 
the  same  relation  to  those  of  cacodylic  acid  as  salts  of  sulphur  acids 
generally  bear  to  those  of  oxyadds.    Their  formula  is 


SviXhtype  As 


^R+ 
R+ 


As(C.H,).8„  MS. 


R+  has  hitherto  been  very  little  explored :  so  far  as 
R- 
U- 

it  is  known,  however,  its  members  bear  so  dose  a  resemblance  to  their 
analogies  in  the  antimony  series  as  to  require  no  further  notice*. 

Tdbkrium  Stria,  The  dose  relations  of  telluriiun  to  sulphur  and 
seleniiun  place  the  organometallic  bodies  of  this  series  in  the  same  posi- 
tion with  regard  to  the  sulphides  and  selenides  of  the  alcohol  radicals, 
as  the  antimony  and  arsenic  series  stand  in  relation  to  the  correspond- 
ing compounds  of  phosphorus  and  nitrogen. 
The  following  are  the  chief  known  compounds : 

TeUnrinm-methyl Te.  (  ^*^s 

\  CfH, 


TeUnrona  dimethoxide 


TellnroiiB  mcthoxydiloride 


Tellariomethyl 


Tellorons  diethozide 


Tellarons  diethochlorids 


Tellnriomamyl 


The  compounds  of  the  alcohol  radicals  with  telluriiun  are  volatile 
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liquids  ol  most  unbearable  odour.  They  readily  oxidise  in  contact 
with  air,  forming  the  respective  oxides.  Telluriumamyl  has  not  yet 
been  obtained  in  a  state  of  purity. 

The  oxides  of  these  bodies  are  powerful  bases,  expelling  ammonia 
from  its  salts  and  attracting  carbonic  acid  from  the  air.  They  form 
salts  of  considerable  stability,  which,  together  with  the  oxides  them- 
selves, yield  the  original  oigano-tellurium  compounds  when  treated 
with  sulphurous  acid ;  thus. 


Te, 


C,H, 
O 

o 


+     8,0 


•^* 


Te, 


+    8.0 


a^« 


Tellurous  ethozide. 


Tellwiomethyl. 


Constitution  of  Oroanouetallic  Bodies. 

The  organometallic  bodies  are  supposed  to  be  constructed  upon  the 
types  of  the  inorganic  chlorides,  sulphides,  oxides,  &c.,  of  the  respective 
metals  which  they  contain,  the  chlorine,  oxygen,  sulphur,  &c.,  being 
replaced  in  equivalent  proportion,  and  step  by  step  by  the  alcohol 
radicals.  A  reference  to  the  formulee  of  oigano-potassium,  sodium, 
magnesium,  zinc,  and  cadmium  compounds  given  above,  shows  that 
they  are  all  formed  upon  the  models  of  the  protochlorides  of  these 
metals: 


AlJ 


8s 


.{ 


The  organo-aluminium  compounds  are  formed  upon  the  model  of 
the  sesquichloride  of  that  metal : 

a 
a 
ci 

Organo-tin  compounds  are  in  like  manner  represented  by  the  three 
chlorides  of  tin : 

The  bismuth  series  are  modelled  upon  the  terchloride  of  bismuth 
and  bismuthic  acid : 

Id  (o 

Bi  {  a  Bl  {  O 

|C1  O 

\0 

The  lead  compounds  are  constructed  upon  two  of  the  oxides  of  this 
metal : 

O 
0 


Pb, 


O 
O 
O 


Pb, 


o 
o 


The  mercury  series  have  for  their  mould  the  bichloride  of  mercury : 


Hg| 


ci 


The  antimony  series  are  formed  upon  the  following  inoiganic  com- 
pounds of  that  metal. 

a 

a 

Bbla  sb  ^  ci 

ci 
ci 

In  like  manner  organo-arsenical  compounds  are  constructed  after  the 
following  types : 


As 


{ 


As 


As 


finally,  organic  compounds  containing  tellurium  are  derived  from 


^•.{2 


Occasionally  an  abnormal  compound  his  made  its  appearance, 
«uch  aa  ethostibylic  acid  (Sb(C^Hg)O,),  or  iodide  of  triethylstibine 
(Sb(C^Hs)3l),  but  further  research  has  invariably  demonstrated  the 
incorrectness  of  such  formulae  and  the  conformity  of  the  bodies  with 
tne  normal  inorganic  types.  Indeed  this  law  may  now  be  regarded  as 
BO  firmly  established,  as  to  be  applicable  to  the  control  of  the  formulee 
of  new  organometallic  bodies.  From  tlus  point  of  view  it  is  in- 
teresting to  watch  the  effect  of  the  substitution  of  chlorous  or  negative 
by  basylous  or  positive  radicals  in  metallic  compounds.  Such  a  sub- 
stitution affords  striking  evidence  of  the  dependence  of  the  chemical 
cbaracter  of  a  compound  upon  that  of  its  individual  constituents;  a 


phenomenon  which  is  strikingly  seen  in  the  case  of  highly  polyatomic 
metals,  such  as  arsenic  and  antimony.  Thus  tribosic  arsenic  acid,  by 
the  substitution  of  an  equivalent  of  methyl  for  oxygen,  yields  the 
bibasic  monomethyl-arsenic  acid,  a  well  defined  acid  of  considerable 
energy,  though  inferior  in  chlorous  power  to  arsenic  acid.  The  like 
substitution  of  a  second  equivalent  of  methyl  for  oxygen  reduces  the 
chlorous  character  of  the  body  to  the  comparatively  feeble  condition  in 
which  we  find  it  in  cacodylic  acid,  which  is  incapable  of  forming  an 
anmionia  salt.  A  similar  substitution  for  the  third  time  overpowers 
the  chlorous  character  of  the  compoimd  altogether,  and  we  now  have  a 
feeble  biacid  base — ^the  arsenic  dioxymethide ;  which  again,  by  the 
exchange  of  a  fourth  atom  of  oxygen  for  methyl,  is  transformed  into 
the  oxide  of  tetramethylarsonium,  a  base  of  such  energy  as  to  be 
comparable  with  the  caustic  alkalies  theihselves. 

The  history  of  the  organometallic  bodies  teaches  forcibly  a  doctrine 
which  affects  all  chemical  compounds,  and  which  may  be  called  the 
doctrine  of  atomic  saturation ;  each  element  is  capable  of  combinmg 
with  a  certain  limited  number  of  atoms,  and  this  number  can  never  be 
exceeded,  although  the  energy  of  its  affinities  may  have  been  increased 
by  combination  up  to  this  point.     Thus  zinc  attains  its  atomic  satura- 
tion by  uniting  with  only  one  atom  of  another  body,  in  other  words, 
it  is  uniatomic;  consequently,  the  zinc   compounds  of  the  alcohol 
radicals,  notwithstanding  their  intense  affinities,  are  incapable  of  com- 
bination.   The  action  of  chlorous  elements  upon  them  is   one    of 
substitution,  not  of  combination.     Polyatomic  metals  exhibit  the  same 
phenomenon  :  a  double  atom  of  tin  cannot  combine  with  more  than  4 
atoms ;  a  single  atom  of  arsenic  or  antimony  with  more  than  5  atoms 
of  other  bodies.    But  in  the  combinations  of  polyatomic  metals,  we 
frequently  notice  from  the  lowest  to  the  saturated  compound  one  or 
more  intermediate  points  of  exalted  stability ;  thus,  antimony  has  a 
teratomic  stage  of  comparative  stability;  nitrogen,  phosphorus,  and 
arsenic,  whilst  exhibiting  a  similar  teratomic  stage,  have  also  a  biatomic 
one,  though  of  greatly  mferior  stability ;  whilst  the  existence  of  pro- 
toxide of  nitrogen,  and  especially  the  recent  researches  of  Mr.  Griess 
render  it  more  than  probable  that  nitrogen  has  a  third  and  uniatomic 
stage.    In  bodies  possessing  at  least  one  stage  of  stability  below 
saturation,  and  in  which  all  the  atoms  united  with  the  polyatomic 
element  are  of  the  same  kind,  the  stage  of  maximum  stability  is  very 
rarely  that  of  saturation.    Thus  in  nitrogen,  arsenic,  and  bismuth 
compounds  of  the  kind  just  mentioned,  the  stage  of  maximum  stability 
is  decidedly  the  teratomic  one ;  in  antimonial  compoimds  of  a  similar 
nature,  the  teratomic    is  also,  though  less  decidedly,  the  stage  of 
maximum  stability ;  whilst  in  phosphorous  compoimdis,  the  points  of 
maximum  stability  and  saturation  generally  coincide.  When,  however, 
the  atoms  united  with  the  polyatomic  element  are  not  of  the  same  kind, 
then  the  stage  of  maximum  stability  usually  coincides  with  that  of 
saturation.      Thus  the  binoxide  or  bichloride  of  triethylarsine,  or 
triethylstibine,  are  more  stable  than  triethylarsine  or  triethylstibine 
themselves ;  but  this  pentatomic  stability  reaches  its  climax  in  arsonium, 
stibonium,  and  phosphonium  compounds,  as  it  does  also  in  the  corres- 
ponding compounds  of  nitrogen,  although  the  latter  element  exhibits  a 
much  stronger  tendency  towards  universal  teratomic  stability  than  its 
chemical  associates. 

In  polyatomic  oiganometallic  bodies  it  is  remarkable  that,  with  few 
exceptions,  the  positive  hydrocarbons  hold  their  position  much  more 
tenaciously  than  the  associated  negative  constituents ;  and  we  thus 
frequently  find  the  former  accompanying  the  metal  through  a  vast 
number  of  compounds ;  hence  the  group  formed  by  the  metal  and 
positive  hydrocarbons  has  come  to  be  regarded  as  a  compoimd  radical : 
thus  cacodyl  is  conceived  to  be  the  radical  of  the  whole  series  of 
cacodyl  compounds :  but  however  great  may  be  the  convenience  of 
this  mode  of  viewing  organometallic  compounds,  and  the  same  mode 
has  notoriously  been  extended  to  nearly  all  organic  bodies,  it  must  not 
be  forgotten  that  it  is  a  purely  artificial  distinction  which  has  no  real 
existence,  either  in  the  case  of  organometallic  bodies,  or  in  that  of 
organic  bodies  in  general.  A  close  examination  of  the  habits  of  the 
so-called  oiganometallic  radicals  clearly  shows  that  their  atomic  power 
depends  upon  their  position  with  regard  to  the  stages  of  stability  and 
maximum  saturation ;  thus  they  are  uniatomic  when  the  number  of 
positive  groups  is  one  less  than  that  required  to  reach  either  the 
maximum  saturation  of  the  metal,  or  a  lower  stage  of  stability. 
Cacodyl  and  tetramethylarsonium,  for  instance,  are  imiatomic  radicals, 
because  they  are  respectively  one  atom  short  of  the  stage  of  stability 
and  of  maximum  saturation : — 


Uniatomlo 
stage. 

Cj|H, 


Cacodyl. 


SUgoof 
stabiUty. 

C,H, 
As  {  CaH, 
CI 

Chloride  of 
cacodyl. 


Uniatomic    Stage  of  maximum 


TetramethyU 
artoniom. 


tetramethylarsoniam. 


It  is  ohvious,  that  under  favourable  circumstances,  a  compound 
radical,  the  number  of  whose  positive  atoms  is  below  that  of  a  stage  of 
stabDity,  can  have  a  double  atomic  character.    Thus  cacodyl  is  some- 
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times  uniatomic,  as  in  oxide  of  cacodjlj  and  sometimes  teratomic,  as  in 
cacodylic  acid  (As(CgH3)03).  Again,  arseniomopometbyl  (A8C2^a)  is 
biatomic  in  arsenioua  dioxymethide  and  quadratomic  in  mononiethyl- 
arsenic  acid. 

ORGANON.  [In  the  article  Looic  we  have  e^lained  our  reasons 
for  allowing  this  article,  from  the  pen  of  the  editor  of  t}ie  '  Penqy 
Cyclopaedia,*  to  remain  without  any  attempt  to  bring  it  into  connection 
with  the  new  matter  of  the  present  work.  To  it  is  added  the  article 
from  the  first  Supplement  to  the  '  Penny  Cyclopaedia,'] 

It  is  not  possible  to  give  a  definition  of  any  science  which  shall 
convey  its  full  import,  and  particularly  to  a  person  who  does  not 
already  know  what  it  is.  This  difficulty  will  be  experienced  by  any 
one  who  attempts  to  give  a  definition  of  Logic.  Without  then 
attempting  a  definition,  or  admitting  the  completeness  or  correctness 
of  any  definition  hitherto  given,  it  may  be  sufficient,  for  the  purpose  of 
showing  what  that  matter  is  about  which  we  are  discoursing,  to  say 
that  logic  is  conversant  about  the  formal  laws  of  thought,  and  that  it 
is  not  conversant  about  the  matter  which  is  subjected  to  such  laws. 

This  thing,  whatever  it  may  be,  about  which  logic  is  conversant,  is 
presented  to  us,  and  is  considered  by  us  generally  under  the  form  of 
language.  Whatever  are  the  operations  of  the  mind  which  are 
involved  or  contained  in  the  exercise  of  thought,  those  operations  may 
be  generally  expressed  by  language.  It  is  assumed  here,  that  by  what- 
ever names  we  designate  the  relation  of  the  various  consecutive  and 
connected  trains  of  ideas  wliich  pass  through  the  min4>  this  relation  is 
in  all  minds  essentially  the  same.  When  two  persons  then  possess  a 
common  language,  one  of  them  can  express  in  Uiis  language,  with  a 
certain  degree  of  accuracy,  the  various  consecutive  and  connected 
trains  of  ideas  which  have  passed  through  his  mind,  with  resx>ect  to 
any  matter  or  matters.  Another  person,  who,  to  use  the  common 
expression,  understands  this  Language,  can,  through  this  n^edium,  com- 
municate ^vith  the  other  person's  mind ;  and  it  the  expression  of  such 
ideas  has  been  accurately  made  according  to  the  form  of  the  language, 
and  if  they  are  properly  interpreted,  the  person  who  hears  or  reads 
what  the  other  has  written  or  said,  may  in  his  own  mind  perceive  the 
same  various  consecutive  and  connected  trains  of  ideas  which  the 
writer  or  speaker  has  experienced.  If  language  can  efiec^  this,  it 
follows  that  the  mental  operations  or  processes  in  the  two  individuals 
are  connected  and  assimilated  by  virtue  of  their  both  being  conform- 
able to  the  same  general  laws.  It  is,  however,  the  laws  of  thought 
about  which  logic  is  conversant,  and  with  language  no  further  than  as 
being  the  form  of  expression  in  which  the  thoughts  of  others  are  made 
known  to  us,  and  by  which  we  are  enabled  to  compare  those  thoughts 
with  our  own. 

Under  the  article  Languaqe  it  has  been  stated  in  a  general  way 
what  language  is  ;  but  mainly  as  to  the  materials  of  which  it  is  com- 
posed.   It  remains  now  to  consider  its  form. 

What  is  called  a  sentence  comprehends  in  its  simplest  form  a  subject 
and  a  predicate,  with  something  by  which  a  relation  between  the 
subject  and  the  predicate  is  expressed.  "  Men  die  "  is  a  sentence,  in 
which  "  men  "  is  the  subject,  of  which  "  dying  "  or  "  death  "  is  pre- 
dicated, that  is,  in  this  sentence  a  judgment  is  expressed.  The  sentence 
indicates  that  two  notions  are  present  to  the  mind, "  men  '*  and  "  death.'' 
What  the  relation  is  which  the  mind  really  contemplates  between 
these  two  things,  and  how  it  is  possible  for  the  mind  to  contemplate 
this  or  any  other  relation  between  two  things,  belongs  not  to  the 
present  inquiry,  nor  to  the  province  of  logic.  It  wiU  be  sufficient  to 
observe,  that  this  judgment  or  relation  does  not  express  or  mean,  as 
some  writers  say,  any  agreement  or  dUofpreement  between  the  two 
notions,  or  that  one  of  them  belongs  or  does  not  belong  \/o  the  other ; 
nor  is  it  the  comparison  in  the  mind  of  these  two  notions,  at  least, 
logically  considered,  it  is  not  the  comparison  in  the  mind  of  the  two 
notions  as  to  the  matter  of  them. 

The  sentence  **  men  die  "  may  also  be  expressed  thus, — "  men  are 
mortal;"  where  mortal  is  the  predicate.  The  grammatical  relation 
between  "men"  and  "mortal,"  which  is  the  symbolic  representation 
of  that  conceived  by  the  mind,  is  expressed  in  our  language  by  the 
substantive  verb  "  are,"  which  is  accordingly,  in  such  sentences  as  this, 
called  the  copula.  In  some  languages,  as  the  Latin  and  Greek,  which 
are  rich  in  terminations,  the  relation  between  "  men  "  and  *'  mortal " 
is  also  expressed  by  a  termination  afttached  to  the  word  "  mortal,"  in 
addition  to  the  copula,  as  "  homines  sunt  mortales ; "  and  sometimes 
the  copula  ett  is  omitted.  When  there  is  not  a  copula,  either  in  the 
form  of  the  verb  "  to  be  **  or  in  some  other  verb  of  equivalent  meaning, 
the  copula  is  either  expressed  solely  by  the  order  of  the  words,  which 
is  the  case  with  those  languages  which,  like  the  English,  have  few  ter- 
minations, or  the  copula  is  expressed  by  a  verbal  termination  which 
has  a  certain  rcktion  of  fitness  to  the  nominal  termination,  ae  in  Latin 
and  Greek,  and  in  some  cases  by  the  order  of  the  words  also,  as 
"  honaines  moriuntur."  The  copula  in  itself  has  no  meaning ;  its  office 
is  to  indicate  that  the  subject  and  the  predicate  of  the  sentence  are 
contemplated  at  once,  and  each  in  some  relation  to  the  other,  in  that 
operation  of  the  mind  of  which  the  words  "  men  are  mortal  "  is  the 
visible  or  sensuous  sign.  But  the  subject  itself  may  be  qualified  by  an 
attribute,  or  the  generality  of  the  subject  (which  according  to  the 
common  interpretation  of  language  is  understood  when  it  is  not 
limited)  may  be  restricted  or  confined  by  the  use  of  appropriate  words, 
\8,  "  dying  men  are  prophetic,"  or  "  some  dying  men  are  prophetic." 


Again,  the  predicate  may  in  like  manner  be  qualified  or  liniited ;  a& 
"  he  writes,"  "  he  writes  a  letter,"  "  he  writes  letters  sometimea. 
Thus  every  sentence,  however  complicated  it  may  appear,  is  reducib!* 
to  the  form  of  subject,  predicate,  and  copula.  *'  A  tall  man  on  hunse- 
back  in  complete  armour  was  seen  crossing  a  deep  J^nd  rapid  river  <^'ii  ^ 
winter's  day,"  and  other  sentences  of  the  kjnd  with  which  or<Iinar^  bo-A* 
of  narrative  abound,  may  all  be  reduced  to  a  simple  fonu.  It  is  tr.e 
that  the  number  of  different  things  or  notions  which  such  a  sentenct 
brings  before  the  mind  often  create  a  degree  of  confusion,  and  renacf 
the  apprehension  of  the  affirmation  or  negation,  which  every  aiinpie 
sentence  contains,  a  matter  of  some  difficulty ;  and  this  is  particularlT 
the  case  when  a  sentence  so  constructed  brings  before  the  mind  not 
material  objects  with  which  we  are  familiar,  but  notions  which  express 
things  which  are  not  subject  to  the  cognisance  of  the  senses.  And 
hence  it  happens  that  argumentative  discourse  is  not  always  the  mo^ 
difficult  to  apprehend.  Indeed  the  difficulty  of  apprehension  xb  aome- 
times  greatest  when  the  discourse  consists  of  a  long  series  of  projKisi- 
tions  in  which  under  one  set  of  circumstances  one  thing  is  affirmeid  or 
denied,  or  commanded  or  forbidden ;  and  under  another  set  of  cipcum- 
stances  other  things  are  affirmed  or  denied,  or  commanded  or  forbidden ; 
or  when  things  are  stated,  affirmatively  or  negatively,  with  a  great 
many  exceptions  and  limitations.  A  perusal  of  a  modem  act  of 
parliament  will  show  that  this  is  so. 

Sometimes  Uiere  may  appear  to  be,  and  in  fact  may  be,  a  difficulty 
even  in  a  very  similar  sentence,  as  to  the  resolution  of  it  into  subject, 
predicate,  and  copula.  The  discussion  of  this  matter  belongs  to  the 
doctrine  of  propositions ;  but  so  much  may  be  here  said,  that  bo  far  a« 
all  propositions  are  contemplated  in  their  formal  and  not  their  materia 
character,  they  agree  in  this,  that  the  subject  is  viewed  a«  something 
either  co-extensive  with  or  included  in  the  predicate.  l3oth  the  form 
of  language  and  the  form  of  thought  of  which  language  is  merely  the 
exponent,  forbid  us  to  contemplate  a  subject  in  a  greater  extent  than 
its  predicate.  The  sentence  "  I  hope  to  succeed "  is  thus  reduced 
(Whately'B '  Logic,'  p.  69)  :— 

pred. 


is        what  I  hope ; 

which  is  the  same  thing  as  "  success  is  my  hope ; "  and  the  remark  is 
made  "  that  an  infinitive  (which  the  author  has  already  defined  to  be  a 
noun  substantive)  is  never  the  predicate,  except  when  another  infinitive 
is  the  subject."  But  we  may  just  as  well  express  the  proposition 
thus: — 

nib.  pred. 


What  I  hope        is        to  succeed ; 

that  is  "my  hope  is  success."  Now  as  both  "hope  "  and  "success ** 
are  general  terms,  that  is,  are  words  capable  of  being  applied  severally 
to  an  infinity  of  particular  things ;  and  as  neither  hope  nor  success  are 
conceived  by  the  mind  in  any  relation  of  subordination  to  one  another, 
as  that  either  of  containing  or  contained,  or  of  species  and  g^nus 
[Genus],  it  is  indifferent  whether  we  use  the  phrase  my  hont  (sub.)  is 
twceas  (pred.),  or  success  (sub.)  is  my  hope  (pred).  But  this  sentence^ 
we  conceive,  would  by  most  people  be  reduced  thus  :-«- 


sub. 
I 


pred. 


hope  to  succeed ; 


where  "  hope  of  success  "  is  that  which  the  subject,  ^go,  predicates  of 
itself,  that  is,  these  words  indicate  a  mental  operation  in  which  the 
subject  (it  matters  not  whether  contemplating  itself  or  contemplated 
by  another)  is  viewed  (logically)  simply  as  wUhin  certain  limits  of 
predication. 

Every  simple  sentence  which  is  intelligible  is  reducible  to  the  form 
A  is  or  is  not  B ;  but  it  should  be  observed  that  the  fornier  sentence 
has  two  meanings,  as  already  observed.  It  may  mean  either  that  a  is 
contained  in  b,  or  that  a  is  coextensive  with  b,  where  a  is  the  subject, 
and  B  the  predicate,  and  U  the  copula.  It  is  imx>ortant  to  bear  in  mind 
this  double  meaning  of  the  sentence  "  a  is  b."  If  it  should  be  said 
that "  a  is  b  "  may  also  mean  "  a  contains  b,"  we  can  then  say  that  b 
is  contained  in  a  ;  and  so  we  are  where  we  were  before.  In  ordinary 
language  the  ambiguity  of  the  form  a  is  B  is  sometimes  removed  by 
words  of  Umitation,  as  "all,"  "  every,"  "  some ; "  but  frequently  there 
are  no  such  words  used,  and  the  consequence  is  ambiguity. 

The  sentence  "  a  is  not  b  "  may  mean  either  that  a  is  not  co-exten- 
sive with,B,  or  that  no  part  of  a  is  contained  in  b,  or  that  some  part  of 
A  is  not  contained  in  b  ;  but  this  ambiguity  also  is  generally  avoided 
in  common  speech  by  the  use  of  words  of  limitation,  or  by  attaching 
the  negative  to  the  subject    It  is  obvious  that  negative  propositions 
are  subject  to  more  ambiguity  than  affirmative  propositions.    Kogative 
propositions  have  given  logicians  much  trouble,  and  it  is  clear  tlmt  we 
only  obtain  a  cl^ar  notion  of  their  import  by  a  tacit  reference  to 
j  affirmative  propositions.     In  itself  a  negative  proposition  has  no  mean- 
I  ing ;  by  the  very  supposition  of  its  being  negative,  it  excludes  the 
notion  of  all  significaucy ;  and  yet  by  means  of  such  propositions  wo 
:  attain  to  knowledge.    The  Stoics  (who  seem  to  have  had  a  logic 
I  of  t)ieir  own)  called  such  a  sentence  as  "  Pleasure  is  not  good  " 
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an  aSirmativis  sentence  also  :  their  reasons  for  this  ate  stated, 
though  somewhat  obscurely,  by  Apuleiufl.  ('  Philosophy  of  Plato/ 
lib.  liL) 

Simple  sentences  are  generally  combined  in  written  or  spoken  dis- 
courae  in  subh  a  manner  that  the  whole  meanihg  of  the  8t)eaker 
caunot  be  t^ached,  except  by  considering  two  or  more  seuteiicea 
together.  Sentenced  may  be  so  combined,  either  iU  the  way  of 
cu-ordination  oir  sub-ordidatiotl,  but  this  distinction,  which  is  made 
by  Dr.  Beckel*  in  his  excellent  derhian  grainmar,  though  it  is 
applicable  to  some  exteht  to  all  languages,  is  pel-haps  more  par- 
ticularly applicable  to  the  German  language  than  to  our  own.  Two 
sentences  aro  combined  by  way  of  co-ordinisition  When  they  are 
connected  by  such  a  conjunction  as  and,  as  "he  eats  and  drinks," 
where  We  nATe  two  distinct  sehtences,  each  of  whicli  contains 
A  separate  atid  independent  affinhation;  but  we  cannot  reabh  the 
whole  of  what  is  said  of  the  subject "  he,"  without  contemplating  the 
two  sentences  together.  The  conjunction  "  but "  is  also  often  used  to 
unite  co-ordinate  sehtences,  as  *'  he  speaks  Gtertnan,  but  not  fluently," 
\rhere  the  sentence  beginning  with  "  biit  "  limits  the  generality  of 
the  former  assertioti ;  and  the  whole  sentence  does  iiot  difi'er  iil  mean- 
ing from  "  he  speaks  Qerman,  a!id  he  speaks  German  not  fluently." 
Subordinate  sentences  are  connected  with  the  princi|)al  tentence  in  a 
great  variety  of  Ways,  among  which  the  union  by  means  of  the  pronouns 
and  words  of  pronominal  origin  is  perhaps  the  most  frequent :  as, "  I 
do  not  know  when  he  will  come ; "  "  he  lives  luxuriously,  while  others 
are  starving." 

In  both  cases,  both  the  combination  of  co-ordinate  sentences  and 
the  combination  of  subordinate  with  a  principal  sentence,  certain 
words  are  used,  which  are  generally  distinguished  from  other  words 
which  connect  sentences,  by  the  name  of  cauial ;  such  are  in  English, 
"for,"  "therefore,"  "then,"  and  "since"  (not  aa  wordfl  indicatiUg 
time), "  because,"  and  some  others.  All  languages  have  words  which 
correspond  in  meaning  to  these  words.  Now  it  is  the  combination  of 
sentences  produced  by  such  words  as  these  which  generally  makes  up 
8  large  part  of  discourse,  written  or  spoken.  When  the  discourse  is 
bare  narration  of  facts,  it  is  often  little  more  than  a  succession  of 
affirmative  or  negative  propositions,  but  so  connected  and  expressed  as 
to  render  the  discourse  more  pleasing  than  if  the  propositions  were 
enunciated  separately  and  in  their  simple  form ;  but  still  not  logically 
connected.  Besides  the  ornament  and  variety  which  we  are  enabled  t6 
give  by  written  discourse  to  mere  narrative,  there  is  generally  a  kind 
of  coherence  or  sequence  in  the  bftre  £acts  of  narration,  which,  when 
Bome  facts  are  known,  can  be  anticipated  by  the  hearer,  or  reader, 
and  this  again  helps  to  render  the  language  of  bare  narration  less 
tedioxis. 

But  when  discourse  is  not  limited  to  bare  narration  of  facts,  it 
assumes  a  form  which  still  more  interests  the  hearer  or  reader,  and 
keeps  his.intellectual  powers  in  constant  exercise.    Here  the  discourse 
does  not  barely  conmnmicate  something  from  the  writer  to  ihe  reader  : 
it  does  more ;  it  is  constantly  addressing  itself  to  those  faculties  of  the 
reason  which  the  reader  and  the  writer  have  in  conunon,  aUd  it  is  con- 
stantly proceeding  on  the  assumption  that  a  great  number  of  universal 
^positions  are  admitted  to  be  true  by  the  reader  and  the  writer. 
Thus,  if  we  say  of  a  certain  man — "  he  is  not  liked,  because  he  is  pre- 
sumptuous," two  things  are  affirmed ;  first,  that  a ''  certain  man  is  not 
liked ; "  second,  "  that  ho  is  presumptuous."    But  by  the  use  of  the 
word  "  because/'  the  writer  means  to  affirm  something  more  than  the 
truth  of  the  two  propositions;   for  we  may  suppose  it  possible  to 
affirm  many  propositions  of  a  man  without  considering  the  propositions 
related  to  one  another  in  any  other  way  tlum  as  all  relating  to  one  man 
as  the  subject.     The  words  "  because  he  is  presumptuous  "  are  designed 
l>ythe  writer  to  express  some  connection  with  or  relation  to  "not 
heing  liked,"  which  connection  or  relation  must  exist  in  the  mind  of 
all  other  persons  as  well  as  in  his  own,  or  it  cannot  be  understood. 
Now,  what  is  that  connection  which  he  and  all  mankind,  and  a  large 
part  of  mankind  unconsciously,  cotitemplate  when  this  compound 
sentence  is  enunciated  ?    The  subject  of  the  whole  sentence  is  some 
given  person  or  individual  who  is  said  "  not  to  be  liked,"  a  proposition 
universally  intelligible.    He  is  said  "  to  be  presuxnptuous,"  which  is 
also  universally  intelligible.     JNow,  the  word  "because"   has  this 
office :— it  ititroduces  something  to  the  reader's  notice  to  which  the 
^iversal  judgment  of  mankind  attaches  the  notion  of  dislike ;  some- 
thing  which  is  followed  by  disUke ;  something  without  which  ^there 
?i*y  be  dislike,  but  with  which  there  must  be  dislike ;  that  is,  mtut  be 
^  this  sense :  the  reader  does  not  know  the  individual  spoken  of,  and 
therefore  does  not  know  that  he  ia  disliked  till  he  is  told  so ;  but  he 
knows  soUiething  of  that  individual,  namely,  his  presumption,  and  he 
also  knows  that  he  difdikes  a  presumptuous  individual.    He  therefore 
understands  the  writer,  and  he  admits  that  statement  which  is  intro- 
duced by  the  word  "  because  "  as  a  reason  (to  use  the  common  expires- 
8ion)  why  the  man  is  disliked.    He  has  in  fact  assented  to  the  tmiversal 
proposition  that  "  a  presumptuous  man  is  disliked ; "  he  has  already 
mentally  formed  for  himself  a  general  rule  that  all  presumptuous 
people  are  disliked,  and  it  is  by  virtue  of  himself  and  the  writer 
acknowledging  this  universal  affirmation  as  tnie,  that  he  collects  the 
^ter's  meaning.    But  there  is  no  logical  inference  here :  there  is  no 
"yllogism. 

The  speaker  or  writer  might,  however,  say,  all  that  he  knew  of  a 


certain  man  was  "  that  he  was  presumptuous ;  "  aiid  he  might  add  to 
the  sentence,  and  "  therefore  I  conclude  that  he  is  disliked."  If  the 
reader  or  hearer  assented  to  the  conclusion  introduced  by  the  word 
"  therefore,"  he  would  assent  to  the  following  mode  of  stating  what  he 
had  heard : — 

1.  All  presumptuous  persons  are  (^jsliked. 

2.  This  man  is  a  presumptuous  person ; 
8.  Therefore  he  ia  disliked ; 

which  is  called  a  syllogism,  and  is  one  of  the  most  common  forms  of  a 
syllogism,  in  which  the  first  part,  or  major  preniiss,  is  not  expressed. 
The  greatest  part  of  written  and  spoken  discourse  is  either  in  this  form 
or  in  that  of  a  consecutive  series  of  syllogisms,  called,  by  logicians, 
sorites. 

The  first  two  propositions  are  generally  called  the  premites,  and  the 
third  is  called  the  conclusion;  and  in  such  a  syllogism  everything 
which  is  called  a  conclusion  is  deduced,  or  considered  as  deduced,  from 
two  other  propositions,  one  of  which,  as  already  observed,  is  commonly 
suppressed,  but  is  referred  to  by  such  a  word  as  "  because,"  "  there- 
fore," ko.  It  is,  however,  very  clear  that  nothing  is  proved  even  by  a 
syllogism.  In  the  conunon  form  of  language  something  is  affirmed 
particularly  as  a  fact,  And  something  is  said  in  the  way  of  a  conclusion. 
The  inind  perceives  lid  reasoii  why  this  conclusion  is  made  in  the  par- 
ticular insfcince,  more  than  It  should  be  in  any  other  given  instance  of 
the  saine  kind.  But  while  something  is  in  form  concluded  pai-ticularly, 
something  is  by  implication  affirmed  Universally.  A  person  not  accus- 
tomed to  analyse  hi  own  thoughts  Uiay  not  always  be  able  to  discover 
what  is  that  universal  affirmation  which  contains  the  particular  con- 
clusion ;  but  if  the  argumeUt,  as  it  is  genetally  termed,  be  expressed 
in  the  complete  form  of  a  syllogisin,  h6  at  once  perceives  what 
universal  proposition  must  be  admitted  or  proved,  in  order  that  the 
particular  one  shall  be  true ;  if  he  has  already  given  his  assent  to  the 
proposition  as  stated,  without  A  clear  conception  of  the  exteht  of  tho 
adxnissiori  which  he  will  be  considered  to  have  made,  he  is  enabled  by 
means  of  the  syllogistic  form  to  examihe  more  clearly  that  mental 
operation  which  to  him  was  before  confused.  The  conclusion  of  the 
syllogism  proves  nothing;  as  an  inference  or  illation  it  necessarily 
follows  from  the  premises,  that  is,  the  mind  caunot  conceive  it  other- 
wise ;  and  in  this  operation  it  is  subjecied  to  laws  of  thought  which 
are  irresistible.  When  the  tl-uth  of  the  premises  is  ascertained  or 
admitted  (which,  for  the  purpose  of  argumentation,  is  the  same  thing) 
the  conclusion,  which  before  was  logically  correct,  how  becomes  also 
ti^iie.  All  discourse  of  the  kind  called  ai^mentative,  indeed  all  dis- 
course so  far  as  it  contains  inferences,  may  be  reduced  to  the  form  of  a 
series  of  syllogisms,  from  which  it  will  appear  what  universal  affimla- 
tions  or  negations  aro  implicitly  contained  in  the  discourse.  It  will 
also  show  what  Uhiversal  affirmations  or  negations  are  \^ed  as  a  means 
of  attaining  to  other  affirmations  or  negations  which  are  not  true 
dnless  the  first  are  trUe,  and  which  when  attained  become  the  prenuses 
of  other  conclusions.  Discourse  of  the  argumentative  kind  has  for  its 
object  to  establish  particular  things,  or  things  which  are  comprehended 
within  other  things.  Particular  things,  so  far  as  tney  are  the  object 
of  sensuous  perceptions,  are  directly  established  by  evidence,  as  for 
instance,  the  qualities  of  any  material  object;  but  there  are  many 
things  which  are  not  susceptible  of  this  kind  of  evidence,  and  of  whicn 
there  is  no  evidence  but  the  universal  consent  of  mankind.  In  an 
argumentative  discourse  therefore  the  writer  who  has  particular  things 
to  prove,  alleges,  expressly  or  by  implication,  imiversal  truths,  and  he 
affirms,  either  expressly  or  by  the  implication  of  language,  that  the 
partictdar  things  are  contained  within  the  universal.  If  the  reader 
assent  to  the  universal  truths,  and  also  admit  that  the  particular  things 
are  contained  iherein,  the  writer  accomplishes  his  purpose,  and  his 
depionstratioil  is  complete.  He  is  said  to  have  deduced  something,  or 
to  have  made  a  deduction.  If  all  written  or  spoken  discourse  were  in 
the  form  of  perleci  syllogisms,  there  could  be  little  confusion  or  dis- 
pute about  what  is  called  the  premises  and  the  conclusion,  for  the 
whole  matter  would  be  so  placed  before  the  reader,  that  he  would 
^ways  perceive  the  general  proposition  within  which  it  is  affirmed 
that  the  particular  is  included.  It  is  then  the  general  condition  of 
every  syllogism  imperfectly  expressed,  that  when  we  are  speaking  of 
what  we  c2l  one  thing,  we  are  in  eiject  speaking  of  many  things :  for 
that  which  is  asserted  of  one  can  equally  be  asserted  of  all  things  of 
the  kind,  and  it  is  not  possible  to  conceive  it  true  of  one  without 
conceiving  it  true  of  all. 

Some  writers  have  observed  that  the  causal  conjunctions  are 
employed  to  denote  respectively  cause  and  efiect,  as  well  as  premi»< 
and  conclusion ;  as  in  the  following  examples : — "This  ground  is  rich 
because  the  trees  on  it  are  flourishing;"  or,  "  the  tress  are  flourishing, 
and  therefore  the  soil  must  be  rich ;"  where  the  conjunctions  because 
and  therefore  are  considered  to  be  used  to  denote  the  connection  of  pre- 
miss and  conclusion.  But  in  the  following  sentences,  "  the  trees  flourish 
because  the  ground  is  rich ;"  or  "  the  ground  is  rich,  and  therefore  the 
trees  flourish ;"  the  same  conjunctions,  it  is  said,  are  used  to  denote 
the  connection  of  cause  and  efiect ;  and  it  is  added  that  in  the  latter 
case  "  the  luxuriance  of  the  trees,  being  evident  to  the  eye,  would 
hardly  need  to  be  proved,  but  might  need  to  be  accounted  for;" 
and  as  to  the  former  case,  it  is'  remarked, "  that  the  luxuriance  of 
the  trees  is  not  the  cause  of  the  soil's  fertility,  but  only  the  cause  ol 
my  hnomng  it** 
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Now  in  the  expression, "  the  trees  are  flourifihing,  and  therefort  the 
soil  miut  be  rich"  (if  for  mutt  he  we  write  ii,  which  ought  to  be  done), 
it  may  be  meant  to  affirm,  either  that  the  trees  are  flourishing,  and 
that  the  quality  of  the  soil  is  unknown ;  or  it  may  be  meant  that  the 
trees  are  flourishing,  and  that  the  soil  idso  is  rich.  In  the  former  case 
the  richness  of  the  soil  is  concluded,  according  to  the  common  expres- 
sion, from  the  suppressed  premiss  of  the  invariable  coincidence  of 
flourishing  trees  and  rich  soil,  and  as  the  world  knows  or  says  (which 
for  the  present  purpose  is  the  same  thing)  that  a  rich  soil  is  necessary 
in  order  that  trees  may  flourish,  the  richness  of  the  soil  is  in  fact, 
according  to  the  common  notion  of  cause  and  effect,  here  also  con- 
sidered to  be  the  cause  of  the  luxuriance  of  the  trees,  if  we  look  to  the 
matter  of  the  syllogism.  In  the  latter  case,  if  both  things  are  affirmed, 
both  that  the  trees  flourish  and  that  the  soil  is  rich,  the  same  thing  is 
affirmed  as  in  the  sentence, "  the  ground  is  rich  and  thertfcre  the  ^ees 
flourish ;"  and  in  both  these  cases,  when  the  two  propositions  are  con- 
sidered as  affirmations,  not  connected  in  the  way  of  conclusion, 
nothing  more  is  effected  by  the  word  therefore  than  to  suggest 
the  notion  of  the  invariable  coincidence  of  flourishing  trees  and  rich 
soil. 

The  Conclusion  of  the  "  ground  being  rich  because  the  trees  on  it 
are  flourishing"  (the  richness  of  the  ground  in  question  not  being  known 
otherwise  than  by  the  trees)  cannot  be  made  except  from  the  premiss, 
"  wherever  trees  flourish,  there  the  ground  is  rich."  Now  though  it 
may  be  true  that "  wherever  trees  flourish,  Uiere  the  ground  is  rich," 
it  may  not  be  true  that  "  wherever  the  ground  is  rich,  there  trees 
flourish,"  for  the  ground  may  be  rich,  and  covered  with  water  in  which 
trees  will  not  flourish.  But  if  we  affirm  that  ''  the  trees  flourish 
because  the  groimd  is  rich,"  we  affirm  both  "  that  the  trees  flourish" 
and  "that  the  ground  is  rich,"  which  again  is  nothing  more  than 
affirming  b^  implication  that  ''wherever  trees  flourish,  tJiere  the 
groimd  ij3  nch,"  leaving  it,  as  before,  possible  that  there  may  be  rich 
ground  where  trees  do  not  ( for  some  reason  or  other)  flourish. 

Now  it  is  said  that  in  the  former  case,  where  a  Conclusion  ia  made, 
the  luxuriance  of  the  trees  is  considered  to  be  the  cause  of  my  knowing 
the  fertility  of  the  soil ;  that  is,  in  the  con<dusion,  *'  the  ground  is  rich 
because  the  trees  on  it  are  flourishing ;"  '*  the  ground  is  rich"  is  my 
(concluded)  knowledge,  and  became  is  there  used  to  express  cause 
and  effect,  as  between  "  flourishing  trees"  and  "  my  knowledge."  In 
the  latter  case,  where  both  propositions  are  affirmative,  but  neither  of 
Uiem  in  the  way  of  conclusion,  it  is  said  that  the  luxuriance  of  the 
trees  does  not  require /)roo/,  but  requires  to  be  aocounted  for ;  that  is^ 
richness  of  soil  and  luxuriance  are  here  considered  in  the  relation  of 
cause  and  effect.  According  to  this,  a  relation  of  cause  and  effect, 
though  not  of  the  same  cause  and  effect,  is  indicated  in  both  cases  by 
the  word  beecuise :  and  in  the  former  case  the  richness  of  the  soil  is 
considered  to  be  proved  also. 

This  is  rather  perplexing,  but  perhaps  the  perplexity  may  be  got  rid 
of  thus  : — "  The  ground  is  rich  because  the  trees  on  it  are  flourishing," 
is  necessarily  true,  if  it  is  also  true  that "  wherever  trees  flourish,  there 
the  groimd  is  rich ;"  but  this  general  proposition  must  be  proved  in 
some  way  or  assumed,  in  order  that  the  logical  conclusion  may  also  be 
a  true  conclusion.  "  The  trees  flourish,  because  the  ground  is  rich ;" 
here  both  facts  are  proved  or  assumed  (which  for  the  present  purpose 
is  the  same  thing),  and  it  is  also  affirmed  by  implication  that 
"  wherever  trees  flourish,  there  the  ground  is  rich."  The  difference 
between  the  two  sentences  then  is  this : — the  former  affirms  that  a 
particular  soil  is  rich,  if  soil  is  always  rich  under  similar  circum- 
stances ;  and  the  reduction  of  the  expression  to  the  complete  syllogis- 
tic form  shows  us  what  must  be  proved  or  assumed  in  order  that  the 
conclusion  shall  be  true  in  this  particular  case.  The  latter  affirms  the 
particular  thing  to  be  true,  which  in  the  former  is  only  true  upon  a 
certain  condition ;  and  it  also  affirms  by  implication  the  truth  of  this 
certain  condition.  The  former  is  a  syllogism,  because  that  which  is 
said  of  the  whole  may  be  said  of  a  part.  The  latter  ia  nothing  more 
than  the  implicit  statement  of  a  general  proposition  contained  in  the 
explicit  statement  of  a  particular  instance  :  it  is  no  logical  inference ; 
it  is  no  logical  induction ;  it  is  simply  a  statement  of  a  thing  being 
true  in  a  certain  case,  with  an  implicit  assertion  that  the  same  thing 
is  true  in  all  similiur  cases;  in  other  words,  the  form  of  language 
implicitly  contains  the  affirmation  of  a  general  proposition,  which 
can  only  be  the  result  of  an  induction  in  the  non-logical  sense  of  that 
term. 

The  difference  between  logical  Deduction  and  Induction  is  explained 
In  the  article  Induction.  But  it  will  not  be  out  of  place  to  say  a  few 
words  on  the  subject  here.  In  the  Deductive  Syllogism,  we  proceed 
from  the  whole  to  its  parts,  from  the  thing  containing  to  the  things  or 
some  of  the  things  contained ;  and  this  is  true  notwithstanding  it  is 
not  so  expressed  in  the  common  form  of  language.  For  the  particular 
conclusion,  as  ah-eady  observed,  is  the  thing  which  in  ordinary  knguage 
is  said  to  be  proved;  but  there  is  no  demonstrative  evidence  to  the 
mmd,  except  it  is  shown  that  the  particular  conclusion  is  contained  in 
a  general  proposition.  The  deductive  syllogism  as  ahwidy  explamed 
shows  what  this  general  proposition  is,  and  this  general  proposition  is 
assumed  to  be  true,  or  is  known  to  be  true  in  some  other  way  (by 
induction,  properly  so  called,  for  instance)  than  by  means  of  the 
igrllpgism.  But  there  is  another  mode  of  operation  by  which  the  mind 
can  proceed  from  particulars  to  generals;  but  this, which  maybe 


called  the  Inductive  Syllogism,  is  no  syllogism,  that  is,  no  necessvj 
conclusion,  unleeB^all  the  particulars  are  enumerated,  or  assumed  to  W 
enumerated ;  and  in  this  consists  the  difference  between  the  InductiT? 
Syllogism  and  Induction,  or  what  is  sometimes,  but,  we  think.  DC't 
with  strict  propriety,  called  Inductive  Reasoning,  which  howeTer  is  &.> 
operation  of  reason,  but  one  of  the  understanding  only ;  or,  to  preTcss 
disputes  about  terms,  it  is  not  the  same  mental  process  as  thatu 
the  Logical  Induction,  for  its  conclusion  is  not  necessary.  ThiB  Indoe- 
tion  then,  which  leads  us  from  the  observation  of  one  or  more  lib 
facts  to  znake  a  general  assertion  which  will  comprehend  like  facts  na 
observed,  is  a  m&terial  illation  of  quite  a  different  oharacter  [from  tbe 
other.  This  process  has  sometimes  been  absurdly  considered  as  & 
peculiar  discovery  of  modem  times,  though  it  must  have  bees 
practised  by  the  first  man  who  ever  made  use  of  his  eyes.  The 
process  of  investigating  and  collecting  hcta  which  are  among  the 
phenomena  of  the  material  world,  has  been  greatly  improved  in 
modem  times. 

That  syllogistic  form  which  is  properly  called  Inductive  (4waytffi] 
is  explained,  though  very  briefly,  by  AnstoUe  {Analyt,  Prior,,  iL  23; 
Topic,  i.  12),  and  is  not  confounded  by  him  with  the  material  inductioD 
of  a  general  law  or  rule  from  the  examination  of  a  number  of  particohr 
cases  of  a  like  kind.* 

If  we  wish  to  prove  syllogistically  the  mortality  of  a  given  individial 
John,  we  say — 

All  men  are  mortal ; 

John  ia  a  man ; 

Therefore  John  is  mortal. 

Now  this  conclusion  is  necessary,  because  "  John"  is  contained  is 
"  all  men."  But  suppose  we  wish  to  prove  our  primary  propositioc 
that "  all  men  are  mortal,"  what  is  the  process  that  we  must  follow ' 
We  may  affirm  mortality  of  all  men  who  have  died,  but  we  cannot 
affirm  it  of  all  who  are  living  and  who  shall  live,  for  that  is  the  thing 
to  be  proved.  This  is  a  case  in  which  there  can  be  no  logical,  that 
is,  no  necessary  conclusion. 

Dr.  Whately  says  (p.  229) "  that  in  the  process  of  reasoning  bj 
which  we  deduce  from  our  observation  of  certain  known  cases  an  infer- 
ence with  respect  to  unknown  ones,  we  are  employing  a  syllogism  in 
Barbara  with  the  major  premiss  suppressed ;  that  being  always  sub- 
stantially the  same,  as  it  asserts  'that  whatever  belongs  to  the 
individual  or  individuals  we  have  examined,  belongs  to  the  whole  class 
under  which  they  come.'  " 

And  he  further  says  that  induction, "  so  far  forth  as  it  is  an  ar</it- 
ment  (which  has  previously,  in  the  same  work  (p.  55),  been  defined  to 
be  a  '  syllogism  when  regularly  expressed'),  may  of  course  be  stat«d 
^Uogistically ;  but  so  far  forth  as  it  is  a  process  of  inquiry  to  obtain 
the  premises  of  that  argument,  it  is  of  course  out  of  the  province  of 
logic."  But  a  syllogism  will  be  equally  good  (p.  14)  if  we  substitut«^ 
arbitrary  symbols  for  the  terms,  without  any  regard  to  the  things 
signified  by  them ;  and  (p.  23)  "  every  conclusion  is  deduced  from  two 
otiier  propositions  or  premises."  This  so-called  induction  then,  stated 
s;^llogiBtiaJly,  turns  out  to  be  nothing  different  from  a  proi>er  syllo- 
gism :  if  the  premises  are  true,  the  conclusion  is  necessarily  true.  The 
syllogism  then  has  done  nothing,  and  it  leaves  the  process  of  inquiry 
precisely  where  it  was  before  the  induction  was  put  into  this  so-called 
syllogistic  form. 

This  mistake  requires  a  few  more  words,  as  it  has  been  declared  U 
be  "  a  just,  and,  so  far  as  we  are  aware,  an  original  remark ;  and  its 
consequences  are  extremely  important."  (Westminster  Review,  No.  17, 
p.  169). 

The  deducing  an  inference  from  facts  investigated  and  collected  is 
said  to  be  an  argumentative  process,  and,  like  other  arguments  (that  is, 
syllogisms),  capable  of  being  syllogistically  expressed.  If  it  is  a  syllo* 
gistic  process,  it  is  undoubtedly  susceptible  of  the  strict  syllogistic 
form.  Now  this  so-called  inference  is  the  making  a  universal  af^ma- 
tion  founded  on  a  number  of  particulars;  and  if  it  is  a  syllogism,  the 
universal  affirmation  is  the  conclusion ;  and  if  it  is  a  syllogism,  the 
conclusion  is  necessary.  The  conclusion  is  by  the  supposition  a  con- 
clusion from  certain  Imown  things  as  to  other  unknown  things ;  .ind 
the  universal  conclusion  is,  that  something  is  true  of  the  unkii'  ^vn 
things  which  is  known  to  be  true  of  the  known  ones ;  in  other  words, 
that  this  something  is  true  both  of  the  known  and  the  unknown 
things.  Now  in  order  to  attain  this  syllogistic  conclusion,  it  is  said 
that  we  employ  a  syllogism,  in  which  Uie  major  premiss  ia  of  this 
form  :  everything  which  is  true  of  the  known  is  true  of  the  unknown, 
or  everything  which  is  true  of  the  known  is  true  of  the  known  and  the 
unknown. 

To  take  Dr.  Whately's  own  example  : — "  from  an  examination  of 
the  history  of  several  tyrannies,  and  finding  that  each  of  them  was  of 
short  duration,  we  conclude  that  the  same  is  Ukdy  to  be  the  case  with 
all  tyrannies."  And  it  is  said  that  in  such  syllogisms  as  these,  we 
assume  "  that  whatever  belongs  to  the  individual  or  individuals  that  we 
are  examining  belongs  to  the  class  under  which  they  come."  Now 
this  universal  affirmation  is  a  proposition  to  be  proved  in  some  way  or 
other.  If  it  be  assumed,  it  is  the  major  of  a  deductive  syllogism,  and 
the  conclusion  is  logically  necessary,  and  also  true,  if  the  major  is  true, 

*  ^^Ttaytay^  likv  oZp  iarrty,  tad  6  4^  hrayuy^s  (rv)Jioyurphs,  rh,  8i&  -roS 
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But  how  is  thia  major  to  be  eBtablished,  by  virtue  of  which  we  are  to 
have  a  logical  illation  and  a  true  conclusion  ?  It  is  admitted  that  in 
induction,  properly  so-called,  a  general  material  truth  is  to  be  affirmed 
by  virtue  of  partiadar  facts  being  investigated  and  known.  But  if  we 
affirm  some  proposition  which  is  more  general  than  and  comprehends 
that  which  we  wish  to  efltablish,  and  then  so  construct  our  syllogism 
that  the  conclusion  shall  be  a  logical  inference,  it  cannot  be  a  true  one 
unless  we  establish  this  more  general  premiss.  But  the  object  of  the 
true  induction  is  to  estabhsh  the  general  truth  from  particular  facts 
that  are  known  and  investigated.  If,  in  the  case  supposed,  the  syllogism 
is  valid,  the  particular  facts  are  useless;  the  conclusion  is  logically 
good,  and  it  becomes  materially  true  when  the  more  general  proposi- 
tion is  established  which  contains  the  conclusion.  But  it  is  not  the 
object  of  the  investigation  and  collection  of  facts  to  establish  a 
proposition  different  from  and  more  general  than  that  for  the 
establishment  of  which  the  facts  are  investigated  and  collected;  in 
other  words,  it  is  not  the  matter  in  hand  to  investigate  and  collect 
facts  for  a  particular  purpose,  and  then  not  to  use  them  for  that 
purpose. 

In  this  so-called  syllogiun  then  we  have  a  suppressed  major  of  this 
form, "  that  which  is  true  of  some  is  true  of  all,"  which  must  mean 
either  "  everything  which  is  true  of  some  is  true  of  all,"  or,  **  this  one 
thing  which  is  true  of  some  is  true  of  alL"  In  the  former  case,  the 
suppressed  major  expresses  a  general  proposition,  which  we  must 
establish  in  order  that  our  illation,  which  is  logically  correct,  may  be 
true  materially ;  but  then  this  is  not  the  proposition  which  we  pro« 
fesa  to  be  desirous  to  establish,  and,  more  than  that,  it  cannot  be 
established  by  the  facts  investigated  and  collected.  If  it  means  that 
thia  one'JhiTUf  which  is  true  of  some  is  true  of  all,  this  is  nothing  more 
than  to  make  the  conclusion  the  major  premiss,  and  so  to  conclude  the 
conclusion  from  itself.  It  cannot  be  supposed  that  Dr.  Whately 
has  any  such  absurd  meaning  as  this:  but  his  language  is  capable 
of  this  meaning.  He  does  however  mean  either  tins  or  the  other; 
and  it  is  not  easy  to  say  which  is  the  less  logical  meaning  of  the 
two. 

A  few  more  words  seem  necessary  on  another  passage  in  Dr. 
"NVhately's  work,  by  way  of  clearing  the  way  to  a  right  comprehension 
of  the  province  of  logic.  It  has  been  already  observed  that  discourse 
or  speech  generally  assumes  the  form  of  a  syllogism  with  one  of  the 
premises  suppressed;  which  is  by  many  modem  logicians  called  an 
cnthymeme.* 

Dr.  Whately  obcerves  that  the  enthymeme  (the  enthymeme  of 
modem  logicians) ''  is  no^  strictly  sylloffistic,  that  is,  its  conclusiveness 
is  not  apparent  from  the  mere  form  of  the  expression,  without  regard 
to  the  meaning  of  the  terms ;  because  it  is  from  that  we  form  our 
judgment  as  to  the  truth  of  the  suppressed  premiss.    The  expressed 
(q\i.  auppressed)  premiss  may  be  true,  and  yet  the  conclusion  false." 
The  reason  here  given  why  the  (so-called)  entiiymeme  is  not  strictly 
syllogistic  is,  that  we  form  our  judgment  of  the  truth  of  the  suppressed 
premiss  from  the  meaning  of  the  terms.    This  is  a  singular  reason. 
The  tnUh  of  the  suppressed  premiss  has  nothing  to  do  with  the 
validity  of  the  conclusion  as  an  inference.     If  the  suppressed  premiss 
were  expressed,  the  question  as  to  the  conclusion  would  be,  not 
whether  the  suppressed  premiss  were  true  but  whether  it  necessitated 
the  conclusion.    If  the  conclusion  is  already  made  and  one  premiss 
only  stated,  the  truth  of  the  suppressed  premiss  is  not  the  matter  in 
question,  but  only  tohat  it  is ;  and  when  we  have  ascertained  what  the 
premiss  must  be  in  order  that  the  conclusion  may  be  valid  as  an 
inference,  we  may  then  inquire  if  the  suppressed  premiss  is  true.    The 
expressed  premiss  cannot  be  true  and  the  conclusion  false,  for  the 
proper  suppressed  premiss  is  virtually  involved  in  the  conclusion  and 
the  expressed  premiss.     Besides,  the  mere  form  of  the  expression  does 
indicate  the  suppressed  premiss ;  if  it  did  not,  the  enthymeme,  that  is, 
the  incomplete  syllogism,  the  syllogism  of  common  discourse,  would 
be  incapable  of  being  expressed  in  the  form  of  a  complete  syUogism. 
If  we  say  A  is  c*becau8e  or  for  it  is  b,  which  is  the  mere  form  of  the 
expression,  we  see  that  the  suppressed  premiss  is,  b  is  o,  that  is,  B  is 
contained  in  or  is  co-extensive  with  c ;  and  every  person  who  can  com- 
'  })rehend  the  notion  of  a  containing  whole  and  its  contained  parts  will 
understand  what  is  meant  if  it  is  expressed  in  this  form ;  ▲  is  con- 
tained in  c  because  a  is  contained  in  b.    As  if  a  man  had  found  that 
^y  one  thing  could  be  contained  in  another  (second)  thing,  and  this 
other  (second)  thing  were  contained  in  a  third,  he  would  conclude 
mentally  that  this  one  thing  was  contained  in  the  third ;  and  the  form 
of  hia  expression  would  be,  it  is  contained  in  the  third  because  it  is 
cimtained  in  the  second,  in  which  he  would  tacitly  suppose  that  the 
second  ia  contained  in  the  third,  and  would  then  necessarily  oonclude 
that  the  first  is  contained  in  the  third. 

We  are  now  in  a  condition  to  show  what  are  the  limits  of  pure  logic, 
or  of  a  pure  logic.    AH  propositions  and  all  syllogisms  are  the  subject 

*  It  haa  been  observed  by  Sir  Wm.  Hamilton  ('Edinburgh  Review,*  No.  115) 
*nat  this  ia  not  the  meaning  of  the  enthymeme  of  Aristotle,  which  is  quite  true ; 
jof  is  it  the  moaning  of  the  enthymeme  of  Cicero.  The  following  pasMiges  may 
M  referrtd  to  as  showing  the  meaning  of  the  old  enthymeme  (it9vfAr,/jut), 
^nich  seems  to  have  been  taken  by  different  writers  in  different  senses : 
Arwtotle  CAnalyt.  Prior./  ii.  27):  Cicero,  (*Toplca,»  IS,  14);  Demetrius 
^halereus  (r^i  'Z^ntiimt,  s.  30).  The  enthymeme  of  Boethins  is  the  modern 
witbymcme  (*  Comment,  in  Cic'  Topic.,  i,  c.  2.) 
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of  a  pure  logic  only  so  far  as  they  have  all  something  in  common. 
They  have  only  something  in  common  so  far  as  they  are  sdl  capable  of 
being  reduced  to  a  common  form  or  forms ;  that  is,  a  pure  logic  is 
formal  only.  Neither  the  syllogism  nor  its  parts  regard  the  matter, 
and  the  propositions  which  enter  into  the  syllogism  are  only  the  object 
of  logic  so  far  as  they  are  connected  by  m  and  is  not.  And  since  all 
propositions,  when  viewed  solely  as  the  parts  of  a  syllogism,  must  be 
capable  of  being  reduced  to  the  same  form  or  forms,  it  follows  that  all 
propositions  as  logical  elements  connected  by  is  and  is  not  are  only 
viewed  in  that  way  in  which  the  reason  does,  and  must  because  it 
does,  view  all  things  which  are  so  presented  to  the  mind  independently 
of  the  matter,  namely,  with  relation  to  the  notion  of  a  containing 
whole  and  contained  parts. 

If  this  exposition  seem  tedious,  the  fault  is  with  those  who,  while 
they  profess  to  teach  pure  logic,  confound  it  both  with  an  applied  logio 
and  with  other  things  also. 

There  seems  to  us  another  error  in  Dr.  Whately,  which  is  worth 
noticing :  he  says, ''  No  conversion  is  employed  for  any  logical  ptupose, 
unless  it  be  illative ;"  and  he  adds,  '*  the  reader  must  not  suppose  from 
the  use  of  the  word  '  illative,'  that  this  conversion  is  a  process  of 
reasoning :  it  is  in  fact  only  stating  the  same  judgment  in  another 
form."  Now  if  we>  say  a  is  b,  meaning  that  a  is  contained  in  b,  it  is  a 
logical  consequence  or  conclusion,  though  not  a  syllngistio  one,  that  b 
is  not  contained  in  a.  In  this  case  then  there  can  be  no  unlimited 
logical  conversion  of  the  proposition.  If  a  is  co-extensive  with  b,  then 
B  is  co-extensive  with  a  ;  in  which  case  there  is  a  logical  conversion. 
The  laws  of  thought  necessitate  the  non-conversion  in  the  one  case  and 
the  conversion  in  the  other  ;  and  if  these  are  not  logical  conclusions, 
there  is  no  such  thing  as  a  pure  logic  or  reasoning. 

It  is  generally  said  that  logic  teaches  us  to  reason  correctly,  or  that 
it  shows  the  process  which  takes  place  in  the  mind  when  a  man  does 
reason  correctly.  It  is  however  difficult  to  admit  the  accuracy  of  this 
statement.  If  a  man  reasons  at  all,  in  the  strict  logical  sense,  he 
reasons  correctly.  Language  is  seldom  expressed  in  the  form  of 
syllogisms,  and  it  is  not  usual  to  express,  in  any  way,  both  the  pro- 
positions from  which  we  deduce  a  conclusion.  We  generally  express 
ourselves  by  way  of  a  conclusion  and  one  premiss.  Now  this  being  so, 
the  BuppresiBed  premiss  may  always  be  discovered  by  somebody,  though 
the  speaker  or  writer  may  not  always  be  able  to  discover  his  own 
suppressed  premiss.  The  conclusion  and  one  premiss  being  given,  the 
suppressed  premiss  is  also  given,  for  the  conclusion  and  the  expressed 
premiss  necessitate  the  proper  suppressed  premiss.  They  who  say  a 
man  argues  incorrectly,  when  he  states  a  conclusion  and  one  premiss 
only,  assume  that  his  suppressed  premiss  is  not  that  suppressed  pre- 
miss which  Uie  two  data  require,  but  some  other.  But  if  some  other, 
it  is  impossible  that  they  can  find  it  out,  and  therefore  they  cannot 
confute  him.  It  is  only  because  the  suppressed  premiss  (perhaps  not 
known  to  the  speaker)  pointed  to  by  the  data,  is  the  real  one,  that  we 
can  confute  the  speaker.  We  show  what  the  suppressed  premiss  is, 
and  then  we  are  in  a  condition  to  dispute  it,  and  to  ask  him  for  proof 
of  it.  A  man  then  does  reason  correctly  when  he  reasons  by  a  con- 
clusion and  one  expressed  premise.  The  syllogistic  form  shows  what 
the  premiss  must  be,  that  is,  it  leads  to  the  full  interpretation  of  the 
speaker's  meaning.  But  suppose  a  man  expresses  all  the  terms  of  a 
syllogism,  and  his  syllogism  is  vicious,  is  it  vicious  because  he  reasons 
wrong,  or  because  he  has  given  a  meaning  to  some  of  his  terms  which 
other  people  do  not,  or  has  altogether  mistaken  them?  We  think 
that  his  reasoning,  as  such,  is  and  must  be  correct.  His  apprehension 
may  be  and  often  is  wrong.  In  this  view,  reasoning,  ojs  reasoning,  is 
always  correct  reasoning.  It  has  been  objected  to  this  by  a  friend, 
that  many  persons  who  are  not  familiar  with  logical  considerations, 
on  being  asked  whether,  if  every  a  is  b,  every  b  is  also  a,  will  admit 
this  conversion  to  be  true.  It  is  then  asked  if,  in  admitting  this,  they 
reason  coirectly.  The  answer  to  this  difficulty  is  f  umiehed  by  the 
objector,  who  goes  on  to  say,  that  if  the  person  who  admits  this  con- 
version is  asked  the  same  question  as  to  a  material  conversion,  such  as, 
every  goose  is  an  animal,  he  immediately  perceives  that  he  cannot 
say  every  animal  is  a  goose.  This  shows  that  his  apprehension  of  the 
expression,  every  a  is  B,  was  incorrect,  that  is,  he  did  not  understand 
it,  but  took  it  to  mean  something  different  from  what  the  person 
intended  by  it  who  put  the  question. 

In  argumentation  the  conclusions  are  the  matters  which  are  directly 
disputed ;  but  the  suppressed  proposition  is  generally  the  real  matter 
in  dispute,  or  the  meaning  of  a  term  is  the  matter  in  dispute.  The 
use  of  logical  forms  consists  in  showing  fully  and  explicitly  what  is 
expressed  imperfectly  and  only  implicitly  in  the  common  form  of 
language  ;  and  its  use  is  not  a  bit  the  less  because  it  neither  teaches  to 
reason  nor  convicts  our  reason  of  error.  Its  use  is  to  indicate  to  us  all 
the  formal  elements  and  conditions  of  dependent  truth.  It  points  out 
to  us  and  leads  us  to  the  consideration  of  the  several  propositions 
which  discourse  contains,  and  from  the  consideration  of  the  several 
propositions  it  leads  to  the  terms,  and  there  it  leaves  us. 

The  cause  of  this  confusion  between  logic  and  metaphysio  is  obvious, 
and  lies  in  the  necessity  which  all  men  feel  of  a  metaphysic  of  some 
kind  or  other.  Qenend  terms  and  general  propositions,  the  elements 
of  every  material  syllogism,  are  deeply  fixed  in  the  mind  long  before 
its  consciousness  is  awakened  to  the  cognisance  of  the  operations  of 
the  reason ;  and  in  many  minds  this  consciousness  is  never  called  into 
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existence.  Logicians  clearly  porceive  the  value  of  the  syllogistic  forms 
OS  an  aid  and  a  formal  help  in  analysing  the  reasoning  process  in  a 
given  case  :  they  also  see  or  feel  that  the  reasoning  process  in  itself 
is  not  knowledge,  but  they  see  that  it  is  a  means  to  knowledge.  Its 
barrenness  in  itself  is  confounded  with  its  productive  powers  when 
exercised  on  a  noaterial,  and  hence  they  have  come  to  confound  its 
operating  energies  with  its  products ;  as  if  a  man  should  confound 
bis  tools  with  that  which  is  produced  by  his  tools  operatmg  on  his 
materials. 

A  pure  logic  will  lead  aU  men  to  a  metaphysic,  for  a  pure  logic  has 
its  use  in  its  applications.  A  metaphysic,  as  a  system,  if  it  does  not 
contain  a  logic,  will  lead  to  the  residte  of  most  systems  of  metaphysio, 
that  is,  to  none  at  all. 

Thus  it  appears  that  the  study  of  logic  is  perhaps  the  proper  intro- 
duction to  a  metaphysic ;  and  it  were  much  to  be  wished  that  all  who 
have  written  on  the  latter  had  first  been  subjected  to  the  discipline  of 
the  former. 

The  forms  of  the  Stllooism  are  considered  under  that  article, 
consistently  with  the  plan  of  this  work.  In  the  mean  time,  till  we 
have  some  system  of  logic  in  our  language  which  is  founded  upon  and 
g^ws  out  of  some  philosophical  system,  it  is  better  for  the  student  to 
study  only  a  purely  formal  logic,  which  is  independent  of  any  philoso- 
phical system,  and  to  apply  it  to  his  various  studies. 

The  question.  What  is  Logic  ?  has  been  a  matter  of  much  dispute. 
It  has  been  disputed  whether  logic  is  a  science  or  an  art,  or  both — an 
idle  question,  which  may  be  safely  left  undecided.  It  is  more  im* 
portant  to  determine  what  is  comprehended  in  the  term  logic,  and 
this  has  partly  been  attempted  here.  It  is  also  of  some  importance  to 
Hhow  that  the  notions  of  this  science  do  not  appear  to  have  been  very 
exact  among  the  Qreeks  and  Romans,  which  may  be  one  cause  of  the 
traditional  confusion  as  to  the  limits  of  logic,  which  has  been  so 
common  in  modem  times.  It  may  be  also  useful  to  show  what  logic 
is  conceived  to  be  by  some  modem  writers. 

There  is  no  definition  of  logic  in  the  extant  works  of  Aristotle ;  and 
if  we  deduce  from  his  Organon,  as  we  now  have  it,  our  notion  of  what 
the  term  comprehends,  we  shall  find  that  it  contains  a  great  deal  which 
does  not  belong  to  logic  as  it  has  been  understood  by  those  who  have 
formed  the  most  exact  notions  ai  it.  If  we  should  attempt  to 
ascertain  what  logic  is  from  the  writings  of  all  who  have  written  on 
logic,  it  will  be  found  impossible  to  form  any  exact  notion  oi  its  liinits 
and  objecU. 

Dialectic  is  distinguished  by  Cicero  ('  Topica/  2)  from  Topic.  "  All 
exact  argumentation,"  he  observes,  "  consists  of  two  parts,  one  com- 
prehending  invention  (unam  inveniendi),  and  the  other  judgment 
(alteram  judicandi).''  He  assigns  to  Aristotle  pre-eminence  in  both, 
and  speaks  of  the  Stoics  as  having  especially  applied  themselves  to  the 
latter,  which  they  named  Dialectic,  But  the  dialectic  of  the  Stoics  was 
certainly  not  confined  to  pure  logic,  as  appears  from  what  Cicero  says 
in  his  treatise  '  On  the  Orator '  (ii.  38),  and  also  from  the  statement  of 
the  Stoical  opinions  as  to  dialectic  by  Diogenes  Laertius,  in  his  Life  of 
Zeno  of  Citium.  The  Stoic  dialectic  seems  to  have  comprehended 
logic  and  more,  as  will  hereafter  appear ;  and  yet  it  comprehended  less 
tl^n  the  logic  of  the  Peripatetics.* 

In  Dr.  Whately's  treatise,  as  may  be  collected  from  4  comparison  of 
various  passages,  logic  seems  to  be  oonv^ertible  with  syllogistic.  To 
reoifm,  in  the  strict  sense  of  the  word,  is  to  make  use  of  aiguments 
(p.  18);  an  argument,  when  regularly  expressed,  is  a  syllogism 
(p.  55) ;  and  logic  is  the  science  and  the  art  of  reasoning  (p.  1) ;  hom 
which  it  follows  that  to  syllogise  and  to  reason  are  convertible,  and 
that  logic  is  the  theory  of  the  syllogism  (p.  73).t  This  seems  to  be 
the  meaning  of  the  author,  and  if  such  be  the  proper  notion  of  logic,  it 
must  be  admitted  that  the  boundaries  of  the  science  are  very  limited 
indeed.  But  limited  as  they  really  are,  in  this  view  of  the  subject,  the 
exercise  of  reducing  argumentation  to  syllogistic  forms  still  contains 
more  than  those  may  be  inclined  to  supx>ose  who  have  not  been 
disciplined  in  this  practice, 

It  may  be  worth  while  to  notice  what  Dr.  Whately  says  of  the  word 
arffument.  "  Every  argument,"  he  observes,  "  consists  of  two  parts, 
that  which  is  proved,  and  that  by  means  of  which  it  is  proved ;"  and 
he  adds  in  a  note,  that  this  is  the  strict  technical  sense  of  the  word 
argument,  but  that  in  popular  m^  argmnent  is  often  employed  to 
denote  the  latter  of  these  two  parts  alone.  But  this  is  a  mistake :  the 
popular  use  is  the  correct  use,  as  it  is  in  many  other  cases.  When  a 
man  is  said  to  use  a  good  argument,  he  urges  or  suggests  something 
which  is  either  proved  or  universally  admitted,  and  the  goodness  of 
his  argument  consists  in  its  being  applicable  to  the  matter  in  hand,  and 
obviously  comprehending  within  it  something  which  it  is  his  object  to 
establish  or  prove.    He  who  argues  well,  possesses   the   inventive 

*  See  also  tho  threofold  division  of  Pbiloiopby  by  Diogenes  Laortias  {Pro. 
wmium),  into  Physic  {^wiKif),  Ethic  (^nitX  and  Dialectic  (Ztaktuuuh),  Zcno  of 
Elca  was  considered  as  tho  founder  of  dialectic. 

t  Dr.  Whately  aays,  *'  The  third  operation  of  the  mind,  namely,  reasoning 
(or  disconrse)  expresped  in  words,  is  argument ;  and  an  urKument  stated  at  full 
lenftk  and  in  its  regular /orm,  is  called  a  syllogism ;  the  third  part  of  logic  there- 
fore treats  of  the  syUogUm,"  The  other  two  parts,  Vfhich  are  briefly  treated  by 
Dr.  Whately,  aro~c.  1,  "Of  tho  operations  of  tho  mind  and  of  terms;"  and 
0.  3,  "  Of  propositions,"  but  Uiey  are  very  incomplete,  and,  as  we  think,  very 
deficient  in  logical  precision.    There  is  a  Supplement  to  c.  1. 


faculty  as  defined  by  Cicero.  It  is  his  bnslxieas  to  establish  one  ^ 
more  things,  and  to  command  the  assent  of  his  hearers  by  preseitiq; 
to  their  minds  such  propositions  as  only  need  to  be  presented  in  onk 
to  command  assent,  and  which  are  comprehensive  anough  to  tmhxt 
the  particular  things  which  he  has  to  establish.  The  ailment,  in  tl: 
popular  sense,  is  the  premises  of  the  syllogi^^^ ;  or  it  is  the  mkyk 
term ;  and  it  is  accordingly  explained  by  Cioero  ('  Topics/  2)  to  at 
**  ratio,  quBB  rei  dubisQ  faciat  fidem,"  the  reaton,  which  gives  credM;? 
to  a  thing  that  is  doubtful  Of  course  that  which  is  proved,  or  to  W 
proved,  cannot  be  an  argument  within  Cicero's  mftaning  of  the  tars. 
Dr.  Whately  himself  says, "  that  which  is  used  to  prove  the  qoesti  a. 
if  stated  last  (as  is  often  done  in  common  discourse)^  is  called  tii 
But  it  is  equally  the  reason  whether  placed  first  or  Wt,  ssii 


reaton. 


is  called  the  reaton  with  strict  technical  propriety,  whatever  mar  W 
the  place  which  it  occupies  in  discourse,  ^e  proper  name  for  ih 
syllogism  is  argumentation,  of  which  the  two  premises  are  the  sirs- 
ment ;  and  this  is  the  sense  in  which  ancient  logical  writers  uods* 
stood  argumentation  and  ailment. 

The  meaning  of  the  term  Logic  is  explained  by  Kant  with  his  uruI 
deamess.    Logic  is  the  science  of  the  laws  of  thought.     Logic  ioaj  U 
considered  from  two  points  of  view,  as  General  or  SpecdaL     Qenml 
logic  comprehends  only  the  necessary  laws  of  thought,  without  whid 
there  can  be  no  exercise  of  the  Understanding,  and   it  has  00  rehrmx 
to  any  difference  in  the  objects  to  which  it  is  applied.     Special  lc>gk 
comprehends  the  rules  of   thinking   rightly  on  any   given  subjeci 
General  logic  again  is  either  Pure  or  Applied  logic     In  the  former  w 
abstract  from  all  empirical  conditions  under  which  our  underBtsnilm; 
is  exercised,  as  for  instance,  the  influence  of  the  senses,  imsgioaticA 
memory,  &C.    A  General  and  Pure  Logic  has  oonsequently  only  k 
deal  with  pure  d  priori  principles,  and  is  a  canon  of  the  Understanding 
and  of  the  Reason,  but  only  in  respect  to  the  formal  part  of  its  use; 
the  matter  which  is  its  object  may  be  either  empirical  or  tram^n- 
dental.    A  General  Logic  is  called  Applied  when  it  has  reference  t>' 
i^e  rules  of  the  exercise  of  the  Understanding  under  the  subjectini 
empirical  conditions,  which  we  learn  from  psychology.     It  has  con- 
sequently empirical  principles,  though  it  is  so  far  General  that  it  hi 
reference  to  tne  exercise  of  the  understanding  without  any^  distinctfos 
of  objects.    In  General  Logic  consequently,  the  part  which  comjw- 
hends  the  pure  doctrine  of  the  Reason  must  be  absolutely  separated 
from  that  which  is  Applied,  though  still  General  Logio.     The  first 
part  only  is  properly  a  science,  though  brief  and  dry,  as  the  regular 
exhibition  of  an  elementary  view  of  the  Understanding  must  be.    Ia 
this  science  then  logicians  must  always  bear  two  rules  in  mind  :— 

1.  As  General  Logic,  it  abstracts  nrom  everything  which  the  under- 
standing contains  as  knowledge,  and  from  all  differences  in  its  objects, 
and  it  has  only  to  do  with  the  pure  form  of  thought. 

2.  As  Pure  Logio,  it  has  no  empirical  principles,  and  oonsequcntlj 
derives  nothing  (as  has  been  sometimes  supposed)  from  psyohologVi 
which  therefore  has  no  influence  at  all  on  the  canon  of  the  under 
standing.  It  is  a  demonstrated  science,  and  everything  in  it  must  ^ 
absolutely  d  priori  true.  (Kant, '  Critik  der  Reinen  Vemunft/  p.  55, 
Ac,  ed.  1828.) 

By  Applied  Logic,  Kant  understands  an  exhibition  of  the  undo^ 
standing  and  the  rules  of  its  necessary  exercise  in  conarto,  namely, 
under  those  accidental  conditions  of  the  subject  which  may  tMisi  or 
impede  its  exercise,  and  all  which  are  only  empirical  data.  It  treats  of 
attention,  its  impediments  and  consequences,  the  origin  of  error,  the 
state  of  doubt,  conviction,  &c. 

General  logic  then  abstracts  from  all  our  knowledge,  that  is,  from 
aU  relation  of  our  knowledge  to  an  object,  and  contemplates  only  tne 
logical  form  in  the  relation  of  the  parts  of  our  knowledge  to  one 
another,  that  is,  the  form  of  thought  generally.  So  far  as  truth  u 
concerned,  since  logic  is  conversant  only  about  the  general  and  nec6i- 
saiy  rules  of  thought,  the  criterion  of  its  truth  must  lie  in  these  ndet; 
and  whatever  contradicts  them  is  false,  for  logic  would  then  con- 
tradict itself.  Yet  though  a  logic  may  be  consistfint,  that  is,  Qot 
self-contradictory,  yet  it  may  be  contradictory  to  the  object ;  cod- 
sequently  the  bare  logical  criterion  of  truth,  namely,  the  confornjity 
of  knowledge  with  the  general  and  formal  laws  of  thought  and  of  the 
reason,  is  the  conditio  tine  qud  non^  and  consequently  the  negstice 
condition  of  sdl  truth.  Further  however  logic  cannot  go,  and  any  error 
which  affects  not  the  form,  but  the  matter,  logic  has  no  means  of 
detecting. 

A  recent  German  writer  has  viewed  logio  in  a  somewhat  different 
light,  and  given  it  a  wider  range.  The  difficulty  of  presenting  any- 
thing like  an  adequate  view  of  the  principles  of  Hegel  bv  a  ^f'*' 
extracts  must  be  the  apology  for  this  imperfect  attempt  j  the  oW«rity 
of  the  exposition,  if  such  it  shall  appear,  may  bo  partly  though  not 
entirely  due  to  ourselves. 

"  That  which  is  generally  understood  by  the  term  logic,  is  viowM 
altogether  independent  of  any  metaphysical  signification.  In  ^^ 
present  condition  this  science  has  no  subject-matter  (inhalt)  in  the  ecase 
in  which  subject-matter  is  considered  as  a  reality  and  as  a  trutU  m 
the  ordinary  acceptation  of  the  term.  But  it  is  not  for  this  reason  a 
formal  science  which  is  devoid  of  truth.  The  region  of  truth  hoWtfvp^ 
must  not  be  sought  for  in  that  material  which  people  expect  to  find  jn 
logio,  and  to  the  want  of  which  its  unsatisfactory  nature  is  usually 
attributed ;  but  the  emptiness  of  logical  forms  rather  lies  in  the  vfty 
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in  which  they  are  considered  and  handled.  Bo  far  as  logical  forma, 
coiisitlered  as  determinate  notions,  are  disjointed  from  one  another, 
and  not  bound  together  in  organic  unity,  they  are  dead  forme,  and 
have  not  in  them  tiie  spirit  which  is  their  living  concrete  unity.  Thus 
viewed,  they  have  no  solid  subject-matter  (inhalt) — no  matter  which 
of  itself  would  be  a  real  substance  (gehalt).  The  subject-matter 
which  is  looked  for  in  logical  forms  is  nothing  else  than  a  firm  founda- 
tion and  concretion  of  these  abstract  determinations ;  and  such  a 
substantial  essence  is  usually  sought  for  beyond  the  bounds  of  the 
science.  But  the  logical  reason  is  itself  the  Substantial  or  Real 
matter,  which  unites  in  itself  all  abstract  determinations,  and  is  their 
solid  absolute  concrete  unity.  There  was  no  need  then  to  look  far  for 
a  subject-matter,  as  it  is  usually  called ;  it  is  not  the  fault  of  logic  If  it 
aj)r)ear8  empty,  but  it  is  the  fault  of  the  way  of  considering  it." 

"  In  forming  judgments  and  conclusions,  when  the  operations  are 
especially  referred  to  and  grounded  on  the  quantity  of  the  notions, 
everything  rests  in  an  external  difference,  in  a  mere  comparison,  and 
i)econies  a  pure  analytical  process  and  calculation  void  of  all  ideas. 
The  deduction  of  the  so-called  rules  and  laws  of  conclusions  in  par- 
ticular, is  not  much  better  than  a  handling  of  sticks  of  different  lengths 
in  order  to  sort  them  out  and  tie  them  up  according  to  their  magnitude 
—nothing  else  than  the  child's  game  of  selecting  and  putting  together 
the  pieces  of  a  picture  which  is  composed  of  ports.  This  exercise  of 
thought  has  accordingly  not  unaptly  been  compared  with  arithmetie, 
and  arithmetic  has  been  compared  with  it.  In  arithmetic,  numbers  are 
considered  independent  of  any  notions,  as  something  which,  in- 
dependent of  their  equality  or  inequality,  that  is,  independent  of  their 
absolute  external  relation,  have  no  signification,  aa  something  which 
neither  in  themselves  nor  in  their  relations  express  a  thought.  When 
it  is  mechanically  ascertained  that  |  multiplied  by  |  make  J,  this 
operation  contains  just  as  much  and  just  as  little  thought  as  the 
ascertainment  whether  in  a  given  figure  this  or  that  conclusion  can  be 
made." 

Hegel  remarks,  that  with  respect  to  the  formation  of  an  individual 
mind,  logic  may  be  compared  with  grammar.    Both  logic  and  grammar 
are  something  different  for  him  who  first  approaches  them  and  science 
in  general,  and  for  him  who  comes  back  from  the  sciences  to  them. 
He  who  begins  to  learn  grammatical  forms  and  rules,  sees  in  them 
notliing  but  themselves :  he  who  has  mastered  a  language,  and  com- 
pares it  with  other  languages,  is  in  a  capacity  to  understand  the  full 
force  of  these  rules  and  forms.    Through  the  grammar  he  can  reach 
the  expression  of  the  mind,  the  logic.    The  case  is  the  same  with  a 
man's  first  introduction  to  logic :  its  signification  is  limited  to  itself. 
Logic  must  be  first  learned  as  something  which  a  man  comprehends 
and  understands,  but  in  which  extent,  depth,  and  further  meaning  are 
not  discovered.    It  is  not  till  we  have  a  deeper  acquaintance  with  the 
other  sciences  that  the  logical  becomes  for  the  mind^  Subjectively,  not 
a  mere  abstract  universal,  but  a  universal  which  comprehends  within 
it  the  abundance  of  the  particular  :  just  as  the  same  moral  maxim  in 
the  mouth  of  a  youth,  even  if  he  imderstands  it  correctly,  has  not  the 
signification  and  the  comprehensive  meaning  which  it  has  in  the  mind 
of  a  man  of  long  experience,  to  whom  the  words  convey  the  full  force 
of  the  expression.    Thus  the  logical  cannot  be  f  uUy  estimated  until  it 
is  made  the  result  of  experience  in  the  sciences  :  it  then  presents  itself 
to  the  mind  as  the  universal  truth,  not  as  a  particular  knowledge  co- 
esifttent  with  other  matter  and  realities,  but  as  the  essence  of  all  other 
knowledge. 

"Logic  has  been  defined  (by  Hegel)  as  the  science  of  the  pure 
thought,  which  has  for  its  principium  (princtp)  the  pure  knowledge 
{mmn) ;  not  an  abstract,  but  a  concrete  living  unity ;  and  concrete  in 
this  way,  that  in  it  there  are  undeniably  opposed  to  one  another  the 
consciousness  of  a  subjective  self-exiBtence,  and  a  second  such  existence, 
^  oi)jcctive ;  and  4liat  existence  is  known  as  a  pure  Notion  in  itself, 
and  the  pure  Notion  is  known  as  the  real  existence.  These  then  are 
the  two  momenta  which  are  contained  in  the  logical  But  they  are 
only  known  as  existing  inseparably,  and  not  each  in  the  consciousness 
as  existing  by  itself ;  but  it  is  only  by  virtue  of  their  being  also  known 
as  different  (yet  not  self -existing)  that  their  unity  is  not  abstract,  empty, 
and  mactive,  but  concrete. 

"This  unity  constitutes  the  logical  principium  (princtp)  as  its 
element,  so  that  the  development  of  this  difference,  which  is  always  in 
it,  takes  place  within  this  element.  Thus  the  entire  notion  is  to  be 
cpnaidered  in  the  one  case  as  existing  Notion,  in  the  other  as  Notion 
pnnly :  in  the  former  case  it  is  notion  by  itself  of  reality  or  existence ; 
^^uf  ^tter  it  is  notion  as  such,  self -existing  notion. 

Logic  will  therefore  be  divided  into  the  logic  of  the  notion  as 
cci»tence,  and  of  the  notion  as  notion ;  or,  to  make  use  of  the  common 
though  very  indefinite  and  ambiguous  expressions,  into  the  objective 
^?  "Objective  logic. 

Consistently  with  the  fundamental  element  of  the  unity  of  the 
Jiotion  in  itself,  and  the  connected  insejmrability  of  its  momenta,  these 
niomenta  must  be  viewed  also  in  their  mutual  relations,  so  far  as  they 
*re  different,  and  so  far  as  the  notion  is  considered  with  respect  to  a 
ifference.  Hence  arises  a  sphere  of  Mediation  {verviittluuf/),  or  of  the 
^^Q  as  a  lystem  of  reflective  determinations,  that  is,  of  the  existence 
^f^E  mto  the  internal  existence  of  the  notion,  which,  in  this  way,  is 
°^i  viewed  as  such  by  iUelf,  but  is  affected  by  the  immediate  existence 
«  &y  a  thing  properly  external  to  itsell"    Tm  is  the  doctrine  of  the 


essence  (wesen),  which  stands^botween  theidoctrine  of  existence  and  of 
the  notion ;  but  in  the  general  division  of  Hegel's  work  it  is  placed 
under  the  objective  logic,  masmuch  as,  though  the  essence  is  certainly 
the  Internal,  yet  the  cmoacter  of  the  subject  la  expressly  appropriated 
to  the  Notion. 

Hegel's  division,  therefore,  is  Into  the  objective  and  subjective,  or, 
more  distinctly,  into  : — 

1.  The  Logic  of  Existence  (Die  Logik  des  Seym), 

2.  The  Logic  of  Essence  {Die  LogUc  dei  Wesena). 

8.  The  Logic  of  the  Notion  {Die  Logik  des  JSegriffa), 

(' Wissenschaft  der  Logik,'  et^tei*  band,  1832.) 

It  may  be  useful  to  show  in  a  general  way  what  the  Organott  of 
Aristotle,  as  we  now  have  it,  contains.  The  name  Oi^ganon,  or  Instru- 
ment, was  not  given  by  Aristotle,  but  is  of  a  date  posterior  to  him. 

The  following  synopsis  is  given  by  Qiulio  Paci|  m  his  edition  of  the 
Organon : — 


Logic  is  eon. 
versant  about 
the  Sylloglflm. 
Accordingly 
the  Organon 
explains. 


1.  The  Part9 
of  a  Bylio- ' 
gism. 


With  reference  to  pri- 
mary Notions 

With  reference  to  se- 
condary Notions 

'Qeaerally        •       • 


The  CATBooaiBS. 

On  IllTB&PBXTATIOK. 


The  Puoa  Aitalttica. 


3.  TheSyllo. 
gism. 


(Demonstrative 
Dialectic  • 
Sophiatle  . 


The  PosraaxoB 

Ahalytioa* 
The  TopicA. 
On  BopHisTio 

EUEMCHi. 


With  this  tabular  view,  the  following  general  de«crlptlon  of  the 
oontents  of  the  Oiganon  of  Aristotle,  by  an  able  writer,  will  be  intel- 
ligible. "  The  incorrect  notions  which  have  prevailed,  and  still  con- 
tinue to  prevail,  in  regard  to  the  *  nature  and  province  of  logic,*  are, 
without  detraction  from  his  merits,  mainly  to  be  attribute  to  the 
example  and  authority  of  the  philosopher  himself.  The  books  of 
Categoriet,  as  containing  an  objective  classification  of  real  things,  in 
metaphysical,  not  logical.  The  two  books  of  Potterior  Analytics,  as 
solely  conversant  about  demonstrative  or  necessary  matter,  transcend 
the  Umits  of  the  formal  science ;  and  the  same  is  true  of  the  eight 
books  of  Topics,  as  wholly  occupied  with  probable  matter,  its  accidents 
and  applications.  Even  the  two  books  of  the  Prior  Analytics,  in  which 
the  pure  syllogism  is  considered,  are  swelled  with  extralogical  dis- 
cussions. Such  for  example,  is  the  whole  doctrine  of  modality  of 
syllogisms,  as  founded  on  the  distinction  of  pure,  necessary,  and  con- 
tingent matter ;  the  consideration  of  the  real  truth  or  falsehood  of 
propositions,  and  the  power  so  irrelevantly  attributed  to  the  syllogism 
of  inferring  a  true  conclusion  from  false  premises;  the  distinction  of 
the  enthymeme  through  the  extra  formal  character  of  its  premises,  as 
a  reasomng  from  signs  and  probabilities ;  the  physiognomic  syllogism, 
&c.  &c.  The  same  is  true  of  the  book  on  Interpretation  {irtpi  'Epfiriutias) ; 
and  matters  are  even  worse  with  that  on  Fallacies  {Sophistic  Elenchi). 
If  Aristotle,  therefore,  did  more  than  any  other  philosopher  for  the 
progress  of  the  science,  he  also  did  more  than  any  other  to  overlay  it 
with  extraneous  lumber,  and  to  impede  its  development  under  a  precise 
and  elegant  form.  Many  of  his  successors  had  the  correctest  views  of 
the  object  and  scope  of  logic ;  and  even  among  the  schoolmen  there 
were  minds  who  could  have  purified  the  science  from  its  adventftious 
sediment,  had  they  not  been  prevented  from  applying  their  principles 
to  details  by  the  implicit  deference  then  exacted  to  the  precept  and 
practice  of  Aristotle."    ('  Edinburgh  Heview,'  April,  1883.) 

It  may  indeed  be  strongly  suspected  that  the  various  treatises  which 
compose  the  Organon  contain  interpolations.  Further,  what  we  now 
have  are  only  a  part  of  the  logical  works  of  Aristotle ;  and  even  this 
part  does  not  exhibit  simply  a  logical  system,  properly  so  called,  but 
rather  a  system  of  argumentative  discourse. 

We  may  remark  of  the  Categories  that  attempts  have  been  made  to 
found  a  philosophical  system  upon  them,  as  explained  by  Aristotle. 
They  contain,  as  is  observed  by  Dr.  Whately,  the  explicit  statement 
that  though  a  primary  substance  signifies  a  particular  thing,  (u  ''  a 
particular  man,  *'  a  particular  horse,"  the  general  term  "  man "  or 
"  horse  "  (which  he  calls  a  secondary  substance)  only  appears  to  denote 
a  particular  thing,  but  in  fact  does  not ;  for  the  thing  is  not  one,  as  in 
the  case  of  a  **  particular  man,"  but  is  said  of  noany  (v.  16,  ed.  Pac.). 
This  is  a  clear  statement  that  general  terms  do  not  indicate  realities, 
but  are  only  the  expression  of  the  mode  in  which  the  mind  is 
affected. 

In  the  Prior  Analytics  it  has  been  stated  that  the  pure  syllogism  is 
considered :  the  introductory  chapter  of  the  First  Book  states  in  a 
general  way  the  objects  of  the  science  as  conceived  by  Aristotle,  and  is 
expressed  with  his  characteristic  clearness. 

"  It  is  propel*,"  says  Aristotle, "  first  to  state  about  what  the  inquiry 
is,  and  to  what  the  mquiry  belongs,  namely,  demonstration  and  demon- 
strative science.  Then  we  must  define  Proposition  {irpSraats),  Term 
(Upos),  and  Syllogism  {trvKKoyia-fthi) ;  and  what  is  a  perfect  and  what  an 
imperfect  syllogism.  Next,  what  is  meant  by  one  thing  being  or  not 
being  in  the  whole  of  another,  and  what  we  mean  by  a  thing  being 
predicated  of  all  or  none.  A  proposition  then  is  a  sentence  {\6y05) 
which  affirms  or  denies  somethhig  of  another  thing ;  and  this  eitlier 
universally^  or  particularly,  or  indefinitely.    By  imiversally,  I  mean 
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where  it  applies  to  all  or  uone ;  by  particularly,  where  it  applies  to 
part,  or  not  a  part,  or  not  to  all ;  and  by  indefinitely,  where  it  applies, 
or  does  not  apply,  without  anything  being  determined  as  to  the  whole 
or  part.  The  demonstrative  (&iro8ctKTtic^)  proposition  differs  from  the 
dialectic  (SioXcktuc^).  The  demonstrative  is  an  assumption  of  one  side 
of  the  question,  namely  the  contradiction ;  for  he  who  demonstrates 
does  not  interrogate,  but  he  assumes ;  but  the  dialectic  is  an  interro- 
gation as  to  the  contradiction.*  This,  however,  makes  no  difierence 
with  respect  to  the  syllogism  in  either  case,  for  both  he  who  demon- 
strates and  he  who  interrogates  syllogise  by  assuming  something  to  be 
predicated  or  not  to  be  predicate  of  another  thing.  Consequently  a 
inrllogistic  proposition  will  be  simply  an  affirmation  or  denial  of  one 
thing  with  respect  to  another,  in  the  way  ah'eady  mentioned ;  and  a 
proposition  will  be  demonstrative  if  it  is  true,  and  obtained  by  means 
of  the  original  hypothesis.  A  dialectic  proposition  is,  with  respect  to 
the  question,  an  interrogation  about  denial ;  but  to  him  who  syllogises, 
it  is  the  assumption  of  that  which  is  apparent  and  probable,  as  it  is 
shown  in  the  Topica.  What  then  is  a  proposition,  and  in  what  respect 
a  syllogistic,  demonstrative,  and  dialectic  proposition  differ,  will  be 
accurately  stated  in  what  follows  (in  the  '  Analytica  Posteriora '} ;  but 
for  the  present  purpose  what  has  been  already  said  is  sufficient. 

"  I  call  Terin  that  into  which  a  proposition  is  resolved,  as  the  pre- 
dicate  {rh  tccerriyopo^fitvoy),  and  that  of  which  predication  is  made,  with 
the  addition  or  not  of '  being,'  or '  not  being.'  A  syllogism  is  discourse, 
in  which  certain  things  being  laid  down,  something  dilierent  from  these 
things  necessarily  resulte  by  virtue  of  these  premises  (rw  ravra 
thau).  And  I  mean  by  the  words  '  by  virtue  of  the  premises,'  that  this 
something  results  by  reason  of  them  {Hiit  ravra) :  and  *  by  reason  of 
them '  means  that  no  other  term  is  needed  in  order  to  this  necessary 
result.  Now,  I  caU  that  a  perfect  syllogism  which  requires  nothing 
else  besides  what  is  assumed  or  granted 'in  order  that  the  necessary 
conclusion  may  appeju*.  I  call  that  an  imperfect  syllogism  which 
requires  one  or  more  things  which  are  of  necesfity  by  virtue  of  the 
given  terms,  but  are  not  assumed  in  the  propositions.  For  one  thing 
to  be  said  to  be  in  the  whole  of  another,  and  one  thing  to  be  predicated 
of  the  whole  of  another,  is  the  same  thing ;  and  I  mean  by  predication 
of  the  whole  of  a  thing,  when  one  cannot  conceive  any  part  of  the  one 
thing  (the  subject)  of  which  the  other  cannot  be  predicated ;  and  the 
like  when  the  predication  is  of  no  part  of  a  thing." 

It  was  apparently  the  object  of  Aristotle  in  his  so-called  logical 
treatises,  as  we  now  have  them,  to  make  a  perfect  system  of  ai^gu- 
mentative  discourse,  and  not  merely  a  logical  (properly  so  called) 
system.  It  is  probable  that  if  all  his  works  of  this  class  were  extant 
and  arranged  according  to  his  own  method,  we  should  see  still  more 
clearly  that  the  whole  was  not  considered  a  logical  system  (as  the  term 
logic  is  strictly  understood),  but  that  a  logical  system  (as  the  term  is 
strictly  understood)  was  contained  in  itw  Whether  Aristotle  or  any 
other  person  put  the  existing  books  of  the  Organon  together,  neitiber 
the  author  who  conceived  them  in  connection  with  one  another,  nor 
any  one  else,  considered  them  as  forming  a  pure  logical  or  even  a  pure 
dialectic  treatise,  but  a  treatise  on  ai^gumentation.  And  this  is  clear 
enough  from  an  examination  of  the  contents  of  the  Organon,  and  the 
remarks  of  Cicero  {Topica)  and  his  commentator  Boethius,  who  was 
himself  a  writer  on  logic.  Boethius,  who  uses  the  term  Logic,  informs 
us  that  the  Peripatetics  understood  this  term  as  Cicero  understood  it, 
and  Cicero  defines  it  to  be  ''  disserendi  diligens  ratio,"  or  "  an  exact 
method  of  argumentation."  The  Peripatetics,  he  adds,  understood 
logic  to  consist  in  invention  and  judgment ;  but  the  Stoics,  who  neg- 
lected invention,  considered  it  to  consist  in  judgment  only,  which  they 
distinguished  by  the  name  of  dialectic.  Thus  the  logic  of  the  Peripa- 
tetics was  larger  than  the  logic  of  the  Stoics.  Hie  logic  of  the  Peripatetics 
consisted,  first  of  topic  or  invention,  which  teaches  the  method  of  easily 
discovering  arguments;  and  Boethius  remarks  that  Aristotle  in  his 
'  Topica '  treats  of  the  "  maximsB  propositiones"  (called  loci),  which  are 
imiversal  propositions,  of  imdoubted  tiauth,  which  need  no  demon- 
stration, or  probable  propositions,  and  from  which  we  descend  to  the  con- 
clusions of  the  syllogism.  Judgment  is  more  particularly  exercised  in 
making  conclusions  (in  ooUigendi  ratione),  but  inasmuch  as  all  argu- 
mentation and  syllogising  depend  on  and  are  constructed  of  propositions, 
we  have  to  consider  botid  the  matter  of  propositions  and  their  con- 
nection. As  to  the  maUer,  we  have  to  consider  whether  the  propositions 
are  true,  or  necessary,  or  probable,  or  sophisticaL  As  to  the  connection, 
we  have  to  consider  the  union  and  the  composition  of  the  propositions, 
which  may  be  called  the  farm  of  the  arguments.  Logic  then  consists 
of  invention,  and  of  the  conclusions  from  invention,  or  the  form  of  the 
argumentation.  Tlie  part  which  treats  of  invention  supplies  the 
instruments  or  means  for  invention,  and,  as  already  observed,  is  called 
Topice.    The  part  which  relates  to  judgment  supplies  certain  rules  for 


called  Analytice  Posterior,  when  it  is  engaged  about  disceming  neces- 
sary arguments;  but  when  it  is  engaged  about  false  and  deceptive 
ai^iments  (cartflatorta),that  is,  sophistical,  it  is  called  the  ElenchL 
Boethiiis  then  concludes  that  Aristotle  treated  of  logic  in  a  more 

♦  TV  iia\€KriKiiy  i-Kitrrfitnuv  olaav  rov  hpQSts  hiciX4ytcdaL  jrepi  rw  itf 
ifxorfiau  Kal  iucoKplff€i  \6yuv,     (Diog.  Laert.,  *  Zeno,»  viL,  o.  84.) 


complete  manner  than  the  Stoics,  "  since  he  treated  of  the  two  thiass 
besides  which  there  is  no  third,  namely,  invention  and  judgment,  vUr 
the  Stoics  neglected  invention  and  only  furnished  us  with,  the  in&r&- 
menta  of  judgment." 

This  statement  of  what  the  logic  of  Aristotle  waa^  may  bdp  u 
remove  certain  long-rooted  mistakes  on  the  matter.  Dr.  Wh&tdy,  vb> 
confines  logic  to  the  piure  syllogism  in  his  theoretical  view  ox  ti.-' 
subject,  though  not  in  his  practical  exposition  of  it,  says  that  **  vlti 
the  exception  of  Aristotle,  hardly  a  writer  on  logic  can  be  ziientic<ki 
who  has  clearly  perceived,  and  steadily  kept  in  view  throughout,  Jt* 
real  nature  and  object."  And  he  remarks  that  even  Axistotle  ji  e^ 
entirely  exempt  from  the  error  of  mistaking  the  nature  of  logic,  &it! 
extending  it  to  subjects  with  which  it  has  no  proper  connection,  ^jw 
the  fact  is  that  Aristotle's  logic,  being  what  we  have  here  explained  ? 
to  be,  is  a  very  difierent  thing  from  what  it  appears  to  be  conddexti 
to  be  by  many.  To  say  that  Aristotle  is  not  entirdy  exempt  from  iti- 
error  above  mentioned  is  rather  a  singular  expression,  when  tlim> 
foiu-ths  of  his  Organon  have  nothing  at  all  to  do  with  the  pure  .^jil^ 
gism.  In  fact  Aristotle's  Oi^non,  and  his  logic  as  explained  Ij 
Boethius,  are  much  more  like  Watts's  much-abused  '  Right  Use  A 
Reason '  than  like  what  many  modem  writers  take  them  to  be. 

There  is  a  short  but  not  a  satisfactory  account  of  the  contents  »' 
Aristotle's  Organon  by  Dr.  Thomas  Reid,  Edinburgh,  1806.  It  wr 
however  serve  to  give  the  reader  some  notion  of  the  contents  of  tk 
work.  The  best  account  of  it  is  said  to  be  by  Barth^emy  St.  HiUfr.. 
'  La  liOgique  d'Aristote,'  2  vols.  8vo.     [Loaic] 

The  controversial  tone  of  this  article,  in  a  work  of  this  descripy?.^, 
may  require  a  word  or  two  of  apology.  Until  the  limits  of  logic  at; 
better  defined,  the  subject  m\i8t  be  controversial,  for  the  que:ste5 
"  What  is  Logic  ?  '*  must  continually  recur.  The  work  with  Teier&^ 
to  which  these  remarks  are  chiefly  made  has  long  bad  a  great  anxr 
lation,  and  has  taken  the  place  of  former  treatises,  which  is  a  8ufficie£ 
reason  why  the  errors  of  that  work,  if  such  they  be,  should  be  pointed 
out.  In  various  parts  of  his  work.  Dr.  Whately  haa  explained  witi 
sufficient  precision  what  he  considers  Logic  to  be :  he  has  in  factdefiojd 
it  as  the  pure  syllogism,  irrespective  of  all  material  oonsiderati<ais. 
But  in  the  execution  of  his  pl^  he  continually  perplexes  the  reaik' 
with  considerations  as  to  the  matter  of  propositions  and  terms ;  and  k 
transcends  the  narrow  limits  within  which  the  scienoe,  as  he  under- 
stands it,  is  confined.  It  cannot  be  supposed  that  a  writer,  howerer 
able,  can  so  far  deviate  from  a  scientific  method  without  6ezi»id 
prejudice  to  his  work.* 

Two  reviews  of  Dr.  Whately's  treatise  have  &llen  under  our  notice, 
one  of  which  appeared  in  the  '  Westminster  Review '  for  Januvr, 
1828;  the  other  in  the  'Edinburgh  Review'  for  April,  1833.  Tk 
former  shows  that  Dr.  Whately  is  not  alone  in  some  of  those  opinios? 
which  we  consider  erroneous.  The  latter  is  from  a  master-hand  [Sir 
W.  Hamilton],  who  is  well  acquainted  with  both  ancient  and  modem 
writers  on  logic  and  philosophy.  To  this  article  we  are  much  a&d 
deeply  indebted. 

Several  treatises  on  logic  have  appeared  in  Germany,  which  profess 
to  exhibit  the  subject  according  to  a  strictly  scientific  method.  Amopg 
these  may  be  mentioned  Eliesewetter's  '  Grundriss  einer  Allgenwinfio 
Logik  nadi  Kantischen  Grundsatsen,'  &c.,  Berlin,  1791. 

A  complete  catalogue  of  logical  treatises  would  be  very  long;  and 
the  value  of  the  catalogue  woidd  hardly  compensate  for  its  leogtL 
Writers  have  formed  their  notions  of  the  science  with  more  or  less 
precision,  but  have  seldom,  if  ever,  kept  within  their  own  limits ;  and 
this  is  a  difficulty  which  is  inherent  in  the  subject.  If  confined  to  the 
bare  affirmation  or  negation  of  propositions  expressed  by  if  or  is  no^ 
(considered  simply  as  determinations  of  quantity),  and  to  the  para 
syllogism,  the  theory  of  logic  is  soon  exhausted,  and  as  a  science  it  ii 
comprised  within  very  narrow  limits.  If  we  once  transcend  those 
bounds,  we  enter  into  a  wider  sphere,  in  which  this  formal  logic 
becomes  a  mere  point.  To  ascertain  the  full  import  of  the  words  is 
and  u  no^  in  a  proposition  is  the  highest  aim  of  philosophy. 

A  student  in  logic,  consulting  only  modem  works,  may  be  debarred 
from  even  the  slightest  notion  of  an  historical  view  of  the  subject, 
by  the  mixture  which  his  books  give  him  of  the  ideas  of  writers  of  all 
times  and  countries.  To  disentangle  the  confusion  of  minds  ac<i 
methods  which  even  a  good  treatise  presents,  hutoricaUy  speaking,  it 
is  above  all  things  necessary  that  he  should  first  get  some  knowledge 
of  what  Aristotle  is.  And  this  the  work  of  an  erudite  and  acute 
German  writer  enables  us  to  give  in  a  very  useful  way. 

The  '  Elementa  Logioes  Aristotelicae/  by  Professor  Trendelenburg, 
Berlin,  1842,  2nd  edition,  consists  of  passages  selected  from  the  works 
of  Aristotle,  which  passages  may  be  considered  as  containing  the 
elementa  of  the  science.  These  passages  are  so  arranged  as  to  present 
a  kind  of  outline  of  the  whole  logical  system  of  Aristotle.  They  ard 
intended  for  the  use  of  the  higher  classes  in  gymnasia,  and  as  a  pre- 
paration for  philosophical  studies. 

The  following  article  is  simply  a  translation  of  these  extracts,  which 
are  retained  in  the  order  given  to  them  by  Trendelenburg ;  and  the 

•  The  edition  of  Dr.  Whately's  *  Logic,*  referred  to  in  this  article  is  the 
fourth.  The  writer  [1840]  did  not  know  that  there  was  a  sixth,  which  containi 
some  few  alterations,  till  ihis  article  was  ready  for  the  prrae.  The  reader 
should  refer  both  to  the  fourth  and  to  the  sixth  editions. 
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Teferencea  to  the  original  places  in  Aristotle  have  also  been  retsuned. 
Tbe  original  terms  of  Aristotle  are  also  given  in  brackets  the  first  time 
tluit  eskch.  is  mentioned. 

In    the  preface  to  another  useful  work  (*  Erlauterungen  zu  den 

Klementen  der  Aristotelischen  Logik/  Berlin,  1842,   by    the    same 

author),   he  has  more  fully  explained  his  views  in  making  these 

extracts  from  Aristotle,  and  the  following  remarks  are  hia  : — At  Ihe 

time  of  the  Reformation  Luther  saw  clearly  the  advantage  of  logical 

instruction  in  the  higher  schools,  and  he  viewed  it  correctly  as  the 

completion  of  the  grammatical  instruction.     The  circle  of  studies  in 

modem  times  has  been  wonderfully  enlarged,  and  it  has  been  found 

necessary  to  extend  the  school  instruction  to  meet  the  wants  of  the 

present  age.     But  the  great  variety  of  subjects  with  which  our  present 

systems  of  education  occupy  us,  only  render  it  the  more  necessary  to 

«liBcipline  the  mind  in  such  a  manner  that  it  shall  sec  a  imity  in  all 

that  is  presented  to  it,  and  not  be  bewildered  by  the  variety  of  objects 

whose  connection  escapes  us,  when  they  are  contemplated  separately. 

Such  a  discipline  is  fumiahed  by  a  good  course  of  elementary  instruc* 

tion  in  logic.     For  this  pur{)08e  the  author  has  adopted  the  genuine 

words   of   Aristotle,  in  which  the  philosopher  has  laid    down    his 

elementary  logical  principles.    The  logic  of  Aristotle  is  not  antiquated, 

though  it  is  both  misunderstood  by  some,  and  blamed  by  others  who 

do  understand  it.     It  is  not  the  formal  logic  of  Kant,  which  would 

confine   us  to  the  forms  of   thought  without  any  reference  to  the 

object  into  which  the  thought  penetrates.      Such  a  limitation  of  the 

subject  is  entirely  at  variance  with  the  system  of  Aristotle,  and 

opposed  to  its  r^  character.      "  We    have/'    says  t  Trendelenburg, 

"  attempted  to  restore  this  real  character,  and  thus  brought  Aristotle 

nearer  to  the  objective  demands  of  modem  times."    Those  who  view 

logic  as  purely  formal,  view  it  diilerently  from  Aristotle,  and  they  may 

consider  their  mode  of  viewing  the  subject  to  be  better  than  his. 

Those  who    say  that  Aristotle  has,  in  some    matters,  erroneously 

extended  the  province  of   logic  to  things  beyond  its  limits,  and  has 

not  always  kept  close  to  the  real  subject,  appear  to  have  conceived 

that  be  viewed  it  merely  as  formal,  and  sometimes  transgi'essed  the 

boundaries  of  the  science  which  he  recognised.    This  is  however  an 

CirroneouB  view  of  Aristotle's  system. 

The  advantage  of  studying  these  elementary  principles  in  the  words 
of  Aristotle  is,  that  in  his  writings  the  hmguage  of  philosophy  is 
formed  into  a  scientific  terminology,  which  is  the  basis  of  that  wluch 
we  now  use.  We  cannot  therefore  lay  a  siu«  foundation  for  our  logical 
and  philosophical  studies  on  any  other  basis  than  a  full  comprehension 
of  the  meaning  of  Aristotle's  terms. 

The  author  remarks  that  a  learner  of  logic  there  meets  with  those 
fundamental  notions  (begriffe)  in  their  simple  nakedness,  which  lie 
hidden  in  all  our  knowledge  and  govern  it.    As  these  notions  are  hid 
or  concealed  in  our  knowledge,  they  appear  dry  and  lifeless  when  they 
are  produced  in  their  naked  fomu      It  is  therefore  the  business  of 
the  teacher  to  show  to  the  pupil  their  real  significance,  to  make  him 
see  their  actual  value  in  their  application.    Now  the  instruction  in  the 
German  Gymnasia,  as  in  the  higher  schools  in  Great  Britain  and 
Ireland,  is  in  the  learned  languages  and  in  mathematics ;  and  accord- 
ingly the  teachers  in  both  these  departments,  if  they  are  to  make  use 
of  such  a  work  as  Trendelenburg's,  must  be  able  to  apply  logical  princi- 
ples to  instruction  in  language  and  in  mathematics.      To  facilitate  this 
method  of  instruction  is  the  object  of  the  learned  author  in  the 
'  Illustrations  (Erlauterungen)  to  the  Elements  of  Aristotle,'  not,  as  he 
modestly  observes,  that  tins  is  precisely  the  form  in  which  he  supposes 
that  they  ought  to  be  presented  to  the  pupil,  but  **  merely  to  render 
clear  the  fundamental  notion  of  the  logical  relationship  in  the  objects 
of  scientific  observation." 

The  mode  in  which  the  author  suggests  that  his  two  works  shoidd 
be  used  is  probably  the  best ;  but  they  cannot  be  used  at  all  in  ordinary 
instruction,  except  under  the  guidance  of  a  competent  teacher.  They 
will  however  be  useful  to  those  who  have  a  competent  knowledge  of 
the  Greek  and  German  languages,  and  possess  some  elementary  notions 
of  logic ;  and  those  who  cannot  read  Greek  with  facility  will  probably 
find  the  following  translation  sufficiently  exact  to  give  them  the  mean- 
ing of  Aristotle.  A  translation  of  such  extracts  is  not  easy,  and  it  is 
possible  that  there  may  be  some  errors  in  it.  A  careful  study  of  these 
extracts  however  will  convince  a  student  how  meagre  and  imsatis- 
factory  an  exhibition  of  the  elementary  principles  of  logic  even  our 
best  works  on  the  subject  contain. 

Oatlinea  of  Logic 

(1.)  In  things  in  which  there  ia  both  falsehood  and  truth,  there  is  a 
composition  of  ideas  as  though  they  were  one.  ('  D;e  Anim.,'  iii.  6.) 
For  falsehood  and  truth  are  concerned  with  composition  and  separa- 
tion. Accordingly  nouns  and  verbs  by  themselves  resemble  the 
idea  without  composition  and  separation,  as  "man"  or  "white," 
when  nothing  is  added :  for  there  is  so  far  neither  falsehood  nor 
truth  ('De  Interpret.')  Consequently  he  thinks  truly  who  considers 
that  which  is  separated  to  be  separated,  and  that  which  is  com- 
pounded to  be  compoimded ;  but  he  thinks  falsely  whose  thoughts 
have  a  different  relation  from  that  which  the  things  have.  ('  Metaph./ 
ix.10.) 

(2.)  All  speech  ( X^os )  is  significative,  but  not  all  enunciative 
(hro^wruc6f),  but  only  that  in  which  there  is  either  truth  or  false- 


hood. Btii  it  is  not  in  all ;  for  example,  prayer  is  speech,  but  neither 
true  nor  false.  The  enunciative  alone  belongs  to  the  present  inquiry. 
('  De  Interpret.,'  c.  4.) 

(3.)  Of  things  said  with  no  connection,  each  signifies  either  sub- 
stance (alMria)  or  quantity,  or  quality,  or  relation,  or  where  (space),  or 
when  (time),  or  position,  or  possession,  or  acting,  or  being  acted 
on.  And  substance  ( oiMria )  is,  to  give  an  example,  such  as  man, 
horse :  and  quantity  is,  such  as  two  cubits,  three  cubits :  and 
quality,  such  as  white,  grammatical :  and  relation,  such  as  double,  half, 
greater :  and  where,  such  as  in  the  Lyceum,  in  the  agora  :  and  when, 
such  as  yesterday,  last  year :  position, such  as  he  is  lying,  he  is  sitting: 
and  possession,  such  as  he  has  shoes  on,  he  ia  armed  :  and  acting,  such 
as  he  cuts,  he  bums  :  and  being  acted  on  (wda-xtu^),  auch  as  he  is  cut, 
he  is  burnt.  ('  Categ.,'  c.  i.) 

(4.)  Simple  enunciative  speech  is  firstly  an  afi&rmation,  secondly  a 
negation.  And  affirmation  {KardifKuris)  is  an  enunciation  of  somethhig 
towards  another  thing ;  and  negation  {ax6<pa<rit)  is  the  enunciation  of 
something  away  from  another  thing.  And  the  speech  is  true  in  like 
manner  as  the  things  are  true.     ('  De  Interpret.'  c.  5,  6,  9.) 

(5.)  "  Not-man"  is  not  a  noun ;  for  indeed  there  is  no  name  to  call 
it  by ;  for  it  is  neither  affirmative  speech  nor  a  negation.  But  let  it 
be  called  "  name  or  noun  indefinite,"  (ii6piffros)  because  it  can  be  said 
equally  of  anything,  both  of  what  is  and  what  is  not 

Every  affirmation  and  negation  will  consist  either  of  a  noun  and  a 
verb  or  of  an  indefinite  noun  and  a  verb.  But  without  a  verb  there  is 
neither  affirmation  nor  negation.     ('  De  Interpret.,'  c.  2, 10.) 

(6.)  Of  things  some  are  universal  and  some  particular.  I  call  that 
universal  {Ka06\ov)  which  can  be  said  of  more  things  (than  one) ;  and 
I  call  that  particular  {xaff  iKacrov)  which  cannot :  thus,  man  belongs 
to  the  universal,  and  Callias  to  the  particular.'^  {'  De  Interpret,'  c.  7.) 
A  Proposition  (xp6rauni)  then  is  speech  either  affirming  or  denying 
something  about  something.  And  this  speech  is  either  universal  or 
particular  (c6  /Li/pct),  or  indefinite  (hibiopitrrot),  I  call  that  universal 
which  belongs  either  to  ail  or  to  none;  I  call  that  particular  which 
belongs  either  to  some  one,  or  not  to  some  one,  or  not  to  all ;  and  I 
caU  that  indefinite  which  either  belongs  or  does  not  belong,  without 
the  universal  or  particular,  as,  for  instance,  of  opposite  things 
that  there  is  the  same  science,  or  that  pleasure  is  not  a  good. 
(*Analyt.  Pr.,'i  1.) 

It  is  very  evident  that  the  imiversal  is  more  efficient,  because,  know- 
ing the  first  of  two  propositions,  we  know  in  a  manner  the  second  also, 
and  have  it  potentially ;  for  example,  if  a  man  knows  that  the  angles 
of  every  tri^mgle  are  together  equal  to  two  right  angles,  he  knows  in  a 
way  that  the  angles  of  an  isosceles  triangle  also  are  together  equal  to 
two  right  angles  potentially  (Ivv^u),  even  if  he  does  not  know  that 
the  isosceles  triangle  is  a  triangle.  But  he  who  knows  this  proposition 
(the  second)  by  no  means  knows  the  universal,  either  potentially  or  in 
reality  (iy^py^iff).  And  the  universal  is  an  object  of  the  intellect; 
but  we  particular  terminates  in  the  sensuous  perception.  ('Analyt. 
Poet.,'  i.  24.) 

(7.)  Every  proposition  belongs  either  to  what  \b,  or  to  what  must 
be,  or  to  what  can  be.    ('  Analy  t.  Pr.'  i.  2.) 

(8.)  Of  all  things  indeed  which  exist  there  are  some  of  such  a  kind 
that  they  can  be  predicated  with  truth  universally  of  nothing  else, 
such  as  Cleon,  Calliaa,  and  a  single  thing,  and  whs^  is  an  object  of 
sense ;  but  of  these  things  others  can  be  predicated  (for  each  of  these 
persons  is  both  man  and  animal);  and  some  things  are  themselves 
predicated  of  other  things,  but  of  them  there  is  no  further  predication 
by  other  things ;  and  some  are  both  themselves  predicated  of  others, 
and  others  of  them,  for  example,  "  man  "  is  predicated  of  "  Callias,' 
and  "animal"  of  "man."  Accordingly  that  there  are  some  things 
which  exist  which  cannot  be  predicated  of  anything  is  manifest.  For 
of  sensuous  objects  nearly  every  one  is  such  that  it  can  be  predicated 
(KaTiryofMio-dcu)  of  nothing.     ('  Anal.  Pri^  i.  27.) 

The  genera  (7^)  are  predicated  of  the  species,  but  not  the  converse 
the  species  {Hht)  of  the  genera.    ('  Categ.'  c.  5.)  • 

(9.)  It  is  impossible  for  the  same  thing  at  the  same  time  to  belong 
{^dpx^^*)  s^^  1^0^  ^  belong  to  the  same  thing  and  in  the  same  manner. 
This  indeed  of  all  principles  ia  the  most  certain ;  for  it  is  impossible 
for  any  one  to  conceive  that  the  same  thing  is  and  is  not.  Wherefore 
all  who  demonstrate,  carry  back  (their  demonstration)  to  this  idtimate 
notion.    (' Metaphy8.'iv.  3.) 

Every  thing  which  is  true  must  agree  with  itself  in  every  way :  for 
with  truth  all  which  is  true  is  in  harmony,  but  with  falsehood  the 
truth  is  soon  at  variance.    ('  Eth.  Nic'  L  8.) 

(10.)  And  since  it  is  ]x>saible  for  what  belongs  to  be  enimciated  as 
not  belonging,  and  what  does  not  as  belonging,  and  what  belongs  as 
belonging,  and  what  does  not  belong  as  not  belonging,  and  with  respect 
to  other  times  than  the  present  in  like  manner,  it  is  possible  to  deny 
both  all  that  a  man  has  affirmed,  and  to  affirm  what  he  has  denied. 
So  that  it  is  manifest  that  to  every  affirmation  a  negation  is  opposed, 
and  to  every  negation  an  affirmation;  and  let  the  contrardiotion 
{jhni^axris)  be  this,  affirmations  and  negations  opposed. 

And  I  call  opposition  (hniKuaBaA)  the  contradiction  of  the  same 
thing  about  the  same  thing,  but  not  ^/awi/J^t.  (Comp.  '  Categ.,'  c.  1 ; 
'  De  Interpret,'  c.  6.) 

Contradiction  is  opposition  (htnlB^ffu)  in  which  there  is  no  mean  in 
itself.    And  as  parts  of  contradiction,  there  is  on  one  side  affirming 


oRaAKotr. 


ORQAKOir. 


iff 


something  of  sometliing,  and  on  the  other  side  denying  something  from 
(Airrf)  something.     (*  Analyt.  Post./  i.  2.) 

In  affirmation  and  negation  always,  whether  it  is  a  thing  that  exists 
or  does  not  exist,  the  one  will  be  false  and  the  other  true :  for  of  the 
two  that  Socrates  is  sick  and  that  Socrates  is  not  sick,  when  Socrates 
exists,  it  is  manifest  that  one  of  them  is  true  and  the  other  faiso.  and  if 
he  does  not  exist  in  the  same  manner  :  for  that  he  is  sick,  when  he 
does  not  exist,  is  false,  and  that  he  is  not  sick  is  true. 

Accordingly,  to  these  things  alone,  which  are  opposed  as  affirmation 
and  negation^  it  will  be  peculiar  for  one  of  them  always  to  be  true  or 
false.     ('  Categ.,'  c.  10.) 

(11.)  Things  included  in  the  same  genus  which  difier  most  from  one 
another,  are  defined  to  be  contrary  {ivdvria),     (*  Categ.,*  c.  6.) 

(12.)  Therefore  I  say  that  affirmation  is  opposed  to  negation  in  the 
way  of  contradiction,  when  the  one  signifies  that  a  thing  is  universal 
and  the  other  signifies  that  the  same  is  not  tmiversal :  as  for  example, 
every  man  is  white — ^not  every  man  is  white ;  no  man  is  white — a 
certain  man  is  white.  And  I  say  that  the  universal  affirmation  and 
negation  are  opposed  as  contraries  :  as  for  example,  every  inan  is  white 
— ^no  man  is  white ;  every  man  is  just — no  man  is  just.  Therefore  it 
is  not  possible  for  these  to  be  true  at  the  same  time.  ('  De  Interpret./ 
c.  7.) 

(13.)  And  I  say  that  propositions  opposed  are  in  common  expression 
[Korh  \4^w)  four — ^namely,  all  and  none,  all  and  not  all,  some  and  none, 
some  and  not  some ;  but  In  truth  three ;  for  some  is  opposed  to  not 
some  merely  in  expression.  And  of  these  three  propositions  the 
universal,  all  and  none,  are  contrary :  for  example,  all  knowledge  is 
excellent,  no  knowledge  is  excellent ;  but  the  other  propositions  are 
opposed  (as  contradictory).    ('  Analyt.  Pr./  ii  15.) 

(14.)  And  since  every  proposition  is  either  of  being  or  of 
necessarily  being  or  of  the  possibility  of  being,  and  of  these  some  are 
affirmative  and  some  negative  in  every  mode,  and  again  of  the  affir- 
mative and  negative  propositions  some  are  universal  and  some  particular 
and  some  indefinite,  of  necessity  the  proposition  which  is  universally 
negative  can  be  converted  {&yTiaTp4<f>ei)  in  its  terms  {Upot) :  for  example, 
if  no  pleasure  is  a  good  thing,  neither  is  any  good  thing  pleasure ;  but 
the  affirmative  proposition  must  be  converted,  not  indeed  universally 
but  particularly;  thus  if  all  pleasure  is  good,  some  good  also  is 
pleasure.  And  of  particular  propositions  the  affirmative  proposition 
must  be  converted  i>artioularly,  for  if  some  pleasure  is  good,  some  good 
also  is  pleasure  :  but  as  to  the  negative,  it  is  not  of  necessity,  for,  if 
''man"  does  not  belong  to  (cannot  be  predicated  of)  some  animal,  it 
does  not  follow  that  ''animal"  cannot  be  predicated  of  "some  man." 
('Analyt.  Pr./i.  2.) 

(15.)  The  tilings  which  are  sought  are  equal  in  number  to  the  tilings 
which  we  know.  And  we  seek  four  things— the  That,  the  Why,  If  it 
is.  What ,  it  is.  (t^  8t«,  t^  9i6ri,  «  tfcrrj,  ri  4<rrty,)  For  when  we  seek 
whether  this  or  that  is,  referring  it  to  number,  for  example,  whether 
the  sun  is  eclipsed  or  not,  we  seek  the  That.  And  there  is  proof  of 
this ;  for  when  we  have  f  o\md  out  That  it  is  eclipsed,  we  cease  inquiring ; 
and  if  from  the  beginning  we  know  That  it  is  eclipsed,  we  do  not 
inquire  whether  it  is.  And  when  we  know  that  it  is,  we  inquire  the 
Why :  for  example,  when  we  know  that  the  sun  is  eclipsed,  and  that 
the  earth  moves,  we  inquire  Why  the  sun  is  eclipsed,  or  Why  the  earth 
moves.  These  things  accordingly  we  inquire  after  thus;  but  some 
things  we  inquire  after  in  another  manner,  as  for  example.  Whether 
there  is  or  is  not  Centaur  or  God.  I  simply  mean  if  there  is  or  is  not, 
but  not  if  he  is  white  or  not.  And  when  we  know  that  there  is,  we 
inquire  What  it  is,  for  example.  What  is  Qod  or  what  is  man.  ('Analyt. 
Post.,'  ii.  1.) 

(16.)  To  know  That  a  thing  is  and  to  know  Why  it  is  are  different; 
and  the  knowledge  of  the  Why  refers  to  the  first  cause.  The  chiefest 
of  knowledge  is  to  contemplate  the  Why.    ('  Analyt.  Post-/  i.  18, 14.) 

(17.)  And  we  think  that  we  know  each  thing  simply  when  we  think 
that  we  both  know  the  cause  by  which  the  thing  is,  that  it  is  its  cause, 
and  tha*  it  cannot  be  otherwise.     ('  Analyt.  Post./  i  2.) 

(18,)  All  instruction  and  all  rational  learning  come  from  knowledge 
preceding.  And  this  is  manifest  to  them  who  contemplate  all  (sciences) ; 
for  both  those  of  the  sciences  which  are  mathematical  by  these  means 
exist,  and  every  one  of  the  other  arts.    ('  Analyt.  Post,'  i.  1.) 

(19.)  And  things  are  prior  and  better  known  in  two  ways :  for  it  is 
not  the  same  thing  to  be  prior  by  nature  and  prior  as  regards  us,  nor 
yet  to  be  more  known  by  nature  and  more  known  by  us.  And  I  call 
those  thingB  prior  and  more  known  as  regards  us  which  are  nearer  the 
sense,  but  I  call  simply  prior  and  more  known  those  things  which  are 
farther  from  the  perception.  And  the  farthest  off  are  the  most 
universal,  and  the  nearest  are  the  particular.    ('  Analyt.  Post/  L  2.) 

(20.)  We  getcertdnty  in  all  things  either  by  syllogism  {crvWoyiffli6s) 
or  by  induction  («ira>«y^).     ('  Analyt  Pr./  ii.  23.) 

We  learn  either  by  induction  or  demonstration  (&ir($5cf(($) ;  and 
demonstration  proceeds  from  the  general,  but  induction  from  the 
particular.    ('  Analyt  Post/  i.  18.) 

(21.)  And  syllogism  is  speech,  in  which  when  some  things  are  laid 
down,  something  else  different  from  what  are  laid  down  results  by 
virtue  of  their  being  laid  down ;  and  by  virtue  of  their  being  laid 
down  I  mean  that  it  results  through  them ;  and  I  mean  by  resulting 
through  them,  that  there  is  no  need  of  any  external  term  for  the 
necessity  to  be.    ('  Analyt  Pr.,'  i.  1.) 


(22.)  And  I  call  Term  that  into  which  the  proposition  is  resolved,  as 
the  predicate  and  the  thing  of  which  it  is  predicated  (subject). 
.('  Analyt.  Pr.,'  i.  1.) 

(23.)  Whatsoever  is  affirmed  of  the  predicate  {rod  KanrYopovfsJffnf), 
will  be  affirmed  of  the  subject  (tow  6voKfifi4vov)  also.    ('  Categ./  c.  5.) 

(24.)  When  three  terms  are  so  related  to  one  another  that  tlie  laet 
is  in  the  whole  of  the  middle,  and  the  middle  is  either  in  or  not  in  the 
whole  of  the  first,  of  necessity  there  is  a  perfect  syllogimn  of  Ui* 
extremes.  And  I  call  middle  (ju^cror)  that  which  is  both  itself  in 
another  and  another  in  it,  and  which  also  by  position  becomes  xniddle : 
And  I  call  extremes  (&Kpa)  both  that  which  is  in  another,  and  in  -which 
another  is.  For  if  a  can  be  predicated  of  all  b,  and  B  of  all  o,  neces- 
sarily A  can  be  predicated  of  all  o.  And  I  call  a  figure  (trxVfMi)  o^  sneh 
description  the  first.    ('  Analyt  Pr./  i.  4.) 

(25.)  And  when  the  same  thing  belongs  to  all  of  one  thing  and  to 
none  of  another,  or  to  all  or  none  of  each,  such  a  figure  I  call  the 
second,  and  that  which  is  predicated  of  both  I  call  the  middle  term  is 
it — ^And  the  middle  term  is  placed  without  the  extremes,  but  tho  fij«t 
in  position — And  a  syllogism  will  be  possible  both  when  the  terms  are 
universal  and  when  they  are  not  universal.  ^Vhen  they  are  universal, 
there  will  be  a  syllogism,  when  the  middle  is  in  all  of  one,  and  in  none 
of  the  other,  if  the  negative  be  in  one  of  the  two  terms  :  bat  otiier- 
wise  the  syllogism  cannot  be. 

For  let  u  be  predicated  of  no  part  of  N,  but  of  aU  x.    Since  then  the 
negative  proposition  can  be  converted,  N  will  belong  to  no  part  of  M : 
but  H  by  the  supposition  waa  predicated  of  all  x.    Accordingly  H  'srill 
be  no  part  of  x  :  for  this  has  been  shown  before.    Again,  if  h  shall 
belong  to  all  w,  but  to  no  part  of  x,  neither  will  N  belong  to  any  part 
of  X  :  for  if  m  belongs  to  no  part  of  x,  neither  wiU  x  belong  to  any 
part  of  M  :  but  M  by  the  supposition  belongs  to  all  K.     Therefore  x 
will  belong  to  no  part  of  N  :  for  this  also  has  become  the  first  figure. 
And  since  the  negative  proposition  is  convertible,  (ihrrurrpi^ft)  neither 
will  N  belong  to  any  part  of  x,  so  that  there  will  be  the  same  syUqgism. 
An  affirmative  syllogism  is  not  produced  by  means  of  this  figure,  but 
they  are  all  negative,  both  the  universal  syllogisms  and  the  particular 
syllogisms.     ('Analyt.*  i.  6.) 

(26.)  But  if  one  thing  belongs  to  the  whole  of  the  same  thing  and 
another  belongs  to  no  part  of  it,  or  both  to  the  whole  or  to  no  part, 
such  a  figure  I  call  the  third;  and  I  call  that  the  middle  in  it  of  which 
both  the  predications  are  made,  and  I  call  the  extremes  the  predicates  : 
— And  the  middle  is  placed  without  the  extremes,  and  last  in  position 
— ^And  a  syllogism  will  be  possible  both  when  the  terms  are  universal 
and  when  not  universal  wuth  reference  to  the  middle. 

Accordingly  if  they  are  universal,  when  both  P  and  B  belong  to  all 
s,  F  will  belong  to  some  part  of  r  of  necessity  :  for  since  the  affirma- 
tive is  convertible,  s  will  belong  to  some  part  of  R,  so  that  since  p 
belongs  to  all  of  8,  and  a  to  some  part  of  R,  of  necessity  P  belongs  to 
some  part  of  R :  for  the  syllogism  is  produced  by  means  of  the  first 
figure. 

To  form  a  syllogism  universally  by  means  of  this  figure  is  not 
possible,  neither  in  the  negative  nor  in  the  affirmative.  ('  Analyt 
Pr./  i.  6.) 

(27.)  And  it  is  manifest  that  every  demonstration  will  be  by  means 
of  three  terms  and  not  more.  And  since  this  is  clear,  it  is  manifest 
that  it  consists  of  two  propositions  and  not  more :  for  the  three  terms 
are  two  propositions.     ('  Analyt.  Pr.,'  i.  25.) 

(28.)  It  is  necessary  in  all  the  figures  that  the  middle  be  in  both 
the  propositions.  If  then  the  middle  term  both  predicate  and  be  the 
subject  of  predication,  or  itself  predicates  and  (ftiytiiing  is  denied  of  it, 
it  will  be  the  first  figure  :  but  if  it  both  predicates  and  is  denied  of 
something,  it  will  be  the  middle  figure  :  and  if  other  things  are 
predicated  of  it,  or  one  thing  is  denied  and  another  predicated,  it  will 
be  the  last  figure.    ('  Analyt.  Pr.,'  i.  82.) 

(29.)  Moreover  in  all  syllogisms  one  of  the  terms  must  be  affirmative 
and  it  must  be  universal :  for  without  the  universal  there  will  either 
be  no  syllogism,  or  it  will  not  relate  to  the  thing  proposed,  or  the  very 
thing  to  be  proved  will  be  assumed.  For  let  it  be  proposed  to  prove 
that  music  is  an  honourable  pleasure;  if  then  any  one  should  assume 
that  pleasure  is  honourable  without  adding  the  "all,"  it  will  not  be  a 
syllogism :  and  if  he  should  assume  that  some  pleasure  is  excellent, 
if  he  means  other  pleasure,  it  has  nothing  to  do  with  the  subject 
proposed,  and  if  he  means  the  very  pleasure  itself,  he  assumes  the  very 
thing  which  is  to  be  proved.    ('  Analyt.  Pr./  i.  24.) 

(30.)  The  science  of  what  a  thing  is,  it  is  possible  to  investigate  by 
means  of  this  figure  alone  (the  first).  For  in  the  middle  figure  the 
syllogism  is  not  affirmative,  and  (the  question)  what  science  is,  requires 
the  affirmative  :  and  in  the  last  figure  there  is  a  syllogism,  but  not  a 
universal  syllogism,  and  the  question  what  a  thing  is,  belongs  to  the 
universal.    ('Analjrt.  Post/i.  14.) 

(31.)  All  who  attempt  to  syllogise  from  things  less  credible  than 
the  conclusion,  manifeotly  do  not  syllogise  rightly.     {'  Top./  viii.  6.) 

(32.)  From  what  is  true  it  is  not  possible  to  form  a  false  conclusion, 
but  from  what  is  false  it  is  possible  to  form  a  true  conclusion ;  not 
however  "why"  but  "that"  the  thing  is.  (* Analyt.  Pr./  ii.  2. 
Accordingly  it  is  manifest  that,  if  the  conclusion  be  false,  of  necessity 
those  things  are  false  either  whoUy  or  partly  from  which  the  argumen- 
tation {K6yos)  is  derived ;  but  when  the  conclusion  is  true,  it  is  not  a 
matter  of  necessity  for  either  anything  or  all  to  be  true^  but  it  is 
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possiblo  when  none  of  the  things  in  the  syllogism  are  true,  for  the 
conclusion  to  be  true  notwithstanding,  but  not  as  a  matter  of 
necessity.  And  the  reason  is,  that,  when  two  things  are  so  related  to 
one  another,  that  when  one  is,  of  necessity  the  other  is,  when  this 
other  18  not>  neither  will  the  first  be,  but  when  it  is,  it  is  not  a  matter 
of  necessity  that  the  first  be.    ('  Analyt.  Pr.,'  ii.  4.) 

(33.)  And  a  Philosophema  is  a  syllogism  demonstrative,  and  an 
Epicheirema  a  syllogism  dialectic,  and  a  Sophisma  a  syllogism  con- 
tentious, and  an  Aporema  a  dialectic  syllogism  of  contradiction. 
(*  Top.,'  vUi.  11.)  Demonstration  then  is,  when  from  true  and  first 
things  tho  syllogism  comes,  or  from  things  of  such  a  kind  which  by 
means  of  some  first  and  true  things  have  received  the  beginning  of  the 
knowledge  oonceming  them  :  and  a  Dialectic  syllo^sm  is  that  syllogism 
which  is  derived  from  common  notions.    (*  Top.,'  i.  1.) 

And  speech  is  called  false  in  one  manner,  when  it  appears  to  be 
conclusive  but  is  not  conclusive,  which  is  called  a  contentious  syllogism 
{ipt<niK6s  trv^jMyiarfiis).     ('Top./ viii.  12.) 

Contentious  speech  is  the  syllogising  from  notions  that  appear  to  be 
common  notions,  but  are  not;  or  it  is  merely  apparent  syllogising. 
('  Soph.  Elench.,'  2.) 

The  equality  of  opposite  arguments  (\oyia-fMl)  would  appear  to  be 
productive  of  doubt.     ('  Top.,'  vL  6.) 

(34.)  Induction  {iwuy99Yfi)  is  the  progress  from  the  particular  to  the 
universal :  thus  if  a  pilot  who  is  skilled  is  the  best,  and  if  a  charioteer 
who  is  skilled  is  so,  universally  also  the  person  who  is  skilled  in  each 
thing  is  the  best.  And  induction  is  the  more  persuasive  and  more 
clear,  and  more  intelligible  to  sense,  and  in  vogue  among  the  many ; 
but  the  syllogism  has  more  force  and  is  more  efiective  against  opponents 
in  argument.     (*  Top.,'  i.  12.) 

(35.)  Induction  then  and  the  syllogism  from  induction,  is  through 
one  extrencie  to  syllogise  the  other  with  the  middle  term  i  for  example, 
if  B  is  the  middle  term  of  a  and  o,  by  means  of  o  to  show  that  a  may 
be  predicated  of  b:  for  thus  we  make  inductions. — But  o  must  be 
considered  as  composed  of  all  things  individually:  for  induction  is 
made  through  aU.     ('Analyt.  Pr.,'  ii.  28.) 

(36.)  In  a  manner  induction  is  opposed  to  syllogism ;  for  the  one 
(syllogism)  by  means  of  the  middle  term  proves  the  first  term  to  be 
predicated  of  the  third,  but  the  other  (induction),  by  means  of  the 
third  term*  proves  the  first  to  be  predicated  of  the  middle  term. 
Naturally  then  the  syllogism  through  the  middle  term  is  prior  and 
more  familiar;  but  to  us  the  syllogism  through  induction  is  the 
clearer.     {'  Analyt.  Pr./  ii.  23.) 

(37.)  Probable  (tUds)  and  Sign  (ffrififloy)  are  not  the  same,  but 
Probable  is  a  proposition  conformable  to  opinion :  for  what  for  the 
most  part  men  know  to  be  produced  in  a  particular  way  or  not 
produced,  or  to  be  or  not  to  be,  this  is  probable;  for  example,  that  men 
hate  the  envious,  or  like  those  who  love.  And  Sign  must  be  con- 
sidered to  be  a  proposition  demonstrative  either  necessary  or  conformable 
to  opinion  :  for  if  when  anything  is,  the  thing  is,  or  when  anything  has 
happened,  the  thing  happens  before  or  after,  this  is  a  sign  of  the  thing 
having  happened  or  being. 

Enthymema  then  {ivOvfinfiu)  is  a  syllogism  from  probables  or  signs. 
('  Analyt.  Pr./  ii.  27.) 

(38.)  And  an  example  is,  when  the  first  is  shown  to  belong  (^dpxov) 
to  the  middle  through  one  like  the  third.  But  it  must  be  known  that 
both  the  middle  belongs  to  the  third  and  the  first  to  the  like.  For 
example,  let  A  be  bad,  and  b  be  to  take  up  war  against  neighbours ; 
and  c,  the  Athenians,  taking  up  war  against  the  Thebans;  and  D/the 
Thebans,  taking  up  war  against  the  Phocians.  If  then  we  wish  to 
show  that  to  make  war  on  the  Thebans  is  a  bad  thing,  we  must  assume 
that  to  make  war  on  neighbours  is  bad.  And  the  evidence  of  this  is 
from  the  like  things,  for  example,  that  the  war  of  the  Thebans  against 
the  Phocians  is  bad.  Since  then  to  make  war  on  neighbours  is  bad, 
and  since  the  war  against  the  Thebans  is  against  neighbours,  it  is 
manifest  that  to  war  against  the  Thebans  is  bad.  Accordingly  it  is 
clear  that  B  belongs  to  o  and  to  D  (for  both  o  and  D  are  to  take  up  war 
<'^nst  neighbours),  and  that  a  belongs  to  D  (for  the  war  of  the 
Thebans  against  the  Phocians  was  not  good) ;  but  that  a  belongs  to  b 
will  be  shown  through  D. 

And  in  the  same  manner  also  if  through  more  like  things,  the 
evidence  should  exist  of  the  middle  belonging  to  the  first.  Accoitiingly 
it  is  manifest  that  the  example  is  neither  as  a  part  to  the  whole,  nor  as 
a  whole  to  a  part,  but  as  a  part  to  a  part,  when  both  are  included  in 
the  same  notion,  and  the  one  is  known.  And  it  differs  from  induction, 
inasmuch  as  induction  by  means  of  all  the  particulars  shows  that  the 
first  belongs  to  the  middle,  and  does  not  connect  the  syllogism  with 
the  first,  but  the  example  both  connects  it  and  does  not  derive  its 
evidence  from  all  the  particulars.     (*  Analyt.  Pr.,'  ii.  24.) 

(39.  Both  modes  of  proof,  that  by  syllogisms  and  that  by  induction, 
teach  by  means  of  things  known  before;  the  one  taking  its  assumptions 
from  the  general  notions  of  mankind,  and  the  other  showing  the  uni- 
vergal  through  the  evidence  of  the  particular.  And  in  the  same  manner 
rhetorical  arguments  persuade ;  for  they  (the  arguments)  are  either  by 
Dieans  of  example,  which  is  induction,  or  by  means  of  enthymemata, 
which  is  syllogism.    (•  Analyt  Post.,'  i.  1.) 

(40.)  Refutation  {(\tyxoi)  is  a  syllogism  of  contradiction.  ('Analyt. 
^r.:  ii.  20.) 

(41.)  And  objection  (Iwrocii)  is  a  proposition  contrary  to  a  propo- 


sition. And  it  differs  from  the  proposition,  in  as  much  as  it  is  possible 
for  the  objection  to  be  particular,  but  the  proposition  either  cannot  be 
so  at  all,  or  at  least  not  in  the  universal  syllogisms.  ('Analyt.  Pr./ 
ii.  26.) 

(42.)  Since  it  is  the  nature  of  some  things  through  themselves  to  be 
known,  and  of  some  through  other  things  (for  principles  (4px«0  aw 
known  through  themselves,  but  other  things  subordinate  to  principles 
are  known  through  other  things),  when  any  one  attempts  to  show 
through  itself  a  thin^  not  known  through  itself,  then  the  thing  to  be 
proved  {rh  i^  iipxvs)  is  assumed.     ('  Analyt.  Pr./  ii.  16.) 

And  people  appear  to  assume  what  is  to  be  proved  in  five  ways. 
Most  manifestly  and  first,  if  a  person  should  assume  that  which 
requires  to  be  proved.  And  this  in  itself  does  not  easily  escape  notice; 
but  in  common  names  (^uyciw/ia),*  and  in  aU  those  things  in  which  the 
name  and  the  notion  (K6yo$)  have  the  same  meaning,  it  is  more  easy  to 
escape  detection.  And  the  second  way  is  when  a  person  assumes  the 
universal  when  it  is  necessary  to  prove  the  particuhur ;  for  example,  if  a 
person  attempting  to  show  that  of  contrary  things  (iifdifTw)  there  is  one 
science,  should  universally  assume  that  of  opposed  things  {ivructindya) 
there  is  one  science ;  for  he  appears  to  assume  with  many  other  things 
that  which  it  was  requisite  to  prove  by  itself.  The  third  way  is,  if 
any  one,  when  the  thing  proposed  is  to  show  the  universal  should 
assume  the  particular ;  for  example,  if  he  had  to  prove  that  of  all  con* 
trary  things  there  is  one  science,  he  should  assume  that  there  is  one 
science  of  some  particular  contrary  things ;  for  such  a  one  also  appears 
to  assume  separately  by  itself  that  which  it  was  requisite  to  prove 
together  with  others.  Again,  if  any  one  should  assume  the  problem  {rh 
Tpofi\r}e4v)  by  dividing  it ;  for  example,  if,  when  it  was  required  to 
show  that  the  art  of  medicine  concerned  both  health  and  sickness,  he 
should  assume  each  separately.  Or  if  any  one  should  assume  one  of 
two  things  which  follow  one  another  of  necessity ;  for  example,  Ihat 
the  side  (of  a  square)  has  no  common  measure  with  the  diagonal,  when 
it  was  required  to  show  that  the  diagonal  has  no  common  measure 
with  the  side.    ('  Top./  viii.  13.) 

(43.)  The  affirmative  (demonstration)  is  prior  to  the  negative,  and 
more  easily  known,  for  through  the  affirmation  the  negation  is  known, 
and  the  affirmation  is  prior,  as  being  also  is  prior  to  not  being.  Further, 
it  is  nearer  to  a  first  principle ;  for  without  the  positive  proof  there  is 
no  negative  proof.     ('  Analyt.  Post,'  i.  25.) 

(44.)  All  persons  who  form  a  conclusion  through  that  which  is 
impossible,  form  indeed  a  false  conclusion,  but  Uiey  show  what  has  to 
be  demonstrated  by  virtue  of  an  hypothesis,  when  anything  impossible 
results  by  the  assumption  of  the  contradiction  (dyrUbao-ii)  (10). 
('Analyt.  Pr./i.  23.)  -r—    /  v     / 

The  demonstration  which  leads  to  an  impossibility  is  thus  : — If  it 
were  required  to  show  that  a  does  not  belong  {Mipx^i)  to  B,  it  must 
be  assumed  that  it  does,  and  that  b  belongs  to  o,  so  Uiat  it  follows  that 
A  belongs  to  o.  But  let  this  (that  a  belongs  to  o)  be  knovm  and  agreed 
to  be  impossible.  Then  it  is  not  possible  for  a  to  belong  to  b.  If 
then  it  is  granted  that  b  belongs  to  c,  it  is  impossible  for  a  to  belong 
to  B.  And  since  the  affirmative  {Karrtyopucfi)  demonstrative  is  better 
than  the  negative,  it  is  manifest  that  it  is  also  better  than  the  demon- 
strative which  leads  to  impossibility.    (*  Analyt.  Post./  i.  26.) 

(45.)  The  object  of  science  and  science  differ  from  the  object  of 
opinion  and  opinion,  inasmuch  as  science  is  universal  and  is  of  neces- 
sity, and  the  necessary  can  not  be  otherwise,  but  opinion  is  unsettled. 
('  Analyt.  Post./  i.  88.) 

(46.)  Induction  is  not  possible  when  there  is  no  sensuous  perception; 
for  sensuous  perception  belongs  to  the  particular.  Nor  yet  through 
sense  nor  through  perception  is  it  possible  to  attain  science.  For 
though  sensuous  perception  refers  to  a  thing  as  being  of  a  certain 
quality,  and  not  to  any  definite  thing,  nevertheless  it  is  necessary  to 
have  some  one  definite  thing  as  the  sensuous  object,  and  the  where  and 
the  when.  But  what  is  universal  and  in  all  things  it  is  impossible  to 
have  sensuous  perception  of,  for  it  is  neither  any  particular  tiling  nor 
now ;  for,  if  it  were,  it  would  not  be  universal ;  for  we  affirm  that  the 
always  and  the  everywhere  are  universal.  Wherefore,  also,  if  we  were 
in  the  moon  and  saw  the  earth  intercepting  (the  light  of  the  sun),  we 
should  not  know  the  cause  of  the  eclipse;  for  we  should  perceive 
that  it  is  eclipsed  now,  but  we  should  not  know  why  at  all,  for  there 
woiUd  be  no  sensuous  perception  of  the  universal.  ('  Analyt.  Post./  i. 
18, 81.) 

(47.)  And  I  call  universal  whatever  belongs  to  all  both  of  itself  and 
in  itself.  It  is  manifest,  then,  that  whatever  is  universal  of  necessity 
belongs  to  the  things.  And  the  "of  itself  "  and  " in  itself  "  are  the 
same ;  for  example,  of  itself  a  point  belongs  to  a  line  inasmuch  as  it  is 
a  line ;  and  to  a  triangle,  inasmuch  as  it  is  a  triangle,  there  belong  two 
right  angles ;  for  of  itself  the  triangle  (as  to  angles)  is  equal  to  two 
right  angles.  And  the  universal  then  is,  when  it  can  be  demonstrated 
of  any  individual  (of  the  class)  and  of  no  dass  prior  to  that.  ('  Analyt. 
Post/  i.  4.) 

(48.)  To  what  thing  anything  of  itself  belongs,  that  very  thing  is  its 
own  cause  {atnov) ;  and  the  universal  is  first,  therefore  the  universal  is 
tho  cause.     ('  Analyt.  Post./  i.  24.) 

(49.)  Universally,  of  all  things  it  is  impossible  for  there  to  be  demon- 
stration ;  for  it  would  proceed  indefinitely,  so  that  thus  there  would  be 
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no  dexnonfitration  at  all.    ('  Metaph./  iv.  4.)    And  it  is  not  possible  for 
the  thought  to  go  through  the  infinite.    {*  Analyt  Post./  i.  22.) 

(50.)  And  those  things  are  true  and  first  which  not  through  other 
things,  but  through  themselves  receive  assent ;  for  it  is  not  necessary 
in  sdentifio  first  principles  for  the  "  wherefore  "  to  be  inquired  after, 
but  each  of  the  principles  must  itself  of  itself  receive  assent.  ('  Top./ 
L  1.)  And  in  two  ways  it  is  necessary  first  to  know  :  for  as  to  some 
things  it  is  necessary  first  to  admit  that  they  are ;  but  as  to  others  it 
is  necessary  to  understand  what  the  thing  spoken  of  is ;  and  as  to 
others  again  both ;  for  example,  in  the  proposition  that  either  to  affirm 
or  deny  everything  is  true,  we  must  assume  the  "  is " ;  and  in  the 
triangle,  that  it  signifies  this  particular  thing ;  and  in  the  monad  both, 
both  what  it  means  and  that  it  is.     ('  Analyt.  Post.,'  i.  1.)  ^ 

(51.)  But  we  assert  that  all  science  is  not  demonstrative,  but  that 
that  of  the  immediate  (Hfiecra)  is  incapable  of  demonstration.  And  that 
this  is  a  matter  of  necessity,  is  dear ;  for  if  it  is  necessary  to  under- 
stand the  prior  and  those  things  from  which  the  demonstration  comes, 
and  the  immediate  at  any  time  enter  into  the  demonstration,  it  is  a 
matter  of  necessity  that  the  immediate  are  not  capable  of  demonstration. 
And  this  then  we  so  affirm,  and  that  there  is  not  only  science,  but  also 
some  first  principle  (^x^)  ^^  science  by  which  we  know  the  terms 
{hpoi).  It  is  necessary  not  only  to  know  first  the  first  things,  either  all 
or  some,  but  also  to  know  them  more :  for  always  that  through  which 
each  thing  is,  is  more  (in  a  higher  degree) ;  for  example,  that  through 
which  we  love,  is  more  love.  So  that  if  we  know  by  the  first  idlings 
and  believe,  those  things  also  we  know  and  believe  more,  since  by 
them  we  know  also  the  things  which  come  after.  ('  Analyt.  Post,'  i. 
8.  2.) 

(52.)  And  an  immediate  proposition  (irp6raffts  Afutrot)  is  a  beginning 
(if  X^)  o^  demonstration,  and  an  immediate  proposition  is  that  to  which 
there  is  no  prior  proposition.     ('  Analyt.  Post.,*  i.  2.) 

(63.)  And  of  an  immediate  syllogistic  b^;inning  I  call  that  the 
Thesis  which  need  not  be  demonstrated,  and  which  it  is  not  necessary 
that  he  who  is  going  to  learn  anything  should  possess  ;  but  what  he 
who  is  going  to  learn  anything  must  necessarily  possess,  is  an  axiom 
(i|f«/m).     ('  Analyt.  Post.,'  i.  2.) 

(54.)  The  first  things  will  be  definitions  {Bpurfwi)  incapable  of 
demonstration.  For  definition  is  of  what  the  thing  is  and  of  essence ; 
but  all  demonstrations  appear  to  go  by  hypotheaiB  and  to  assume 
what  a  thing  is ;  for  example,  mathematical  demonstrations  take  for 
granted  what  a  imit  is  and  what  odd  is,  and  otiier  kinds  of  demon- 
stration in  like  manner. 

The  definition  is  a  certain  notification  {yvtopuriUs)  of  essence.  ('  Analyt. 
Post.,'  ii.  3.) 

(bb»)  He  who  defines  shows  either  what  a  thing  is  or  what  the  name 
means.    ('  Analyt.  Post,'  ii.  7.) 

All  who  in  any  way  by  a  name  give  an  account  of  a  thing,  mani- 
festly do  not  give  the  definition  of  the  thing,  since  every  definition  is 
speech  {xAyos),    ('  Top.,'  i.  3.) 

What  a  triangle  means,  the  geometer  assumes ;  but  that  it  is,  he 
proves.     (*  Analyt.  Post.,'  ii.  7.) 

(56.)  And  it  is  necessary  to  investigate,  when  considering  things 
which  are  alike  and  do  not  differ,  in  the  first  place  what  they  all  have 
in  common,  then  again  with  respect  to  other  things  what  things  they 
have  which  are  of  the  same  genus  as  the  former,  and  are  the  same  as 
one  another  in  species,  but  different  from  the  first  named.  And  when 
in  these  things  it  has  been  found  what  they  all  have  in  common,  and 
in  the  other  things  in  like  manner,  we  must  consider  again  if  there  is 
anything  in  common  in  these  things  which  have  been  tiucen,  until  you 
come  to  one  notion  {\Ayos) ;  for  this  will  be  a  definition  of  the  thing. 
But  if  a  man  does  not  come  to  one  notion,  but  to  two  or  more,  it  is 
manifest  that  what  is  aought  cannot  be  one,  but  more  than  one.  For 
example,  if  we  should  inquire  what  magnanimity  is,  we  must  consider 
in  the  case  of  some  magnanimous  persons  whom  we  know,  what  one 
thing  they  all  have  by  which  they  are  such.  For  example,  if  Alcibiades 
is  magnanimous,  or  Achilles,  and  Ajax,  what  one  thing  they  have  all  m 
common  ?  Non-endurance  of  insult ;  for  the  first  made  war,  and  the 
second  was  enraged,  and  the  third  killed  himself. 

Again  m  the  case  of  others,  such  as  Lysander  or  Socrates;  if  indiffer- 
ence in  prosperity  and  adversity  are  the  things  that  they  have  in 
common,  these  two  things  I  take  and  consider  what  same  things  are 
contained  in  the  absence  of  all  feeling  (Awaeefo)  as  to  fortune,  and  non- 
endurance  of  insult.  If  they  have  nothing  in  common,  there  must  be 
two  species  (ffjjj)  of  magnanimity.    ('  Analyt.  Post.,'  u.  13.) 

{57.)  Of  the  things  indeed  which  are  m  the  definition,  each  wiU 
extend  further,  but  all  will  not  extend  further.  For  of  necessity  there 
must  be  this  essence  (od<r(o)  of  the  thing:  for  example,  there  is  number 
in  every  Three  (rpwij),  odd  (irfpnr6v),  and  the  prime  in  both  ways,  both 
so  as  not  to  be  measured  by  any  number  and  not  to  be  composed  of 
numbers.  This  then  is  Three,  number  odd,  and  prime,  and  prime  in 
this  manner :  for  of  each  of  these  things  some  are  in  all  odd  numbers 
also,  but  the  last  is  in  Two  also,  but  all  are  in  none.  ('  Analyt.  Poet.,' 
ii.  13.)  ^  ' 

(58.)  And  it  is  necessary,  when  a  person  is  labouring  at  any  whole 
thing,  to  divide  the  genus  {ytvos)  into  things  indivisible  in  species,  the 
first ;  for  example,  to  divide  number  into  Three  and  Two.  ('  Analyt. 
Post ,'  ii.  13.)  ^ 

All  genus  is  divided  by  differences  which  are  opposed  to  one  another 


in  division,  as  a  living  animal  by  the  difference  of  quadruped  and  bird 
and  fish.     ('  Top.,'  vi.  6.) 

That  everything  should  ftill  under  the  division,  if  they  be  thin^^ 
opposed  in  which  there  is  no  middle,  is  not  an  assumption,  for  it  is 
necessary  that  everything  should  be  in  one  of  them,  if  there  shall  be  a 
difference  {licupopd)  in  it  (the  genus).     ('Analyt.  Post.,'  iL  13.) 

It  is  requisite,  moreover,  to  divide  by  privation  (crT^fnjffis),  and  tha*e 
who  out  into  two  parts  divide  by  privation.  And  there  is  no  dif- 
ference in  privation,  so  far  as  it  is  privation,  for  it  is  impossible  that 
there  should  be  species  of  a  thing  which  does  not  exist;  for  examijle. 
of  animals  without  feet  or  animals  without  wings,  as  there  is  in  the 
case  of  winged  animals  and  quadrupeds.  ('  De  Partib.  Animal.,'  L  3.) 

(59.)  Definition  (6pi<riu>i)  consists  of  genus  aiyl  differences  {liapo^), 
CTop.,'L8.) 

It  is  requisite  that  he  who  defines  well  define  through  genus  and 
differences,  and  these  belong  to  those  things  which  are  plainly  clearer 
tiban  and  prior  to  the  species  {^Vios). 

And  there  are  three  ways  in  which  the  definition  is  not  from  prior 
things.  The  first  is,  if  through  what  is  opposed  that  which  is  opposed 
is  defined ;  for  example,  if  through  evil  good  is  defined;  for  the  opposed 
exist  by  nature.  But  to  some  the  knowledge  of  each  of  them  appears 
to  be  also  the  same,  so  that  neither  is  one  better  known  than  the  other. 
But  it  should  not  escape  notice  that  some  things  perhaps  it  is  not 
possible  to  define  otherwise ;  for  example,  the  double  without  the  hah', 
and  all  those  things  which  of  themselves  are  sai  J  in  relation  to  any- 
thing (Tp6s  Ti) :  for  in  all  such  things  to  be  is  the  same  thing  as  to  be 
related  to  something  in  some  manner,  so  that  it  is  impossible  without 
the  one  to  know  the  other ;  wherefore  it  is  necessary  in  the  notion 
(\6rYoi)  of  the  one  that  the  other  also  be  included. 

Another  way  is,  if  a  man  uses  the  veiy  thing  which  is  defined.  But 
this  escapes  notice  when  he  has  not  used  the  name  itself  of  the  thing 
defined :  for  example,  if  he  defined  the  sun  to  be  a  star  which  appears 
in  the  day-time ;  for  he  who  emplovs  the  word  day  employs  the  word 
sun.  And  it  is  requisite,  in  order  that  such  errors  may  be  detected,  to 
exchange  the  name  {tvoiia)  tor  the  notion  (full  speech,  \6yos)  :  for 
example,  that  day  is  the  passage  of  the  sun  above  the  earth ;  for  it  i« 
manifest  that  he  who  has  spoken  of  the  passage  of  the  sun  above  the 
earth  has  spoken  of  the  sun.  So  that  he  who  has  employed  the  word 
day  has  employed  the  word  sun.  A  third  way  is,  if  that  which  i^ 
opposed  in  division  is  defined  by  that  which  is  opposed  in  division  ;  for 
example,  that  odd  is  greater  than  even  by  a  unit.  For  things  of  the 
same  genus  opposed  in  division  exist  by  nature,  and  odd  and  even  are 
opposed  in  division ;  for  both  are  differences  of  number.  ('  Top.,*  vL  A.) 

(60.)  To  know  what  a  thing  is,  is  the  same  as  to  know  why  it  is. 
What  is  an  eclipse  ?  Privation  of  light  from  the  moon  through  the 
earth  intercepting  (the  light).  What  causes  an  eclipse  ?  or  why  is  the 
moon  eclipsed  ?  Because  the  light  fails,  owing  to  the  interposition  of 
the  earth.  What  is  symphony  ?  A  proportion  (K6yos)  of  niunbers  in 
sounds  high  or  deep  (o^v,  fiapA).  Why  is  the  high  symphonious  with 
the  deep  ?  Because  the  high  and  deep  soimds  have  a  proportion  {K^yos) 
of  niunbers.    ('  Analyt.  Post.,'  iL  2.) 

(61.)  We  seek  the  cause  after  we  know  that  a  thing  is ;  but  some- 
times they  are  manifest  at  the  same  time  also ;  but  it  is  not  possible  to 
know  the  cause  before  we  know  that  the  thing  exists.  ('  Analyt  Post..' 
ii.  8.)  For  it  is  impossible  to  know  what  a  thing  is  when  we  are  in 
ignorance  whether  it  exists  or  not. 

And  both  the  notion  or  expression  (X<^s)  appears  to  give  evidenee 
to  phscnomena,  and  phenomena  to  the  notion.    {*  De  Coel.,'  L  8.) 

(62.)  The  cause  is  the  middle  ijiicov),  and  in  all  things  this  is  sought 
(' Analyt.  Post.,' ii.  2.) 

(63.)  Not  only  that  a  thing  "is"  ought  the  definition  {kpurruc&s 
\6yos)  to  show,  as  the  most  part  of  definitions  declare,  but  the 
cause  also  ought  to  be  in  it,  and  to  be  clear.  But  the  notions  of  the 
definitions  are  as  conclusions  :  for  example,  what  is  quadrature  ?  It  is 
a  rectangular  equilateral  figure  being  equal  to  a  figure  of  unequal  sides.* 
And  such  a  definition  is  an  expression  of  the  conclusion.  But  the  defi- 
nition which  says  that  quadrature  is  invention  of  a  middle,  states  the 
cause  of  the  thing.    ('  De  Animal,'  ii.  2,  §  1.) 

(64.)  And  it  appears  that  not  only  what  a  thing  is,  is  useful  towards 
knowing  the  causes  of  the  accidents  of  essences  (r&v  avfifiefiriK^enf  reus 
oj/aicui),  as  in  mathematics  what  a  straight  line  is  and  what  a  curved 
line  is,  or  what  a  line  and  a  plane  are,  is  useful  towards  seeing  how 
many  right  angles  the  angles  of  a  triangle  are  equal  to ;  but  conversely 
also  the  accidents  help  in  a  great  degree  to  perceiving  what  the  thing 
is;  for  when  we  are  able  by  the  appearance  {^mm-turia)  to  give  an 
account  of  the  accidents  either  of  all  or  of  the  greater  part,  then  con- 
cerning the  essence  also  we  shall  be  able  best  to  speak;  for  of  all 
demonstration  what  a  thing  is  (rh  rl  i<my),  is  the  beginning.  So  that 
in  all  definitions  in  which  it  does  not  happen  that  we  can  recognise  the 
accidents,  and  cannot  even  form  a  conjecture  of  them  easily,  it  is  mani- 
fest that  they  are  all  enunciated  dialectically  {SiaXticTiKws)  and  emptily 
(KeKws).    ('  De  Animal,'  i.  1,  §  8.) 

(65.)  And  of  some  things  some  other  thing  is  the  cause,  and  of  other 
things  not. 

Accordingly  it  is  manifest  that  of  those  also  which  belong  to  the 
class  of  what  a  thing  "  is,"  some  are  immediate  {Hfua-a)  and  first  prin- 

^  This  is  what  tbe  14th  Proposition  of  the  Second  Book  of  Euclid  shoira. 
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ciplea  {iipxeS),  which  we  must  assume  {^oBdvOai)  both  to  be,  and 
we  must  aasume  what  they  are,  or  in  some  other  way  make  clear, 
which  the  arithmetician  does ;  for  both  what  unity  is  and  that  it  Ib 
he  assumes.  But  as  to  those  things  which  have  a  middle  (/i4(roy),  and 
of  which  something  else  is  the  cause  of  the  essence,  we  can,  as  we  have 
said,  show  by  demonstration.    ('  Analyt.  Post.,'  ii.  9.) 

(66.)  And  of  proposition  (putting,  placing,  OcVu)  that  which  takes 
for  granted  eiUier  of  the  parts  of  the  enunciation,  for  example,  that  a 
thing  is,  or  ia  not,  is  Hypothesis  (^(Mccns) :  but  the  proposition  with- 
out this  is  Definition ;  for  the  definition  is  proposition  {84<ris) ;  for  the 
arithmetician  lays  down  (puts,  places,  riBrrai)  that  the  unit  is  indi- 
visible, as  far  as  quantity  is  concerned :  but  it  is  not  h^^thesis ;  for 
what  a  unit  is  and  that  there  is  a  unit  is  not  the  same  thing.  ('Analyt. 
Post ,'  L  2.) 

(67.)  All  demonsfcratiye  scienceLis  about  three  things,  two  of  which 
are  assumed  to  be ;  and  these  two  are  genus,  the  affections  (rotf^/urra) 
of  which  by  themselyes  it  contemplates,  and  what  are  called  common 
axioms  {iL^iwftara)  hx>m  which  first  principles  science  demonstrates; 
and  thixdlv,  tibe  affections  (vddii)  of  which  what  each  means  it  takes 
for  granted.     (<  Analvt  Poet.'  1 10.) 

(68.)  It  is  clear  that  it  is  not  possible  to  demonstrate  the  peculiar 
first  principles  of  each  thing :  for  tnose  first  principles  will  be  the  first 
principles  of  all  things,  and  knowledge  of  those  is  that  which  is  supreme 
over  alL  For  he  knows  more  who  knows  from  the  higher  causes :  for 
he  knows  from  ^e  prior  when  he  knows  from  causes  which  depend 
not  on  other  causes.  So  that  if  he  knows  more  and  most,  that  science 
also  will  be  both  more  and  most.    ('  Analyt.  Post'  i.  9.) 

(69.)  Accordingly  that  it  is  impossible  to  have  science  from  demon* 
stration,  if  a  man  does  not  know  tiie  first  principles  which  admit  of  no 
middle  (^x<^  ^  Afuffai),  has  been  said  before.    But  as  to  the  know- 
ledge of  things  which  want  a  middle,  a  man  may  be  in  doubt.     All 
Animnlg  have  an  innate  discerning  faculty,  which  men  call  perception 
(afo^o-is).     And  as  they  have  perception,  in  some  animals  there  is  a 
permanence  (/Mrti)  of  the  thing  perceived  (aiffBrifui) ;  and  in  others 
there  is  not.    In  those  animals,  then,  in  which  it  is  not,  there  is  either 
wholly,  or  with  respect  to  things  of  which  there  is  no  permanence  in 
them,  no  knowledge  except  of  what  they  perceive :  but  in  those  ani- 
mals in  which  there  is,  tiiere  is  the  faculty  of  having  the  perception 
in  the  mind,  though  they  do  not  then  perceive.    And  many  animals 
being  such,  there  results  a  difference  among  them,  so  that  some  have 
reason  owing  to  the  permanence  of  such  things,  and  some  have  not. 
Accordingly  from  perception  comes  memory  (jAr^ri),  as  we  call  it,  and 
from  the  frequent  remembrance  of  the  same  thing  comes  experience 
{ifiT9tpia)  :   for  many  remembrances  in  number  are  one  experience. 
And  from  experience,  or  from  a  whole  thing  remaining  tranqml  in  the 
mind  as  one  thing  apart  from  the  many,  whatever  thing  in  all  these 
things  is  as  one  and  the  same  thing,  is  the  beginning  of  art  and  of 
science ;  if  about  production  {y4yt(ns),  of  art ;  3  about  that  which  is 
or  being  (rh  ^),  of  science.    Neither  indeed  do  the  faculties  (c(c<5) 
exist  in  the  mind  separate,  nor  do  they  proceed  from  other  faculties 
which  are  more  intelligent,  but  they  proceed  from  perception;  as  in 
battle  when  a  fiight  has  taken  jJace,  when  one  stops,  another  stops, 
and  then  another,  until  order  is  restored :  and  the  mind  exists  in  such 
a  manner  as  to  have  the  faculty  of  being  so  affected.    For  when  one 
thing  of  things  which  are  not  different  stands,  it  first  of  all  is  in  the 
mind  as  universal  (for  the  mind  perceives  the  individual,  but  the  per- 
ception belongs  to  the  universal,  for  example,  it  belongs  to  mankind, 
but  not  to  a  man  ('  Callias ') ) :  and  again  it  abides  in  these  until  the 
undirided  and  the  imiversal  have  abided  :  for  example,  such  or  such 
an  animal  abides,  until  animal  generally  abides ;  and  in  this  in  like 
manner.    It  is  nianif est  then  that  it  is  necessary  for  us  to  know  the 
first  things  by  induction :  for  perception  also  in  this  manner  produces 
the  universal  in  the  mind. 

And  since  of  the  faculties  that  concern  the  understanding  (Sicb^oia), 
by  which  we  learn  the  truth,  some  are  always  true,  and  some^  admit  of 
falsehood,  as  opinion  and  reasoning  {KSywfios) ;  and  since  science  and 
intellect  (iwurHifiri  jcal  povs)  are  always  true,  and  there  is  no  other  kind 
of  science  more  exact  tha^  intellect,  and  since  the  fust  principles  are 
clearer  than  the  demonstrations,  and  since  all  science  is  together  vrith 
reason  {\Ayos),*  there  can  be  no  science  of  the  first  principles :  and 
since  nothing  can  be  truer  than  science  except  intellect,  intellect  must 
be  intellect  of  first  priaciples :  and  this  appears  both  from  considering 
these  things,  and  that  the  beginning  of  demonstration  is  not  demon- 
stration, so  that  neither  is  sdence  the  beginning  of  science.    If  then 
we  have  no  kind  of  truth  which  exists  independent  of  science,  intellect 
(ivvs)  must  be  the  beginning  of  science.    ('  Analyt  Post.'  u.  19.) 
ORICHALCUM  or  AURICHALCUM.    [BaAfiS.] 
ORIEL.    The  origin  of  this  term  is  uncertain ;  its  use  is,  however, 
thoroughly  establiiedied,  and  the  meaning  now  afi&xed  to  it  is  sufficiently 
clear  and  precise.    It  is  applied  to  that  particular  kind  of  bay-window 
which  is  made  to  project  £rom  the  upper  story  of  a  building.    The 
<listinction  therefore  between  a  bay  and  an  oriel  is  this :  by  a  Bay  is 
^uiderstood  a  projecting  window,  or  rather  a  projection  pierced  with 

*  The  word  xhn  is  rendered  *  ratio '  by  the  Latin  translation.  Trendelen- 
o^t  tnnaiatM  the  passage  thus :— '*  Jede  wisaenaohaft  aber  mit  elnem  gnmde 
▼crknapft  ist.»*  Perhaps  J^hf  may  be  understood  as  in  No.  3.  Avyif/tit  ahoiild 
^  reUted  to  \iyot  u  tfiefut  (defining,  terming)  ia  to  S(«  (finis,  term). 
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window  openings  in  its  entire  width,  and  rising  immediately  from  the 
ground,  whether  it  be  confined  to  the  lower  part  of  the  building  or 
earned  up  through  one  or  more  stories  above  the  ground  floor ;  by  an 
Grid,  is  understood  a  bay  which  does  not  descend  to  the  groimd,  but 
is  suspended  over  the  face  of  the  wall  beneath  it.  Oriel  accordingly 
corre^xmds  with  the  German  terms  Brherfenster  and  dwr'ftMter, 
which  are  almost  the  only  ones  of  similar  import  in  any  foreign  lan- 
guage. This  absence  of  a  name  for  it  is  accounted  for  by  the  thing 
itself  being  little  known  in  the  arohitecture  of  other  countries,  and  in 
our  own  it  occurs  only  in  our  Domestic  Tudor,  such  form  of  window 
being  very  rare  indeed  in  ecclesiastical  structures.  In  our  domestic, 
which  also  comprises  collegiate,  arohitecture,  it  is  a  beautiful  and 
valuable  feature,  and  one  which  admits  of  very  great  diversity  of 
design,  and  impajrts  much  variety  and  liveliness  of  effect  to  a  building, 
more  especially  if  there  be  ground-bays  likewise,  the  two  kinds  of 
projection  both  harmonising  and  consisting  with  each  other.  The 
colleges  of  Oxford  and  Cambridge  afford  numerous  excellent  examples 
of  both  bays  and  oriels. 

Internally  there  is  no  distinction  between  bays  and  oriels,  inasmuch 
as  both  the  one  and  the  other  form  a  recess  whose  sides  are  filled  with 
windows.  But  greater  variety  of  plan  occurs  in  oriels  than  in  bays, 
which  are  usually  more  spacious  as  to  breadth,  and  of  shallower 
proportions  as  to  depth ;  they  are  also  either  rectangular  in  phm,  or 
form  three  sides  of  an  octagon,  whether  a  regular  one  or  not ;  whereas 
curved  forms  are  of  frequent  occurrence  in  tiie  phms  of  oriels,  and  are 
occasionally  combined  with  straight  ones.  Tet  as  similar  plans  do 
occur  in  bays,  no  real  distinction  can  be  founded  upon  such  accidents 
of  design.  Thombury  Castle,  Gloucestershire,  contains  an  example  of 
a  bay  of  vexy  unusual  character,  both  in  respect  to  plan  and  elevation, 
its  plan  in  the  upper  part  being  different  from  that  of  the  lower,  and 
in  some  degree  projecting  over  it,  as  is  indicated  in  the  annexed 
figures,  the  first  ox  which  deacribes  the  plan  of  the  lower,  the  other  of 
the  upper  floor. 


Bays  generally  terminate  in  either  a  plain  or  embattled  parapet; 
but  oriels  are  for  the  most  part  made  to  show  some  sort  of  roof,  either 
rising  behind  or  resting  upon  the  mouldings  which  serve  as  their 
cornice.  Occasionally  tUs  roof  or  crown  is  rendered  an  ornamental 
part  of  the  design,  and  terminated  by  some  kind  of  finish.  Oriels  may 
therefore  be  described  as  consisting  of  three  distinct  parts,  namely,  the 
supporting  portion,  consiiting  of  a  series  of  mouldings,  splayed  off  so 
as  to  come  down  to  a  point  below,  somewhat  after  the  manner  of  a 
corbel  (for  which  member  we  would  accordingly  suggest  ccrbd-itool  or 
corhdrbate  as  a  siyiificant  and  very  convenient  term) ;  2ndly,  the  body 
of  the  oriel,  consisting  of  the  window-apron  or  window-parapet,  and  the 
window-openings  themselves,  the  former  of  which  is  almost  invariably 
pandled  so  as  to  correspond  with  the  lights,  whereby  the  whole  is 
made  to  consist  of  a  series  of  panels,  those  in  the  lower  range  being 
blank  or  solid,  the  othera  perforated  and  glazed ;  3rdly,  the  crown  or 
roofi^,  occasionally  indudmg  under  that  term  the  ornamental  finish, 
of  whatever  kind  it  may  be,  above  the  windows,  when  that  happens  to 
form  a  conspicuous  tero^ination  to  the  design,  as  is  the  case  with  the 
semicircular  oriel  at  Great  Chalfield,  where  the  parapet  is  formed  by  a 
rich  bandeau  or  crown  of  strawberiy-leaf  ornaments  or  Tudor-fiowen 
with  open  work  between  them. 

OBIFLAMME.    [Banner.] 

ORILLON,  is  the  term  applied  in  fortification  to  the  projecting 
tower  placed  at  the  shoulder  angle  of  the  bastion.  [See  M  in  the 
plate  to  Bastion.]  This  orillon  covers  the  flank  from  view  from  the 
front ;  it  is  frequently  found  in  old  fortresses  and  also  in  Coehom's 
system  of  fortification. 

ORISON  (Constellation).  We  have  already  noted  the  appearance 
which  the  Greek  astro-mytholegical  system  has  of  being  an  application 
of  existing  fables  to  a  subdivision  of  the  stars  derived  from  the  East, 
mixed  perhaps  with  the  Oriental  allegories,  imperfectly  understood. 
The  trivial  character  of  the  myths  by  which  the  Great  Siear  and  Orion, 
perhaps  the  two  most  remarkable  oonstellationB  in  the  heavens,  are 
accompanied,  is  enough  of  itself  to  upset  any  claim  to  high  antiquity 
for  the  system  above  noted.  We  owe  this  brilliant  duster,  according 
to  Hyginus  (of  whose  two  or  three  very  slight  stories  this  is  tiie  most 
strikmg),  to  the  fraternal  solidtude  of  Apollo  that  his  sister  Diana 
should  remain  unmarried,  or  at  least  that  she  should  not  marry  one 
Orion,  a  son  of  Neptune  according  to  some,  or  of  a  rather  curious 
parentage  according  to  others.  The  deity  above  mentioned,  when 
persuasion  had  failed,  hit  upon  a  method  of  preventing  his  sister's 
matdi,  as  follows.  He  asserted  that  she  could  not  hit  a  black  object 
which  appeared  in  the  sea  at  a  distance ;  and  she,  being  a  good  marks- 
woman,  showed  him  immediately  that  die  could.    This  black  object, 
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however,  was  the  hesd  of  her  loyer,  who  was  awiimmng  at  the  time, 
and  the  end  of  it  was,  that,  aoooordiiig  to  custom,  he  was  immediately 
gazetted  aa  a  constellation,  with  hia  club  and  lion's  akin. 

Orion  ia  aunounded  by  Eridanus,  Cania  Major,  Qemini,  Auriga,  and 
Taurua.  The  position  of  hia  belt,  with  reapect  to  Aldebaran,  and 
Sirius,  and  the  proximity  of  Propyon,  Castor  and  Pollux,  the  Pleiades, 
ko.,  render  it  difficult  to  forget  and  unnecesaary  to  deacribe  this  part 
of  the  heavens.  The  list  of  stars  is  aa  follows :  a  and  fi,  of  the  iSrst 
magnitude,  were  frequently  called  Betelguese  or  Betelgeuz^  and  Bigel 
ooTTuptiona  from  Arabic  names ;  y  waa  called  BeUatriz. 

No.  in  Catalogue      No.  in  Catalogue 
Character.         of  Flamsteed,  of  British 
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ORMUZD.    [Arikanes.] 

OKOQRAPHY,  or^  OROLOGT,  from  6pos  a  mountain,  and  ypw^ 
description,  and  \^os,  discourse,  respectively,  {the  science  of  mamUavM^ 
belongs  technically  to  three  branches  of  natural  knowledge,  phvsical 
geography,  meteorology,  and  geologv;  but  it  is  usually  regarded  as  a 
part  of  the  first,  and  confined  to  toe  subjects  of  the  configuration, 
magnitude,  and  distribution  of  mountains,  with  some  general  reference, 
also,  to  their  climate,  and  to  their  relations  to  oiganic  nature. 

Though  the  term  mountain  be  universally  imderstood,  yet  it  will 
be  found  very  difficult  to  define  strictly  what  is  meant  by  it.  From 
the  mole-hill  in  the  meadow,  to  the  gigantic  Himalayas,  the  gradations 
are  infinite,  and  no  positive  line  can  be  drawn  between  the  hUl  and  the 
mountain.  Moreover,  the  name  is  sometimes  given  to  a  single  eleva- 
tion or  peak,  as  Mount  ^tna,  &c,  and  sometimes  to  a  whole  and 
extensive  cluster  of  eminences,  as  Mount  Caucasus.  Isolated  moun- 
tains are  rare,  and  when  they  do  exist  are  generally,  though  not  always, 
Tolcanie. 

The  general  disposition  of  mountains  is  in  groups  or  chains.  The 
word  group  explains  itself,  but  what  is  understood  by  a  chain  may  not 
be  so  clear.  When  hills  or  mountains  are  so  arranged  as  to  form  a 
line  or  band  whose  length  greatlv  exceeds  its  breadth,  such  a  dispo- 
rition,  whether  the  line  be  straight  or  curved,  is  called  a  chain,  and 
sometimes  a  ridge ;  though  the  latter  name  is  more  exclusively  applied 
to  the  leaser  chsdns.  We  are  not  however  to  understand  by  a  cham  of 
mountains,  a  single  unbroken  longitudinal  eminence,  like  that  formed 
by  the  connected  roofs  of  a  row  of  houses.  A  chain  of  mountains,  on 
the  contrary,  is  very  irregular,  and  composed  of  many  subordinate 
parts.  In  what  is  regarded  by  some  geographers  as  a  complete  chain 
there  are  three  parallel  or  nearly  parallel  ridges;  the  centre  one  is 
usually  the  highest.  These  three  ndges,  though  distinct,  are  seldom 
equidistant  from  each  other,  and  they  are  frequently  united.  I^om 
the  points  of  junction,  and  from  different  parts  of  the  outer  ridges, 
other  chains  strike  off  at  various  angles,  and  these  in  turn  send  off 
other  ramifications,  which  go  on  dividing  and  diminiahing  in  height 
till  the  last  imdulations  are  lost  in  the  general  surface  of  the  plain. 
These  different  branches  of  a  chain  have  received  various  ana  very 
arbitrary  names.  Some  divide  the  whole  system  of  a  chain  into  the 
primary,  principal,  primordial,  or  great  chain,  and  secondary  and 
tertiary  chains ;  but  these  names  having  now  reference  to  the  order  of 
formation  of  rocks  rather  than  to  their  disposition,  though  the  latter 
circumstance  is  greatly  dependent  on  the  former,  ttiey  are  at  present 
confined  to  geological  considerations,  and  we  therefore  say  such  a  fih-'tin 
or  ridge  is  a  branch  of  some  other  chain  or  ridge.  Thus  the  Apen- 
nines are  a  branch  of  the  Alps.  Minor  ramifications,  when  short,  are 
called  spurs.  Wherever  the  main  chain  sends  off  other  chains,  the 
former  is,  at  that  particular  spot,  higher  than  elsewhere,  so  that 
between  two  consecutive  elevations  there  is  an  apparent  depression : 
hence  the  summit  or  ridge-line  of  the  main  chain  is  divided  into 
heights,  which  are  called  peaks,  domes,  &c.,  according  to  their  shape ; 
and  depressions,  which  receive  the  general  name  of  passes,  because 
they  are  the  places  where  the  passage  over  the  chain  from  opposite 
valleys  is  most  easily  effected.  These  passages  or  passes  are  termed 
c(]h  in  the  Alps,  pwU  in  the  Pyrenees,  and  pertuia  in  the  Jura.  Thegr 
are  also  called  goitres  or  defiles,  but  incorrectly,  for  the  gorge  is 
properly  the  contracted  part  of  a  valley,  and  the  defile,  a  veiy  narrow 
passage  at  the  foot  of  the  mountains  or  winding  amongst  them*    The 
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ridge-line  of  great  chains  is  also  irregular  in  breadth  as  well  as  height ; 
it  is  sometimes  very  narrow  and  sometimes  very  broad,  and  in  tost. 

? laces  spreads  out  into  what  is  termed  table-land  (Langfield  in  Norway  i. 
'able-lands,  or  plateaus,  are  however  not  always  of  this  terrace  fi-m; 
they  are  not  unfrequently  simk,  if  we  may  so  say,  into  the  bread 
summit  of  the  ridge,  so  as  to  be  surrounded  by  lofty  eminences  aad 
peaks.  Table-land  is  also  someUmes  ascended  by  gentle  acclivitici 
without  any  appearance  of  mountains. 

The  valleys  which  are  situated  between  the  parallel  ridges  of  t&e 
main  chain  are  termed  longitudinal  valleys;  their  axis,  and  conse- 
quently the  principal  watercourse,  is  nearly  psoallel  to  the  direction  at 
the  chain.  The  valley  of  the  Uhdne  above  the  lake  of  Qeneva,  the 
valley  of  the  Magdalena  in  South  America,  &c.,  may  be  taken  Sr 
examples.  Two  things  have  been  remarked  in  longitudinal  valkya; 
first,  that  there  is  sometimes  so  perfect  a  conformity  between  the  re- 
entwing  angles  on  one  side  and  we  ralient  angles  on  the  other,  ihat  ii 
it  were  possible  to  bring  the  two  sides  into  contact,  they  would 
perf e(^y  correspond,  so  as  to  leave  no  trace  of  their  having  beea 
separated;  and,  secondly,  it  has  been  observed,  that  the  side  of  tlu 
valley  opposite  to  the  centre  ridge  is  the  steepest.  These  obseryati*:^ 
are  true  as  regarda  mai^  places,  but  are  by  no  means  to  be  revived  a^ 
universally  correct.  The  otiier  valleys,  whose  axes  form  variotu 
angles  with  the  direction  of  the  great  chain,  are  the  principal  vall^i 
of  a  country,  and  are  usually  designated  by  the  names  of  the  chief 
rivers  which  flow  through  them.  The  valleys  of  the  tributary  streanu 
which  empty  themselves  into  the  main  rivers  are  called  lateral  valleji. 
The  terms  upper  and  lower  valley  are  sometimes  used  to  dexK>te  the 
parts  of  a  valley  as  they  lie  along  the  higher  or  lower  part  of  a  rircr^f 
course.  Such  then  are  the  parts  of  a  regular  chain  of  mountains,  but 
we  are  not  to  suppose  that  aU  those  great  elevations  to  which  we  give 
the  name  of  chain  are  thus  regularly  formed.  Mountains  are  some- 
times grouped,  as  we  have  said,  so  as  to  present  no  appearance  of  a 
chain ;  sometimes  the  chains  run  parallel,  but  wholly  independent  of 
each  other;  in  some  oases  they  radiate  from  a  common  centre  or 
nucleus.  Indeed  nothing  can  be  well  more  irregular  than  the  arrange- 
ment of  mountains,  and  they  differ  as  much  in  height,  steepness,  and 
partioular  appearance.  By  some  (Bergmann)  it  has  been  imagined  that 
m  chains  running  north  and  south  the  western  slope  is  the  most  abrupt, 
and  that  whenuie  chain  runs  east  and  west  the  southern  slope  is  tiie 
steepest  But  this  is  &r  from  being  always  the  case,  and  Oeneial 
An^reossy  has  laid  down  as  a  principle  that  the  steep  side  of  a 
chain  of  mountains  is  that  which  looks  towards  the  higher  part  of 
the  general  slope  on  which  the  chain  is  set.  This  opinion  is  doubtles 
better  founded  tiian  that  of  Bei^gmann,  nevertheless  it  is  not  strictly 
correct ;  and  there  seems  reason  to  believe  that  no  general  law  obtains 
on  this  subject. 

The  appearance  presented  by  chains  of  mountains  is  not  only  very 
different  in  difforent  parts,  but  the  very  same  mountains  when  seen  at 
a  distance  no  way  resemble  their  aspect  when  seen  nearer.  At  a  di»> 
tance  the  minute  irregularities  are  lost  in  the  general  contour,  and  the 
particular  ahadows  are  blended  into  a  uniform  tint.  The  forms  of 
rocks  generally  depend  on  their  nature,  and  a  practised  eye  can  some- 
times pretty  correctly  divine  the  latter  from  the  former.  These  may 
either  present  the  aspect  of  needles  or  sharp  pointed  masses,  or  the 
sunmiits  may  be  dome-shaped,  or  stretch  along  like  a  vertical  waD, 
either  entire  or  bearing  a  resemblance  to  ruined  battlements  and  towers ; 
sometimes  the  whole  mass  is  piled  up  into  a  succession  of  gigantic 
steps  or  terraces.  Individual  mountains  and  hills  also  vary  in  form ; 
those  which  are  volcanic  are  generslly  conical ;  others  are  round,  oval, 
lumpy,  saddle-backed,  ftc. 

Mountain-chains  are  the  natural  water-sheds  (the  divortia  aquarum), 
but  it  must  not  be  thence  inferred,  as  has  too  frequently  been  the  case, 
that  all  water-sheds  are  mountain-chainB.  This  erroneous  idea  has  covered 
our  older  maps  with  mountains  where  in  natiue  not  a  hill  ii  to  be  seen. 

Another  error  ia  to  regpard  the  mountains  of  the  earth  as  so  many 
connected  chains,  which,  by  starting  from  some  particular  point,  may 
be  traced  stretching  and  branching  continuously  over  the  whole  surface 
of  the  g^obe.  The  fiiUacv  of  such  pretended  continuity  is  evident 
from  the  difference  in  the  arrangement  as  described  by  different 
writers.  The  truth  is,  that  mountains  are  scattered  over  the  surface 
of  the  land  in  the  greatest  confusion,  here  isolated,  there  in  groups  or 
in  chains ;  the  chams  being  in  some  places  single  and  independent,  in 
others  connected;  in  one  place  running  in  parallel  directions,  in 
another  intersecting,  crossiog,  or  branching  off  at  different  angles ;  in 
some  cases  completely  enclosing  a  certain  extent  of  country  so  as  to 
form  an  entire  and  perfect  basin,  in  others  only  partially  enclosing  a 
space.  In  one  county  the  mountains  are  set  in  the  centre,  or  near 
one  of  its  coasts,  and  ia  the  direction  of  the  greatest  length  of  tho 
coimtry;  in  another,  they  are  set  across  the  country.  In  fiact,  the 
chains  are  observed  to  be  in  all  possible  directions,  both  as  regards  the 
pohits  of  the  compass  and  the  trending  of  the  coast-lines.  Thus  with 
the  exception  of  the  Andes  and  the  Rocky  Mountains,  the  Appala- 
chians, the  Ghauts  of  India,  the  coast-mountains  of  Abyssinia,  the 
Scandinavian  Alps,  and  the  Apennines,  there  is  very  Uttle  conformity 
between  tiiie  direction  of  mountain-chains  and  the  configuration  of 
countries. 

Mountains  have  a  very  important  part  to  perform  n  the  general 
economy  of  the  earth;  they  arrest  the  fleeting  clouds^  whose  pre- 
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cipitatcd  ^waters  they  store  up  in  their  interior  and  exhaustlees  reeer- 
votrB,  wlicnce  springs  are  continually  issuing,  which  unite  and  form 
those  streams  that  fertilise  the  plains,  or,  collected  into  mighty  rivers, 
favour  the  transport  of  commodities  and  facilitate  the  intercourse 
between  the  ocean  and  the  interior  of  the  continents.  The  influence 
of  mountains  on  local  climate  is  all-powerful,  and  depends  upon  the 
direction  in  which  they  lie  as  regards  the  sun's  course,  their  height, 
their  position  on  the  siu-face  of  the  globe,  their  proximity  to  or  remote- 
ness froEQ  ^the  sea,  the  winds  they  arrest  or  give  passage  to,  &c. 
Mountains  have  moreover  a  climate  of  their  own,  or  rather  a  great 
variety  of  climates.  Thus,  in  ascending  from  the  sea  towards  the 
summit  of  the  Andes,  almost  every  kind  of  climate  is  passed  through, 
nearly  as  completely  as  if  the  traveller  were  to  proceed  from  the 
equator  towajrds  the  pole.  At  an  elevation  of  about  16,000  feet  on 
the  Andes  under  the  equator,  we  reach  the  lower  limit  of  perpetual 
congelation  ;  and  mountains  in  that  region  which  exceed  that  height 
have  their  summits  covered  with  eternal  snow.  The  line  of  perpetual 
congelation  is,  however,  far  from  being  parallel  with  the  general  surface 
of  the  earth.  It  approaches  that  surface  as  it  advances  towards  the 
poles,  but  the  laws  which  determine  this  line  are  still  imperfectly 
known.     [CiiiXATB ;  Snow,  Pkrbnnial.] 

The  lixnits  of  perpetual  congelation,  as  ascertained  from  the  stability 
of  snow  on  the  mountains,  are  subject  to  vary  with  the  particular 
aspect  of  the  mountains  and  other  local  drcumstanoes.  Thus,  gene- 
rally speaking,  the  snow-line  is  highest  on  the  south  side  of  mountains 
in  the  northern  hemisphere,  and  vice  vend  j  but  this  is  not  always  the 
case ;  and  the  line  of  perpetual  snow  is  much  higher  on^  the  northern 
than  on  the  southern  side  of  the  Himalaya  mountains.  Mr.  Pentland 
Btates  that  the  limit  of  perpetual  snow  is  at  an  elevation  of  15,800  feet 
on  the  mountains  of  Yilcanota  in  South  America,  which  are  as  far 
south  as  14°  38'. 

The  fact  of  the  cold  increashig  as  we  ascend  moimtains  Is  due  in 
part  to  the  greater  rarity  of  the  atmosphere  In  the  higher  regions,  and 
to  their  greater  distance  from  the  radiated  heat  of  the  plains ;  never- 
theless the  particular  aspect  of  various  parts  of  mountains  as  regards 
the  sun,  and  the  conformation  of  the  higher  valleys,  greatly  modify 
the  cold  of  particular  places ;  and  a  much  greater  neat  is  sometimes 
experienced  in  a  high  valley  than  is  felt  in  one  much  lower  down.  To 
this  circumstance  is  due  in  part  the  seeming  anomalies  that  are  met 
with  in  the  habitation  of  plants^  many  being  found  at  heights  where 
they  would  be  little  expected. 

Though  mountains  are  such  striking  objects,  and,  when  contemplated 
only  with  respect  to  their  absolute  elevation  above  the  sea,  appear  to 
be  enormous  protuberances  on  the  earth's  surface,  they  are  very  incon- 
siderable when  compared  with  the  whole  mass  of  the  globe.    The 
habitable  parts  of  the  earth,  at  least  those  where  population  is  most 
dense,  and  in  which  hiunan  industry  is  most  concentrated,  all  lie 
within  a  few  hundred  i  jt  above  the  sea,  which  may  be  regarded  as  a  part 
of  the  true  surface  of  the  sphere.    But  even  the  height  of  the  loftiest 
mountains,  which  is  about  five  miles^  is  only  about  one  eight-hundredth 
part  of  the  radius  of  the  earth.    In  books  of  travels  .we  often  find  the 
distance   mentioned  at  which  a  particular  mountain  is  visible.     As 
assertionB  of  this  kind  are  sometimes  loosely  made,  the  following  rule 
will  serve  for  roughly  estimating  the  distance  at  which  a  mountain 
of  known  height  can  be  seen  from  the  surface  of  the  sphere :  mtdtiply 
the  square  root  of  the  height  of  the  mountain  in  feet  by  1*2247 ;  the 
product  will  be  the  distance  in  miles  at  which  the  mountson  is  visible. 

With  regard  to  the  heights  of  mountains  it  may  be  observed  that 
they  vary  considerably.  Some  authors,  however,  regard  every  eminence 
below  1000  feet  as  a  hill.  Since  the  application  of  the  barometer  to 
the  admeasurement  of  heights,  there  are  few  mountains  of  any  import- 
ance, in  Europe  at  Icist,  whose  elevation  above  the  sea  is  not  now 
known  and  registered.  A  list  of  the  principal  mountain  heights  on 
the  globe  would  fill  a  volume.  It  may  be  sufficient  here  to  give  the 
heights  of  the  principal  peaks  of  some  of  the  more  important  chains. 

Europe. — Mont  Blanc,  highest  point  of  the  Alps,  and  of  Europe, 
15,744  feet ;  Mont  Perdu,  Pyrenees,  10,994 ;  Monte  Como,  Apennines, 
0523;  Lomnitz,  Carpathians,  8799;  Sneehetta^,  Dovrefield,  Korway, 
B122 ;  Mulhacen,  Sierra  Nevada,  Spain,  1 1,483 ;  Puy  de  Sanci,  Auvei^e, 
France,  6200;  Mont  Mezin,  Cevennes,  France,  6795;  iEtna,  Sicily, 
10,870 ;  Olympus,  Greece,  9764;  Vesuvius,  3947. 

Britith  Idandi. — ^The  greater  number  of  the  heights  about  to  be 
'^t'^ted,  are  derived  from  a  table  of  the '  Altitudes  above  the  mean 
level  of  the  sea  of  the  stations  composing  the  principal  Triangulation ' 
of  the  Ordnance  Trigonometrical  Survey  of  Great  Britain  and  Ireland, 
given  in  the  account  of  that  triangulation  recently  produced  by  Captain 
A.  li.  Clarke,  R.E.,  under  the  direction  of  Colonel  Sir  Henry  James, 
l^K.,  F.R.S.,  Superintendent  of  the  Survey,  London,  1868.  The 
altitudes  of  a  few  stations  but  little  elevated  above  the  sea,  are  in- 
cluded for  comparison.  Fractions  of  a  foot  are  either  omitted,  or 
reckoned  as  an  enture  foot,  except  in  heights  below  1000  feet,  in  which 
they  are  given. 

J^ngland^—ScA  Fell,  highest  point  in  England,  8229;  Helvellyn, 
f  55 ;  Skiddaw,  8038 ;  Cross  Fell,  2928 ;  Cheviot,  2669  ;  Comston 
Fell,  2575;  Ingleborough,  2373;  Great  Whemside,  2310;  Malvern, 
1396;  Mendip,  979*2;  Inkpen  Beacon,  the  loftiest  summit  of  the 
chalk  formation,  972*8 ;  Leith  HiU,  967 ;  Fairlight  Down,  683-7 ; 
Beachy  Head,  682*4;  Lundy  Island,  466;  St  Paul's  Cathedral,  top  of 


cross,  417*9;  Sevemdroog  Castle,  Shooter's  Hill,  ground,  406*4;  Epping 
Poorhouse,  371*2 ;  Greenwich  Observatory,  vane,  214;  Ordnance  Map 
Office,  Southampton,  78;  York  Minster,  ground,  63;  Ely  Minster, 
groimd,  51*6 ;  Norwich  Cathedral  spire,  ground,  19*7. 

Wales. — ^Snowdon,  highest  point  in  the  principality,  8690;  Cam 
Llewellen,  8471 ;  Cader  Idris,  2959 ;  Great  Orme's  Head,  6831. 

Scotland, — ^Ben  Nevis,  highest  point  in  the  British  Isles,  4406 ;  Ben 
Macdui,  4296;  Ben  Lawers,  3984;  Ben  Lomond,  8192;  Schehallien, 
8564;  Ben  More,  Mull,  3185  ;  Ben  More,  South  Uist,  2034. 

Ireland. — Carr%n  Tual,  Kerry,  highest  point  in  Ireland  (?),  3412, 
doubtful ;  Slieve  Donard,  2788 ;  Nephin,  2638 ;  Moume  Mountains, 
2498,  doubtful;  Howth,  656. 

-4«a.~Moimt  Everest,  Nepaul,  29,002  (highest  mountain  known, 
measured  by  Colonel  Waugh) ;  Kunchin-junga,  Sikkim,  W.  part,  28,1 78, 
E.  peak,  27,826 ;  Dhawalagiri,  Nepaul,  26,862;  Juwahir,  25,670.  These 
are  peaks  of  the  Himalaya.  Ophir,  Sumatra,  13,840;  Mowna  Roa, 
Sandwich  Islands,  13,700 ;  Egmont,  New  Zealand,  8840 ;  Italitakol, 
Altaian  cham,  10,735;  Ararat,  Armenia,  17,212;  Arjish,  Anatolia, 
10,000? ;  Olympus,  Anatolia,  6600;  Lebanon,  Palestine,  9617;  Awatska, 
a  volcano  in  Kamtchatka,  12,000  feet^ 

Africa. — Eilimandjaro,  lat.  4*'0'  S.  in  the  true  Mountains  of  the 
Moon,  20,000?;  Abba  Jarat,  Abyssinia,  15,008;  Geesh,  in  Abyssinia, 
16,000?;  Peak  of  Teyde,  Tenerlffe,  a  volcano,  12,206;  highest  peak 
of  Atlas  chain,  12,000,  and  perhaps  more;  Table  Mountain,  3816. 

Americ€t.—8on,te  or  lUampuj  (klghest  point  in  America)  26,200  ; 
Hlimani  (the  richest  gold  mountain  of  Tern),  24,200 ;  Chimbora90, 
Andes,  21,424;  Antisana,  19,136;  Cotopaad,  18,776;  Pichincha,  16,931 ; 
Popooatepetl,  Mexico,  17>720 :  the  last  four  are  volcanoes.  Mount 
St.  Elias,  U.S.,  17,860;  Fremont's  Peak,  Rocky  Mountains,  13,670; 
Mount  Washington,  Appalachians,  6428. 

Mount  Terror^  ld,3§|;  Moimt  Erebus,  12,367 ;  both  in  the  antarctic 
lands. 

The  particular  history  of  important  ranges  of  moimtains,  as  Alps, 
Altai,  he.,  will  be  found  in  G£oa.  Div.  under  their  namasi  respectively, 
or  under  those  of  the  countries  to  which  they  belong, 

OROSELONE.    [Athamantdt,] 

OUPHICA,  certun  works  falsely  ascribed  to  Orpheus,  which  em- 
bodied the  opinions  of  a  class  of  persons  whom  Miiller  thus  describes : 
"  These  were  the  followers  of  Orpheus  {ol  'Op<piKo\) ;  that  is  to  say, 
associations  of  persons  who,  under  the  guidance  of  the  ancient  mystical 
poet  Orpheus,  dedicated  tiiemselves  to  the  worship  of  Bacchus,  in 
which  they  hoped  to  find  satisfaction  for  an  ardent  longing  after  the 
soothmg  and  elevating  influences  of  religion.  The  Dionysus,  to  whose 
worship  these  Orphic  and  Bacchic  rites  (tc^  ^p^udt  Ka\%6fi^¥a  ical 
YUuix^^j  Herod.,  ii.  81)  were  annexed,  was  the  ChUionian  deity  Diony- 
sus Zagreus,  closely  connected  with  Demeter  and  Cora,  who  was  the 
personjJ&ed  expression,  not  only  of  the  most  rapturous  pleasure,  but 
also  of  a  deep  sorrow  for  the  miseries  of  human  life.  The  Orphic 
legends  and  poems  related  in  great  part  to  this  Dionysus,  who  was 
combined,  as  an  infernal  deity,  with  Hades  (a  doctrine  given  by  the 
philoAopher  Heraclitus  as  the  opinion  of  a  particular  sect) ;  and  upon 
whom  the  Orphic  theologers  founded  their  hopes  of  the  purification 
and  ultimate  immortality  of  the  souL  But  their  mode  of  celebrating 
this  worship  was  very  different  from  the  popular  rites  of  Bacchus. 
The  Orphic  worshippers  of  Bacchus  did  not  indulge  in  unrestrained 
pleasure  and  frantic  enthusiasm,  but  rather  aimed  at  an  ascetic  purity 
of  Ufe  and  manners.  The  followers  of  Orpheus,  when  they  had  tasted 
the  mystic  sacrificial  feast  of  raw  flesh  torn  from  tiie  ox  of  Dionysus 
(aM«o^M>(a),  partook  of  no  other  animal  food.  -  They  wore  white  Imen 
garments,  like  Oriental  and  Egyptian  priests,  from  whom,  as  Herodotus 
remarks,  much  may  have  been  borrowed  in  the  ritual  of  the  Orphic 
worship."  ('  History  of  the  Literature  of  Greece/  where  the  reader 
will  find  a  full  account  of  the  Orphic  theology.) 

Of  the  Orphic  vrriters  the  most  celebrated  are  Onomaoritus,  who 
lived  under  Pisistratus  and  hia  sons,  and  Cercops,  a  Pythagorean,  who 
lived  about  B.O.  604.  Works  ascribed  to  Orpheus  were  extant  at  a 
very  early  period.  Plato  mentions  several  lands  of  Orphic  poems; 
but  he  intimates  that  they  were  not  genuine.  Aristotie  speaks  of 
them  a&  the  9(heciUed  Ozphio  poems  (tc^  koXoAh^po),  In  later  times  all 
manner  of  works  on  mysteries  and  religion  were  ascribed  to  Orpheus. 
There  are  also  Orphic  poems  later  than  the  Christian  era,  which  are 
difficult  to  be  distinguuhed  from  those  of  earlier  times.  In  Fabri- 
cius's '  Bibliothecft  Grseca,'  there  is  a  list  of  the  writings  ascribed  to 
Orpheus.    [Obfhbus,  in  Bioa.  Div.] 

ORPIMENT.    [Absknio.] 

ORRERY.  There  are  four  planetary  machines  to  which  distinct 
names  have  been  given,  corresponding  to  the  phenomena  they  are 
intended  to  exhibit,  and  which,  when  combined  so  as  to  derive  their 
motions  from  a  common  origin,  constitute  what  is  new  generally 
imdentood  by  an  orrery.  These  machines  are  the  P^cmefanum,  the 
Tellurian,  the  JAmarian,  and  the  SaUUite  machine.  The  planetarium 
is  a  mechanical  representation  of  the  orbital  motions  of  the  planets 
about  the  sim,  either  in  circles  or  ellipses,  and  with  angular  velocities 
either  uniform  or  variable,  according  to  tiie  qualitv  of  the  instrument. 
The  tellurian  and  limarian,  when  connected  in  their  improved  form, 
exhibit  the  motion  of  the  moon  about  the  earUi  and  that  of  the  earth 
about  the  sun,  and  the  principal  phenomena  which  accompany  the 
changes  in  their  relative  positions,  such  as  the  succession  of  day  and 
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night  and  the  variable  length  of  both  according  to  the  season  of  the 
year,  the  eclipses  of  the  sun  and  moon,  the  variations  in  the  moon's 
latitude,  velocity,  and  distance  from  the  earth,  the  progressive  motion 
of  her  apogee,  and  the  retrogradation  of  her  nodes.  &o.  The  satellite 
machine  is  chiefly  intended  to  represent  the  motions  of  Jupiter's 
satellites  about  their  primary,  combined  with  the  motions  of  the  latter 
about  the  sun. 

The  origin  of  the  term  ''  orrery  "  is  thus  given  by  Mr.  Desaguliers, 
in  his  '  Course  of  Experimental  Philosophy,'  4to,  London,  1784,  i., 
p.  431.  After  stating  his  belief  that  Mr.  George  Graham,  about  the 
year  1700,  first  invented  a  movement  for  exhibiting  the  motion  of  the 
earth  about  the  sun  at  the  same  time  that  the  moon  revolved  round  the 
earth,  he  remarks, "  This  machine  being  in  the  hands  of  an  instrument- 
maker  to  be  sent  with  some  of  his  own  instruments  to  Prince  Eugene, 
he  copied  it,  and  made  the  first  for  the  late  Earl  of  Orrery,  and  then 
several  others  with  additions  of  his  own.  Sir  Richard  Steele,  who 
knew  nothing  of  Bfr.  Graham's  machine,  in  one  of  his  lucubrations, 
thinking  to  do  justice  to  the  first  encourager,  as  well  as  to  the  inventor, 
of  such  a  curious  instrument,  called  it  an  orreiy,  and  gave  Mr.  J. 
Rowlev  the  praise  due  to  Mr.  Graham." 

In  the  latter  part  of  the  17th  century  Huyghens  and  Roemer  em- 
ployed themselves  in  the  construction  of  planetaiy  machines  in  con- 
formity with  the  Copemican  doctrine.  The  one  invented  by  Huyghens, 
who  first  introduced  a  systematic  method  of  calculating  with  precision 
the  necessary  wheel-work  for  these  machines,  received  from  its  author 
the  name  of  the  Automaton,  It  derived  its  motion  from  a  spring 
regulated  by  a  balance,  the  pendulum  not  having  been  then  introduced 
as  a  regulating  agent,  and  served  for  many  years  as  a  pattern  in  the 
construction  of  orreries,  as  did  the  instrument  of  Roemer,  called  by 
him  a  Planetarium,  in  tiie  construction  of  machines  intended  chiefly 
to  exhibit  the  orbited  motions  of  the  phmets.  Roemer  had  also  invented 
a  tateUite  machine  prior  to  the  year  1679,  the  original  or  a  copy  of 
which  was  mmented  by  him  in  that  year  to  the  English  astronomer 
Flamsteed.  Both  his  machines  are  described  in  his '  Basis  Astronomie,' 
printed  in  1735.  We  may  also  mention  the  Planetarium  of  the  Royal 
Institution  of  London,  constructed  about  the  year  1801,  on  a  pum 
suggested  by  Dr.  Young  and  the  Rev.  W.  Pearson,  and  described  in 
the  paper  '  On  Planetary  Machines,'  in  the '  Edinburgh  Enydopesdia/ 
by  the  latter  gentleman. 

The  chief  part  of  every  orrery  is  the  mechanism  composing  the 
planetarium,  by  means  of  which  the  patiis  of  the  planets  about  the  sun 
and  their  relative  periodic  times  are  exhibited  with  more  or  less 
approach  to  truth:  and  this  mechanism,  wiUi  the  method  of  com- 
puting it,  being  once  understood,  it  will  be  easy  to  extend  the  same 
principles  to  the  wJSte  complex  cases  in  which  the  satellites  revolve 
about  their  primaries  at  the  same  time  that  the  latter  rotate  upon 
their  axes  and  revolf  e  about  the  sun,  as  well  as  to  those  in  which  the 
parallelism  of  the  planets'  axes  and  the  changes  in  the  positions  of 
their  orbits,  Ac  are  sought  to  be  represented.  For  tlds  reason  we 
shall  confine  ourselves  to  the  method  of  computing  the  wheel- work, 
which  win  give  the  relative  periods  with  any  required  degree  of 
accuracy,  and  to  the  enlaoation  of  a  very  ingenious  contrivance  by 
means  of  which  a  true  elliptic  orbit  may  be  produced.  Before,  however, 
proceeding  to  this,  we  would  caution  the  purchasers  of  these  expensive 
toys  (those  exhibited  in  the  shops  of  mathematical  instrument-makers 
vary  in  price  from  sixteen  to  forty  guineas)  against  a  defect  which  was 
at  one  time  not  uncommon  and  mav  still  exist,  and  which,  while  it 
rendered  them  worse  than  useless,  showed  how  little  knowledge  their 
contrivers  could  have  possessed  of  the  science  they  are  intended  to 
illustrate.  We  allude  to  the  substitution  of  the  synodic  for  the  sidereal 
periods,  whereby  each  planetary  ball  was  made  to  revolve  about  the 
Hun  in  the  time  which  ought  to  have  elapsed  between  two  consecutive 
conjunctions  of  such  planet  with  the  earth. 

To  produce  Uxe  revolution  of  the  planetary  balls  about  the  sun,  a 
system  of  vertical  concentric  tubes  is  usually  employed,  which  are 
adjusted  verv  near  to  each  other,  but  yet  so  far  removed  as  not  to 
influence  each  other's  motion.  These  tubes  are  of  difier«nt  lengths, 
the  innermost  being  the  longest,  and  to  the  superior  extremity  of 
each  a  radius  vector  is  attached,  and  thereby  made  to  revolve  once 
during  each  revolution  of  the  tube.  The  lower  extremities  of  the 
tubes  form  the  arbors  or  axes  of  as  many  toothed*  wheels,  which  are 
either  immediately  driven  by  pinions  adjusted  to  a  vertical  axle  called  the 
'  annual  arbor,'  or  derive  their  motions  indirectly  from  those  pinions 
by  means  o^  an  interposed  train  of  wheels.  The  determination  of  the 
relative  number  of  teeth  which  must  be  given  to  the  wheels  and  pinions 
in  order  to  produce  any  required  motion  may  be  thus  explained. 

A  pinion  generally  means  a  wheel  consisting  of  a  less  number  of 
teeth  than  that  whidi  it  drives,  but  in  the  present  article  this  restrio- 
tion  is  unnecessary.  The  teeth  of  a  pinion  are  called  leava.  The 
nuinber  of  revolutions  made  by  the  wheel  during  one  revolution  of  the 
pinion  by  which  it  is  driven,  is  found  l^  dividing  the  number  of  leaves 
in  the  pinion  by   the  number  of  teeth  in  the  wheel:— thus,   if 

there  be  35  leaves  and  7  teeth,  the  wheel  will  make  —  or  5  revolutions 
during  one  revolution  of  the  pinion ;  but  if  there  be  7  leaves  and  85 

teeth,  the  wheel  will  make  ^  or  1  of  a  revolution  during  one  entire 

35        5 
resolution  of  the  pinion.    If  to  the  axle  of  the  wheel  be  adjusted  a  second 


pinion,  which  drives  a  second  wheel,  and  if  to  the  axle  of  thia  wheel  a 

third  pinion  be  adjusted  which  drives  a  third  wheel,  and  so  on,  then  the 

number  of  revolutions  made  by  the  Isst  wheel  during  one  revolution  of 

the  first  pinion  will  be  found  by  multiplying  together  the  nuinber  of 

leaves  in  the  several  pinions,  and  dividing  the  result  by  the  product  c{ 

the  number  of  teeth  in  the  several  wheels : — ^thus  if  there  be  four  piniocs. 

having  7,  8,  9,  and  10  leaves  respectively,  and  the  same  number  of 

wheels,  having  20,  21,  22,  and  23  teeth  respectively,  the  number  of 

revolutions  made  by  the  last  wheel  during  one  revolution  of  th? 

^    .    .  .        .»  «       7  X  8  X  9  X  10  6  •       J.V  -J 

first  pimon  wiU  be  J. »  — >  or,  in  other  words, 

^  20  X  21  X  22  X  28  253 

the  last  wheel  'will  revolve  six  times  during  253  revolutiaDB  of  tbe 
first  pinion.  Conversely  the  ratio  which  the  product  of  the  number  cf 
leaves  must  bear  to  the  product  of  the  niimber  of  teeth,  in  order 
to  produce  any  reauired  relative  motion  between  the  &vt  pinion 
and  the  last  wheel,  is  found  by  dividing  the  number  of  reTolu- 
tions  made  by  the  wheel  by  the  number  of  revolutions  to  be  made 
in  the  same  tune  by  the  pimon.  The  actual  number  of  teeth  to  be 
given  to  the  wheels  and  pinions,  as  well  as  the  number  of  wheels  aod 
pinions  to  be  employed  in  any  particular  case,  is  matter  of  convenienoe, 
not  of  necessity :  in  eveir  instance  the  employment  of  a  mngle  pimon 
and  a  single  wheel  is  theoretically  sufBicient,  but  in  practice  it  ii 
generally  desirable  to  avoid  the  use  of  wheels  or  pinions  with  a  voy 
^Bx^  or  very  small  number  of  teetlL  In  the  planetarium  of  the  Royal 
Inrtitution  the  number  of  teeth  is  in  no  instance  under  7,  or  above 
187.  In  a  more  complete  instrument,  constructed  by  Dr.  Pearson  in 
1813,  tiie  limits  were  14  an^  241.  The  same  gentieman  recommenda 
about  10  teeth  to  the  inch,  which  he  considers  "  sufficientiy  strong, 
and  not  liable  to  unnecessary  shake,  when  the  teeth  and  spaces  are 
made  equal  and  at  a  proper  depth  for  action."  The  lowest  number 
employed  by  him  was  7  to  the  inch,  the  highest  13. 

Supposing  we  wish  the  radius  which  carries  the  ball  representing  the 
earth  to  revolve  once  during  each  revolution  of  the  annual  arbor,  it  is 
only  necessary  that  the  wheel  which  is  adjusted  to  the  lower  extremity 
of  the  earth's  tube  should  contain  the  same  number  of  teeth  as  tbe 
pinion  by  which  it  is  driven,  and  which  is  adjusted  to  the  annual  arbor. 
In  this  case  each  revolution  of  the  annual  arbor  will  be  the  measure  of 
one  solar  year.  If  each  revolution  of  the  annual  arbor  be  required  to 
represent  any  assigned  portion  of  a  year,  the  necessary  modification  in 
the  relative  number  of  teeth  in  the  earth's  wheel  and  pinion  will 
appear  sufficientiy  obvious  from  what  has  preceded;  but  for  the  sake 
of  simplicity,  we  shall  assume  that  the  earth's  radius  vector  revolres 
exactiy  once  during  each  revolution  of  the  annual  arbor,  and  upon  this 
supposition  we  have  now  to  fix  the  relative  number  of  teeth  which 
should  be  given  to  the  wheels  and  pinions  which  regulate  the  motioni 
of  the  other  planetary  balls.  It  generally  happens  that  the  number  of 
revolutions  which  the  radius  vector  of  any  one  of  the  planetary  balla  is 
required  to  make  during  one  revolution  of  the  annual  arbor  is  ex- 
pressed in  the  form  of  a  decimaL  Suppose,  for  instance,  that  the 
relative  motion  required  were  that  of  the  earth  and  Jupiter.  Jupiter 
revolves  in  4332*5848  mean  solar  days ;  the  earth  in  865*2564  mean 
solar  days ;  the  number  of  revolutions  made  by  Jupiter  during  one 

revolution  of  the  eartii  is  therefore    ^^'^^^^  =  -0848045.    If  this 

4332-5848 
decimal  be  converted  into  a  continued  fraction,  the  resulting  series  of 
fractions,  which  approximate  more  and  more  nearly  to  '0843045,  will 

1         1       '7         29  94 

be  found  to  be  — ,    — ,    -^,    -rry     »  &o.>  "^7  <>Q®  o^  which, 

ll'    12      88'    844'    1115'       '      ' 

according  to  the  degree  of  accuracy  required,  may  be  taken  for  the 

ratio  wludi  the  number  of  leaves  in  tiie  pinion  must  bear  to  the 

number  of  teeth  in  the  wheel,  if  only  a  single  wheel  and  pinion  be 

employed,  or  the  ratio  which  the  product  of  the  number  of  leaves 

must  bear  to  the  product  of  the  number  of  teeth,  if  a  train  of  wheels 

and  pinions  be  employed.    If  the  first  of  these    fractions,   or  its 

equivalent,  ^ ,  be  taken,  the  wheel  attached  to  Jupiter's  tube  should 

77 
contain  77  teeth,  and  the  pinion  attached  to  the  annual  arbor  by  which 
it  is  driven  should  contain  7  leaves,  and  Jupiter's  radius  will  then 
revolve  once  during  11  revolutions  of  the  annual  arbor,  that  is,  in 
865*2564  x  11  =  4017*8204  days,  which  is  less  than  the  true  period  by 
314*7644  days.  In  the  same  manner  may  be  found  the  time  in  whici 
Jupiter's  radius  will  revolve  when  any  of  the  other  fractions  are  takeoi 

as  under : — 

Period  prodnoed* 

daye. 
11 

T 

12 

1 
88 

<     7 

8**  =  4832*699 


days. 
865*2564 


Error* 
days. 

»  4017*8204       814*7644  — 


-7-  «  4888-0768 


^  =  4880*897 


50*4920  + 
1-688  * 


s  4832*562 


»  Ac       fto. 


0*114   + 
0025   — 


\f» 
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The  third  of  these  fractionB,  or  rather  its  equivalent,  __.,  waa 

the  one  employed  by  Dr.  Pearson  in  the  construction  of  his  new 
pUnetarium ;  so  that  in  that  instrument  the  wheel  attached  to 
Jupiter's  tube  contains  166  teeth,  and  is  driven  by  a  pinion  of  14 
leaves  attached  to  the  annual  arbor.  In  the  planetarium  of  the  Royal 
Institution,  a  train  of  wheels  and  pinions  represented  by  the  compound 

fraction  --—  x  -—  was  employed,  which  therefore  gives  a  period  of 
22      40 

865-2664  ic-^  x-^=iZZ0'77S  dajB. 

The  contrivance  by  means  of  which  [a  true  elliptic  orbit  may  be 
produced  is  extremely  simple.    For  this  purpose  all  that  is  necessary 
is  that  the  radius  vector  which  connects  the  planetary  ball  with  the 
superior  extremity  of  the  tube  should  consist  of  two  parts  or  arms, 
the  lengths  of  which  have  a  determinate  ratio  dependent  solely  upon 
the  eccentricity  of  the  orbit,  and  that  while  the  larger  arm  revolves 
about  the  centre  of  the  ellipse  by  means  of  the  wheellwork  already 
described,  the  smaller  arm  be  made  to  revolve  about  the  extremity  of 
the  larger  with  the  same  angular  velocity  but  in  the  opposite  direction. 
This  may  be  efifeeted  in  two  ways.    By  means  of  a  pulley  faced  to  the 
planetary  tube  and  connected  by  an  endless  silken  cord  with  another 
pulley  free  to  revolve  about  a  vertical  axle  situated  at  the  extremity 
of  the  larger  arm.    The  effect  of  this  connection  will  be  that  the  latter 
pulley  will  revolve  once  during  each  revolution  of  the  larger  arm  but 
in  the  opposite  direction.    If,  &eref ore,  the  smaller  arm  be  attached  to 
this  p\illey  it  will  revolve  in  the  manner  required.    The  same  motion 
may  be  produced  l^  employing  a  double  pinion  extending  the  entire 
length  of  the  larger  arm  and  communicating  the  rotatory  motion  given 
to  it  at  one  extremity,  to  the  axle  of  the  smaller  arm  situated  at  the 
other. 
ORSELLIC  ACID.    [Lichevb,  Oolowring  matten  of,] 
ORTHOGONAL,  ORTHOGRAPHIC.    The  first  of  these  terms, 
when  not  used  in  the  same  sense  as  the  second,  means  simply  perpen- 
dicular.    Thus  a  curve  cuts  a  set  of  curves  orthogonally  when  it  cuts 
them  sJl  at  right  angles. 

Orthogonal  or  orthographic  projection  is  that  which  is  made  by 
drawing  lines  from  every  poi^t  to  be  projected,  perpendicular  to  a 
phne  of  projection.  Thus  if  a  plane  were  horizontal,  and  a  point 
ivere  to  drop  from  a  given  position  upon  the  plane,  its  last  position 
would  be  the  orthogonal  or  orthographic  projection  of  its  first. 

ORTHOGRAPHY.    When  this  word  is  looked  at  in  its  elements 
(two  Greek  words  denoting  the  cart  of  writing  and  correetnem),  it  would 
seem  that  there  ought  to  be  included  under  it  whatever  belongs  to  the 
art  of  writinK  a  language  correctly,  including  both  what  is  called  ety- 
mology and  syntax.    But  the  grammarians  have  given  it  a  restricted 
sense,  and  it  is  used  to  denote  not  the  writing  conecUy  in  the  general, 
but  the  proper  selection  of  literal  elements  of  each  word  that  is  used, 
and  the  proi>er  division  of  each  word  when  one  part  of  it  is  at  the  end 
of  one  line  and  another  at  the  beginning  of  the  line  which  succeeds. 
In  the  ancient  Hebrew  manuscripts  we  may  observe  that  this  division 
of  words  never  occurs,  the  scribes  resorting  to  the  expedient  of  widen- 
ing certain  of  the  letters,  if  in  the  ordinary  form  the  words  would  not 
fill  up  the  line.    The  law-stationers,  in  their  copies  of  legal  documents, 
fill  up  a  line  with  a  waved  and  «TiTn«ftning  stroke,  when  Uie  word  which 
follows  cannot  conveniently  be  written  in  it  at  length. 

We  perceive  by  certain  grammars  and  dictionaries  published  by 

practical  men,  both  at  home  and  still  more  in  the  United  States  of 

North  America,  that  the  vnriters  appear  to  suppose  that  their  works 

will  be  resorted  to  even  by  persons  of  cultivation  as  authorities  or 

guides  to  orthography.    But  we  believe  it  to  be  the  case  that  the 

number  is  very  few  of  persons  who  actually  use  dictionaries  for  this 

purpose.  .  We  mean,  of  course,  not  mere  children  or  persons  of  very 

imperfect  education ;  but  even  of  those  there  are  very  few  persons  who 

read  much  and  write  occasionally,  who  ever  think  of  resorting  to  books 

of  the  Mnd  we  are  speaking  of;  while  persons  of  a  better  education 

trust  entirely  to  memory,  and  should  a  doubt  arise,  the  reference  would 

be  made  to  some  eminent  author,  and  not  to  the  guides  of  which  we 

speak.    In  fact,  the  art  is  acquired  almost  without  teaching,  and  is 

maintained  in  vigour  through  a  whole  life  by  the  constant  practice  of 

'Vrriting  and  reading.    At  all  events,  there  is  no  book,  grammar,  guide, 

or  dictionary,  which  a  scholar  in  England  regards  as  in  this  point  a 

book  of  authority. 

Whether  it  would  be  expedient  to  raise  some  one  work  into  an 
authority  in  such  a  point  as  this,  is,  in  fact,  a  question — one  of  the 
greatest  in  philology  uiat  can  be  proposed — whether  there  shaU  be  an 
invariable  standard  established  to  which  a  living  language  shall  for 
ever  conform.  We  doubt  not  only  the  possibility  but  the  expediency 
of  this ;  and  in  respect  of  orthography,  we  are  quite  sure  that  no  such 
standard  can  be  raised,  because  it  would  be  quite  impracticable  to 
^^g  all  persons  who  have  a  right  to  a  voice  in  such  a  matter  to  an 
agreement  in  any  one  system  involving  the  admission  of  certain  fixed 
principles.  The  contemporary  usage  of  persons  of  cultivation,  meaning 
of  a  great  preponderating  majority,  which  vrill  always  exist,  is,  we 
apprehend,  the  authority  to  which  each  person  who  aspires  to  write 
correctly  must  continue  to  defer. 
'  ^Hus  has  been  the  standard  to  which  reference  has  always  hitherto 


been  made.  Open  any  book  printed  in  the  reign  of  Queen  Anne,  and 
many  words  will  present  themselves  in  an  orthography  very  different 
from  that  in  which  they  would  now  be  foimd.  But  we  must  not  say 
that  the  persons  who  wrote  them  vrrote  incorrectly,  if  they  wrote 
according  to  the  practice  of  the  cultivated  persons  of  their  tune.  If 
we  ascend  still  higher,  and  go  to  the  reign  of  Elizabeth,  we  find  the 
orthography  still  more  diverse  from  our  own ;  and  when  we  reach  the 
time  of  Oaxton,  and  still  more  when  we  go  back  to  the  days  of  Chaucer 
and  Wycliffe,  we  find  many  words  which,  though  they  are  actually 
words  now  in  use,  are  so  disguised  in  form  that  we  can  scarcely 
recognise  them.  We  seem  to  have  got  among  a  people  who  spoke  a 
different  language,  though  they  were  our  own  forefathers,  not  more 
than  some  fourteen  generations  removed. 

This  has  arisen  from  the  want  of  a  standard — something  fixed,  not 
varying  like  usage,  lliere  is  an  inconvenience  in  it  as  respects  the 
writers  before  the  time  of  Caxton  and  the  invention  of  printing,  and 
we  may  reasonably  wish  that,  with  reference  to  them,  there  had  been 
some  less  varying  standard  and  a  continuous  imif  ormity ;  but  when  we 
look  in  the  writings  of  the  men  of  the  Elizabethan  period,  we  find 
that,  though  now  two  centuries  and  a  half  have  passed,  there  ii  no 
more  difficulty  in  perusing  them  than  there  ii  in  perusing  the  writings 
of  our  own  day ;  and  that  the  same  will  be  the  case  in  respect  of  the 
writings  of  the  present  day  in  the  hands  of  Englishmen  four  or  five 
centtuies  hence,  may  be  safely  foretold.  So  that.there  is  no  real  pre- 
judice arising  from  the  unphilosophical  and  dangerous  course  of  leaving 
this  point  to  be  regulated  by  anythmg  so  uncertain  as  contemporary 
usage. 

At  present  the  number  of  words  of  which  the  orthography  is  not 
uniform  in  all  writings  which  aspire  at  once  to  be  correct  and  devoid 
of  affectation,  is  exceedingly  smalL  Take  this  sentence,  and  the  whole 
of  the  paragraph  which  precedes  it;  is  there  any  vrord,  except  this 
word  precede,  in  which  any  variety  will  be  found  in  the  ordinary 
current  writings  of  the  day  ?  Or  if  we  found  a  variety,  should  we  not 
say  that  the  deviation  from  the  usual  practice  was  a  casual  mistake,  a 
slip  of  the  press,  an  affectation,  or  that  it  vras  the  result  of  some 
peculiar  principle  which  some  peculiar  person  had  adopted?  And 
even  this  word  precede,  though  it  belongs  to  a  class  in  which  ortho- 
graphy is  not  uniform,  we  should  probably  very  rarely  find  written  in 
any  other  way,  for  few  persons  would  prof er  the  form  prececd,  if  indeed 
such  a  form  is  ever  used.  So  that  practically  a  great  and  perhaps 
quite  sufficient  degree  of  uniformity  and  stability  may  be  said  to  be 
secured  under  the  regulating  power  which  now  exists. 

Dictionaries  and  vocabularies,  as  affording  an  eaiy  guide  to  the 
knowledge  of  what  is  the  usage,  may  have  their  use  in  this  respect  to 
a  few  persons  who  write  occasionally  only;  but  as  authorities,  we 
repeat,  they  are  of  no  avaiL 

It  has  been  matter  of  complaint  that  the  orthography  of  the  English 
language  is  not  moro  uniform ;  that  is,  that  words  which  are  composed 
in  whole  or  in  part  of  the  same  elements  are  not  uniform  in  the 
manner  in  which  those  elements  are  exhibited.  Thus  all  words 
derived  of  the  Latin  eedo  with  prepositions  prefixed,  it  may  be  said, 
should  be  in  one  form ;  and  it  is  a  variety  in  defence  of  which  nothing 
can  well  be  pleaded  that  we  should  write  proceed  and  yet  write  also 
concede.  So  with  respect  to  such  words  as  honcur,  favour,  odour, 
lalHnir,  it  may  be  said  that  there  should  be  uniformity  with  other 
words  like  them,  in  which  the  u  is  not  found;  and  further,  that  we 
should  keep  to  the  orthography  of  the  Latin  words  of  which  they  are 
forms  equidly  in  meaning  and  orthography.  This  appears  plausible, 
but  when  it  is  considered  that  these  words  do  not  come  to  us  imme- 
diately from  the  Latin,  but  have  passed  to  us  through  the  French,  we 
recognise  in  the  unnecessary  letter  u  a  part  of  the  history  of  the  word, 
whidi  a  person  of  true  taste  would  scaxxsely  be  willing  to  relinquish  for 
an  advantage  so  trivial.  Or  take  the- rough  word  through :  some  may 
think  that  the  three  last  letters  may  well  be  dispensed  with,  but  they 
remain  a  pleasing  evidence  of  the  origin  of  the  word  in  the  rough  and 
strong  speech  of  our  Saxon  ancestors. 

These  little  irregularities  in  orthography,  like  irregularities  in  other 
parts  of  grammar,  are  not  to  be  regudei  as  evils.  Such  irregularities 
give  birth  to  what  are  called  idioms,  in  which  no  small  part  of  the 
beauty  of  a  lang^uage  lies. 

Attempts  have,  however,  been  made  by  ingenious  men  to  introduce 
a  greater  degree  of  uniformity  into  our  orthography.  There  is  a 
treatise  on  the  management  of  bees,  printed  about  two  centuries  ago, 
in  which  we  have  a  peculiar  orthography  on  a  system  of  the  author's 
own.  Ritson,  in  the  last  century,  in  some  of  his  works  adopted  an 
orthography  of  his  own.  Professed  writers  on  grammar  have  done  the 
same ;  some  of  them  to  such  an  extent  that  the  language,  as  written 
by  them,  can  scarcely  be. known  to  be  EngUsh.  A  more  moderate 
reform  is  attempted  by  an  American  writer.  Dr.  Noah  Webster,  the 
author  of  the  English  Dictionary,  which  has  been  reprinted  in  this 
country;  and  Mr.  Bromby  of  HuU,  a  learned  and  ingenious  deigyman, 
has  printed  for  private  cireulation  a  translation  of  the  treaUse  of 
Plutareh  concerning  music,  in  which  the  orthography  is  regulated  by 
certain  principles  which  he  lays  down  in  the  preface.  Again,  some 
gentlemen,  distinguished  alike  by  intelligence  and  philanthropy,  a  few 
years  ago  brought  forward  a  well-considered  form  of  alphabet,  and 
gave  to  the  world  an  example  of  it  in  the  periodical  called  the '  Fonetik 
Nus.'    It  would  be  well,  perhaps,  if  philological  inquirers  and  mission , 


m 


ORua 


ORYZA. 
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arieB  availed  themfielves  of  this  notation,  when  dealing  with  unwritten 
languages,  or  with  those  whose  alphabets  differ  wholly  or  widely  from 
all  that  is  familiar  to  Europeans.  Further,  it  may  be  conceded  that 
the  acquisition  of  the  English  language  itself  by  young  children  would 
be  greatly  facilitated  by  the  use  of  school-books  on  the  **  Fonetik  " 
system  as  stepping-stones  to  our  ordinary  form  of  printing.  No  doubt 
It  is  some  slight  evil  that  the  strict  reduction  of  our  written  signs  to 
harmony  with  spoken  language  would  involve  a  sacrifloe  of  much  that 
is  valuable  for  etymological  guidance.  But  any  loss  on  this  side  would 
be  more  than  compensated  by  the  increased  facilities  for  attaining  the 
language.  The  valid  objection  to  the  proposal  is,  the  utter  impossi- 
bility of  effecting  so  extensive  a  revolution.  It  is  most  true,  and  it  is 
also  a  serious  evil,  that  our  mode  of  spelling  is  so  anomalous  and 
inconsistent;  yet  the  words  are  in  reality  veiy  few  of  which  the 
orthography  mav  not  be  said  to  be  now  ettdoltsked  by  the  great  Jus  et 
Norma  Loqutnai— custom.  We  take  the  following  from  a  modem 
grammar,  as  being  those  which,  in  the  opinion  of  the  writer^  are  most 
frequently  found  with  orthographical  varieties : — 

honour  honor 


mqmrer 

negotiate 

control 

enquirer 

negociate 

controul 

expense 
allege 
complete 
connexion 

ezpence 
alledge 
comj^eat 
connection 

abridgment 

abridgement 

surprise 

BurpriKe 

Of  course  some  of  these  represent  classes.  But  what  are  these  to 
the  great  body  of  such  a  language  as  ours  ?  And  with  respect  to  the 
first  and  to  the  last,  each  of  which  represents  a  large  family  of  words, 
we  would  submit  that  very  few  persons  indeed  who  were  entitled  to  a 
voice  in  a  question  of  this  kind  would  be  found  writing  honor;  and 
that  there  is  a  general  rule  respecting  words  in  wc  or  ize.  The  rule  is 
this :  when  the  word  is  a  derivative  of  the  French  prendrCf  as  is  the 
case  with  aurprue,  enterprise,  and  one  or  two  others,  to  write  it  with 
the  ise ;  but  when  it  comes  to  us  from  the  Greek,  as  in  agonize,  and 
other  words,  to  ke^  the  Greek  termination  t(ca — AngUci,i2e. 

ORUS,  or  HORuS,  an  Egyptian  deity,  the  son  of  Isis  and  Osiris, 
corresponds,  according  to  Herodotus,  to  the  Apollo  of  the  Greeks,  and 
was  the  last  of  the  gods  who  reigned  in  Egypt.  (Herod.,  ii  144; 
Diod.,  i.  44.)  Typhon,  after  the  murder  of  ms  brother  Osiris,  sought 
to  kill  Orus ;  but  his  mother  Isis,  according  to  Herodotus  (ii.  156), 
committed  him  to  the  care  of  Leto,  who  brought  him  up  In  the  moving 
island  of  Chemmis,  which  was  in  the  lake  Buto.  The  Egyptian  priests, 
however,  in  this  instance,  as  well  as  in  many  others,  appear  to  have 
been  anxious  to  assimilate  the  history  of  their  deities  as  much  as 
possible  to  that  of  the  Greeks.  Orus,  from  the  death  of  Osiris  stood 
forth  as  the  avenger  of  his  father ;  and  when  he  had  grown  up,  he 
made  war  upon  l^hon,  whom  he  defeated  in  several  battles,  deprived 
of  the  kingdom  of  Egypt,  and,  according  to  some  accounts,  put  to 
death.  (Diod.,  i.  25:  Herod.,  ii.  144;  Plutarch,  'De  Is.  et  OBir.,*p. 
358,  Francfort,  1620.) 

According  to  Biodorus  (i.  26),  Orus  was  killed  by  the  Titans,  and 
restored  to  life  by  his  mother  Isis,  who  conferred  upon  him  inunortality, 
and  taught  him  divination  and  the  healing  art ;  a  foble  which  Wilkinson 
thinks  "  explained  by  the  historical  fact  of  the  priesthood  of  different 
gods  having  ruled  Egypt  before  the  monarchical  form  of  government 
was  estabUshed  in  the  person  of  Menes  and  his  successors."  (Wilkin- 
son, 'Ancient  Egvptians,'  iv.  397.)  Little  reliance,  however,  as  he 
adds,  is  to  be  placed  on  what  the  Greeks  relate  of  the  deities  of 
Egypt. 

,  Orus  is  frequently  represented  as  sitting  in  the  lap  of  Isis,  but  more 
commonly  stemding  in  a  boat  along  with  other  deities,  and  piercing  the 
evil  being,  Typhon,  who  is  in  the  water,  either  in  iha  form  of  a  man, 
or  of  a  long  serpent.  Orus  appears  also  to  be  represented  in  some 
bronzes  in  the  British  Museum,  which  depict  a  man  trampling  on  the 
crocodile,  since  we  know  that  the  crocodile  was  one  of  the  symbols  of 
Typhon.  The  siymbol  of  Orus  is  a  hawk,  who,  sometimes  in  later 
works,  is  figured  perched  on  an  oryx :  and  the  god  himself  is  represented 
with  the  head  of  a  hawk  crowned  with  the  pshent,  or  double  crown  of 
0pper  and  Lower  Egypt.  (Wilkinson,  iv.  c.  18;  '  Egyptian  Anti- 
quities,' vol.  ii.  p.  306.) 

ORYZA,  the  name  by  which  rice  was  known  to  iiie  Greeks  and 
Romans,  and  which  has  been  adopted  by  botanists  as  the  generic 
name  of  the  plant  yielding  that  valuable  grain.  [Obyza,  in  Nat. 
Hist.  Div.] 

The  rice  plant  is  undoubtedly  a  native  of  India,  from  which  country 
it  has  spread  over  a  great  part  of  the  world,  especially  in  Asia,  where 
it  forms  the  principal  portion  of  the  food  of  the  iiSabitants,  but  it 
has  also  from  very  early  times  been  introduced  into  the  southern  parts 
of  Europe.  Theophrastus  describes  it  in  book  iv.  o.  5,  with  other 
Indian  plants,  and  mentions  it  as  growing  in  water,  and  that  its  inflo- 
rescence is  like  that  of  milium  or  panicum,  and  not  in  form  of  a  spike. 
Rice  is  now  extensively  cultivated  in  North  and  South  Carolina,  and 
in  Georgia;  also  in  ItJy  and  the  south  of  Spain,  and  likewise  a  little  in 
Germany.     The  perfect  system  of  irrigation  and  tillage  which  was 


introduced  into  Italy  at  so  early  a  period  no  doubt  rendered  tk 
cultivation  easy,  as  the  climate  is  also  sufficiently  hot  and  regular. 

As  the  summer  temperature  of  many  countries  is  hig^,  it  is  euf 
to  cultivate  an  annual  like  rice  where  water  is  abundant  and  irri^ad^ 
easy ;  but  as  the  summer  temperature  of  moat  Europeaa  countries  ii 
too  low,  and  not  long  enough  continued,  and  far  from  re^pilar,  it  is 
hopeless  to  attempt  the  culture  uf  a  grain  which  requires  »o  mud 
heat,  and  which  has  the  disadvantage,  from  the  moisture  arisiDg  fn^ 
irrigation,  of  making  a  country  unhealthy;  but  this  is  not  tlie  du- 
in  the  rainy  season  of  tropical  countries,  where  the  rioe-field  is  l-.: 
much  more  moist  than  the  rest  of  the  oountiy.  Its  culture  has  l«^. 
attempted  in  England,  and  a  small  crop  was  raised  near  Wind^^^r,  «-ii 
the  banks  of  the  Thames.  It  has  been  hoped  that  the  mount^Ji 
rice,  which  is  known  to  grow  at  considerable  elevations  in  the  Hixv 
layan  Mountains,  might  be  suited  to  an  English  climate.  This  vari>^ 
certainly  requires  a  less  degree  of  heat,  but  it  seems  to  be  f  oTg^<Uc£ 
that  temperature  is  only  one  of  the  elements  of  climate,  and  tLi: 
moisture  mav  be  supplied  to  a  plant  either  bv  the  soil  or  the  aim  ^ 
phere,  and  tne  latter  may  be  moist  when  the  former  is  oomparatirtuT 
dry.  Rice  is  sown  in  the  Himalayas  only  in  places  within  the  indaeoee 
of  the  periodical  rains,  that  is,  from  about  the  middle  of  June  to  tl^ 
end  of  September.  In  some  places  it  is  irrigated,  and  in  others  it  ii 
not,  but  rain  falls  very  frequentlv,  and  the  air  is  almost  always  is  a 
moist  state,  from  being  charged  with  moisture  teom.  the  heated  vklk^ 
which  is  deposited  on  the  mountains,  when  it  reaches  an  elevauoi 
where  it  becomes  cooled  beyond  the  point  of  saturation.  The  temper 
rature  also  is  so  uniform  as  not  to  vary  10°  of  Fahr.  from  70*  for  three 
months.  So  in  the  Isle  of  France  the  mountain  rice  is  cultiTsted  gs^ 
in  the  rainy  season. 

The  rice  so  extensively  cultivated  throughout  India  (and  the  caltfrv 
tion  in  China,  as  described  by  Sir  G.  Staunton,  is  very  similar)  depeitUs 
upon  rain  or  irrigation  either  from  rivers  or  tanks.  These  Captain  £ 
Hall  ('  Frag,  of  Voyages,'  vol.  iii.  p.  88)  describes  in  one  situation,  near 
Nundydroog,  as  spread  over  a  valley,  which  was  from  six  to  eight  mili:? 
across,  and  that  they  were  used  for  irrigating  myriads  of  rice-fields. 
The  embankments  are  sometimes  miles  in  length,  and  then  of  a  waring 
snake-like  shapa  One  valley  was  pointed  out  to  Captain  Hall^  about  \ 
mile  broad  and  forty  miles  long  from  end  to  end,  which  indudei 
between  thirty  and  forty  tanks,  every  intermediate  square  yard  of  tk« 
intermediate  spaces  being  richly  cultivated,  while  the  surrounding 
coimtry  appeared  to  be  condemned  to  perennial  sterility. 

Dr.  Roxburgh  states  that  he  never  saw  or  heard  of  an  Indian  farmer 
manuring  in  the  smallest  degree  a  rice-field ;  yet  Uiese  fields  have  prv- 
bably  for  thousands  of  years  continued  to  yield  annually  a  lai^  crop 
of  rice,  on  an  average  from  thirty  to  sixty  fold;  even  eighty  or  a 
hundred  has  been  known.  The  best  rice-fields  are  extensive  opea 
plains  through  which  large  rivers  pass.  The  soil  is  generally  of  good 
depth;  the  best  are  those  annually  overflowed  by  the  inundatioiu, 
from  which  they  necessarily  receive  some  f ertiUaing  matter ;  but  the 

greatest  part  of  the  rice  lands  depend  on  the  rains  only,  and  receive  no 
elp  except  from  it  and  the  air.  The  varieties  of  rice  are  innumerable ; 
forty  or  fifty  at  least  are  described.  They  are  divided  by  Dr.  Rox- 
burgh into  two  kinds  :  one,  called  in  Telinga,  Poonas,  Baaxs.,  A^Oy  U 
sown  thick  in  June  or  July,  and  transplanted  in  about  forty  days,  whea 
the  plants  are  about  nine  to  eighteen  inches  high ;  the  fields  are  then 
kept  constantlv  wet ;  more  or  less  flooded,  as  some  sorts  require  very 
little  water,  wnUe  others  require  a  great  deal  When  the  grain  is  ripe, 
the  water  is  drained  off,  and  the  crop  cut  down  with  the  sickle ;  it  ii 
either  slacked  or  trod  out  by  cattle.  The  grain  is  preserved  in  pita 
dug  in  high  ground  and  lined  with  the  rice  straw.  The  straw  is 
stacked  by  the  careful  farmer  for  feeding  his  cattle  during  the  hot 
weather. 

The  second  division  of  cultivated  rice  is  called  Pedder  Worloo  by  tli^ 
Telingas.  The  grains  are  awnless,  and  both  the  unhusked  and  hulked 
rice,  in  most  varieties,  is  white  and  of  excellent  quality,  though 
some  require  much  water.  In  other  parts  of  the  ooimUy  rice  ii 
divided,  according  to  the  seasons  in  which  it  is  reaped,  into  that 
which  ripens  in  the  hot  weather  of  spring,  in  the  summer,  or  in  iLe 
winter. 

Buchanan  states  that  two  crops  in  the  year  from  the  same  land  do 
not  yield  much  more  than  a  single  good  crop  would.  But  the  seasons 
are  so  uncertain,  and  the  latter  crop  so  liable  to  fail,  that  thev 
cultivate  as  much  as  possible  for  the  first  crop.  This  is  reape«l 
in  the  rainy  season,  when  the  straw  cannot  be  preserved,  and  as 
rice-straw  is  almost  the  only  food  which  the  cattle  have  in  many 
districts,  there  is  an  absolute  necessity  for  sowing  the  second  crop 
for  fodder. 

Rice  is  no  doubt  the  grain  which  yields  food  for  the  lai^gest  portion 
of  the  human  race^  but  even  in  India  great  numbers  do  not  eat  rice ; 
in  fact,  in  all  the  north-western  provinces  wheat  is  the  principal  crop, 
and  the  natives  eat  wheaten  cakes,  and  have  rather  a  contempt  fur 
rice-eating  districts.  It  abounds,  however,  in  nourishment,  being  com- 
posed almost  entirely  of  fecula,  that  is,  96  per  cent,  and  therefore 
cannot  be  baked  into  bread ;  but  it  is  more  easily  cooked.  It  vs  light 
and  wholesome,  and  easily  digested,  and  might  form  a  much  lai;ger 
portion  of  the  diet  in  Europe  than  it  does.  Europeans  in  India  eat 
it  at  breakfast  as  well  as  at  other  meals,  and  >rith  fidi  as  frequently  as 
with  their  curries. 
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Of  the  kindB  imported  into  England,  the  Carolina  is  the  beet, 
md  is  grown  in  the  marshy  grounds  of  North  and  South  Carolina. 
The  grains  are  shorter,  broader,  and  boil  softer  than  the  Patna  rice, 
vhich  is  the  best  Indian  kind  known  in  this  country,  though  in 
India  there  are  Beveial  superior  varieties,  as  for  instance  the  RiUl)eet, 
¥hich  are  much  more  esteemed  there.  In  the  year  1859,  8,692,023 
rirts.  were  imported  into  England.  The  quantity  retained  for  con- 
nimption  in  the  United  Kingdom  was  1,761,865  cwts. ;  of  the  estimated 
ralue  of  1,652,5052.  The  relative  values  may  be  judged  of  by  the 
[>rice  of  the  Carolina  rice  being  20«.  when  the  Patna  was  I7f. ;  Bengal 
(rhite,  12s. ;  and  the  Cargo  only  98.  6d,  The  Cargo  is  a  reddish- 
x>loured,  coarse,  but  sweetish  grain,  which  is  liked  by  the  lower  caste 
A  natives  of  India. 

OSCI,  or  OPICI,  a  people  of  ancient  Italy,  who  seem  to  have  been 

identical    with  the  Ausonians,  or  Aurunci,  and  who  inhabited  the 

central  part   of  the  peninsula— from  Campania  and  the  borders  of 

Latium  to  the  Adriatic.    Some  ancient  writers  consider  the  Ausonians 

to  be  a  branch  of  the  Osci;  others,  as  Polybius,  have  spoken  of 

them  aa  distinct  tribes,  but  this  appears  to  be  an  error.    The  names 

Opicus  and  Oscus  are  undoubtedly  the  same.    Aristotle  ('  Polit.,'  vii. 

10)  caUa  the   country  from  the  Tiber  to  the  Silarus,  Ausonia  and 

Opicia ;  and  other  ancient  writers  extended  the  name  much  farther,  to 

the  Straits  of  Sicily,  but  the  southern  extremity  of  the  peninsula 

appears  to  have  been  occupied  by  the  CEnotrians,  a  Pelasgic  people, 

who  were  conquered  by  the  Lucanians  and  BruttiL    Cumse,  one  of  the 

earliest  Greek  colonies  on  the  coast  of  Italy,  was  in  the  country  of  the 

Opici.^   There  was  an  ancient  tradition  in  Italv  in  the  time  of  the 

historian  Dionysius,  of  a  sudden  irruption  of  strangers  from  the 

opposite  coast  of  the  Adriatic,  which  caused  a  general  commotion  and 

dispersion  among  the  aboriginal  tribea    Afterwards  came  the  Hellenic 

colonies,  which  occupied  the  whole  sea-coast  from  Mount  Gaxganus  to 

the  extremity  of  the  peninsula,  in  the  first  and  second  centuries  of 

Rome,  in  consequence  of  which  the  population  of  the  southern  part  of 

the  Italian  peninsula  became  divided  into  two  races,  the  tribes  of 

aboriginal  or  Oscan  descent,  such  as  the  Sabini,  Samnites,  Lucanians 

and  Bruttii,  who  remained  In  possession  of  the  highlands,  and  the  Greek 

colonists  and  their  descendants,  who  occupied  the  maritime  districts, 

but  never  gained  possession  of  the  upper  or  Apennine  regions.     Such 

is  the  view  taken  by  Micali  and  other  Italian  writers ;  but  Kiebuhr 

(*  History  of  Rome,'  vol.  i)  describes  the  Sabini,  and  their  colonies  the 

Samnites,  Lucanians,  and  other  tribes  which  the  Roman  writers  called 

by  the  |;eneral  name  of  Sabellians,  as  a  people  distinct  from  the  Osci 

or  Opici.     He  says,  after  Cato  and  other  ancient  historians,  that  the 

Sabini  issued  out  of  the  highlands  of  the  central  Apennines  near  Ami- 

temum,  long  before  the  epoch  of  the  Trojan  war,  and  driving  before 

them  the  Cascans  or  Prisci  Latini,  who  were  an  Oscan  tribe,  settled 

themselves  in  the  countxy  which  has  to  this  day  retained  the  name  of 

Sabina.     From  thence  they  sent  out  numerous  colonies,  one  of  which 

penetrated  into  the  land  of  the  Opicans,  and  became  the  Samnite 

people ;  and  afterwards  the  Samnites  occupied  Campania,  and,  mixing 

themselves  with  the  earlier  Oscan  population,    settled  there,  and 

adopted  their  language.    But  further  on,  speaking  of  the  Sabini  and 

Sabellians,  Niebuhr  admits  the  probability  of  their  being  originally  a 

branch  of  the  same  stock  as  the  Opici  or  Osd.    Micali  considers  the 

Sabini,  Apulians,  Messapians,  Campanians,  Aunmci,  and  Yolsci,  as  all 

branches  of  the  great  Oscan  family. 

The  Greeks,  being  superior  to  the  native  tribes  in  refinement  and 
mental  cultivation,  affected  to  despise  them,  and  they  applied  to  the 
Dative  Italian  tribes,  including  the  Romans,  the  adjunct  Opican,  as  a 
word  of  contumely  to  denote  barbarism  both  in  language  and  manners 
(Cato  u>ud  Pliny,  xxix.  1) ;  and  the  later  Roman  writers  themselves 
adopted  the  expression  in  the  same  sense :  "  Osce  loqui "  was  tanta- 
mount to  a  barbarous  mode  of  speaking.    Juvenal  (ill.  207)  says : 


f< 


Et  divina  Opid  rodebant  carmlna  mares ; " 


and  Ausonius  uses  "  Opicas  chartas "  to  mean  rude  unpolished  com- 

podtions.    The  Oscan  language  was  the  parent  of  the  dialects  of  the 

^tive  tribes  from  the  Til»r  to  tiie  extremity  of  the  peninsula,  Sabini, 

Henici,  Marci,  Samnites,  Sidicini,  Lucanians,  and  Bruttii,  and  it  was 

^^^tly  a  cognate  dialect  with  the  Latin ;  whilst  in  the  regions  north 

of  the  Tiber  the  Etruscan  predominated.    Liw  (x.  20)  mentions  the 

^^<caQ  as  being  the  language  of  the  Samnites.    The  older  Latin  writers, 

^d  especially  Ennius,  have  many  Oscan  words  and  Oscan  terminations. 

The  Oscan  language  continued  to  be  understood  in  many  parts  of  Italy 

eo\m  to  a  kte  period  under  the  empire.    The  Atellanjs  Fabuljb 

doubtless  originated  with  them,  though  probably  Strabo  is  mistaken  in 

asserting  that  they  were  performed  at  Rome  in  his  day  in  the  Oscan 

^'"^Suage.     In  the  Social  War,  the  Confederates,  who  were  chiefly 

people  of  Oscan  descent,  stamped  Oscan  legends  on  their  coins.    In 

vamjania  and  Samnium  the  Oscan  continued  to  be  the  vulgar  tongue 

^^  after  the  Roman  conquest,  as  appears  from  several  monuments^ 

ana  especially  from  the  Oscan  inscriptions  found  at  Pompeii,  and  the 

oronze  tablet  found  at  Agnone  in  northern  Samnium,  which  gives  a 

^t  of  offerings  at  a  dedication.    (Micali, '  Storia  degU  Antichi  PopoU 

ItjUiam;  ch.  xxix.,  and  '  Athis,'  pi.  120. 

ibe  Oflcan  race,  like  the  Etruscan,  appears  to  have  been  from  the 
*^teBt  times  strongly  under  the  influence  of  religious  rites  and  laws 
\'«6tus,  under  the  head  'Omsism'),  and  the  primitive  manners  and 


simple  moraU  of  the  Oscan  and  Sabine  tribes,  as  well  as  their 
bravery  in  arms,  have  been  extolled  by  the  Roman  writers,  among 
others,  by  Virgil  ('  uEneid,'  vil  728-780),  and  Silius  Italicus  (viii 
626-629). 

Concenung  the  scanty  remains  of  the  Oscan  language  which  have 
come  down  to  us,  see  '  Linguae  Osco)  Specimen  singuhure  quod  superest 
Nolas  in  marmore  Mussei  Seminarii,'  which  is  given  by  Passeri«  in  his 
'PictursB  Etruscorum  in  Vasculis,*  Ac.,  Rome,  3  vols.  foL,  1767-76 ; 
also  Guarini,  'In  Osca  Epigrammata  nonnuUa  Commentarium,' 
Naples,  8vo,  1830,  where  several  Oscan  inscriptions  are  found  collected. 
Klenze,  *  Philologische  Abhandlungen,'  1839 ;  and  Mommaen,  '  Unter- 
Italieni  sche  Dialekte,'  1860.  For  Niebuhr's  views  on  the  Opid  or  Osoi^ 
see  his  *  Roman  History,'  vol.  i. 

OSCILLATION  and  CENTRE  OF  OSCILLATION.  When  any 
system  is  slightly  disturbed  from  its  position  of  equilibrium,  it  either 
falls  altogether  or  endeavours  to  recover  Uie  position  which  it  lost. 
In  the  latter  case  the  equilibrium  is  said  to  be  stable,  and  in  the  former 
unstable.  A  pendulum  hanging  downwards  is  an  instance  of  the 
stable  kind,  and  the  same  pendulum,  if  it  could  be  so  nicely  adjusted 
as  to  rest  immediately  over  the  pivot,  would  be  of  the  unstable  ^inii, 
[Stablb  Am)  Unstable.] 

When  a  system  endeavours  to  recover  its  position,  it  acquires  some 
velocity  in  the  process  ,*  so  that,  though  it  would  rest  at  the  position 
of  equUibrium  if  that  velocity  were  then  destroyed,  it  is  really  urged 
through  the  position  by  the  velocity  acquired,  and  continues  to  depart 
from  it  on  the  other  side  until,  by  uie  forces  which  act  to  restore  it  to 
the  position,  all  the  velocity  acquired  has  been  destroyed.  Repetitions 
of  the  same  phenomenon  then  take  place  in  succession,  the  body  never 
remaining  still  when  it  has  attained  the  position  of  equilibrium,  since  it 
never  is  in  that  position  except  when  moving  with  the  velocity  acquired 
in  its  descent  to  that  position.  If  then  there  were  neither  friction  nor 
resistance  of  the  air  to  help  in  destroying  this  velocity,  it  wotUd  be  a 
universal  law  of  mechanics  that  a  system  disturbed  from  its  position 
of  equilibrium  would  never  recover  it,  but  would  make  perpetual 
osciliations  about  it. 

In  the  widest  sense,  the  problem  of  oscillations  includes  most  of 
those  which  occur  in  astronomy,  optics,  Ac.  The  moon  and  planets 
add  to  their  average  motions  small  oscillations  about  their  mean  places : 
the  tides  consist  of  oscillations  of  the  ocean  about  the  uniform* 
spheroid,  which,  but  for  the  action  of  the  heavenly  bodies,  would  be 
carried  round  in  the  diurnal  rotation  of  the  earth ;  the  phenomena  of 
light  are  produced  by  the  oscillations  which  take  place  in  an  elastic 
eother;  those  of  sound  by  the  oscillations  of  the  air;  and  so  on. 
Usually,  however,  the  problem  of  oscillation  refers  to  nothing  more 
than  the  oscillations  of  a  solid  system,  acted  on  by  gravity,  about  a 
horisontal  axis,  the  original  departure  from  tiie  position  of  equilibrium 
being  but  small ;  in  fact,  to  the  purely  theoretical  part  of  the  problem 
of  the  Pendulum,  to  which  we  shall  here  confine  ourselves,  giving  the 
investigations  in  a  brief  form,  since  it  is  impossible,  within  our  limits, 
to  explain  the  numerous  points  alluded  to  with  sufficient  illustration 
for  a  learner. 

Let  a  material  point,  a  very  small  body,  be  attached  by  a  string  or 
rod  without  weight  to  an  immovable  pivot.  In  the  position  of  rest  the 
string  hangs  vertically:  let  us  now  suppose  it  removed  out  of  the 
vertical  position,  and  let  go  when  it  makes  an  angle  a  with  the  vertical. 
When  t  seconds  have  elapsed,  let  it  make  an  angle  9  with  the  vertical. 
The  material  point  ia  acted  on  by  gravity  with  a  force  which  would 
produce  an  acceleration  g  (or  32*1908)  feet  nearly,  in  one  second  :  if 
then  I  be  the  length  of  the  string,  10  Ib  the  arc,  through  which  the 
point  must  move  before  it  arrives  at  the  lowest  point  of  its  course,  and 
we  have  by  the  well-known  eqxiations  of  motion, 

^^  =  -^8m«,or«  j^+5rsind=a 

The  fixst  integration  of  this  gives 

'd  9\2 


/d  a\3 

*  \di)  =  2^  (<*^  «  -  cos  a), 


since  it  is  a  condition  that  the  motion  began  when  B  was  a  a.  This 
gives 

/I  dff 

^ V  F    V(Bin«  a'  -  8in«  tfO 

€/  and  e^  being  the  halves  of  a  and  6,  and  the  negative  sign  being  taken 
because  6^  diminishes  as  t  increases.  The  iategration  of  this  is 
facilitated  by  assuming  sin  a' = sin  a' .  sin  ^,  which  gives 

V(8in'  ^  ^  fojo?  6^  =  sin  a'  OOB  ^j 
sin  a*  cos  ^  .  d<f> 


dS'^ 


eft 


V(l  -  nn*  a' .  sin«  ^.) 

-V;- — *- 


g'  ^/(l^mn^a\mn^1p) 


.-^..{ 


1.3 


1.3.6 


1  +  2^  +  ^:1^+2.4.6 
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<yber«  F  stands  for  sin  «^  .  sin  0.    To  find  the  time  of  a  semi-yibration, 

1 
this  must  be  integiuted  from  fl*  =«'  to  fi'^O,  or  from  ^  =  -^t  to  ^=0, 

that  is,  after  change  of  sign,  from  0=0  to  ^=  -g-'*  Now  between  these 
limits  . 

ysin    4».<'^  =  2.4.6....2»  '2 

whence,  4>h<^"gi"g  the  sign  of  the  preceding  and  integrating  each  tenn 
by  this  formuk,  we  find  the  time  of  a  semi-vibration.  Double  this, 
to  fix^  the  time  of  a  vibration,  which  call  t,  and  we  have 

1.9.25 


sin*  a'  + 


4. 16. 86* 


Bin*j»'  +  . . . .     V 


a  very  convergent  series.  If  a'  be  small,  we  have,  with  an  error  of  the 
second  order  only, 

or  the  time  of  vibration  of  the  same  pendulum  in  different  small  arcs 
is  very  nearly  independent  of  the  lengths  of  the  arcs ;  a  result  wMch 
might  be  obtained  from  the  considerations  given  in  the  article 
IsocHBONiSM.     To  take  in  two  terms  of  the  series  is  very  nearly 

equivalent  to  multiplying  the  preceding  value  of  T  by  1  +  Taa'* 

The  number  of  vibrations  in  a  mean  solar  day  of  the  pendulum 
whose  length  is  I,  placed  in  a  vacuum,  is 

(kdUiUum,  centre  of, — ^Let  a  number  of  material  points  invariably 
connected  together  vibrate  about  a  horizontal  axis.  It  is  required  to 
find  at  what  distance  a  single  material  point  must  be  hung  that  it  may 
vibrate  in  the  same  manner. 

Let  there  be  a  number  of  material  points,  or  infinitely  small  bodies, 
having  the  masses  m,  m',  m",  &c.,  invariably  connected  with  each 
other,  and  with  an  horizontal  axis  of  rotation,  their  perpendicular  dis- 
tances from  the  axis  being  I,  V,  I",  &c.  Let  H = m  +  m' + ,  &c.,  be  the 
sum  of  all  the  masses,  and  let  k  be  the  perpendicular  distance  of  the 
centre  of  gravity  of  the  whole  from  the  axis.  When  the  last-men- 
tioned perpendicular  distance  makes  an  angle  9  with  the  vertical,  the 
moving  force  Uug  acting  in  the  direction  of  gravity  at  the  distance 
h  sin  By  and  acting  with  a  moment  of  rotation  H^l  sin  9.  Let  ^  be 
the  angular  velocity  at  the  time  in  question,  which  becomes  ^-fef^  at 
the  end  of  a  new  interval  d  t  \  then  taking  the  mass  m  into  consideration, 
we  have  l^  for  its  actual  velocity,  anid  Idp  tcft  the  increment  in 
the  time  dt,  whence  mldp  is  the  actual  momentum  gained, 
dip 
at  ^^  moving  force  which  would  produce  that  momentum.    This 

force  acting  at  the  distance  2,  and  perpendicularly  to  that  distance. 


would  exert  a  moment  of  rotation  m^T7>     Ascertain  in  the  same 

at 

way  the  moments  of  rotation  of  the  other  masses ;  then  by  the  equi- 
valence of  the  impressed  and  effective  forces  [Virtual  Vslooitiss] 
we  must  have— 


d^ 


dp 


m2«;T7+in'«'«:y7+  .- 


dt 


dt 


=Mghan0, 


„        .       <i*    ,  de 

But  ^  M  —  JJ.  ^liu»  written  smce  ^^  is  negative;  if  then  we  denote 

ml^-¥m'l'^+  . . .  (which  is  the  Moiisxrr  o»  Inbbtu)  by  mP,  we 
readily  deduce  from  the  preceding 

d^0     uk 

The  question  of  the  motion  of  tins  system  is  now  completely  reduced 
to  that  of  a  simple  pendulum;  for  if  we  compare  the  preceding 
equation  with  that  of  the  motion  of  a  simple  pendulum,  we  find  that 
the  two  would  agree  if  the  length  (there  called  I)  of  the  simple  pen- 
,  ,  2»»P  ^    *^ 

ilulum  were  -jj^  or ;— any  rigid  system  which  makes  oscillations 

about  an  horizontal  axis,  oscillates  in  the  same  manner  as  a  simple 
pendulum,  the  length  of  which  is  the  moment  of  inertia  of  the  system 
with  respect  to  its  axis  divided  by  the  product  of  the  whole  mass  and 
the  distance  of  the  centre  of  gravity  from  the  axis.     If  in  the  line  k 

2m2' 
or  its  continuation,  a  distance  equal  to  -jj-  be  set  off  from  the  axis, 

the  movmg  extremitv  is  called  the  centre  of  oscillation,  as  being  that 
point  in  which  the  whole  mass  might  be  collected  without  any  alteration 
of  the  kw  of  oscillation. 
Let  Q  be  the  moment  of  inertia  when  the  «xis  passes  through  the 


centre  of  gravity  and  is  parallel  to  the  ^ven  axis ;  then  [Homzst  gt 
Iheatia]  2m2'=a  +iiit^  whence  the  distance  of  the  centre  of  osclU^ 

tion  from  the  axis  is  — — r — ,or  HT+ifc.  Hence  the  centre  of  <«£> 
tion  is  always  farther  from  the  axis  than  the  centre  of  gravity  b 

— .    Let  this  be  called  h  :  we  have  then 

Q 

Now  G  and  h  are  independent  of  the  position  of  the  axis,  o  de^«si 
ing  only  on  the  masses  and  manner  in  which  the  masses  are  ^ 
tributed  about  the  centre  of  gravity,  and  n  on  the  amount  of  tk 
masses.  If  then  a  new  axis  of  suspension  were  taken,  distant  hj  i 
from  the  centre  of  gravity  on  the  other  side,  that  is,  if  a  new  axi»  >i 
suspension  were  taken  passing  through  the  first  centre  of  osrilUtine, 
and  if  k'  were  the  distance  of  the  new  centre  of  oscillation,  from  tk 
centre  of  gravity,  we  should  have 

G  a 

h'h—  — ,  but  A*  as  --,  whence  h'^k: 

that  is,  the  old  axis  of  suspension  contains  the  new  centre  of  ose^s- 
tion,  if  the  new  axis  of  suspension  contains  the  old  centre  of  oadlbtia. 
This  is  generally  expressed  thus :  the  centres  of  suspension  aa2 
oscillation  are  convertible.  When  the  body  is  a  continuous  msas,  tk 
preceding  investigations  apply,  but  the  integral  calculus  must  be 
employed  to  determine  a. 

OSCULATION,  a  term  used  instead  of  contact  by  foreign  writes. 
[Contact;  Tangent.] 

OSCULUM  PACIS.    [Pax.] 

OSI'KIS,  one  of  the  principal  Egyptian  deities,  was  the  brother  d 
Isis  and  the  father  of  Orus  [Isis  ;  Obus],  and  is  said  bv  many  wnteis 
to  have  been  the  first  king  of  Egypt  His  history  is  given  in  the  first 
book  of  Diodorus,  and  in  the  treatise  of  Plutarch, '  On  Ida  and  OsirU;' 
but  it  is  probable  that  the  genuine  Egyptian  traditions  respecting  tb^ 
deity  had  been  considerably  corrupted  at  the  time  of  these  writer 
According  to  their  accoimts  however,  Osiris  was  the  first  who  reclaimed 
the  Egyptians  from  a  state  of  barbarism,  and  taught  them  agricultoit 
and  the  various  arts  and  sciences.  After  he  had  introduced  civilisatica 
among  his  own  subjects,  he  resolved  to  visit  the  other  nations  of  the 
world,  and  confer  on  them  the  same  blessing.  He  acoordin^y  com- 
mitted the  administration  of  his  kingdom  to  Isis,  and  gave  her  Hensui 
to  assist  her  in  council  and  Hercules  to  command  her  troops.  Having 
collected  a  lai^ge  army  himself,  he  visited  in  succession  Ethiopu, 
Arabia,  and  India,  and  thence  marched  through  central  Asia  iaw 
Europe,  instructing  the  nations  in  agriculture  and  the  arts  and  adeoces. 
He  left  his  son  Macedon  in  Thrace  and  Macedonia,  and  committed  the 
cultivation  of  the  land  of  Attica  to  Triptolemus.  After  visiting  all 
parts  of  the  inhabited  world,  he  returned  to  Egypt,  where  he  vu 
murdered  soon  after  his  arrival  by  his  brother  Typhon,  who  cut  up  his 
body  into  twenty-six  parts,  and  ^vided  it  among  the  conspirators  who 
assisted  him  in  the  murder  of  his  broUier.  These  parts  were  after- 
wards, with  one  exception,  discovered  by  Isis,  who  enclosed  each  d 
them  in  a  statue  of  wax,  made  to  resemble  Osiris,  and  distributed  thaa 
through  different  parts  of  Egypt.  This  myth  appears  to  allude  to  the 
fact  mentioned  by  Herodotus,  that  Osiris  was  the  origin  of  the  mummy 
form.  After  leaving  this  world  Typhon,  or  the  evil  principle,  was 
overcome  by  Ids  influence.  For  the  various  explanations  of  the  myth 
of  Osiris,  see  Wilkinson,  'Ancient  Egyptians,'  iv.  383,  ftc 

Both  ancient  and  modem  writers  have  differed  considerably  respect* 
ing  the  peculiar  attributes  and  powers  of  this  deity.  He  appears  ta 
have  been  the  representative  of  the  supreme  beneficence.  The  worship 
of  Osiris  consequently  was  universal  in  Egypt — ^though,  says  Herodotaa, 
it  was  not  customary  for  all  the  Egyptians  to  word^p  the  same  god, 
ever^  one  paid  adoration  to  Osiris  and  Isis.  Willdnson  says  that 
Osins  differed  from  most  of  the  other  Egyptian  deities,  inasmuch  as 
they  were  regarded  as  human  beings  who  were  deified  after  death, 
whereas  Osiris  was  a  manifestation  of  deity  in  a  human  form ;  and 
this  was  "the  profound  secret  revealed  only  to  some  of  those  who 
were  initiated  into  the  highest  order  of  the  mysteries."  ('AndeDt 
Egyptians,'  iv.  317.)  Many  of  the  ancients  believed  that  he  repre- 
sented the  sun  or  the  Nile ;  while  his  discoverv  of  the  vine  and  his 
expedition  to  India  led  others  to  identify  him  with  Dionysus.  (Herod, 
ii.  144.)  Herodotus  informs  us  (ii.  48)  that  the  festival  of  Osiris  was 
celebrated  in  almost  the  same  manner  as  that  of  Dionysus.  It  appears 
however  not  improbable  that  the  worship  of  Osiris  was  introduced  into 
Egypt,  in  common  with  the  arts  and  sciences,  from  the  Ethiopian 
Meroe.  We  learn  from  Herodotus  (ii.  29)  that  Zeus  (Ammon)  and 
Dionysus  (Osiris)  were  the  national  deities  of  Meroe ;  and  we  are  told 
by  Diodorus  (iii.  3)  that  Osiris  led  a  colony  from  Ethiopia  into  Egypt. 

Osiris  was  venerated  under  the  form  of  the  sacred  bulls  Apis  and 
Mnevis  (Digd.  i.  21) ;  and  as  it  is  usual  in  the  Egyptian  symbolical 
language  to  represent  their  deities  with  human  forms  and  with  the 
heads  of  the  animals  which  were  their  representatives,  we  find  statues 
of  Osiris  represented  with  the  head  or  the  horns  of  a  bull,  acoompanied 
with  the  name  Apis-Osiris  (Wilkinson,  iv.  347). 

Ofciris,  in  common  with  Isis,  presided  over  the  world  below ;  hia 
principal  office  as  an  Egyptian  deity,  was  to  judge  the  dead,  and  he  is 


OSKANOSHIC  ACID. 


OSMOSE. 
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•minonly  represented  on  rolls  of  papyrufl  as  sitting  in  judgment  on 
;parted  spirits.  His  usual  attributes  are  the  high  cap,  the  flail  or 
hip,  and  the  crosier ;  and  he  is  clothed  in  white.  Sometimes  he  is 
^red  witli  a  hawk's  head.  He  is  also  frequently  represented  with  an 
-tificial  beard.  His  titles  are  very  numerous :  Wilkinson  notices 
>ine  of  the  principal  (iv.  320).  By  the  Greeks  he  was  identified  with 
^onysus.  But  Diodorus  says  that  some  hare  supposed  him  to  be 
luto^  Pan,  and  even  Zeus.  The  mysteries  of  Osiris,  with  which 
rere  conjoined  those  of  Isis,  were  practised  with  great  secrecy  and 
oleninity.  It  was  from  them  that  the  Eleusinian  mysteries  were 
erived.  (Diodorus,  i  29 ;  Herodotus,  it)  The  chief  seats  of  his 
roTship  were  Philss  and  Abydos ;  at  the  former  of  which  the  great 
QysterieB  were  celebrated* 

OSMANOSMIC  ACID.    [Osiouu.] 

OSMIC  ACID.    [OsunjH.l 

OSMIUM  (Ob).  fVom  oa/iri,  odour,  in  allusion  to  the  smell  of 
emic  acid.  This  metal  was  discovered  by  Mr.  Smithson  Tennant  in 
he  year  1803,  in  the  grains  of  native  platinum  [Platinum],  along 
vith  another  metal  [Iridium].  This  compound,  called  osmide  o/ 
ridium,  occurs  in  flat  grains  and  hexagonal  crystals.  The  primary 
brm  is  a  rhomboid.  Cleavage,  perpendicular  to  the  axis.  Hardness 
1*5  to  5'1,  exceeding  that  of  native  platinum.  Oolour  iron-gray  and 
kUo  steel-gray.  Lustre  metallic.  Opaque.  Specific  gravity  19*5. 
Lnsoluble  even  in  aqua  regia;  becomes  black  when  fused  with  nitre, 
md  when  heated  in  a  tube  exhales  a  peculiar  odour. 

Berzelius  analysed  three  varieties  of  osmide  of  iridium^  from 
Siberia,  with  the  annexed  results. 


Osmium  •        •        •        •        •    80 
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Iron     •        •        •        •        ••«• 
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•  • 
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100  100*0  100*00 

The  preparation  and  properties  of  osmium  have  lately  been  studied 
by  MM.  Deville  and  Debray.    These  chemists  have  obtained  it  in  the 
pulverulent,  crystallised,  and  compact  forms,  by  the  following  pro- 
cesses.    Osmide  of  iridium  powdered,  if  necessary,  by  roasting  with 
zinc,  is  mixed  with  five  and  a  half  times  its  weight  of  binoxide  of 
barium  and  heated  in  a  well  covered  crucible  to  the  temperature  of 
melting  silver,  for  two  hours.    The  resulting  black  mass  is  then  broken 
up,  distilled  in  a  retort  with  eight  parts  of  hydrochloric  acid  and  one  of 
nitric  acid,  the  well  cooled  distillate  redistilled,  and  the  vapours  con- 
densed in  dilute  ammonia.    The  osmiate  of  ammonia  solution  thus 
formed  is  then  saturated  with  sulphuretted  hydrogen  and  boiled,  and 
the  sulphide  of  osmium  reduced  by  heating  for  four  or  five  hours, 
in  a  carbon  crucible,  to  the  temperature  of  melted  nickel  or  melted 
rhodium. 

Osmium  thus  obtained  is  pvlvenUent,  but  exhibits  the  metallic 
lustre  with  confiiderable  brilliancy ;  has  a  blue  colour  brighter  than 
that  of  zinc;  a  specific  gravity  of  21*8  or  21*4,  and,  at  a  temperature 
higher  than  that  of  melted  zinc,  is  combustible.    Heated  to  bright 
redness,  with  eight  times  its  weight  of  tin,  in  a  carbon  crucible, 
and  the  melted  mass  allowed  to  cool  slowly,  it  separates  out  in  a 
cnfttaUine  form,  and  is  isolated  on  diasolving  out  the  tin  with  hydro- 
chloric acid.    Heated  by  the  oxyhydrogen  blowpipe,  in  a  furnace  made 
of  lime,  it  does  not  fuse,  but  aggregate  into  a  more  or  less  compact 
nuisB,  and  at  the  heat  of  melted  iridium  is  slowly  dissipated  in  vapour. 
Osmium  combines  with  mercury ;  the  amalgam  is  decomposed  bv 
heat,  the  mercury  volatilising,  and  the  osmium  remaining  behind  in  such 
a  fine  state  of  division  as  to  take  fire  on  coming  into  contact  with  air ; 
in  this  condition  also  it  is  soluble  in  nitric  acid,  but  is  not  so  after 
ignitioa   In  dassihring  the  elements,  osmium  is  usually  placed  next  to 
anenic;  its  equivalent  is  99*41. 
Oxy^  and  otnUum  combine  in  five  proportions,  forming : — 

1.  Protoxide  of  Otmium  .•••••  OsO 

3.  Setqnioxlde  of  Osmiiun   ••••••  OsaOg 

S.  Binoxide  of  Oflminm    ••••••  OsOa 

4.  Teroxide  of  OBmiom       ••••••  OsO, 

5.  Oamio  acid OsOg 

!•  PrUoxide  of  oimtum  (OsO). — When  potash  is  added  to  a  solution 
of  chloride  of  osmium,  the  protoxide  is  precipitated  in  the  state  of 
hydrate  (OsO,  HO),  and  is  of  so  dark  a  green  colour  as  to  appear 
nearly  blacL  This  hydrate  dissolves  slowly  in  acids,  forming  dark 
green  coloured  solutions,  which  do  not  yield  crystals  by  evaporation, 
but  leave  green  or  sreenish-brown  translucent  residues.  When  the 
hydrate  is  heated  rather  below  redness,  it  loses  water.  It  detonates 
when  heated  with  certain  combustible  bodies. 

2.  Sciquioxide  of  otmium  (Os^O,)  has  not  been  procured  in  a  sepa- 
rate state,  but  is  obtained  in  combination  with  ammonia  when  &ie 
binoxide  is  heated  with  excess  of  that  aikali ;  nitrogen  is  evolved 
during  the  operation  by  the  decomposition  of  a  portion  of  the  binoxide 
and  of  the  ammonia. 

3*  Binoxide  of  otmium  (OsO,)  is  formed  and  precipitated  by  pouring 
a  Bolution  of  carbonate  of  soda  into  a  saturated  solution  of  bichloride 
of  osmium  and  potassium.    The  precipitation  takes  place  gradually, 
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and  after  separating,  by  means  of  hvdrochloric  acid,  a  little  soda  which 
it  retains,  it  is  obtuned  in  a  state  of  purity ;  it  is  of  a  black  oolour  and 
insoluble  in  acids. 

4.  Teroxide  of  otmium  (OsO,),  otmiout  ocici,  is  prepared  from  the 
terchloride  in  the  same  way  as  the  binoxide  from  the  bichloride.  Its 
existence,  however,  is  not  perfeotly  established.  A  crystalline  com- 
pound with  potash  (KO,OsO»,  2H0)  appears  to  exist 

5.  Peroxide  of  otmium,  or  otmic  ctcia  (0s0«). — This  is  a  very  curious 
compound,  differing  x|pmarkably  from  all  the  preceding  substances.  It 
is  obtained  whenever  osmium  is  burnt  in  the  air  or  m  oxygen  gas,  or 
when  the  pulverulent  metal  is  heated  with  hot  nitric  acid.  It  is 
white,  very  volatile,  extremely  fusible,  soluble  in  water,  and  crystallises 
in  colourless  transparent  flexible  needles.  It  possesses  an  extremely 
disagreeable  odour,  somewhat  resembling  that  of  chlorine.  It  com- 
bines with  alkalies,  forming  compounds  whidi  are  called  otmiakt. 
When  sulphurous  acid  is  added  to  a  solution  of  osmic  add,  it  is 
rendered  yellow,  orange,  brown,  green,  and  blue,  dependent  upon  the 
extent  to  which  the  deoxidisement  is  carried  on.  It  stains  the  skin,  is 
acid  and  poisonous. 

Otmium  and  tulphur  form  four  sulphides.  They  are  produced  on 
passing  sulphuretted  hydrogen  through  the  hydrochloric  solutions  of 
the  oxides.    They  much  resemble  the  latter  in  constitution, 

Otmium  and  dklorine  form  four  chlorides,  namdy,  protoMnide  qf 
otmium  (OsCl),  which  sublimes  in  green  needles  on  passing  chlorine 
over  osmium  neated  in  a  lon^  tube ;  tetquiehiaride  of  otmium  (Os^Cl,), 
known  only  in  combination  with  chloride  of  ammonium ;  Heiionde  of 
otmium  (OsCl^,  formed  by  excess  of  chlorine  in  the  preparation  of  the 
protochloride,  but  crystaUiaing  farther  from  the  source  of  heat,  and  is 
red  instead  of  green ;  and  terchloride  of  otmium  (OsCl,),  also  known 
onW  in  combination  with  chloride  of  ammonium. 

Otmium  and  niirogen  form  otmiamic  etdd  (Os-NOg),  according  to 
Gerhardt,  or  otmanotmie  add  (OsN,OsOp,  aoeonung  to  Fritzsche  and 
Struve.  It  separates  as  a  yellow  crystalhne  powder  on  adding  caustic 
ammonia  to  a  solution  of  osmic  add  in  potash. 

The  remaining  compounds  of  osmium  have  not  been  satisfactorily 
studied.  They  are  til  characterised  by  giving  fumes  of  osmic  add, 
when  heated  with  carbonate  of  soda  on  platinum  foil  in  the  blowpipe 
flame,  and  the  fumes  are  recognised  by  their  odour.  Osmic  add  also 
imparts  luminosity  to  the  flame  of  alcohol 

OSMOSE.  The  phenomena  of  liquid  diffusion  [DiFFUSioir]  become 
more  complicated  when  the  two  liquids  are  separated  by  means  of  a 
porous  diaphragm,  because  in  such  case  there  is  adhesion  between  the 
liquids  and  the  material  of  the  diaphragm :  nevertheless  the  liquids 
wul  mingle  together  in  opposition  to  gravity.  For  example,  if  a 
funnel,  furnished  with  a  long  narrow  stem,  and  a  piece  of  moistened 
bladder  tied  over  its  mouth,  be  filled  with  spirit  of  wine  or  with 
syrup,  and  be  placed  in  a  shaUow  vessel  of  water,  the  Uquid  will  in 
a  few  hours  rise  in  the  tube,  and  even  overflow.  In  this  case  there 
is  a  greater  adhemon  between  water  and  the  membrane  than  between 
spirit  and  the  membrane ;  hence  the  water  in  contact  with  the  lower 
surface  of  the  membrane  rises  into  it  by  capillary  attraction,  and  gains 
the  upper  surface  where  diffusion  of  the  water  through  the  spirit  sets 
in,  and  is  promoted  bv  the  adhesion  existing  between  the  two  liquids. 
In  this  wi^  the  liquid  within  the  funnel  increases  in  bulk,  and  fills  and 
even  overflows  the  tube.  This  flowu^  in  of  the  liquid  was  termed  by 
Dutrochet  endotmotit,  from  tviov  "  inwards,"  and  wrfiot  "  impulse. 
While  this  force  is  acting  from  without  inwards,  a  small  quantity  of 
spirit  is  passing  out  into  the  water  below,  which  process  of  flowing 
out  is  termed  exotmotit.  If  two  other  liquids  be  selected  the  pheno- 
mena will  be  produced,  provided  one  liquid  adhere  to  the  bladder  more 
perfectly  than  the  other,  and  the  two  liquids  have  a  certain  degree  of 
adhemon  for  each  other. 

Graham  ('  Phil.  Trans.,'  1854)  has  investigated  the  subject,  which  is 
one  of  great  interest,  physiologically  as  well  as  chemically.  The 
instrument  used  in  hds  experiments  is  termed  an  otmometer:  it  is 
formed  of  a  bell-glass  of  five  or  six  ounces,  having  a  plate  of  perforated 
zinc  over  its  open  mouth,  and  outdde  this  is  securely  tied  a  piece  of 
fresh  ox-bladder  with  the  muscular  coat  removed ;  or  else  an  artificial 
membrane  of  calico  soaked  in  white  of  egg,  and  dipped  in  boiling 
water  to  coagulate  it.  A  tube  ^th  of  the  oximeter  of  the  mouth  of 
the  bell-glass,  is  fitted  into  an  aperture  at  its  top,  and  is  graduated 
into  millimetres,  each  degree  being  about  ^th  of  an  inch.  A  rise  or 
fall  in  the  liquid  in  the  tube,  amounting  to  100  millimetres,  represents 
the  entrance  or  removal  of  a  stratum  of  liquid  1  millimetre  thick  over 
the  surface  of  the  membrane.  The  saUne  solution  to  be  examined  is 
placed  in  the  jar,  until  it  stands  at  a  fixed  mark  in  the  tube.  The 
jar  is  then  placed  on  a  tripod  within  a  tall  cylinder,  into  which 
distilled  watco*  is  poured  up  to  the  level  of  the  liquid  in  the  tube,  and 
this  level  is  maintained  during  the  experiment  by  adding  or  removing 
water  from  the  outer  jar.  In  this  way  it  was  found — 1.  That  neutral 
organic  substances,  such  As  urea,  gum  arabioj  sugar  of  milk,  gelatine, 
and  salicin,  exert  little  or  no  osmotic  action.  2.  That  strictly  neutral 
salts,  such  as  sulphate  of  magnesia,  chloride  of  sodium,  and  chloride 
of  barium,  have  no  peculiar  osmotic  action,  but  follow  nearly  the 
same  rate  of  diffusion  as  when  no  diaphragm  is  used.  S.  That  alkaline 
solutions,  especially  those  of  potadi  and  soda,  produce  enei'getio 
osmotic  results  :  dUute  soljitions  containing  not  more  than  2  per  cent, 
of  the  salt,  answered  best;  but  the  efiisct  was  observed  when  1  part  of 
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the  Bait  was  contained  in  1000  of  water;  and  while  a  large  bulk  of 
water  entered  tho  osmometer,  only  a  minute  portion  of  the  alkaline  salt 
escaped  into  the  water  of  the  outer  jar.  Thus,  with  a  solution  of  car- 
bonate of  potash  (1  part  salt  to  1000  water)  in  the  osmometer,  the 
liquid  rose  in  the  stem  192  divisions  in  five  hours,  and  for  each  grain 
of  carbonate  of  potash  tiiat  was  diffused  into  the  outer  cylinder  more 
than  550  grains  of  water  entered  the  osmometer.  When,  however,  a 
solution  containing  1  per  cent,  of  carbonate  of  potash  was  used,  only 
63  grains  of  water  entered  the  osmometer  for  each  grain  of  carbonate  that 
passed  into  the  outer  cylinder.  When  the  liquid  rises  in  the  osmometer 
it  is  termedposUive  omrom.  4.  That  dilute  addB  and  solutions  of  acid  salts 
produce  a  current  in  the  opposite  direction,  so  that  the  column  falls 
in  the  stem ;  this  is  known  as  negetUve  osmate.  Osmose  is  remarkably 
shown  in  salts  which  admit  of  division  into  a  basic  salt  and  a  free  acid. 
Acetate  of  alumina,  nitrate  of  lead,  chloride  of  adno,  and  the  salts  of  the 
sesquioxides  of  chromium  and  iron  are  good  examples.  In  such  cases 
the  add  di0uses  outwards,  and  the  inner  surface  of  the  membrane 
remains  in  a  basic  condition  while  the  outer  surface  is  add — conditions 
which  are  highly  favourable  to  rapid  positive  osmose.  6.  That  in  all 
cases  of  osmotic  actions  (oxcept  where  alcohol  and  cane-sugar  are  con- 
cerned) the  material  of  the  diaphragm  is  chemically  acted  on,  and  if 
the  diaphragm  be  made  of  a  material  not  capable  of  decomposition  by 
the  liquids,  such  as  gypsum,  unbaked  day,  tanned  leather,  compressed 
charcoal,  although  sufildently  porous,  there  is  little  or  no  osmotic 
aotioD.  The  most  favourable  cases  ore  those  in  which  the  chemical 
action  on  the  diaphragm  is  different  on  the  two  ddes  both  in  degree 
and  kind,  as  when  one  surfiice  is  add  and  the  other  alkaline.  6.  That 
two  salte,  when  mixed,  often  exert  an  osmotic  action  very  different 
from  what  they  exerdsa  separately.  Thus,  sulphate  of  potash  has  a 
feeble  positive  osmose,  but  a  very  minute  addition  of  carbonate  of 
potash  increases  its  osmotic  f oroe  fivefold,  and  a  minute  trace  of  hydro- 
chloric acid  arresto  it.  Chloride  of  sodium  also  reduces  osmotic  action 
in  other  salte. 

The  osmotic  force  must  be  distinguished  from  Divfubion  ;  for  in 
the  latter  case,  if  a  saline  solution  were  in  the  interior  reservoir,  liquid 
salt  partides  would  ooee  through  the  membrane,  and  a  certain  quan- 
tity of  water  would  flow  back  and  take  their  place;  but  if  this  were 
a  case  of  difi^sion  the  water  would  not  be  more  than  five  or  six 
times  the  weight  of  the  escaping  salt,  whereas  the  water  entering  ihe 
osmometer  may  exceed  the  weight  of  the  escaping  salt  100  times  or 
mor&  Nor  can  osmose  be  identified  with  capillarity.  [Cafillart 
Attraction  and  Repulsiok.]  2£any  of  the  saline  solutions  which 
exhibit  the  greatest  osmose  are  not  distinguishable  in  capillary  pheno- 
mena from  pure  water.  The  force  of  the  osmotic  current  may  also  be 
measured  in  the  following  manner,  devised  by  Liebig: — Close  the 
open  end  of  the  short  Umb  of  a  glass  syphon  by  means  of  a  piece  of 
bladder ;  pour  a  little  merouty  into  the  bend  of  the  tube,  and  fill  the 
shorter  Umb  with  the  saline  liquid.  Immerse  tiie  bend  of  the  tube  and 
the  membrane  in  water,  leaving  the  extremity  of  the  longer  limb  open ; 
and  as  the  water  enters  the  tube  the  mercury  will  rise  in  the  longer 
limb,  and  when  the  colunm  reaches  a  certain  height  the  two  liquids 
will  intermingle  without  change  of  volume.  The  length  of  the  column 
which  has  htSsa  raised  above  the  level  of  the  surface  of  the  mercury  is  to 
be  measured,  and  this,  when  compared  with  the  lengths  of  the  columns 
obtained  with  other  liquids,  will  give  a  comparative  measure  of  the 
osmotic  foroe  in  each  case.  Thus  it  will  be  seen  that  chemical  affinity 
(shown  by  the  action  on  the  diaphragm)  is  converted  into  motive 
power,  capable  of  numerical  expression.  It  seems  most  probable  that 
in  the  animal  system  there  is  an  arrangement  by  which  motive  power 
is  obtained  from  the  decomposition  of  the  tissues.  All  parte  of  living 
structures  are  in  a  condition  of  incessant  change,  decomposition,  and 
renewal.  It  may  one  day  be  demonstrated  that  the  osmotic  injection 
of  fluids  is  the  associating  link  between  muscular  movement  and 
chemical  decomposition. 

The  flow  of  liquids  through  capillary  tubes  presente  phenomena 
doeely  connected  with  diffusion.  They  are  well  discussed  in  M. 
Poiseuille's  memoire  ('Annales  de  Chimie,'  8  serie,  xxi).  They  are 
also  steted  in  a  briefer  form  in  Professor  Miller's  *Elemente  of 
Chemistry/  part  i.,  2nd  edition,  1860,  where  the  following  remarks 
occur : — *'  Osmotic  phenomena  are  constantly  going  on  both  in  plants 
and  in  animals;  for  in  their  tissues  liquids  of  very  different  natures, 
sometimes  add,  still  more  often  alkaline,  are  droulating  through 
vessels  necessarily  constructed  of  flexible  and  porous  materials,  and  in 
the  economy  botii  of  the  vegetable  and  of  the  animal  creation  such 
actions  are  of  the  highest  importance  to  the  due  performance  of  the 
vital  functions.  In  fact,  we  as  yet  know  not  how  intimately  the  entire 
processes  of  absorption,  nutrition,  and  secretion  are  connected  with 
the  operations  of  liquid  diffusion  and  of  endosmosis." 

OSSEIN.  A  peculiar  kind  of  gelatin  found  in  bones,  horns,  &c.  It 
is  insoluble  in  cold  water,  dilute  acids,  alcohol,  and  ether ;  but  gradu- 
ally soluble  in  boiling  water,  forming  a  jelly  on  cooling. 

OSSIFICATION  is  the  formation  of  bone.  This  process  occurs  natu- 
rally in  the  formation  of  the  skeleton  of  man  and  the  higher  animals. 
[BoifE,  Nat.  Hist.  Div.]  It  also  occurs  in  the  reproduction  of  new  bone 
after  the  destruction  or  loss  of  old  bones.  [Fracture.]  Ossification 
occurs  as  an  xmnatural  or  morbid  process.  It  is  observed  in  several 
tissues  of  the  body.  It  is  most  frequent  i»the  cartilages  of  the  ribs, 
in  which  it  almost  constontly  occurs  In  advandng  years.    In  most 


persons  bone  begins  to  form  in  these  parte  after  the  fiftieth  year;  it 
sometimes  commences  between  the  ages  of  thirty  and  forty,  but  ii 
often  delayed  to  a  much  later  period ;  and  Harvey  relates  that  in  the 
body  of  Thomas  Parr,  who  died  in  his  153rd  year,  the  cartilages  of  th^ 
ribs  were  still  flexible  and  soft.  The  change  is  generally  earlier  ia 
men  than  in  women,  and  it  affecte  the  cartilage  of  the  first  rib  aocost 
than  the  rest. 

Next  to  the  cartilages  of  the  ribs  those  of  the  windpipe  are  moit 
liable  to  become  osseous.  Ossification  of  the  cartilages  of  the  «ar,  wm, 
and  Ettstadiiaa  tube  is,  on  the  contrary,  extremdy  rare,  and  in  tix 
few  cases  in  which  it  occurs  it  is  not  particularly  oonneoted  with  oU 
age.    Thecartihiges  of  the  moveable  jointe  never  osdfy. 

The  tendinous  tissue  is  that  which,  next  to  the  csitilaginoos,  is 
most  subject  to  ossification.  This  change  is  not  uncommon  at  the 
insertion  of  the  tendons  of  muscles  that  are  much  exerted,  and  in  the 
ligament  of  some  fixed  or  scarcely  moveable  joints.  Small  pieces  d 
bone  are  also  not  unfrequentiy  formed  in  the  dura  mater ;  and  tfaeee 
are  one  of  the  sources  of  incurable  epilepsy.  Bone  is  also  Bometiiaa 
formed  in  the  fibrous  ooate  of  the  spleen  and  liver. 

Ossification  occasionally  takes  place  in  the  &bM  membranes  prodooed 
by  acute  inflammation  of  the  pleura,  and  more  rarely  in  thoae  of  the 
pericardiam ;  and  it  is  a  common  process  in  the  adhedons  which  form 
between  the  heads  of  bones  exposed  by  ulceration  of  their  cartilage^ 
producing  the  most  fixed  kind  of  anchylosia  of  the  jointa. 

A  few  remarkable  cases  are  recorded  of  osnfioation  of  the  mnsda 
Thwe  is  a  skeleton  in  the  museum  of  the  College  of  Suigeoos  k 
London,  in  which  it  has  taken  place  to  such  an  extent  that  neariy  all 
the  bones  must  have  been  inunovably  fixed  by  the  transformatioo  of 
the  tissues  by  which,  in  the  healthy  st&te,  t&ev  icre  moved.  In  equaCj 
rare  cases  tiie  crystaUine  lens,  the  vitrebus  humOur,  and  eome  other 
parte,  are  found  converted  into  bone. 

In  all  these  examples  the  material  f om^ed  ^%acUy  rsBembles  ir^ 
bone  in  ite  minute  structure  and  chemical  composition.  In  other 
cases,  as  in  ossification  of  the  heart  and  arteiies,  the  substance  dq»- 
dted  is  composed  of  carbonate  and  phosphate  of  lime,  as  bone  is, 
but  ite  particles  have  no  definite  arrangement.  That  which  is  caQed 
osnflcation  of  the  heart  is  not  an  affection  of  the  proper  subetance  of 
that  organ,  but  of  ite  valves,  in  which  earthy  matter  ia  sometimes 
depodted,  so  as  to  render  them  stiff  and  unyielding,  and  destroy  the 
pliancy  which  is  necessary  for  the  performance  of  their  functions.  A 
depodtion  of  earthy  matter  in  any  part  of  the  substance  of  the  heart 
itself  is  very  rare.    [Heabt,  Dibeassb  of.] 

The  disease  named  ossification  of  the  arteries  oonsiste  in  the  depoo* 
tion  of  plates  or  rings  of  hard  earthy  substance  in  their  middle  ehstie 
coats.  This  deposition  is  preceded  by  that  of  a  peculiar  soft  or  opaque 
yellow  substance,  which  becomes  gradually  hardened.  The  depodtlcm 
of  this  yellow  subetance  in  the  lai^  arteries  is  so  common  that  it  is 
very  rare  to  meet  with  the  body  of  an  adult  in  whom  it  has  not  taken 
place  to  a  greater  or  less  extent ;  and  it  not  unfrequentiy  commeDoes 
in  early  childhood.  The  change  to  earthy  matter  does  not  commonly 
take  place  before  the  thirtietii  year,  and  is  very  general  after  the 
sixtieth.  The  roughness  and  irregularity  in  the  circulation  which  it 
produces  in  the  lai^  arteries  and  the  ulceration  of  their  lining  maa- 
branes  which  often  accompanies  it,  frequentiy  produce  serious 
symptoms.  The  same  changes  are  frequent  in  the  arteries  of  tiie  leg?, 
and  the  obstruction  to  the  droulation  which  they  produce  generally 
gives  rise,  if  life  is  sufficiently  prolonged,  to  the  affection  called 
gangrsBna  senilis.    [Abteribs,  Dibbabbs  of.] 

OSTRACISM,  the  name  for  a  mngular  institution  existing  for  some 
time  among  the  Athenians.  When  any  man  became  conspicuous  by 
wealth  or  by  power,  from  whatever  source  derived,  and  was  in  coi»e> 
quence  thought  likely  to  conceive  plans  of  ambition  dangerous  to  the 
pubUc  peace  and  the  stebility  of  the  existing  f  oim  of  government,  ^ 
mstitution  enabled  the  Athenian  people  to  send  him  for  a  time  into 
exile,  and  thus  rid  themselves  of  the  danger  which  they  dreaded.  It 
was  done  as  follows  : — When  tihe  occasion  was  thought  to  reqiiire  it,  a 
day  was  fixed  at  an  ordinary  meeting  of  the  Athenian  people,  for  the 
purpose  of  holdii)g'an  ostracmn,  Qn  that  day  a  part  of  tiie  market' 
place  {iyopd)  was  railed  in,  ten  different  approaches  being  left  to  the 
part  thus  railed  in.  There  was  thus  one  approach  for  each  of  the  ten 
Athenian  tribe&  By  these  approaches  the  dtizens,  distributed  accord- 
ing to  their  tribes,  entered  the  space  within  the  rails,  and  there 
depodted,  in  urns  provided  for  the  purpose,  their  shdls  or  bitt  of 
earthenware  {Btrrpaxa,  ostraca,  whence  the  name  otiracUm),  marked 
with  the  name  of  the  person  whom  they  respectively  thou^t  it 
desirable  to  banish.  The  nine  archons,  together  with  the  Proedri  and 
Prytenes,  superintended,  seeing  that  everything  was  done  properly, 
and  in  the  end  coimting  the  votes.  First  of  all  they  counted  the  gross 
number,  which  it  was  necessuj  should  be  above  six  thousand,  else 
there  was  no  valid  ostracism.  (Henmann, '  De  Ostracismo  Athenieose.*} 
If  there  were  found  to  be  dx  thousand  votes,  then  they  proceeded  to 
cotmt  the  numbers  against  different  individiials ;  and  the  individual 
against  whom  there  was  the  greatest  number  of  votes  was  sentenced  to 
ten  years'  banishment,  or  ^changing  the  phrase)  was  oHrad^d.  He 
was  then  obliged  to  leave  Atnens  within  ten  days  after  the  sentence, 
and  unless  a  vote  of  the  people  recalled  him  before  the  expiration  of 
that  time,  to  stay  in  exile  for  ten  years ;  a  period  subsequently  reduced 
to  five  years.    The  goods  of  the  ostracised  person  were  not  confiscated, 


181 


OSTROQOTHa. 


OVAL. 


h% 


neither  was  ostracism  considered  in  the  light  oi  a  punishment  or 
accounted  a  disgrace.  It  passed  for  what  it  was, — a  declaration  of 
superior  wealth,  of  superior  influence,  sometimes  indeed  of  superior 
Tirtue,  whose  ascendancy  the  state  drea4ed. 

It  is  well  known  that  Aristides  the  Just  was  one  of  those  on  whom 
ostmdsm  was  inflioted«  The  stoiy  told  by  Plutarch  of  his  writing 
down  his  own  name  for  ostracism  is  also  well  known. 

Ostracism  was  introduoed  into  Athens  by  Cleisthenes  after  the 
expulsion  of  the  Pisistratid»  (^lian,  '  Var.  Hist/  viiL,  c.  84) ;  and 
Cleisthenes  was  the  first  victim.  Themistooles,  Otmon,  Aloibiadee, 
Thucydides,  were  all  numbered  among  the  ostradBed. 

As  to  the  merits  of  such  sn  institution  as  ostracism,  there  cannot  be 
any  great  difierence  of  opinion.  That  must  be  a  bad  form  of  polity 
which  needs  it,  though  under  a  bad  form  of  polity  it  may  be  itself  a 
good.  The  first  object  of  the  statesman  is  to  constnict  a  govenmient 
proof  against  the  wealth  and  power  arising  fram  the  ordinaiy  course  of 
social  development :  if  he  fails  in  this,  he  must  defend  the  goyemment, 
even  at  the  expense  of  partial  eviL  The  Athenians  took  care  to  miti* 
gate  the  severity  of  the  bamshment,  so  far  as  they  could  consistently 
with  the  object  of  it,  "  Though  this  institution,"  says  Montesquieu, 
"  may  be  so  &r  a  condemnation  of  popular  governments,  yet  it  is,  on 
tiie  other  hand,  well  fitted  to  prove  their  mildness ;  and  we  should 
have  perceived  this,  were  it  not  that,  exile  being  with  us  always  a 
punishment,  we  have  been  unable  to  separate  the  idea  of  bstracism 
from  that  of  punishment."  ('  Esprit  das  Lois,'  book  xxi,  chap.  17.) 
Mr.  Grote  ('  History  of  Greece ')  calls  it  ''a  wise  precaution,"  as  pre- 
venting the  excesses  of  partisanship  by  showing  decisively  the  sense  of 
the  majority  of  the  community,  and  less  likely  to  lead  even  the  vic- 
torious party  to  any  infringement  of  the  constitution. 

A  sixmlar  institution  is  aaid  to  have  prevailed  in  Argos,  Miletus,  and 
Megara.  At  Syracuse  also  It  prevailed,  and  there  bore  the  name 
J^etaliam,  leaves  {triraXa)  being  used  on  the  oocasiaa  ol  voting,  instead 
of  shells. 

OSTROGOTHS,  or  Eastern  Goths,  a  division  of  the  great  Gothic 
nation,  were  settled  in  Pannonia  in  the  5th  oentuiy  of  our  era,  whence 
they  extended  their  dominion  over  Norioum,  Bheetia,  and  the  lUyriomn. 
[Gk>THs.]  About  the  year  482  or  488  A.D.,  their  long  Theodoric  was 
serving  as  an  auxiliary  under  the  emperor  Zeno,  and  distinguished 
himself  in  Syria.  On  Lis  return  to  Constantinople,  Theodoric,  aeoord- 
ing  to  the  statement  of  the  historian  Evagrius,  fearing  2ieno's  jealousy 
of  his  success,  retired  into  Pannonia  in  487,  where  he  collected  an 
army,  and  in  the  following  yesr  marched  into  Italy,  with  all  his  tribe, 
men,  women,  and  children,  and,  as  appears,  with  the  consent  of  Zeno 
himself,  who  wished  to  remove  the  Ostrogoths  from  his  territories. 
He  defeated  Odoacer  in  various  battles,  to6k  him  prisoner,  and  some 
time  after  put  him  to  death.  Upon  this  event,  Theodoric  sent  an 
ambassador  to  Anastaaius,  the  emperor  of  Constantinople,  who  sent 
him  in  return  the  purple  vest,  and  acknowledged  him  as  king  of  Italy. 
It  appears  that  both  Theodoric  and  his  predecessor  Odoacer  admow* 
lodged,  nominally  at  least,  the  supremacy  of  the  Eastern  emperor. 
For  the  rest  of  the  history  of  the  Ostrogoths  see  Theodobio  [in  Bioa 
Div.],  who  established  his  dynasty  over  Italy,  which  is  generaUy  styled 
the  reign  of  the  Gtoths  in  that  country. 

OTHYL,  compound  of.  (See  col.  28.) 

OTHYL,  HYDRIDE  OP.  (See  col.  2a) 

OUNCE.    [Pouio).] 

OUTLAWRY.  This  term,  which  is  derived  from  the  Saxon  UUagh 
or  Uthlagh,  signifies  an  exclusion  from  the  protection  of  the  law.  In 
Rngliah  law  it  is  a  pimishment  consequent  upon  a  fiight  from  justice, 
or  a  contumacious  neglect  or  refusal  to  appear  and  answer  for  a 
eriminsl  tranigression,  in  obedience  to  the  process  of  a  court  of  com- 
petent jurisdiction.  By  the  laws  of  tiie  Anglo-Saxons,  continued  after 
the  Conquest,  an  outlaw,  who  was  also  called  toi^AJSMMm  (lawless  man) 
and  frt^idletma%  (friendless  man),  lost  his  Uberam  legem,  and  had  no 
protection  from  Uie  frankpledge  in  the  decennary  in  which  he  was 
sworn.  A  boy  under  twelve  years  of  age,  not  being  swoni  to  his  law 
in  the  deoennsiy,  could  not  be  outlawed ;  and  for  the  same  reason  a 
woman  who  contumaciously  refused  to  i^pear  could  not  be  outlawed, 
but  was  said  to  be  wowed  {derelicta),  and  incurred  the  same  penal  con- 
sequences as  an  outlaw. 

For  oenturies  after  the  Conquest  an  outlaw  was  said  **  Oerere  caput 
lupittum,"  and  might  be  lawfully  killed  by  any  one  who  met  bim,  It 
is  stated  in  the  *  Mirror '  (cap.  iv.  sec  4)  to  have  been  the  custom  for 
those  who  slew  outlaws  or  wolve^  to  "  carry  the  heads  to  the  chief 
place  of  the  county  or  franchlBe,  and  there  to  receive  a  demi-mark 
from  the  county  for  each  head,  whether  of  an  outiaw  or  a  wolf."  The 
'  Mirror '  is  a  book  of  doubtful  antiquity  and  authority,  and  this  storv 
of  the  reward  for  the  heads  of  outlaws  is  probably  fabulous,  or  at  all 
events  an  exaggeration  of  the  fact.  Braoton  (lib.  iii.,  cap.  18),  declares 
that  an  outlaw  "might  be  killed  by  all,  especially  if  he  defended 
himself  or  ran  away,  so  that  it  was  difficult  to  take  him ;  but  that  when 
once  taken,  his  life  and  death  were  in  the  king's  hands ;  and  if  any 
man  then  killed  him,  he  must  answer  for  it  as  in  the  case  of  any  other 
homicide."  That  this  practice  and  law  prevailed  in  his  time  is  further 
proved  by  another  passage  (c.  14),  in  which  he  says  that  a  man  who 
bss  been  outlawed,  but  has  become  "  inlagatus,"  or  restored  to  his  law 
by  a  pardon  from  the  king,  should  take  care  always  to  "  cany  his 
pardon  about  with  him  wheresoever  he  may  gO|  and  have  it  ready  in 


his  hand  to  show,  lest  peradventure  some  person,  not  knowing  that  he 
has  obtained  the  king's  grace,  should  sky  him  as  an  outlaw."  Fleta 
(lib.  i.,  cap.  27),  mentions  the  same  law,  and  justifies  it :  "  Utlagatus 
et  waiviata  capita  gerunt  lupina,  qute  ab  omnibus  impun5  poterunt 
amputari ;  merito  enim  sine  lege  perire  debent  qui  secundum  legem 
vivere  recusant."  Lord  Coke  says, "  In  the  beg^ning  of  the  reign  of 
Edward  III.  it  was  resolved  by  the  judges,  for  avoiding  of  inhumanity 
and  effusion  of  Christian  blood,  that  it  shoidd  not  be  lawful  for  any 
man  but  the  sheriff  only  (having  lawful  warrant  therefore)  to  put  to 
death  any  man  outlawed,  though  it  were  for  felony ;  and  if  he  did,  he 
should  imdergo  such  punishments  and  pains  of  death  as  if  he  had 
killed  any  other  man ;  and  so  from  thenceforth  the  law  continued  until 
this  day.^'  For  this  fact  he  refers  to  the '  Year  Book,'  2  Ass.  pL  3.  The 
*  Year  Book '  however,  as  dted,  and  another  report  of  the  same  case  in 
Fitsherbert's  'Abridgement/  tit.  Corone,  148,  contain  no  such  resolu- 
tion, and  the  case  from  which  it  is  obvious  that  Lord  Coke  derived  the 
above  statement,  is  clearly  an  authority  to  show  the  continuance  of  the 
old  practice.  A  man  being  arraigned  for  homicide  objects  to  answer 
because  the  person  with  whose  death  he  was  charged  had  been  outlawed 
for  felony.  The  judges  at  first  certainly  appeared  to  think  that  it  was 
not  lawful  for  any  one  to  kill  an  outlaw  unless  it  were  upon  his  resisting 
a  bailiff  who  should  attempt  to  arrest  him.  But  after  alignment,  they 
said  they  "must  send  to  the  chancery  to  inquire  if  the  deceased  had  a 
charter  of  pardon,  and  search  their  own  rolls  to  see  if  his  outlawry  has 
been  reversed ; "  and  th^  admitted  the  prisoner  to  bail  in  the  mean  time, 
telling  him  that  if  they  found  that  there  had  been  no  pardon  and  no 
reversal  of  the  outlawry,  he  would  not  be  called  upon  to  answer. 
This  case  therefore  seems  to  show  that  Lord  Coke  prematurely  claimed 
for  the  judges  in  the  reign  of  Edward  III.  the  merit  of  abolishing  this 
barbarous  practice ;  indeed  so  late  as  the  reign  of  Philip  and  Mary, 
Staundforde,  in  his '  Pleas  of  the  Crown,'  mentions  the  above  case,  and 
speaks  of  the  law  upon  this  subject  as  doubtful  However,  though 
the  technical  quality  of  hondcide  so  committed  may  have  been 
questionable,  there  is  no  doubt  that  the  practice  of  killing  outlaws  like 
wild  beasts  had  ceased  long  before  Staundfcmle's  time. 

The  consequences  of  outlawry  are  the  forfeiture  of  goods  and 
chattels  universally.  Where  it  takes  place  upon  a  prosecution  for 
ireaton  or  murder,  it  amounts  to  a  conviction  and  attainder  of  the 
offence  charged,  and  therefore  all  the  outlaw's  real  property,  as  well  as 
his  persoualtv,  is  forfeited.  Where  it  takes  place  upon  criminal 
prosecutions  for  other  offences,  or  upon  civil  actions,  the  profits  only 
of  the  defendant's  lands  are,  during  his  life,  forfeited  to  the  crown. 
The  outlaw,  having  neither  the  privilege  nor  protection  of  the  law,  is 
incapable  of  maintaining  any  action ;  at  common  law  he  cannot  be  a 
juror,  as  he  is  not "  liber  et  legalis ;  "  and  he  is  expressly  excluded  from 
acting  ss  such  by  stat  6  Qeo.  IV.,  o.  50,  sec.  3. 

The  consequences  of  outlawry  being  so  highly  penal,  the  law  has  at 
sll  times  been  careful  that  no  person  shall  be  outlawed  without 
sufficient  notice  of  the  process  of  the  court,  and  without  satisfactory 
proof  of  his  oontumapy.  He  must  be  called  or  exacted  in  five  successive 
ooonly  courts,  or  in  five  successive  hustings,  if  in  London ;  4f  he 
renders  Imnself ,  the  sheriff  takes  him.  But  if  he  does  not  appear  at 
the  fifth  oounty-oourt  or  busting,  judgment  of  outlawry  is  forthwith 
pronounced  by  the  ecrtmen,  who  are  the  judges  for  this  purpose  in  the 
county-court,  and  by  the  recorder  if  the  proceedings  ore  in  London 
(Co.  Litt,  288  h;  Dyer,  228  a,  817  a).  Upon  this  return  a  writ  of 
capias  utlegatum  may  be  issued  into  any  county  to  arrest  the  defendant, 
and  other  process  follows  against  his  property.  As  an  additiomd 
security  that  a  man  shall  not  be  outlawed  without  notice  of  the 
process  to  which  he  is  required  to  appear,  the  sheriff  must  make  three 
proclamations  of  him  in  notorious  places  in  the  county  a  month  before 
the  outlawry  shsll  take  place. 

An  outlawry  may  be  reversed  by  writ  of  error,  in  which  the  party 
may  avail  himiBelf  of  errors  either  of  law  or  fact;  the  slightest  mistake 
in  any  part  of  the  proceedings  being  sufficient  to  avoid  the  outlawry. 
It  was  formerly  necessary  to  procure  a  pardon  from  the  crown,  by 
which  the  outlaw  was  restored  to  his  law,  and  became ''  inlagatus." 
It  has  long  been  the  usual  course  for  the  courts  to  reverM  outlawries 
upon  motion,  justice  being  thus  expedited  and  expense  saved. 

OUTWORKS,  hi  fortification,  is  the  term  applied  to  the  various 
works  constructed  outside  the  enceinte  of  a  fortress.  These  may  be 
either  temporary,  to  take  advantage  of  the  ground  and  enfilade  a 
besieger's  works,  or  they  may  be  permanent  works  established  on 
heights  and  commanding  ground  which  it  is  necessary  to  occupy. 

OVAL,  or  as  the  name  imports,  egg-shaped,  is  the  name  given  ori- 
ginally to  such  a  form  as  the  section  of  an  egg  presents,  round,  but  not 
circular.  In  mathematics  it  has  received  some  extension  of  meaning. 
Any  curve,  or  isolated  branch  of  a  curve,  which  returns  into  itself, 
would  be  odled  an  oval;  perhaps  even  a  figure  of  eight  would  receive 
the  name. 

The  curve  having  for  its  equation 

y=VaK«— a)  (a?-6) 

(a  and  h  being  positive,  and  a  less  than  h)  has  an  oval  extending  from 
xssO  to  xtsa:  but  there  is  no  curve  whatever  from  a;=a  to  x=b,  or 
from  xs:  ^h  to  x^O.  If  a  be  smi^l,  tiie  dimensions  of  the  oval  axe 
small :  and  when  a = 0  the  equation  becomes 
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in  which  the  oval  has  beoome  a  point  (ihe  origin),  and  ia  a  conjugate 
fxnnt  [Curve],  an  isolated  point  which  is  not  on  any  continuous 
branch. 

Some  conjugate  pointa  hATe  none  but  imaginary  valuea  of  dy:dx, 
some  have  one  or  more  finite  values.  Thus  when  y=^xV{sfi—l^,  there 
is  a  conjugate  point  at  the  origin,  and  dyidx  is  then  imaginary :  but 
when  y=a^y/{3fi—li^)  there  is  a^  a  conjugate  point  at  the  origin,  but 
dyidx  is  0.  The  meaning  seems  to  be  (as  far  as  we  can  judge  from  a 
few  instances)  that  when  the  oval  during  its  diminution,  has  axes 
which  preserve  a  finite  ratio  to  one  another,  so  that  its  tangents  fall  in 
all  directions,  the  ultimate  value  of  dyidx  Ib  imaginary.  But  when 
one  of  tibe  axes  diminishes  without  limit  as  oomps^ed  with  the  other, 
so  that,  except  near  the  ends  of  that  axis,  the  tangents  tend  to  assume 
one  dii^9ction,  there  is  an  ultimate  value  of  dyidx  which  defines  that 
direction.  If  our  surmise  be  correct,  a  double  or  triple  value  of  dyidx 
at  the  conjugate  point  would  indicate  the  evanescence  of  a  star-shaped 
oval,  or  of  one  which  tends  to  assume  that  form  as  it  diminishes.  But 
this,  with  other  points  relating  to  the  singular  values  of  algebraic 
functions,  has  yet  to  be  fully  considered. 

OYALBUMEN.  A  name  given  to  the  albumen  of  the  hen's  egg  to 
i^iK«jngniiih  it  from  the  albumen  of  blood  (aeraibumen)  which  dmen 
somewhat  from  the  former. 

OVARIAN  DROPSY.    [Womb,  Diseases  of.] 

OVATION.    [Triumph.] 

OVERSEER,  an  officer  appointed  by  justices  of  counties  or 
boroughs,  for  parishes  under  the  43  Eliz.,  2,  and  for  townships  under 
the  13  &  14  Car.  II.,  12.  They  cannot  be  less  than  two  nor  more  than 
four  for  one  pariah  or  township.  Churchwardens  are  ex-officio  over- 
seers of  the  poor.  The  duties  of  a  paid  a8siBtantK>ver8eer  are  identical 
with  those  of  an  overseer,  so  far  as  they  may  be  specified  in  the 
warrant  of  justices,  appointing  the  former  under  the  59  Qeo.  III.,  12, 
B.  7,  on  account  of  the  amount  of  the  population,  the  extent  of  the 
parish,  or  other  difficulties,  rendering  the  office  of  overseer  onerous  and 
troublesome.  Before  the  passing  of  the  Poor-Law  Amendment  Act, 
(4  &  6  Will.  IV.,  c.  76)  it  was  the  business  of  an  overseer  as  well  to 
expend  as  to  mi^e  out  and  collect  the  poor-ratesi  Where  no  select 
vestry  existed,  he  was  judge  of  the  necessities  of  applicants  for  paro- 
chial relief,  an  appeal  m  case  of  refusal  lying  before  magistrates  in 
petty  sessions.  For  an  account  of  the  abuses  which  arose  from  the 
trust  the  law  formerly  confided  to  overseers,  see  the  article  Poor-Law, 
and  the  report  of  the  commissioners  for  inquiring  into  the  adminis> 
tration  of  tne  poor-law,  published  in  1834. 

The  4  &  5  Will.  IV.,  c.  76,  commonly  known  as  the  Poor-Law 
Amendment  Act,  limited  the  authority  of  an  overseer  of  the  poor,  by 
transferring  to  a  board  of  guardians  sudh  portion  of  his  duties  as 
related  to  ascertaining  fit  objects  for  parochial  relief,  the  amount  of 
relief  to  be  given,  and  the  manner  of  giving  it.  With  such  services 
he  has  now  little  to  da  His  first  business  on  entering  upon  his  office 
is  to  obtain  from  his  predecessors  the  parish  books  and  documents  and 
to  collect  outstanding  arrears  of  poor  rates,  if  any.  If  he  have  reason 
to  believe  that  any  demand  for  money  will  be  made  upon  him  by  the 
guardians,  he  should  forthwith  make  a  poor  rate,  which  must  be 
signed  by  a  majority  of  the  parish  officers,  allowed  by  the  justices  and 
published.  A  poor  rate  is  due  from  every  person  assessed,  immedi- 
ately after  it  is  published,  and  if  any  person  refuse  to  pay  the  rate, 
after  a  proper  demand  made  upon  him,  the  same  may  be  enforced  by 
distress  and  sale  of  the  goods  of  the  de&ulter.  If  there  should  be  no 
goods  to  distrain  upon,  the  defaulter  may  be  committed  to  prison  for 
three  months,  unless  the  rate  be  sooner  paid.  The  rate  may  be  appealed 
against  at  the  next  special  sessions,  after  it  is  made,  on  we  ground  of 
inequality  or  incorrectness;  and  if  the  overseers  have  a  good  defence, 
it  voll  be  their  duty  to  defend  the  rate  at  the  sessions.  If  they  have 
no  valid  defence,  they  should  at  once  consent  to  the  rate  being  quashed 
or  amended  by  the  justices,  as  the  case  may  require.    If  it  should  be 

Suashed  they^  should  then  proceed  to  miake  a  fresh  rate,  avoiding 
iie  errors  which  led  to  the  quashing  of  the  former  rate. 
An  overseer  is  only  to  give  relief  to  the  poor  '*  in  any  case  of  sudden 
or  urgent  necessity;"  and,  as  soon  as  he  is  able,  is  to  report  to  the 
relieving-officer  his  having  given  such  reliel  The  relief  may  not  be 
given  in  money,  but  only  in  articles  of  absolute  necessity.  At  the  end 
of  each  half-year  the  overseer  will  receive  a  notice  from  the  district 
auditor,  to  attend  him  in  order  that  his  accounts  may  be  examined 
and  audited.  He  should  take  with  him  to  the  audit  all  his  parish 
books,  letters,  and  papers,  to  any  of  which  reference  may  possibly  be 
made.  He  is  to  manage  and  collect  the  rents  of  parish  property,  and 
he  has  various  duties  cast  upon  him  by  statute  and  by  the  general 
consolidated  order  of  the  Poor-Law  Board,  in  connection  with  the 
annual  election  of  a  guardian,  or  guardians,  for  his  parish.  Those 
duties  will  be  foimd  fully  set  out  in  Mr.  Olen's  collection  of  Poor-Law 
statutes  and  Poor-Law  Board  orders;  and  are  much  too  voluminous  to 
come  within  the  limits  of  the  present  article. 

With  regard  to  registration,  his  business  is  as  follows :— ^On  the 
20th  of  June  in  each  year,  he  will  affix  on  the  church  door  a  notice, 
directing  fresh  claimants  for  votes  to  make  formal  claim  in  writing  to 
the  overseer  on  or  before  the  20th  of  July.  His  next  step  is  to  make 
out  for  each  parish  an  alphaJi)etical  list  of  the  names  of  all  persons 
already  in  the  register,  together  with  those  of  all  claimants.  Thiis  list 
must  be  completed  by  the  last  day  of  July,  and  affixed  on  the  church 


or  chapel,  and,  if  there  be  no  church  or  chapel,  in  some  oonspieociis 
situation,  on  the  two  first  Sundays  in  August.  He  moat  give  copies  c^ 
this  list  for  a  reasonable  payment,  if  required.  On  or  before  the  25>tk 
of  August,  objections  to  votes  may  be  received.  An  alphabetical  hit  d 
objections  is  to  be  posted,  as  before,  on  the  two  Sundays  next  preced- 
ing the  15th  of  September.  When  the  revising  bairiater  holds  la 
court,  it  will  be  the  duty  of  the  overseer  to  attend*  Hia  ezpoBia 
arising  from  his  duties  connected  with  registration  are  defrayed  free 
the  poor-rate.  So  far  with  regard  to  registration  of  ooon^  voioi 
Overseers  of  a  parish  situated  in  a  borough,  by  the  last  day  of  Jolr, 
without  any  claims  being  made,  must  make  an  alphabetical  list  of  per 
sons  having  a  10^.  Qualification  in  respect  to  prenuses  ntuated  in  thsr 
parish.  A  similar  list  of  freemen  must  be  made  where  freemen  an 
entitled  to  votes.  These  lists  must  be  fixed  as  above.  Claims  bom 
persons  omitted  and  objections  are  received  on  or  before  the  25th  of 
August,  and  lists  of  these  claims,  &a,  are  to  be  posted  on  the  two 
Sundays  next  preceding  the  15th  of  September,  ^e  fonns  accordia; 
to  which  overseers  are  to  frame  their  notices  are  to  be  found  in  the 
acts  of  parliament  whence  their  obligations  arise.  The  limita  of  this 
article  do  not  admit  of  the  duties  of  an  overseer  of  the  poor  being  far- 
ther enlarged  upon ;  the  reader  is  therefore  recommended  to  cooioh 
the  publications  of  the  learned  gentleman  before  referred  to,  whidi  are 
the  standard  works  on  the  subject. 

OVERTURE  (Ouwrture,  Fr.,  Sm/onia,  ItaL),  a  muncal  oomposiiiai 
for  a  full  instrumental  band,  introductory  to  an  oraU»io,  opesa,  or 
ballet.  An  overture  is  a  kind  of  musical  prologue,  and,  as  such,  oogfai 
to  be  in  good  keeping  with  the  piece  which  it  ushers  in ;  though  b 
most  instances  but  lit&e  attention  has  been  paid  to  the  character  d 
thia  important  feature  of  the  melodrama.  There  are  some  exoeptions, 
however,  as  in  the  fine  overtures  to '  Don  Giovanni/  '  Der  Fr^achiitz,' 
and  'A  Midsummer-Night's  Dream/  all  of  which  fully  prepare  the 
nund — ^in  so  far  as  inarticulate  sounds  can  prepare  it — ^for  the  romantk 
stories  and  supernatural  agency  of  the  following  scenes. 

The  overture  originated  with  Lully  [Lullt,  in  Bioo.  Drv.],  whose 
compositions  supplied  many  of  the  early  Italian  operas  with  an  openiiig 
instrumental  piece.  And  indeed  Handel  himself  imitated  to  a  cerUtn 
extent  the  overtures  of  the  French  composer ;  though  in  this  csae, 
as  in  every  other  of  the  kind,  he  improved  whatever  he  touched. 

Some  good  observations  on  the  position  and  office  of  the  overture 
will  be  found  in  an  Essay  by  M.  Fetis,  entitled  '  La  Muaique  mise  \  h 
port^  de  tout  le  monde.'  The  author  characterises  Mosart's  overtoR 
to '  Zauberflote/  as  a  "  chef-d'oBuvre  inimitable,  qui  sera  etemeUemesi 
le  module  des  overtiires  et  le  dfisespoir  des  compositeurs.'' 

OWNERSHIP.    [Propkrtt.I 

OXALAMYLIG  ACID.    [Oxalic  Aonx] 

OXALATES.    [Oxalic  Acm.] 

OXALHTDRIC  ACID.    [Saccharic  Acid.] 

OXALIC  ACID  (HO,  C,0,-l-2Aq.)  This  add  was  discovered  bj 
Scheele,  in  1776.    It  occurs  m  several  plants,  as  in  the  wood  soird 

fOxalis  aeetoidla)  hence  the  name  oxalic,  and  in  common  sorrel 
lUmex  aeetota}.  In  the  juice  of  these  plants,  and  in  the  roots  of 
rhubarb,  bistort^  gentian,  Ac.,  it  is  combined  with  potash ;  in  sevenl 
kinds  of  lichens,  it  is  found  in  union  with  lime.  It  oocura  as  a 
mineral  compound  in  combination  with  oxide  of  iron,  called  Hwn>- 
holdtite.    It  IS  an  ingredient  also  of  several  urinary  calculi 

Oxalic  acid  may  be  obtained  by  several  processes :  first,  by  decom- 
posing the  natural  superoxalate  of  potash,  or  salt  of  sorrel,  by  means  of 
acetate  of  lead,  sulphuric  add,  &0.  ,*  but  it  is  best  obtained  by  heating 
organic  matter,  such  as  sugar,  potato  starch,  or  even  sawdust^  ^t£ 
nitric  acid  in  a  retort  Having  been  first  obtaiaed  trom  sugar  it  re- 
ceived the  name  of  saocAann^  add.  Indeed  most  oi^ganic  compounds 
which  contain  much  carbon  and  no  nitrogen,  may  he  converted  into 
oxalic  acid  by  the  action  of  nitric  acid;  hydrate  of  potash,  in  sonM 
cases,  produces  similar  results,  and  this  process  applied  to  sawdust  now 
yields  much  of  the  oxalic  acid  used  in  commerce.  When  nitric  acid 
acts  upon  sugar  or  starch  or  sawdust,  it  is  decomposed,  and  yields 
nitric  oxide  gas  in  great  quantity;  the  oxygen  of  the  decomposed  add 
uniting  with  the  carbon  of  the  vegetable  matter,  converts  it  into  ozalio 
add:  the  crystals  first  obtained  are  to  be  dissolved  in  water  aod 
re-ciystallised  to  render  them  perfectly  pure. 

Oxalic  acid  crystals  are  prismatic,  colourless,  and  transparent ;  the 
primaxy  form  is  a  right  rhombic  prism.  Their  taste  is  extremelj 
sour,  and  they  are  vezy  poisonous.  When  dissolved  in  200,000  times 
their  weight  of  water,  the  solution  reddens  litmus  paper.  Exposed  to 
a  diy  air,  oxalic  acid  effloresces,  losing  water  of  crystallisation ;  it 
dissolves  in  15  parts  of  water  at  SO**,  and  in  9  parts  at  60^ ;  at  212"  it 
melts  in  its  water  of  crystallisation ;  it  is  soluble  also  in  aJoohol,  but 
less  so  than  in  water. 

Oxalic  add  lb  usually  considered  to  be  monobasio,  but  most  of  its 
properties  are  those  of  a  member  of  the  dibasic  series. 

No  means  have  yet  been  discovered  of  forming  oxalic  add  by  com" 
bining  carbonic  oxide  and  carbonic  add ;  but  when  oxalic  add  is 
heated  with  sulphuric  acid,  it  resolves  into  these  substances  entirely, 
and  in  the  proportions  stated,  the  water  which  it  contains  combining 
with  the  sulphuric  add. 

Oxalic  acid  contains  water  that  cannot  be  totaUy  expelled  bv  heat; 
the  add,  unless  combined  with  a  base,  always  retaining  one  equivalent* 

Oxalic  add  is  to  a  certain  extent  volatile,  and  Mr.  Fanday  has 
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212**  the 


tliat  sublimation  takes  place  even  at  oommon  temperstures ;  at 
e  volatilisation  is  much  more  considerable ;  and  vfnen  deprived 
of  two-thirds  of  its  water  of  crystallisation,  it  sublimes  rapidly  uid 
without  decompoaing ;  the  subdimed  acid  is  crystalline,  and  contains 
one  equivalent  of  water. 

When  oxalic  add  retaining  the  whole  of  its  water  of  ctystaUisation 
is  suddenly  heated  up  to  about  300°|  it  yields  carbonic  acid,  carbonic 
oxide,  formic  acid,  vSd  water. 

Oxalic  acid  forms  compounds  with  bases,  which  are  termed  oxakUes, 
and  of  theae  we  shaU  describe  some  of  the  more  important. 
OxtUtUe  of  ammonia.    [AMUomvu,  oxalate  of  ammonia.] 
BinaxaJUUe  of  ammoMa  may  also  be  formed,  but  it  is  not  of  im- 
portance.    'When  binoxalate  of  ammonia  is  heated  it  yields  oxamic 
acid  (C^H.KOa). 

Oxalate  of  jpSuuh  (KO,  C,0„  Aq.) — Oxalic  acid  forms  three  salts  with 
]>otaah :  the  neutral  oxaiaie  is.  obtained  by  saturating  the  add  with  the 
aUcalL  It  erystallises  in  flat  rhombic  crystals,  which  are  so  veiy 
soluble  in  waiter,  that  even  when  cold  the  latter  takes  up  half  its  weight. 
When  a  solution  of  oxalic  acid  is  added  to  this,  predpitation  of  a  less 
soluble  Bupmalt  occurs. 

Binoxalate  ofpotatk  (KO,  HO,  20.0, + 2Aq.)  may  be  prepared  either 
by  dissolving  the  requisite  quantities  of  acid  and  alkali  in  water,  or,  as 
above  mentioned,  by  adding  oxalic  add  to  the  neutral  salt^  It  forms 
small  rhombic  crystals,  which  have  a  bitter  taste  and  an  add  reaction ; 
they  are  soluble  in  about  10  times  their  weight  of  cold  water.  This 
salt,  mixed  with  tiie  quadroxalate,  exists  in  oxaUa  aeetoaeUa,  and  they 
constitute  the  compound  know  by  the  name  of  the  iolt  of  torru, 
or  taU  of  Um&M,  employed  for  removing  ink-spots. 

Q/iMdnuDodate  ofpotatk  (KO,  SHO,  4C,0,  +  4Aq.)  may  be  formed  by 
digesting  the  binoxalate  in  hydrochloric  add,  which  taking  half  the 
potash,  the  remainder  becomes  quadroxalate;  or  by  saturating  car- 
bonate of  potash  with  oxalic  add,  and  then  adding  three  times  the 
weight  of  oxsJio  add  already  used.  The  crystals  are  prismatic,  and 
are  as  little  soluble  in  water  as  those  of  the  binoxalate. 

The  oxalates  of  potash  are  all  converted  by  a  red  heat  into  carbonate 
of  potash  ;  their  compodtion  was  first  ascertained  and  pointed  out  by 
Dr.  Wollaston  as  aflfording  one  of  the  most  remarkable  series  of  proou 
of  the  doctrine  of  multiple  propoiiions. 

Oxalate  and  binoxalaU  of  soda  may  be  formed,  but  they  are  not 
employed. 

Oxalate  ofUme  (CaO,  C,0s,2Aq.)  is  a  very  insoluble  compound,  and 
hence  oxalic  add  and  lime,  with  certain  restnotions,  are  used  as  tests  of 
each  other's  presence.  Ba^ta  and  strontia  also  form  insoluble  com- 
pounds with  oxalic  add.  Ine  remaining  metallic  oxalates  of  ioaportance 
are  noUced  imder  the  respective  metals. 

OxaUe  ethtr,  or  oxalate  of  ethyl  (cfl^  |  q^^'o)  ^  ^'^  obtained  by 

allowing  a  slow  stream  of  absolute  alcohol  to  flow  into  a  retort  con- 
taining oxalic  add  in  a  state  of  fusion,  and  from  which  the  water  has 
been  mostly  driven  off.  The  diBtiUate  is  nradied  with  water,  in  which 
it  is  only  slightly  soluble,  and  finally  dried  over  chloride  of  caldum. 
Its  specific  gravity  is  1'0929 ;  vapour  density,  5*1 ;  boiling  point,  368*2'' 
Fahr.  It  is  misdble  with  alcohol  or  ether.  Potash  and  soda  decom- 
pose it,  and  ammonia  converts  it  into  oxamide.  Potassium  transforms 
it  into  carbonic  ether  with  evolution  of  carbonic  oxide. 

Amyloxalie  add,  or  oxdlamylie  acid  (cfiA    ^^^^o)  ^  ^o™^^  on 

treating  amylic  alcohol  with  excess  of  oxalic  add. 

Teste  for  oxaUeacid, — The  best  is  the  production  of  a  white  pre* 
dpitate  (oxalate  of  lime),  with  any  soluble  calcium  salt,  insoluble  in 
acetic  add,  but  soluble  in  hydrochloric  add. 

OXALIC  ACID,  the  most  highly  oxygenated  of  all  the  vegetable 
adds,  is  also  the  most  rapid  and  cer^nly  fatal  of  any  which  are 
capable  of  being  oystallised.  As  the  crystiSs  are  not  unlike  those  of 
the  sulphate  of  magnesia,  or  Epsom  salts,  mistakes  babween  the  two 
are  of  very  frequent  occurrence.  Being  likewise  much  used  in  the  arts, 
and  commonly  known  by  the  name  of  <ieid  of  sugar,  it  is  taken  dther 
acddentally,  or  under  the  supposition  that  it  is  akin  to  sugar,  and 
therefore  jueasant  and  umocent. 

To  prevent  confudon  of  the  crystals  of  this  formidable  add  with 
those  of  the  sulphate  of  magnesia,  it  has  been  proposed  that  the  former 
diould  be  coloured  while  in  the  course  of  preparation,  an  expedient 
'which  has  not  been  adopted.    But  on  the  other  hand;  the  crystals  of 
EpBom  salts  have  been  manufactured  of  a  different  shape  by  a  peculiar 
procees  of  crystallisation.    The  taste  is  very  different,  a  solution  of 
oxalic  add  being  intensdy  sour,  while  that  of  sulphate  of  magnesia 
is  extremdy  bitter.    Attention  to  this  pdnt,  in  previously  tasting  a 
Bmall  quantity,  may  prevent  very  serious  casualties.    Oxalic  add  not 
only  acts  with  violence,  but  produces  nearly  the  same  effects  to 
whatever  texture  of  the  body  it  is  applied.    The  concentrated  add,  if 
taken  in  condderable  dose,  may  cause  death  in  from  two  to  twenty 
minutes.    "After  death  the  stomach  is  found  to  contain  black  extra- 
J^sated  blood,  exactly  like  blood  acted  on  by  oxalic  add  out  of  the 
Dody ;  the  inner  coat  of  the  stomach  Ib  of  a  cherry-red  colour,  with 
streaks  of  black  granular  warty  extravasation ;  and  in  some  places  the 
furface  of  the  coat  is  very  brittle  and  the  subjacent  stratum  gelatin- 
ised.   Such  are  the  effects  of  the  concentrated  acid     When  con- 
ttderably  diluted  the  phenomena  are  totally  different.    When  dissolved 


in  twenty  parts  of  water,  oxalic  add,  like  the  mineral  adds  in  the 
same  circumstances,  ceases  to  corrode ;  but,  unlike  them,  it  continues 
a  deadly  poison,  for  it  causes  death  by  acting  indirectly  on  the  brain, 
spine,  and  heart  The  symptoms  then  induced  vary  with  the  dose. 
When  the  quantity  is  large,  the  most  prominent  symptoms  are  those 
of  palsy  of  the  heart ;  when  less,  fits  of  violent  tetanus ;  and  when 
sUll  less,  the  spasms  are  slight  or  altogether  wanting,  and  death  occurs 
under  symptoms  of  pure  narcotism,  like  those  caused  by  opium." 
Very  few  persons  have  recovered  when  the  quantify  taken  was  con- 
dderable.   (Christison,  'On  Poisons.') 

To  counteract  the  very  rapid  effects  of  this  poison,  the  most  prompt 
treatment  is  necessary.  Chalk,  maenesta,  or  even  the  plaster  of  the 
room  diffused  through  water,  diould  be  given  without  delav.  The 
other  alkalies  are  improper,  as  they  form  soluble  salts  with  the  add, 
and  oxalic  acid  is  an  example  of  a  poiK>n  which  acts  through  all  its 
soluble  chemical  combinations.  Emetics  may  be  given,  if  vomiting 
has  not  spontaneously  taken  place ;  but  it  is  h^Uy  inexpedient  to 
give  mum  warm  water,  as  dilution  only  facilitates  the  absorption  dC 
the  poison,  and  induces  its  remote  but  equally  fatal  effects. 

Notwithstanding  the  formidable  properties  of  this  add,  the  agreeable 
cooling  effects  it  displays  have  led  to  its  employment  in  the  form  of 
lozenges,  or  in  a  dilute  solution  as  a  refrigerant  Both  in  this  country 
formerly,  and  still  in  France,  it  ib  used  to  quench  thirst,  and  allay  the 
heat  of  the  stomach,  which  prevails  towards  the  later  stages  of  consump' 
tion.  But  for  thii  purpose  dtric  add  or  lemonade  is  preferable,  as 
well  as  safer. 

Beddes  the  immediate  danger  from  an  overdose,  there  is  yet  a 
remote  source  of  risk  which  requires  notice.  Oxalic  add  exists  in 
many  vegetables,  in  combination  with  lime  or  potass,  or  free,  as  in  the 
case  of  the  deer  arietinum.  Many  of  these  plants  are  used  in  diflfor- 
ent  parts  of  the  world,  as  salads,  on  account  of  their  refrigerating 
quaUty.  Their  frequent  employment  by  persons  disposed  to  calculous 
diseases  is  highly  dangerous,  as  they  give  rise  to  the  formation  of  the 
mulberry  or  oxalate  of  lime  calculus,  which  is  not  only  the  most  pain- 
ful of  all  the  stones  found  in  the  human  kidneys  or  bladder,  but  also  the 
most  inddious,  for,  owing  to  the  insolubility  of  this  compound,  no 
depodt  or  sediment  is  observed  in  the  urine  at  an  early  period,  so 
as  to  occadon  a  suspidon  of  what  is  taking  place.  (Majendie, '  On 
Qravd/  2nd  French  edit)    [Cioxb.] 

The  now  well-ascertained  connection  between  the  existence  of  the 
oxalic  acid  diathesis,  rheumatism,  indi^^estion,  and  other  painful  diseases, 
renders  a  popular  knowledge  of  this  pomt  of  much  importance.  Not  only 
the  free  use  of  some  of  the  vegetables  alluded  to,  but  saccharine  fruits, 
sugar,  and  starch,  especially  potato  starch,  give  rise  to  the  formation 
of  oxalic  add,  and  its  attendant  evils.  Rhubarb  {stalks,  not  powder), 
sorrels  of  different  sorts,  tomatoes,  common  barberry,  should  aJl  be 
avoided  by  persons  prone  to  rheumatism  or  stone  in  the  bladder.  Hard 
waters,  containing  Ume,  should  be  eschewed.  The  excesdve  use  of 
sugar,  dther  in  ihe  ordinary  states,  or  in  sweet  preserves,  is  improper. 
Where  any  calculus  of  this  sort  is  detected  in  the  bladder,  the  employ- 
ment of  bicarbonate  of  potass  in  solution  gives  great  relief,  by  coating 
the  very  angular  stone  with  a  smooth  surface.  Its  use  must  not  be 
too  long  persevered  in.  (See  'Prout  on  Stomach  and  Renal 
Oiseases.') 

OXALMETHYLOYINIDE  (C,oH.Os).  Oxalate  of  ethyl  and  methyl 
An  ethereal  salt  of  oxalic  acid  containing  both  ethyl  and  methyL  Its 
constitution  is  similar  to  that  of  oxalic  ether.  [Oxalic  Aoid;  Oxaiie 
EtherA 

OXALOVINIC  ACID.    [Ethtl  ;  EthyUoxaXic  Acid.] 

OXALURANILIDE.    [Uric  Acid.] 

OXALURIC  ACID.    [Uric  Group.] 

OXALTL  (CyOJ.  The  hypothetical  organic  radical  contained  in 
oxalic  add,  which  is  genenUly  regarded  as  the  hydrated  oxide  of 

oxalyl :  ^'^  \  0,  or  ^^'^^  1 0,. 

OX  A  MELA  NILE  (C^H.^NgOJ.  Mdanoximide.  An  unimportant 
organic  compound,  produced  by  the  transformation  of  cyano>melaniline 
under  the  influence  of  adds. 

OXAMETHANE  (CgH, NO.).    Synonymous  with  oxamate  of  ethyl. 

OXAMETHTLANE  (CeHgNO.).  Synonymous  with  oxamate  of 
methyl. 

OXAMIC  ACID.    [Oxalic  Aom.] 

OXAMIDE  (C^H^NaOJ.  A  white  pulverulent  organic  compound 
produced  by  the  action  of  heat  upon  oxalate  of  ammonia.  Bv  the 
similar  action  of  heat  upon  the  oxalates  of  the  artificial  organic  bases, 
a  number  of  bodies  analogous  to  oxamide  are  produced.  The  following 
may  serve  as  examples  :^- 


Dimethylozamide   •       •       • 
IHethylozamide  •        •       • 
Diamylozamide       •        •       • 
Fhenyloauunide  or  ozanilamide 
Diphenyloxamide  or  ozanilide 


OXAMYLANE  (C.«H^,NOe).    Synonymous  with  oxamate  of  amyL 

OXANILAMIDE.    [Oxamide.] 

OXANILIC  ACID  (C,eH,NOA  PhmyUoxamic Acid,  Anorganic 
add  analogous  to  the  oxamic  add,  oontaimng  phenyl  in  the  place  of 
one  equivalent  of  hydrogen. 
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OXAVILIDE. 


OXXPy»OUC  AOID. 


OXANILIDS.    [OxAiims.] 

OXIDATION.  The  ohemical  prooesf  of  uniting  with  oxygen  $  mo 
CoMBUSTEOif ;  Erexaoaubis  ;  Oxrojoi. 

OXIDES.    [OxTOEir.] 

OX  Y  AC  AN  THINK  An  organio  alkuloid  of  unknown  oompoiiiion, 
found  along  with  berberine  in  the  BeHteris  vulgarii, 

OXYACIDS.    [Salts.] 

0XYBEN20IC  ACID  (Q.^BfiX  An  oiganic  add  isomoric  with 
BalioyUo  acid.  It  is  obtained  by  the  prolonged  action  of  nitrous  aoid 
upon  benzamic  add.  It  is  a  ooIourlesB,  erystallisable  add^  fonning 
salts  whiob  are  tenned  oxybensoaia, 

OXYCHLOjaiDES.  Chemioal  compounds  oojitainlng  both  chlorine 
and  oxygen  united  with  some  other  dement  or  radical.  Thus  ozy« 
chloride  of  phosphorus  FC1,0^ 

OXYOOBALTIA.  One  of  the  ammonjaoal  compounds  of  cobalt. 
[Cobalt.    Ammoniacal  compowiuU  of  cohalt,] 

OXYQEN  (O),  an  danentary  body,  the  properties  of  which  are  best 
known  and  most  remarkable  in  its  dastio  or  aeriform  state,  in  which  it 
is  termed  oxygen  gat.  The  most  important  discovery  of  this  substance 
wu  made  by  Dr.  IMestley,  on  the  1st  of  August,  1774;  and  of  his 
numerous  contribntionB  to  chemical  sdenee,  this  is  at  once  the  most 
splendid  and  the  most  solid,  and  has  rendered  his  name  imperishable. 

Dr.  Priestley  has  stated,  witili  his  usual  candour,  that  the  disoorery 
was  slso  made,  quite  IndJepezidently,  though  later,  by  Scheele,  and  he 
has  refuted  the  tmjust  dsim  of  Lavoider  to  be  also  one  of  the  dis- 
coverers of  this  element.  To  this  gas  Dr.  Priestley  gave  the  name  of 
d^^Mogiiticated  air,  Sdieele  called  it  eittpyreof  air,  and  Condorcet  tital 
mir,  Lavoisier  gave  it  the  name  of  oxggen^,  from  ihe  Greek  words  6^bs, 
add,  and  the  root  ytp,  to  generaU,  because  he  eonddered  It  as  the  sole 
cause  of  addity ;  this  i^peUation  it  still  retains,  although  it  is  now  well 
known  that  there  are  adds  which  do  not  contsin  it  and  alkalies 
which  do. 

Dr.  Priestley  first  prepared  this  gaseous  body  by  heating  the  binoxide 
of  mercury,  then  called  mercuritu  prceoipUcUui  per  m,  in  an  air-Jar,  over 
mercury,  by  means  of  a  lens,  and  he  afterwards  obtained  it  from  other 
substances. 

It  is  now  prepared  in  various  wavs,  according  to  the  purposes  to 
which  it  is  intended  to  be  applied.  These  ways  we  shall  briefly  state 
and  explain,  and  also  describe  the  production  of  the  gas  from  the  bin- 
oxide  of  mercury,  first  used  by  Dr.  Mestley. 

When  merouiy  is  heated,  and  at  the  same  time  exposed  to  atmos- 
pheric air,  it  is  u>und  that  the  volume  of  the  air  is  diminidied,  and  the 
weight  of  the  mercury  increased,  and  that  it  becomes,  during  the 
operation,  a  red  oiystalUne  body,  which  is  the  Innoxide  of  mercury, 
formed  by  the  metal  combining  with  the  oxygen  of  the  air. 

When  this  substance  is  subjected  in  a  retort  to  a  hi^^er  temperature 
than  that  required  for  ibi  formation,  the  affinity  between  the  metal  and 
the  oxygen  is  overcome ;  the  former  returns  to  its  metallic  state,  and 
the  latter  to  its  gaseous  form ;  and  if  added  to  the  reddual  atmospheric 
air,  itM  volume  is  restored. 

If  it  be  quite  pure,  and  the  operation  be  accurately  performed,  216 
grains  (1  equivalent)  of  binoxide  of  mercury  diouldbeBcparated  by  the 
Sgency  of  heat  into  200  grains,  one  equivalent  of  merouiy,  and  16  grains^ 
two  equivalents  of  oxygen,  measuring  46*7  cubic  inches. 

By  this  process  then  oxygen  gas  is,  though  incUrectly,  obtained  from 
atmospheric  air :  but  there  is  &  natural  metallio  oxide,  the  binoxide  of 
fnanganeee,  which  is  found  plentifully,  and  which  also  yields  it  by  the 
mere  application  of  heat,  and  the  quantity  of  gas  obtained  is  dependent 
upon  the  degree  of  heat  employed;  in  this  case,  however,  unlike  that 
of  the  binoxide  of  mercury,  the  metal  is  not  reduced.  The  equivalent 
of  binoxide  of  manganese  [MAjroARBSB]  is  48*57,  oondsting  of  27*57  of 
psetal  and  2  equivalents  of  o^gen^  16 ;  and  when  48*57  grains  are 
heated  to  moderate  redness  in  a  coated  glass  retort,  half  an  equivalent 
of  oxygen,  or  4  grains,  measuring  11*67  cubic  inches,  are  expefled,  and 
there  remains  in  the  retort  an  equivalent  of  sesquiozide  of  manganese, 
composed  of  27*57  metal  and  12  oxygen  a  89*57.  But  if  the  eqmvalent 
of  binoxide  be  strongly  heated  in  an  iron  retort,  it  is  then  converted 
into  red  oxide,  consisting  of  one  equivalent  of  metal,  and  one  aod 
one-third  of  oxygen,  while  two-thirds  of  an  equivalent  of  oxygen  are 
expelled,  weiglung  5*83  grains  and  measuring  15*56  cubic  inches. 

Another  but  less  eligible  method  of  obtaining  oxygen  from  the  bin- 
oxide of  manganese,  is  to  heat  it  with  sulphuric  acid  in  a  retort;  in 
this  case  an  equivalent  of  the  binoxide  =3  4357^  loses  a  whole  equivalent 
of  oxygen  =8  grains,  or  28*85  cubic  inches,  and  there  remain  in  the 
retort  protoxide  of  manganese  combined  with  the  sulphuric  add, 
forming  protosulphote  of  manganese.  It  is  to  be  observed  that  these 
statements  of  the  quantities  of  oxygen  procurable  from  a  given  quantity 
of  the  binoxide  of  manganese  are  made  on  the  suppodtion  of  its  being 
quite  piure,  which  is  baldly  ever  the  case;  the  binoxide  of  commerce 
very  commonly  contains  20  jSer  ctot.  of  impurity. 

Red  oxide  and  binoxide  of*  lead  also,  when  heated,  either  with  or 
without  sulphuric  acid,  yield  oxygen  gas,  but  the  quantity  obtained  is 
small,  and  the  processes  are  on  several  accounts  ineligible.  When 
nitrate  of  potash  also  is  heated  to  redness,  it  gives  out  a  considerable 
quantity  of  oxygen  gas,  firom  the  decompodtion  of  the  nitric  acid ;  but 
as  it  comes  over  mixed  at  different  periods  of  the  operation  with 
variable  quantities  of  the  nitrogen  gas  of  the  nitric  add,  this  is  not  a 
method  usually  resorted  to. 


The  oxygen  gas  obtained  from  binoxide  of  manganese  is 
pure  for  all  the  usual  purposes  of  experiments  intended  merely  td 
illustrate  the  properties  of  the  gas;  but  when  the  gas  is  required 
for  chemical  analysis  or  accurate  investigations,  it  is  then  obtained  from 
the  salt  formerly  called  oxymuriate  of  potash,  but  now  chloimte  d 

Chlorate  of  potash  is  composed  of  one  equivalent  of  clilorie  acid 
75*45,  and  one  of  potash  47  =  122*45 ;  and  when  heated  in  a  r<et<>n, 
is  resolved  into  an  equivalent  of  chloride  of  potasdum  74*46,  whkk 
remains  in  the  retort^  and  6  eqtuvalents  of  oxygen,  5  from  the  acid  and 
1  from  the  potaahasis,  which  measure  140  cubic  inches ;  ao  that  there 
is  scarcely  any  other  eubstsaoe  which  yields  so  much  oxygen  gaa  or  of 
so  jreat  purity. 

The  evolution  of  the  oxygen  is  greatly  facilitated  by  mixing  with 
the  chlorate  of  potadi  about  one-sixth  of  its  weight  diner  of  binoxide 
of  manganese  or  oxide  of  copper,  and  the  process  thus  modified  ts  now 
almost  exoludvdy  used  for  the  preparatiDn  of  oxygen  gas. 
.  Oxygen  possesses  great  power  of  combination  with  other  elementary 
bodies,  there  bdng  only  one  (fluorine)  with  which  it  is  not  known  tc 
combine,  either  by  direct  union  or  indirect  chemioal  action.  The  com* 
ponnds  to  which  it  gives  rise  by  combining  with  certain  metahi,  and 
also  indeed  with  some  other  bodies,  may  be  classed  under  the  thitir 
heads  of  oxides,  adds,  and  alkaUes.  There  are  many  bodies  which,  b| 
a  moderate  degree  of  oxidation,  become  first  oxides,  and  by  an  ineraaaed 
degree,  adds ;  such  substances  are  diarcoal,  phosphorus,  chronuum, 
&C. :  but  there  is  no  instance  of  its  forming  with  different  proportioni 
of  the  same  dement  an  acid  and  an  alkalL 

The  properties  of  oxygen  gas  are,  that  it  is  devoid  of  ooiour,  tasie^ 
or  smell,  and  being  transparent,  it  is  also  invidble.  It  possesses  the 
mechanical  properties  of  common  air ;  it  is  capable  of  being  reoinred, 
and  a  given  volimie  of  it  will  support  life  much  longer  than  an  equal 
bulk  of  common  air;  on  this  aocoimt  the  name  of  vitaloir was  iTestowed 
upon  it.  It  is  heavier  than  atmospheric  air,  100  cubic  inches  at  a 
medium  temperature  and  pressure  weighing  84*208  grains,  whereas  aa 
equal  volume  of  atmospheric  air  weighs  81*074  grains.  It  is  but  slightly 
sduble  in  water,  requiring  about  20  times  its  bulk  for  solution.  Light 
has  no  effect  upon  this  gas ;  by  heat,  like  all  gaseous  bodies,  it  is  nterdy 
expanded;  and  dectricity  is  incapable  of  Meeting  any  change  in  its 
properties.  Oxygen  gas  has  not  been  rendered  dther  liquid  or  sdid  by 
the  united  agency  of  cold  and  pressure,  and  not  having  been  divided 
into  two  or  more  kinds  of  matter,  it  is  eonddered  as  dementory  in  its 
nature.    Its  equivalent,  atomic  or  combining  wei^^t,  is  8. 

It  will  be  proper  here  to  notice  the  production  of  oxygen  gas  by  the 
action  of  deotridtv,  especially  voltdc  electricity,  which,  as  is  wefl 
Imown,  possesses  the  power  of  evdving  both  oxygen  and  hydrogen 
from  water.  Oxygen  gas  is  also  evolved  by  the  action  of  the  sun's  rajs 
on  the  moistened  leaves  of  trees,  which  by  this  agency  decompose  the 
carbonic  acid  diffused  in  the  atmosphere  from  various  sources,  and  by 
combining  it  with  their  carbon,  flourish  and  increase  in  sise.  When 
compounds  containing  oxygen  are  decomposed  by  voltaic  dectrici^, 
the  oxygen  is  evolved  in  the  gaseous  state  at  the  anode  or  positive 
pole. 

The  most  remarkable  property  of  oxygen  gas,  and  that  on  account  d 
which  it  was  once  called  Pwe-etir,  is  the  feidlity  and  splendour  with 
which  bodies,  when  previously  ignited,  bum  in  it.  Substanoes  which 
do  not  undergo  combustion  in  the  dr,  will  readily  do  so,  and  with  great 
brilliancy,  in  oxygen  gas ;  iron  for  example  bums  very  readily  in  it 
when  previously  made  red-hot.  The  intendty  of  the  light  emitted  by 
burning  phosphorus  in  oxygen  gas  is  such  as  to  be  scarody  tolerable. 

In  condudon,  we  may  remark,  that  until  after  the  discovery  of  this 
gas  nothing  was  or  could  be  known  respecting  the  nature  of  the  air,  oi 
water,  or  of  earth,  dl  of  which,  formerly  reckoned  as  dementsiy  bodies, 
are  now  known  to  be  compound,  and  to  contain  oxygen  as  one  of  their 
constituents.  It  has  also  thrown  great  ax^  unexp^ted  light  on  the 
nature  of  combustion  and  respiration. 

The  compounds  which  oxygen  forms  with  metals  and  other  dementary 
bodies,  are  treated  of  in  the  respective  artides  on  those  dements, 
whether  they  ore  oxides,  odds,  or  aUcolies.  The  importance  of  the 
oxygen  of  the  aib  as  affecting  BESFiBATioif,  VBOiTATioir,  coUBUSTioir, 
and  EBBMAOAXJBIS,  is  fully  enlarged  upon  under  those  words. 

OXYGENATED  WATER.    [Htdeoobn.] 

OXYHYDROGEN  BLOWPIPE.  A  jet  of  flame  of  very  high 
temperature,  produced  by  the  combustion  of  mixed  hydrogen  and 
oxygen  gases,  as  described  under  Dbuhmokd  Liqht. 

OXYLIZARIC  ACID,  Synonymous  with  pwpwrin.  [Maddeb, 
CoUmri^  fMUt€r8  of.] 

OXYMURIATIC  ACID.    FOhlobini.] 

OXYNAPHTHALIC  ACID.    [Nafhthalio  Group.] 

OXYPHBNIC  ACID  (Cj.H^OJ.  Biwxide  of  Phenyl  /  Pyroeate- 
chin  ;  Pp'omoriiUannio  Acid.  A  colourless  ciystalline  body,  obtained 
b^  distilling  catechu  or  morintonnic  add.  It  is  also  contained  in  wood 
vmegor. 

OXYPICRIC  ACID.    [Phintlio  Group.] 

OXYPOftPHYRIC  ACID.    [Euxanthio  AoED.] 

OXYPROTBIN.    [Protkin.] 

OXYPYROLIC  ACID  (Cj^H^O^o?).  An  organic  add,  formed 
simultaoidoudy  with  succinic  odd  when  nitric  add  acts  upon  sebado 
add. 
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OXTSYLVIO  ACID. 


OZONOMETEK. 


1^ 


OXTSYLVIO  ACID.     A  MsinouB  acid  which  has  hitherto  been 
only  very  imperfectly  InveBtigated. 

UX  Y  WAT£R.    A  name  sometimeB  applied  to  binozide  of  hydrogen. 
[ Hydrogen,  Binoaade  of,] 

OYCR  AND  TERMINER.    These  words  In  ancient  kw  French 
denote  a  conmiiBdon  forming  a  court  of  criminal  judicature,  the  dis- 
tingiiiahing  eharaeter  of  which  is  described  by  them.    The  substance 
of  the  commission,  or  vmi,  as  it  was  anciently  called,  is  an  authority 
given  by  the  crown  to  certain  persons  judicially  to  hear  and  determine 
(oyer  et  terminer)  certain  specified  offences.    The  commissions  of  oyer 
and  terminer  are  the  most  comprehenslye  of  the  several  commissions 
which  constitute  the  authority  of  the  judges  of  assize  on  the  circuits. 
On  these  occasions  they  are  usually  directed  to  the  lord  chancellor, 
several  high  officers  of  state,  two  judges  of  the  courts  of  Westminster, 
the  queen's  counsel,  the  serjeanta-at-law,  and  the  associates;  but  (ex- 
cepting on  the  northern  circuit,  where  all  the  commissioners  but  one 
are  of  the  qu/orum)  the  judges,  queen's  counsel,  and  seijeants  are  always 
of  the  quorum,  so  that  the  other  commissioners  cannot  act  without  the 
presence  of  one  of  them.    Justices  of  oyer  and  terminer  have  juris- 
diction to  inquire  into  the  truth  of  all  treasons,  felonies,  and  mis*' 
demeanours  committed  within  the  several  counties  and  places  to  which 
the  commission  extends,  and  also  to  hear  and  determine  the  same  on 
certain  days  to  be  appointed  by  themselves.     The  issue  of  such  a  com- 
mission suspends  oil  others,  and  hence  magistrates  cannot  proceed 
under  a  conmiission  of  the  peace  at  the  same  time.    Besidee  these 
ordinary  courts  of  oyer  and  terminer  at  the  assizes,  special  commissions 
.of  oyer  and  terminer  are  sometimes  issued  where    offences   of   a 
dangerous  tendency  have  been  committed  in  particular  districts,  and 
the  public  peace  and  security  require  immediate  inquiry  and  punish- 
ment.    So  also  special  commissions  have  been  sometimes  issued  where 
from    particular  circumstances  the    incompetency  of   the   ordinary 
tribunes  would  occasion  a  failure  of  justice.    A  remarkable  instance 
of  this  kind  occurred  when  Mr.  Dunning,  afterwards  Lord  Ashburton, 
was  recorder  of  Bristol  and  sole  criminal  judge  under  the  charters  of 
the  city.     A  forgery  of  Mr.  Dunning's  name  to  a  bill  of  exchange 
having  been  committed  in  Bristol,  he  refused  to  try  a  case  in  which  he 
was  a  party  interested,  and  it  was  therefore  necessary  to  issue  a  special 
commission  for  the  purpose  of  hearing  and  detennining  this  single 
offence. 

The  Central  Criminal  Cotut  is  a  court  of  oyer  and  terminer  (and 
jail  delivery)  for  the  jurisdiction  assigned  to  it  by  statute,  compriiaing 
the  metropolis  and  portions  of  the  adjoining  counties.  The  jurisdiction 
of  the  magistrates  in  quarter  sessions  is  expressly  preserved  by  the 
statute,  for  otherwise  Uiey  could  not  hold  courts  at  alt 

OYSTER  TRADE.    The  manaeement  of  the  oyster  fiaheiy  presents 
many  peculiar  features.    The  best  xind  of  oysters  in  this  oountiy  are 
the  snudl  variety  called  Nativet  j  they  are  found  near  the  mouths  of 
the  rivers  Colne,  Blaokwater,  and  Crouch^  in  Essex ;  the  Swale  and  the 
Hedway,  in  Kent;  the  Ouse,in  Sussex;  in  Southampton  Water;  and 
at  other  places  in  all  the  three  kingdoms.    These  artificial  beds  are 
usually  supplied  with  the  produce  of  the  cosst  of  Normandy,  whence 
the  spat  or  spawn  is  gathered.     The  spawn,  when  first  cast,  somewhat 
resembles  in  appearance  a  drop  of  fat ;  it  is  composed  of  an  immense 
number  of  minute  oysters,  each  of  which  becomes  about  a  quarter  of  an 
inch  long  in  three  days,  as  lai^e  as  a  shilling  in  three  months,  as  a 
half  crown  in  six  months,  and- as  a  crown  in  twelve  months.    They 
ore  stated  to  attain  their  highest  degree  of  perfection  when  three  years 
old.    The  oyster  is  found  in  the  seas  of  most  countries,  but  never  at 
any  great  depth,  and  seldom  far  from  the  mouth  of  a  river.    The  fish- 
ing for  oysters  is  permitted  from  the  1st  of  August  to  the  end  of 
ApriL 

The  fishing,  or,  to  use  the  more  correct  term,  the  dredging,  is 
carried  on  to  a  large  extent  by  small  sailing-  and  row-boats— they 
usually  dredge  in  company,  as  the  oysters  lie  within  comparatively 
small  spaces.  The  dredge  is  a  net  on  a  wooden  or  iron  frame,  and  is 
weighted  according  to  the  nature  of  the  bed,  varying  from  12  to  18 
pounds.  It  is  thrown  by  one  man,  while  another  rows.  The  beds  or 
banks  are  found  in  the  Britii^  Channel ;  off  the  Isles  of  Wight  and 
Jersey ;  on  the  coust  of  Wales ;  off  the  French  coast.  In  Scotland  they 
are  found  in  the  Frith  of  Forth ;  in  Ireland,  in  Carlingford  Bay,  the 
oysters  from  which  have  a  high  character  for  excellence.  France  has 
also  numerous  artificial  beds,  but  the  fishermen  also  dredge  in  the 
Channel,  where  frequent  disputes  arise  between  them  and  the  English 
fishermen  respecting  boimduies.  The  most  esteemed  natural  beds  in 
France  are  those  off  the  coast  of  Brittany,  at  Dieppe,  and  Cancalle,  near 
SiMalo. 

So  far  as  regards  the  London  supply,  the  oysters  are  brought  prin- 
cipally from  the  Essex  coast  and  rivers ;  but  the  Milton,  Feversham, 
and  Burnham  oysters  are  most  highly  esteemed.  None  are  sent  from 
the  north  of  Exigland ;  but  broods  are  sent  £rom  thence  to  be  fattened 
ui  the  artificial  beds.  The  sale  at  Billingsgate  is  enormous.  At 
Southampton  there  is  a  wide  margin  of  muddy  shore  at  low  water, 
on  parts  of  which  oyster-beds  are  formed.  Oysters  are  brought  from 
the  Jersey  fishery,  laid  down  on  those  beds  to  fatten,  turned  and 
attended  to  every  day,  taken  up  when  wanted,  opened,  placed  in  tin 
c^,  and  sent  up  to  London  by  railway.  These  oysters  are  tisetl  for 
^^°mi  ^^^  sauces,  and  not  eaten  in  the  ordinary  way. 
The  oyster  trade  in  England  has  been  of  considerable  importance  for 


centuries,  and  now  ranks  next  to  the  herring-fishery.  The  dredging, 
the  laying  down  spawn  in  the  artificial  beda,  and  attending  to  and 
gathering  the  oysters,  and  the  packing  for  market,  give  employment  to 
a  lai^ge  number  of  persons ;  while  the  rapid  conveyance  afforded  by 
railways  enable  the  inland  towns  to  obtain  oysters  perfectly  fresh  and 
in  excellent  condition ;  and  at  Christmas  the  quantity  transmitted  in 
barrels  as  presents  demands  additional  accommodation,  not  only  from 
railways,  but  from  every  other  means  of  inland  transmission. 

OZONE  (from  the  Greek  6(v,  to  smell)  is  the  name  given  by 
Professor  Scnonbein  of  Basle  to  an  odour  evolved  during  the  progress 
of  certain  electro-chemical  decomposiiions.  It  is  also  produced  by 
common  electric  sparks,  and  by  the  working  of  an  ordinary  electrical- 
machine  in  the  air.  This  odour  attracted  no  particular  notice  until 
M.  Schonbein  called  the  attention  of  the  British  Amociation  to  it  in 
1840,  since  which  time  it  has  undergone  much  examination,  and 
various  theories  haTe  been  propounded  as  to  its  nature  and  compo- 
sition. 

Ozone  is  evolved  at  the  anode,  or  positive  pole  of  a  galvanic  battery, 
at  the  same  time  with  oxygen,  during  the  electrousation  of  any 
of  the  following  bodies :  namely,  water,  dilute  sulphuric  acid,  solu- 
tions of  phosphoric  and  nitric  acids,  potash,  and  many  oxysalts.  Of 
these,  dilute  sulphuric  acid  mixed  with  chromic  add  yields  it  in  the 
greatest  quantity.  It  may  also  be  obtained  from  atmospheric  air,  by 
passing  the  ^eotrodes  through  a  dosely-fitting  cork  into  a  jar  filled 
with  air,  and  frequently  making  and  breaking  contact.  Under  the 
influence  of  heat  OKone  disappears,  and  it  cannot  be  obtsuned  from 
heated  solutions,  or  solutions  of  hydracids,  chlorides,  bromides,  or 
iodides,  the  presence  of  which,  even  in  small  quantity,  prevents  its 
evolution  from  solutions  otherwise  yielding  it  abundantly.  It  may  be 
developed  by  electrolising  a  solution  of  chloride  of  sodium  with 
platinum  electrodes,  by  i^acmg  the  gas  collected  at  the  anode  over 
ammonia  and  water  to  absorb  the  chloriae.  Ozone  can  be  preserved 
for  a  length  of  time  with  the  oxygen  collected  with  it  in  well-closed 
bottles.  It  possesses  the  propertjr  of  bleaching  litmus-paper  and  paper 
ooloured  with  indigo  or  a  solution  of  that  substanoe.  It  is  readily 
absorbed  by  mercury  and  the  oxidlsable  metals,  forming  oxides  with 
them ;  and  when  the  solutions  employed  are  heated^  its  affinity  for 
metals  is  so  greatly  increased  that  it  oxidises  platmtmi  and  gold. 
Water  absorbs  it.  The  inspiration  of  ozone  is  very  injurious,  the 
effects  being  similar  to  those  resulting  from  chlorine  and  bromine.  A 
mouse  is  killed  with  it  in  five  minutes ;  and  M.  Sch5nbein  states  that 
he  was  seriously  affected  by  breathing  an  atmosphere  charged  with  ii. 

The  electrodes  employed  in  these' experiments  have  a  great  influence 
in  respect  to  the  evolution  of  ozone.  With  water  or  aaid  aolations 
they  must  be  of  platinum  or  gold;  for  when  the  more  oxidisable 
metals  are  used  it  enters  immediately  into  combination  with  them. 
It  can  be  obtained  from  air  when  the  positive  electrode  is  copper,  iron, 
silver,  or  platinum,  and  zinc  negative,  but  not  when  these  arrange- 
ments are  reversed,  or  both  electrodes  are  of  zina  On  eleotrolising  a 
solution  of  sulphuric  acid  the  following  results  are  obtained : — With 
platinum  electrodes  the  odour  is  very  powerful ;  but  it  is  not  produced 
when  copper,  zinc,  or  iron  electrodes  are  employed.  With  boxwood 
charcoal,  the  gas  given  off  from  the  positive  pole  has  no  smell ;  but 
when  absorbed  by  lime-water  it  turns  it  milky,  proving  the  gas  to  be 
carbonic  acid.  With  gas  charcoal,  sulphuretted  hydrogen  is  evolved 
at  the  negative  pole  and  carbonic  acid  at  the  positive,  but  no  odour  of 
ozone  is  produced.  With  a  solution  of  chloride  of  sodium,  the  odour 
is  not  perceptible  until  the  gas  obtained  from  platinum  electrodes  at 
the  positive  pole  is  placed  over  ammonia  and  water  to  absorb  the 
chlorine.    The  residual  gas  emits  the  peculiar  odour. 

There  exists  much  variance  in  the  experimental  results  with  this 
new  substance,  and  not  less  in  the  opinions  concerning  its  nature. 
Professor  Schonbein  and  Dr.  Andrews  regard  it  as  oxygen  in  an 
allotropic  condition,  whilst  Dr.  Williamson  and  M.  Baimiert  consider 
it  to  be  a  teroxide  of  hydrogen.  The  latter  chemist  has  even  succeeded 
in  analysing  ozone,  and  thus  quantitatively  demonstrating  its  compo- 
sition; nevertheless.  Dr.  Andrews  calls  in  question  the  accuracy  of 
these  experiments,  and  adduces  others  in  proof  of  his  view  of  the 
composition  of  this  substance. 

Tests  fur  Ozone, — Notwithstanding  the  remarkable  characters  of  this 
body,  no  reliable  test  of  its  presence  in  minute  quantity  (in  the  air, 
for  instance)  is  known.  Paper  imbued  with  starch  and  iodide  of 
potassium  is  rendered  blue  by  ozone,  but  the  same  effect  is  produced 
by  acid  gases;  and  this  test,  as  used  for  the  detection  of  ozone  in  the 
air,  is  utterly  worthless.  Paper  soaked  in  solution  of  sulphate  of 
manganese,  which  is  turned  brown,  or  impregnated  with  black  sulphide 
of  lead,  which  is  bleached  by  ozone,  are  more  reliable  tests ;  but  even 
'these  are  open  to  so  many  sources  of  fallacy  as  to  render  their  indi- 
cations of  Uttle  value.    [Htdroqek,  Teroxide  of,] 

OZONOMETER,  an  instrument  for  measuring  the  quantity  of  ozone 
contained  in  the  atmosphere.  The  only  means  of  ascertuning  the 
presence  and  quantity  of  this  agent  in  the  atmosphere,  is  f  oimded  upon 
the  known  action  of  ozone  in  decomposing  iodide  of  potassium.  If 
this  salt  be  exposed  to  the  action  of  an  atmosphere  containing  ozone 
the  latter  unites  with  the  potassium,  forming  oxide  of  potassium  or 
potash,  whilst  the  iodine  is  set  frea  In  order  to  render  this  test 
obvious,  the  iodide  of  potassium  is  mixed  with  starch,  and  the  iodine, 
when  it  is  set  free,  unites  with  the  starch,  the  existence  of  which  is 
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immediately  aaoertained  by  its  blue  colour :  it  is  right,  however,  to 
add  that  the  suffidency  of  the  test  la  not  unquestioned.    fOzoNE.] 

Sohonbein,  who  originally  described  ozone,  proposed  this  test  and 
made  use  of  it,  by  saturating  paper  with  a  solution  of  iodide  of  potas- 
sium and  starch.  As  the  result  of  using  this  paper  was  to  indicate  the 
quantity  of  ozone  in  the  atmosphere  by  the  intensity  of  the  blue  colour 
produced  on  the  test  paper,  it  was  necessary  for  comparison  to  use  the 
same  test  paper;  hence  Schonbein  undertook  to  supply  this  paper 
from,  his  own  laboratory,  and  pieces  of  paper  for  every  day  in  the  year 
are  sold  in  boxes  under  the  name  "  Schdnoein's  ozone  test  paper."  In 
this  country  Mr.  Mofhtt  has  distinguished  liimself  by  his  researches 
in  atmospheric  ozone,  and  he  also  prepares  a  paper  for  supplying  those 
who  wish  to  measure  the  presence  of  ozone  in  the  atmosphere.  With 
thefte  papers  a  scale  of  colour  is  supplied,  each  shade  of  colour  showing 
the  action  of  the  ozone  oil  the  iodide  and  starch  being  marked  from 
0  to  10.  In  using  this  paper  a  slip  is  taken  and  exposed  in  some  place 
to  which  the  air  has  access,  and  there  it  is  left  for  twenty-four  hours. 
At  the  end  of  this  time  the  paper  is  compared  with  the  scale,  and 
according  to  the  intensity  of  its  colour  it  is  marked  from  0  to  10. 

Although  this  method  indicates  the  existence  of  ozone  at  some  time 
within  the  twenty-f our  hours,  it  fails  to  indicate  the  exact  time  at 
which  the  ozone  was  present,  and  preyents  also  any  accurate  comparison 
with  other  meteorological  phenomena,  as  heat,  wind,  moisture,.  Ac 
In  order  to  render  the  registration  of  ozone  more  accurate, '  Dr. 
Lankester  has  invented  an  ozonometer,  by  which  a  strip  of  ozone 
paper  24  Inches  in  length  is  exposed  successively  for  an  hour  to  the 
action  of  the  atmosphere.  In  this  way  the  ozone  of  each  hour  can  be 
indicated,  and  the  sum  of  its  iSooi  on  the  paper  more  easily  ascer- 
tained.   Dr.  Lankester^s  instrument  consists  of  a  box  {Jg,  1) :  the 


Section  of  Lanktster's  Osonometer* 

iodised  paper  aaa  is  first  carried  round  the  wheel  b,  and  passed  on  to 
the  two  cylinders  cc    When  the  lid  of  the  box,  which  is  made  of 


brass,  dd,iB  down,  it  covers  the  whole  box  except  a  small  space,  ea, 
one  inch  in  length  and  half  an  inch  in  width,  which  is  cut  m  tk€  lid, 
and  through  this  the  paper  a  is  exposed  to  the  action  of  the  air.  Tb 
strip,  after  this  exposure,  is  carried  from  the  cylinders  c  c  to  the  wheel 
e,  on  which  it  is  wound  up.  The  machineir  which  moves  the  wkdi 
is  predsely  similar  to  that  of  a  dock,  and  the  instrument  is  wound  c; 
in  the  same  wa;^.  The  following  table  will  illustrate  the  method  i 
registering  the  intensity  of  the  ozone  by  this  instrument : — 


Hoar, 

Sarile  Sow. 

Blaekheath. 

Felixstow,  Soffolk. 

jQl7 

20. 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Jolj 
21. 

July 
22. 

Aug. 
10. 

Aug. 
11. 

Aug. 
18. 

Sept. 
1. 

Sept. 
2. 

69 

12—1 
1—2 
2—8 
8—4 
4—5 

8— e 

6—7 

r— 8 

8<i-9 
9—10 
10—11 
11—12 

r.M. 

12—1 

1—2 

2—8 

8—4 

4—8 

5—6 

6— r 

7—8 

8—9 

9—10 

10—11 

11—12 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 

82 

• 
• 

0 

0 

0 

47 

60 

86 

65 

The  results  of  ozonometric  experiments  show  that  ozone  is  seldom 
present  in  the  atmosphere  of  great  cities.  It  is  generally  present  in  lir 
coming  from  the  ocean,  and  in  rural  and  mountainous  districts,  where 
the  air  is  free  from  the  contamination  of  animal  and  vegetable  nutter. 
On  the  sea-coast  of  Great  Britain  it  appears  to  be  more  abundantly 
present  than  away  from  the  sea.  It  has  also  been  obecored  in  largo- 
quantities  on  the  southern  and  eastern  coasts  of  England  when  the 
wind  blows  from  the  south,  or  west,  or  south-west.  As  the  wind  veen 
from  west  to  north,  or  from  south  to  east,  it  diminishes. 
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Pis  the  tenuis  or  thin  letter  of  the  labial  seiies.    ?or  the  variouB 
symbols  employed  to  denote  this  letter  see  Alphabet. 
This  letter  is  interchangeable  with  those  which  belong  to  the  same 
organ,  that  is  the  lips,  and  with  some  others.    Thus, 

1.  P  is  convertible  with  a  b.  The  Latin,  like  the  Welsh,  was  fond  of 
the  thin  letters,  in  consequence  of  which  there  are  very  few  words  in 
that  language  which  begin  with  b,  while  those  commencing  withp 
form  a  numerous  class.  It  will  often  be  found  that  the  p  in  Latin 
words  becomes  a  6  in  the  related  languages.  Thus  apiculoy  the  diminu- 
tive of  apUf  a  bee,  is  in  French  (tbeilU  ;  aeptem  is  in  German  neden. 
The  German  language  often  confounds  b  and  p,  more  particularly  when 
the  former  is  finaL  Perhaps,  too,  even  in  Latin,  the  written  b  was  pro- 
nounced as  a  |>  in  the  prepositionB  ab,  mb,  ob,  which  correspond  to  the 
Greek  airo,  thro,  tiri. 

2.  F  with  m,  somewhat  rare.  Thus  the  Greek  preposition  /icra  is 
in  the  ^olic  dialect  ircSo.  Again,  the  Greek  fJtoXvfi&ts  is  essentially 
the  same  word  with  the  Latin  plumbus.  Allied  to  this  change  is  the 
insertion  of  a  j)  between  either  m  and  8  or  m  and  ^,  as  in  the  Latin 
sumpH,  8umptut,  for  sumti,  tunUus,  and  temptare  for  ientare, 

3.  P  with  V,  This  change  is  more  particularly  to  be  observed  in  the 
derivation  of  French  from  Latin.  Thus,  from  capiUtu,  hair,  episcopus, 
a  bishop,  decipere,  deceive,  &c.,  aperire,  open,  opera,  work,  lepits,  hare, 
pauper,  poor,  piper,  pepper,  AprUit,  Apnl,  the  French  have  deduced 
their  cheveu,  evique,  aecevoir,  &Jo.,  ouvrir,  ceuvre,  Uivre,  pauvre,  poivre, 
A  vril. 

L  P  with  /.  Two  or  three  examples  are  given  under  P.  To  these 
may  be  added  pro,  for  ;  pater,  father  ;  puds,  fish  ;  pauci,  few  ;  lupus, 
vol/.  So  the  Greek  irop<pvpa,  <l>atyo\T},  ♦aiw|,  lukve  the  aspirate, 
while  the  Latin,  as  usual,  prefers  the  tenuis  in  purpura,  paniUa, 
Poentis, 

5.  P  with  pf.  The  latter  form  is  often  preferred  by  the  German, 
where  our  own  tongue  has  the  single  letter.  Thus  the  English  words 
jmnd,  peach,  pepper,  pea-cock.,  penny,  apple,  are  written  by  the  Germans 
pfund,  pfirsche,  pfeffer,  pfau,  pfennig,  apfeL 

6.  P  with  c,  h,  or  g.    See  C. 

7.  P  with  ty  as  To»y,  in  Latin  jparo.  The  Greek  interromtive  words 
beginning  with  a  ir,  as  kqv,  irp,  ror^pos,  &c.,  are  related  on  tiie  one  hand 
to  the  Ionic  forms  kov,  icp,  Kortpos,  and  on  the  other  to  the  demon- 
stratives that  commonly  take  a  r  at  the  beginning.  And  in  fact  the 
latter  are  often  used  as  relatives. 

8.  P  with  pt  The  latter  is  common  in  Greek,  as  in  tvttw, 
omofiai,  &c.,  which  form  their  other  tenses  for  the  most  part  without 
a  T.  So  too  at  the  beginning  of  words.  Thus  irroXis  and  irroAc/xos 
coexist  with  iroXis  and  voXtfios ;  and  it  seems  probable  that  it  was  an 
unsuccessful  attempt  to  pronounce  the  initial  pt  which  led  to  the 
formation  of  tihe  Latin  wo^  popidia,  a  state^  and  popiUari,  to  devastate 
^vith  war. 

9.  Ps  with  8p,  This  change  it  will  be  more  convenient  to  consider 
under  the  letter  S. 

10.  Pi  before  a  vowel  with  ch.  Thus  sapiam,  in  Latin,  becomes 
tache  in  French.  The  word  rod^,  too,  was  probably  formed  from'  a 
barbarous  Latin  word  rupia ;  and  JRutvpium,  in  the  county  of  Kent, 
appears  upon  this  principle  to  have  changed  its  named  to  JUch- 
Iwrough. 

PACE  (Passus),  a  measiffe  of  the  Roman  system,  being  in  fact  their 
unit  of  itinerary  measure,  to  which  the  mille  pasnu,  or  Mile,  was 
referred.  The  word  pauus  is  connected  with  the  root  otpandere,  to 
extend,  and  Paucton  curiously  enough  derives  it  d  poisii  ma/nibtis,  from 
the  length  between  the  extended  hands,  instead  of  d  patsit  pedibm. 
There  is  however  reason  to  believe  that  Uie  mille  passus  came  into  use 
from  the  practice  of  measuring  distances  in  new  countries  from  the 
number  of  paces  marched  by  the  soldiery,  of  which  a  rough  reckoning 
was  kept,  but  whether  by  actually  counting  the  paces,  or  by  the  tune 
of  marching  compared  with  the  previously  known  number  of  paces  in 
a  given  time,  is  not  known.  It  is  well  known  that  with  disciplined 
Boldiers  either  method  would  give  very  good  practical  results,  yitru- 
yiuB  describe  a  machine  to  be  fastened  to  the  wheel  of  a  chariot  (an 
invention  revived  in  our  own  day),  by  which  its  number  of  revolutions 
was  registered ;  but  this  was  probably  a  late  invention. 

,  'Hie  pace  was  not,  as  persons  in  general  suppose,  the  step  or  the 
distance  from  heel  to  heel  when  the  feet  are  at  their  utmost  ordinary 
extension ;  this,  which  the  French  metrologists  call  pa»  timple,  was  the 
'J^adus  or  gressia.  The  passus,  or  paa  douUe  of  the  same  writers,  was 
two  gradus,  or  the  distance  £rom  the  point  which  the  heel  leaves  to 
that  on  which  it  is  set  down.  Assuming  the  Roman  foot  at  11 '62 
English  inches,  the  pace,  which  was  five  feet,  must  have  been  58*1 
inches  or  4-84  English  feet. 

Here  we  might  have  stopped,  if  it  had  not  been  necessary  to  explain 
Botnething  relative  to  what  it  pleased  the  writers  of  the  middle  ages  to 
^^QgeometrUxU  pace,  composed  of  five  geometrical  feet    What  they 
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meant  by  this  measure  is  not  easily  understood,  except  by  the  suppo- 
sition (which  some  of  their  writings  confirm)  that  they  imagined  a  fixed 
and  universal  measure  of  length  to  exist  in  nature,  and  to  have  been 
actually  obtained.  At  the  beginning  of  the  16th  century  the  Koman 
mile,  at  least  the  mile  of  5000  feet  or  1000  paces,  was  generally  used  by 
writers  [^Mile],  and  itinerary  measures  were  more  often  written  about 
than  verified.  The  stadium,  or  eighth  part  of  this  mile,  had  also  been 
introduced  (into  books)  from  the  Greek  system,  and  it  was  the  common 
opinion,  derived  from  Ptolemy,  that  the  degree  of  latitude  was  exactly 
600  stadia,  or  624  nxiles.  This  made  the  pace,  or  the  125th  part  of  the 
stadium,  stand  forward  as  a  proper  universal  measure,  being  the 
62500th  part  of  that  which  all  believed  the  degree  of  latitude  to  be. 
But  though  this  may  be  a  probable  origin  of  the  geometrical  pace,  it  is 
certain  that  writers  did  not  adhere  uniformly  to  it,  so  that  the  later 
metrologists  have  formed  different  notions  of  its  length.  We  sludl 
give  the  accounts  of  several  modem  writers. 

Dr.  Bernard  makes  the  geometrical  pace  (which  he  also  calls  the 
land-surveyor's  pace)  to  be  five  English  feet.  Greaves  supposes  that  a 
pace  of  upwards  of  69  inches  was  once  in  use  in  England.  Ozanam 
makes  the  geometrical  pace  to  be  the  same  as  the  Roman  pace.  Eysen- 
Schmidt  does  not  mention  the  measure  at  alL  Paucton  (who  has  a 
theory  about  the  derivation  of  measures  from  parts  of  the  human 
body)  makes  it  only  4^  Roman  feet.  Rom^  de  Lisle,  who  contends 
that  Paucton  has  several  times  confounded  the  Greek  Olympic  foot 
with  the  Roman  foot,  makes  it  4|  Olympic  feet,  that  is,  4}  English 
feet  very  nearly.  An  old  writer,  Samson  d' Abbeville,  cited  by 
Paucton,  lays  down  the  geometrical  pace  at  5  French  feet,  and  never- 
theless makes  the  Roman  mile  to  contain  a  thousand  such  paces.  The 
conclusion  is,  that  the  geometrical  pace  was  an  invention  of  the  old 
writers,  a  needless  addition  to  the  confusion  in  which  their  accounts 
of  ancient  measures  were  already  enveloped. 

There  is  a  pace  mentioned  in  ecclesiastical  writers  called  pasiuf 
ecclesicuticus,  or  dexter  (see  Ducange,  at  the  word  Dextri),  which  Dr. 
Bernard,  without  stating  any  authority,  makes  of  ^e  same  length  as 
the  English  yard. 

PACKFONG.    tGBBMAN  Silver.]      ' 

PACKING-PRESS.  The  hydraulic  press  invented  by  Mr.  Bramah, 
besides  being  used  to  draw  piles,  trees,  &o.,  from  the  ground,  or  to 
prove  the  strength  of  materials,  is  frequently  employ^  to  pacJL  or 
compress  bales  of  linen,  cotton,  and  the  like  goods  into  small  dimen- 
sions for  the  convenience  of  trajisport.  A  description  of  this  machine 
has  been  given  under  Htdbaulio  Press;  and  it  is  intended  here 
merely  to  notice  the  method  employed  by  Mr.  Barlow  to  determine 
the  thickness  which  the  cylinder  should  have  in  order  that  its  strength 
may  be  in  equilibrio  with  the  strain  to  which  it  is  subject  iiom  the 
pressure  of  the  fluid  within  it. 

Within  any  section  of  the  cylinder  made  by  a  plane  perpendicular  to 
the  axis,  the  tendency  of  the  contiguous  particles  of  metal  to  separate 
from  one  another  in  a  direction  perpendicular  to  a  diameter  pya^pg 
through  them,  in  consequence  of  the  expansion  produced  by  the  pres- 
sure of  the  fluid,  becomes  continually  less  from  the  interior  to  the 
exterior  circumference  of  the  section,  and  is  inversely  proportional  to 
the  distances  of  the  particles  from  the  axis  of  the  cylinder;  and  the 
cohesive  power  of  the  particles  is,  by  the  laws  of  elasticity,  proportional 
to  their  separation,  while  the  strain  produced  by  the  pressure  of  ike 
fluid  varies,  at  any  part  of  the  section,  with  the  distance  of  that  part 
from  the  axis.  It  follows  that  the  resistance  opposed  at  such  part  of  a 
section  to  the  momentum  of  the  pressure  is  inversely  proportional  tc 
the  square  of  the  distance  from  the  axis. 

Therefore  r  representing  the  radius  of  the  interior  surfaoe  of  th 
cylinder,  t  the  whole  thiclmess,  and  x  any  variable  distance  from  the 

— — • 
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multiplied  by  2  r,  and  also  by  the  force  of  cohesion  on  a  square  inch 
of  the  metal,  will  express  the  resistance  produced  by  an  annulus  which 
is  one  inch  deep  in  a  direction  parallel  to  the  axis.    That  integral,  for 

rt 


the  whole  thickness  t,  is 


force  of  cohesion. 


2irrtf 
r+t 


r+t* 


therefore  /  (in  pounds)  denoting  the 


expresses  the  whole  resistance. 


If  f*  (in  pounds)  represent  the  force  on  a  square  inch  of  the  interior 
surface,  by  which  the  pressure  of  the  fluid  tends  to  strain  the  cylindei> 
2wrf'  will  denote  the  whole  strain  on  the  same  annulus;  therefore^ 
equating  the  strength  and  strain,  there  is  obtained 

f-r 

This  value  of  i  expresses  the  required  thickness. 
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PiEDO-BAPTlSTS  (those  who  baptise  children,  from  irals  and 
$mrri(u),  a  term  used  by  modem  theological  writerH,  not  aa  the  desig- 
nation of  any  particular  body  of  Christians,  but  for  the  sake  of  dis- 
tinguishing all  those,  of  whatever  sect,  who  practise  infant  baptism, 
from  the  body  who  are  called  Baptists.    FBaftists.] 

PAGODA.    [Chinese  Architecture.] 

PAINTER'S  COLIC,  called  also  Devonshire  colic,  and  colic  of 
Poitou,  from  its  former  frequency  in  those  parts,  is  a  peculiar  and 
well-known  variety  of  colic,  to  wMch  lead-miners,  painters,  and  others 
who  use  that  metal  are  subject.  The  symptoms  are,  severe  pain  in 
the  belly,  with  obstinate  constipation  and  occaaional  vomiting,  which 
is  generally  followed  by  partial  palsy,  and  in  violent  cases  by  apoplexy. 
The  palsy  mostly  affects  the  upper  extremities,  so  that  the  arms  hang 

S)werless  by  the  sides,  the  extensor  muscles  being  the  most  impaired, 
maciation  and  paleness  of  the  muscles  affected  are  of  very  frequent 
occurrence. 

"  A  first  attack,  taken  under  timely  management,  is  for  the  most 
part  easily  made  to  terminate  favourably.  In  such  circimistancee  it 
rarely  endures  beyond  eight  days.  But  it  is  exceedingly  apt  to  recur, 
especially  if  the  patient  return  to  a  trade  which  exposes  him  again  to 
the  poison  of  lead..  Sometimes  the  primary  stage  of  colic  is  wanting, 
80  that  the  wasting  of  the  muscles  and  loss  of  power  are  the  first 
symptoms."  (Christison.)  A  peculiar  livid  line  along  the  gums  close 
to  the  teeth,  is  an  invariable  concomitant  characteristic  of  lead-poison- 
Ing  from  the  habitual  exposure  to  it. 

The  principles  to  be  observed  in  the  treatment  are,  to  remove  the 
pain  and  constipation,  and  to  obviate  or  lessen  Uie  remote  efifects.  In 
fint  attacks  it  is  not  very  difficult  to  effect  the  former  object,  but 
with  every  succeeding  attack  these  symptoms  are  found  more  obsti- 
nate. Inflammation  is  rarely  a  primary  symptom,  but  may  ensue,  as 
in  other  kinds  of  colic.  Want  of  power  in  some  portion  of  the  bowel, 
by  which  it  becomes  distended,  and  excessive  contraction  of  another 
portion,  are  the  usual  conditions. 

By  saline  purgatives,  such  aa  sulphate  of  magnesia,  sulphate  of 
alumina  and  potass,  or  phosphate  of  soda  in  solution,  followed  shortly 
by  a  lai^  dose  of  opiimi,  the  constipation  may  be  removed  in  the 
milder  cases.  To  counteract  the  occurrence  of  inflammation,  calomel 
and  opium  are  preferable  means  to  bleeding,  in  a  disease  where  debility 
is  one  of  the  usual  consequences.  The  constipation  has  been  known 
to  last  for  a  month.  In  such  a  case  it  was  customary  to  give  the 
patient  three  or  four  pounds  of  crude  mercury,  in  the  hope  that  by  its 
mechanical  properties  it  would  force  a  passage.  Nothing  is  more 
reprehensible,  as  it  irritates  the  contracted  part  of  the  bowel,  and  dis- 
tends yet  further  the  enfeebled  and  dilated  part  Host  cases  of  con- 
stipation will  yield  to  piUs  of  aloes  and  sulphuric  acid,  in  the  proportion 
of  one  drop  of  strong  sulphuric  acid  to  f  om:  grains  of  powdered  aloes. 
Two  of  these  pills  every  four  or  two  hours  will  speedily  remove  this 
state. 

The  paralysed  arms  must  be  supported  by  splints.  It  is  however  of 
little  use  to  cure  a  first  attack,  if  the  sufferer  be  immediately  the 
subject  of  a  second,  which  he  certainly  will  be  without  the  greatest 
care.  Should  he  be  unable  to  change  his  employment,  he  must  be 
very  strict  in  the  observance  of  the  follovnng  rules :  he  should  never 
eat  without  first  thoroughly  washing  the  himds  and  face ;  and  never 
take  his  meals  in  the  workshop.  **  Yet  it  is  the  common  practice  of  the 
smelters  of  lead,"  says  Dr.  Perdval,  "  and  others  also  who  live  in  the 
neighbourhood  of  smelting-mills,  to  broil  mutton,  beef,  and  pork  steaks 
on  the  hot  pigs  of  lead,  by  which  the  flesh  acquires  a  pectdiar  agreeable 
flavour."  When  leaving  work,  a  different  suit  of  clothes  should  be 
put  on,  and  when  baths  are  attached  to  the  manufactory,  a  complete 
immersion  in  these,  after  work,  is  advisable.  The  miners  of  Alston 
Moor  derive  great  benefit  from  the  saline  mineral  waters  of  Cartnell 
Holywell,  to  which  they  annually  resort.  Here,  besides  the  chemical 
constitution  of  the  waters  being  appropriate,  an  action  on  the  bowels 
is  caused,  and  it  is  observed  that  an  open  state  of  the  bowels  is  always 
a  great  protection.  On  this  account  many  masters  keep  a  supply  of 
castor  oil  on  the  premises,  to  which  the  workmen  have  free  access. 
Fat  and  oily  food  is  likewise  a  great  safeguard.  Sobriety  is  still  more 
effective  as  a  safeguard,  for  it  is  observ^  that  among  miners,  pottera, 
and  all  persons  working  among  lead,  drunkjuds  suffer  soonest  and  most 
severely,  In  all  cases  where  the  dust  of  the  lead  can  be  kept  down  by 
watering,  this  should  be  done,  as  it  proves  a  very  valuable  means  of 
exempticih: '  Wherever  it  "is  practicable,  other  more  innocent  articles 
Should  b€i  siitiistituted  for  lead,  in  the  varioua  manufactures  where  it  is 
taowiised:"  [tXAD.] 

(Christison  On  Pomnsj  and  Thackrah  On  ike  BffeeU  of  ArU,  Tradet, 
and  Pro/essiom,) 

PAINTING  ia  the  art  of  representing  objects  by  means  of  colour 
on  a  plane  BurtacQ.  In  the  present  article  it  is  intended,  not  to  enter 
iipoQ  the  question  of  the  purpose  or  the  limits  of  the  art,  nor  to 
.discuss  it»  principles  or  practice,  but  merely  to  give  a  broad  sketdi  of 
^ta.  Ju«iary^  leaving  the  details  to  be  filled  in  by  a  reference  to  the 
names,  in  the  Biographical  Division  of  this  work,  of  the  pdndpal 
painters  mentioned  in  the  coiirse  of  the  article. 

As  far  as  our  knowledge  extends  the  history  of  painting  commences 
with  Egypt,  where  it  may  be  traced  back  to  a  very  remote  antiquity. 
Of  the  two  arts,  sculpture  was  probably  the  elder;  and  painting  may 
at  first  have  been  chiefly  exercised  in  connection  with  it :  statues  and 


rilievi  being  first. coloured  with  more  or  less  taste  and  dcill,  and  tL-5 
outlines  and  figures  in  sunk  relief  (intaglio  rilevato)  being  c  irrr-l  ■• 
pillars  and  walls,  and  the  enclosed  space  coloured  to  imitate  the  nMu-J 
appearance  of  the  objects.  But  during  the  18th  dynasty,  or  14««^  e.c 
and  downwards,  the  most  flourishing  period  of  the  aits  in  Hgr/.. 
painting  proper,  according  to  the  definition  given  at  the  commeDcs- 
ment  of  this  article,  was  commonly  practised.  Egyptian  painting  he 
been  conveniently  divided  into  three  classes  :  mural  painting ;  j iib^ 
ing  on  mummy  cases ;  and  painting  on  papyrus ;  to  which  might  b« 
added  the  portraits  on  wooden  panels,  of  which  several  have  ln:^ 
found  in  mummy  cases,  and  which  also  appear,  from  passages  in  Grr-i 
authors,  to  have  been  presented  as  votive  offerings  in  the  temr<teii 
The  earlier  painting  was  strictly  hierarchic  and  symbolical ;  later  .: 
became  somewhat  freer,  but  always  it  was  closely  bound  by  coDTdi< 
tional  rules,  and  as  much  a  mechanical  as  an  intellectual  art  Tu 
human  form  was  depicted  according  to  a  definite  canon,  of  which  tberc 
is  an  example  in  a  tablet  in  the  British  Museum  at  least  3000  jes^ 
old  Iq  all  Egyptian  paintings  the  human  figure  is  drawn  with  ka 
truth  and  freedom  than  figures  of  animals ;  but  in  nether  is  there  trj  \ 
attempt  at  foreshortening.  The  subjects  on  the  walls  of  tombs,  vhifh 
are  most  like  pictures  as  the  term  is  oonmionly  understood,  comprls 
chiefly  religious  or  funeral  ceremonies,  rural  occupations,  fowling,  lu- 
quets,  and  household  employments.  In  these,  littie  of  what  is  o^ 
composition  or  grouping  appears  to  have  been  attempted;  the  coliriin 
are  bright,  and  unbroken  by  modification  of  tint,  or  Ught  and  ehadoir; 
and  the  artists  were  ignorant  of  perspective,  the  figures  being  pU.<ei 
one  above  another,  and  such  objects  as  a  rectangular  fish-pond  beta; 
drawn  as  on  a  ground  plan,  almost  precisely  as  in  the  rude  pictures  d 
the  ancient  Mexicans.  The  colours  used  are  theprimitiTes,  red,  blc^, 
and  yellow ;  with  green,  black,  brown,  and  gray.  ^Tkej  have  been  shown 
by  analysis  to  consist  of  metallic  oxides,  as  well  as  of  vegetable  p^- 
ments.  The  vehicle  employed  with  the  colours  was  usually  g^ue,  bat 
occasionally',  though  probably  only  at  a  comparatively  late  date,  wax 
dissolved  m  naphtha  was  also  used.  The  picture  was  sometimes 
covered  with  a  varnish  of  glue,  in  order  to  preserve  the  colours  fross 
the  dust  or  from  atmospheric  action,  and  occasionally  a  varnish  of  rosin 
apx)ears  to  have  been  employed  for  the  same  purpoea 

From  the  state  in  which  Belzoni  found  the  great  tomb  of  the  kings 
of  Thebes,  and  from  an  examination  of  various  mural  paintings,  the 
method  of  working  adopted  by  Egyptian  painters  has  been  ascertaised 
with  tolerable  pre^on.  After  the  wall  was  made  quite  smooth  it  mi 
covered  with  an  intonaco  of  fine  Ume  and  gypsum,  which  was  suffered 
to  dry,  and  then  polished.  Upon  this  the  outiine  of  the  figures  wu 
carefully  drawn,  of  suflScient  strength  to  show  throu^  a  thin  coat  of 
limewash  which  was  spread  over  it ;  and  upon  this  the  colours,  mixed 
with  glue  prepared  from  thick  hides,  were  painted.  For  the  paintings 
on  mummy  cases  the  wood  was  ustially  covered  with  doth  saturated 
with  glue ;  on  this  cloth  was  spread  a  ground  of  gesso,  and  upon  this 
the  pigments,  rendered  opaque  by  an  admixture  of  chalk,  or  simply 
mixed  with  glue,  were  laid.  The  portraits  on  tablets  of  cedar,  some- 
times found  in  mummy  cases,  are  also  covered  with  a  coating  of 
gesso,  and  in  these  portraits  some  approach  is  made  to  the  modub^oo 
of  surface  by  means  of  light  and  shade.  The  British  Museum  contaim* 
a  great  many  examples  of  Elgyptian  paintings  and  painted  hieroglypbis 
Among  the  most  interesting  is  a  series  of  twelve  fragments  of  frescoes 
(Nos.  169-180),  painted  as  described  above,  which  were  brought  from 
a  tomb  at  Thebes,  and  which  contain  representations  of  the  rojil 
granaries ;  the  taking  of  fowls,  and  of  fish ;  foreigners  bringing  ^• 
bute ;  royal  banquets  and  entertainments,  with  musicians,  dancers,  kc 
In  the  First  Egyptian  Room  at  the  British  Museum  (Case  39),  ait 
many  of  the  implements  used  by  Egyptian  painters,  including  rec> 
tangular  pallets,  with  grooves  for  tiie  brushes  and  reed  pens,  and  welk 
in  which  the  colours  were  kept  mixed  for  use;  also  colour  boxes; 
mullers  and  slabs  for  grinding  the  colours ;  fragments  of  colours,  and 
a  brush  made  of  the  fibres  of  palm-leaves.  (The  great  work  of  Rosd- 
Uni,  *  Monumenti  dell'  Egitto  *  (Tavoli  Mon.  Civili),  contains  numerous 
examples  of  Egyptian  paintings :  see  also  Wilkinson's  '  Ancient  Egyp- 
tians, and '  Egyptian  Antiquities,'  voL  ii) 

Of  Assyrian  pictures,  no  instance  has,  we  believe,  been  found.  That 
they  had  "images  of  men  portrayed  on  the  walls  "  in  gorgeous  raimenU 
and  with  bright  colours  we  know ;  but  these  were  no  doubt  the  sculp- 
tured slabs  of  which  Botta  and  Layard  exhumed  so  many  examples^ 
and  which  from  the  traces  of  colour  found  on  them,  as  well  as  irom 
secondary  evidence,  we  know  to  have  been  originally  brilliantly 
painted.  But  [that  the  Assyrians  painted  pictures  even  of  the  kind 
which  the  Egyptians  painted  we  have  no  proof. 

Painting  in  Greece, — ^The  origin  of  painting,  like  that  of  most  of  the 
arts,  was  involved  by  the  ancient  Greeks  in  their  legendary  history. 
There  can  be  little  doubt  that  Painting  like  Sculpture  was  derived  by 
the  Greeks  from  Egypt.  In  their  traditions  respecting  the  inventors 
of  drawing  and  colouring  they  may  however  have  preserved  some 
memorials  of  those  who  assisted  in  raising  the  art  from  its  primitive 
rudeness  and  narrowness  of  scope.  Homer,  though  he  mentions 
garments  elaborately  embroidered  or  woven  with  ^ures,  speaks  of 
nothing  nearer  akin  to  painting  than  the  colouring  of  the  ships  or  the 
staining  of  ivory  by  a  Carian  woman.  The  origin  of  the  art  in  its 
simplest  form  of  the  outline  of  a  shadow,  is  ascribed  to  Corinth  or 
Sicyon;  but  the  story  of  its  supposed  inventor,  as  recorded  by  Pliny, 
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is  eTidcntly  deserving  of  little  attention.  Cleanthes  of  Corinth  ia  said 
to  have  made  the  first  outline ;  Ardices,  of  the  same  city,  and  Tele- 
l>hanes  of  Sicyon,  to  have  introduced  some  lines  within  the  figure ; 
aii<l  Cleophantus  to  have  coloured  it  with  a  single  colour,  and  thus 
Xiroiluced  monochromata,  Corinth  was  the  great  centre  of  the  ceramic 
art,  and  these  frequent  references  to  Corinthian  painters  point  with 
sufficient  diBtinctness  to  the  early  connection  between  the  potter's  art 
and  pNuntmg.  The  legend  of  Cleophantus,  or  Eucheir  and  Eugram- 
mxisi,  having  accompanied  Demaratus  from  Corinth  to  Italy  (Olymp. 
30,  B.C.  657),  probably  points  to  the  early  connection  of  Greek  and 
Italian  art,  or  to  the  taste  for  the  former  which  existed  in  Etruria  and 
the  neighbouring  countries,  as  is  sufficiently  attested  by  the  innu- 
merable vases  with  Greek  stories  and  Greek  inscriptions  now  found  in 
Italy.  The  grotesqueness  and  cliunsiness  of  the  figures  on  the  earlier 
va£e9,  and  their  progressive  improvement,  show  how  little  ground 
there  ia  for  the  notion  that  the  proportions  of  the  human  figure  in 
early  Greek  art  were  fixed  by  some  type  derived  from  Egypt  or  else- 
where, instead  of  gradually  developing  themselves  as  the  culture  of 
the  race  advanced    . 

The  very  curious  paintings  on  the  walls  of  the  Etruscan  tombs 
should  here  be  mentioned;  and  Pliny  speaks  of  ancient  works 
existing  in  his  time  in  a  temple  at  Ardea,  as  well  as  at  Ciere  and 
Lanuvium. 

Between  the  50th  and  80th  Olympiad  (from  580  to  460  B.a)  painting 
advanced  considerably  in  Greece. 

Historical  pictures  of  veiy  early  events  are  recorded,  one  indeed  by 
Bularchus,  in  the  reign  of  Candaules,  who  died  OL  16.  1,  B.O.  716. 
Cimon  of  Cleonee  invented  ccUctgrapha,  that  is,  figures  seen  obliquely 
from  above  or  below,  and  thus  applied  the  rules  of  perspective.  The 
peculiarities  of  drawing  of  this  early  period  are  best  learned  from  the 
study  of  the  ancient  vases ;  the  forms  and  protuberance  of  the  muscles 
are  exaggerated,  and  the  positions  strained  and  whimsicaL 

Polygnotus  of  Thasos,  who  probably  settled  at  Athens  about  Oh  79. 2 
(B.C.  469),  was  the  first  painter  of  great  excellence,  and  the  founder 
of  what  may  be  called  the  Athenian  school.  Aristotle  ('  Poet./  vL 
calls  him  arftS6s  i)BoypA^St  **  successful  in  his  expression  of  character ; " 
:ind  speaks  of  Idm  as  painting  men  better  than  they  are.  The 
characteristic  of  his  style  was  elevation  and  largeness  of  design,  with 
purity  of  form  and  force  of  expression.  Pliny  speaks  of  him  as  having 
aliandoned  the  old  stiffness,  and  having  given  movement  to  the 
features.  His  transparent  drapery  is  also  mentioned.  Pausanias 
(x.,  25-81)  describes  his  pictures  in  the  Lesche  at  Delphi — the  Capture 
of  Troy,  the  Departure  of  the  Greeks,  and  Descent  of  Ulysses  to  the 
Shades.  In  the  PcBcile  at  Athens  his  works  stood  by  the  side  of  the 
Battle  of  Marathon  by  Pansenus,  the  nephew  or  brother  of  Phidias, 
and  of  the  Combat  between  the  Athenians  and  the  Amaeons  by  Hicon. 
This  latter  artist,  together  with  Onatas  of  ^gina  and  Dionysius  of 
Colophon,  were  the  most  celebrated  contemporaries  of  Polygnotus. 

The  principles  of  light  and  shade  were  investigated  by  Apollodorus 
of  Athens  about  the  94  01.  (B.C.  404).  To  the  school  of  Athens 
succeeded  what  may  be  termed  that  of  Ionia,  in  which  illusion  seems 
to  have  been  more  aimed  at.  This  we  may  ixifer  from  the  well-known 
story  of  the  grapes  of  Zeuxis  and  the  linen  cloth  of  Parrhasius. 
Zeuxis,  with  whom  begins  the  second  epoch  of  the  more  advanced  art, 
wa3  of  Heraclea,  and  flourished  about  OL  94.  (b.c.  404).  His  excel- 
lence  seems  to  have  been  equally  conspicuous  in  female  beauty  (as  the 
Helen  of  Crotona),  and  the  sublimity  of  Zeus  and  his  attendant  gods ; 
Tvliilst  in  technical  skill  he  surpassed  all  his  predecessors. 

Parrhasius  was  of  Ephesus,  and  he  is  no  less  celebrated  for  the 
roundness  and  relief  of  his  figures  than  for  their  exquisite'  form  and 
expression.  His  contemporary  Timanthes  overcame  him  in  one  of 
those  contests  between  painters  which  were  not  unfrequent  in  Greece, 
and  which  are  said  to  have  been  first  instituted  at  Delphi  in  the  time 
of  Pansenus.  Among  the  ancient  paintings  from  Pompeii  is  one  of  the 
same  subject  (the  sacrifice  of  Iphigenia)  as  that  of  Timanthes, 
mentioned  in  Pliny,  and  in  which  the  grief  of  the  father  is  represented 
in  the  same  way  by  the  concealment  of  the  face. 

Another  school  arose  at  Sicyon,  in  which  the  most  celebrated  names 
were—Euphranor  of  Cormth  (01.  104-110,  B.o.  864-340),  Pausias  of 
Sicyon  (01.  103,  B.C.  868),  Aristeides  of  Thebes  (OL  102-112,  B.o.  872- 
332),  and  Pamphilus  of  Amphipolis  (OL  97-107,  B.C.  392-352).  The 
first  of  these,  a  scidptor  as  well  as  a  painter,  was  laborious  and  con- 
fnatently  excellent  in  all  that  he  undertook.  Aristeides  was  remarkable 
for  his  expression  of  passion;  Pausias  practised  encaustic  painting 
^th  great  success,  having  acquired  the  art  from  Pamphilus.  Pausias 
^'as  noted  for  his  children  and  lighter  subjects,  and  first  decorated 
roofs  and  arches  with  figures.  Pamphilus  succeeded  in  establishing  a 
knowledge  of  the  rudiments  of  drawing  as  part  of  a  liberal  education. 
He  was  moreover  the  teacher  of  Apelles,  who  united  the  softness  and 
colouring  of  Ionia  with  the  science  ol  the  Sicyonian  school.  His 
excellence  in  female  beauty  was  attested  by  the  Aphrodite  Anadyomene 
at  Cos ;  his  power  in  sublime  subjects  and  his  technical  skill,  by  the 
Alexander  wielding  the  Thunder  at  Ephesus.  The  liberality  of 
Apellea  first  brought  into  notice  a  rival  of  his  fame,  Protogenes  of 
f\^^'  or  rather  of  Caunus  m  Caria.  This  artist  excelled  in  a 
iaborioiifl  study  of  nature,  and  Apelles  declared  that  his  own  super!- 
^ty  over  Protogenes  consisted  in  his  knowing  when  to  leave 
^ff.     They  both   executed   numerous   portraits,   and   Apelles   was 


honoured  with  the  exclusive  privilege  of  painting  Alexander  the  Great. 
Nicomachus  probably  preceded  Apelles;  he  seems  to  have  rivalhd 
Luca  Giordano  in  quickness  of  execution.  Nicias  of  Athens,  Theou  of 
Samos,  and  Melanthius  were  contemporaries  of  Alexander.  The  first 
of  the  three  was  excellent  In  light  and  shade,  and  painted  battles  and 
historical  subjects  on  a  large  scale. 

From  the  death  of  Alexander,  and  as  a  consequence  i>artly  of  the 
pHoUtical  disturbances  which  followed,  the  decline  of  painting  was  con- 
tinuous. Painters  indeed  met  with  ample  encouragement,  but  they 
worked  for  private  rather  than  public  enjoyment,  and  their  attention 
was  directed  mainly  to  a  lower  class  of  art,— to  that  which  could  be 
produced  rapidly  for  the  glorification  of  kings  and  rulers  or  the  gratifi- 
cation of  the  affluent.  Instead  of  representations  of  tlie  gods,  and  of 
the  great  events  of  epic  verse  or  Hellenic  history,  works  of  tiie  class 
we  now  call  genre,  low  and  domestic  subjects  (rhypography),  and  even 
pornography  (obscene  pictures),  were  eagerly  sought.  These  last 
became  more  general  as  the  art  fell  lower,  and  painters  sought  popu- 
larity by  novelty  of  style  and  familiarity  of  subject,  or  gain  by  making 
their  art  the  creature  of  luxury  and  sensuality ;  but  even  Parrhasius 
was  noted  for  pictures  of  a  libidinous  character.  Vase-painting 
gradually  died  out  in  this  period;  but,  on  the  other  hand,  mosaic 
was  introduced,  and  acquired  great  popularity,  and  Greek  muaivarii 
were  in  much  request  for  the  preparation  of  mosaics  for  Rome. 
Landscape-painting  was  likewise  introduced  late,  and  never  flourished 
among  the  Greeks,  though  the  art  was  cultivated  by  Greek  painters 
for  the  gratification  of  their  Homan  employers. 

Some  time  before  the  spoliation  of  Greece,  Greek  painters  had 
migrated  to  Rome  and  found  employment  there.  But  as  the  plunder 
of  the  Grecian  cities  by  the  Roman  generals  went  on,  the  passion  for 
works  of  art  among  the  Romans  seemed  to  increase ;  and  as  the  love  of 
art,  or  the  power  of  rewarding  its  professors,  declined  in  Greece, 
Grecian  artists  betook  themselves  in  constantly  increasing  niunbers  to 
the  Roman  capital,  so  that  about  the  end  of  the  repubUc  Rome  was 
spoken  of  as  full  of  them.  Many  migrated  also  to  Egypt  and  Asia,  and 
elsewhere,  until  such  Grecian  painters  as  were  left  were  to  be  sought 
anywhere  rather  than  in  their  native  country. 

Instead  of  tracing  further  the  decay  of  the  art,  it  may  be  well  to 
speak  briefly  of  the  kinds  of  painting  practised  and  the  materisJs 
employed  whilst  Greek  painting  was  in  its  maturity.  The  earUest 
occupation  of  the  painter  in  Greece,  as  in  Egypt,  seems  to  have  been 
in  colouring  sculpture ;  and  from  the  gaudy  daubing  of  the  primitive 
wooden  figures  of  the  gods,  down  to  the  refined  tinting  of  the  most 
exquisite  statues  of  the  greatest  of  the  Greek  sculptors,  this  was 
always  regarded  as  a  branch  of  the  painter's  art.  Pruiteles  himself, 
according  to  the  well-known  story,  when  asked  which  of  all  his  statues 
he  preferred,  replied,  "  That  in  which  Nicias  had  a  hand " — Nicias 
being  one  of  the  most  eminent  painters  of  his  time.  What  this 
circumUtio,  as  Pliny  terms  the  statue-painting  of  Nidas,  really  was, 
wiU  be  considered  under  another  head.  [Poltchromy.]  Another  of 
the  branches  of  the  art  for  which  the  painters  were  always  famous — 
that,  namely,  of  vase-painting — will  also  be  noticed  more  conveniently 
elsewhere. 

The  pictures  ordinarily  painted  by  the  Greeks  up  to  an  advanced 
stage  of  the  art,  appear  to  have  been  almost  exclusively  easel  pictures 
executed  in  tempera.  They  were  painted  chiefly  on  wooden  panels, 
which  had  probably  been  prepared  with  a  gesso  groimd ;  but  psdntings 
were  also  executed  on  stone,  plaster,  parchment,  and,  though  not  till  a 
late  period,  on  canvas.  Glue  or  size,  white  of  eggs,  and  gum  were  the 
vehicles  commonly  used  in  mixing  and  applying  the  colours.  Wax  was 
also  used,  boiled  with  mastich  or  mixed  with  a  mineral  alkali,  so  as  to 
be  employed  as  a  water-colour  medium.  The  appUcation  of  wax  by 
means  of  fire,  or  encaustic  painting,  was  of  later  introduction;  for 
though  practised  by  Pausias,  who  is  said  to  have  learned  the  method 
from  Pamphilus,  it  was  not  generally  adopted  till  about  the  time  of 
Alexander.  [Knoaubtio  Painting.]  Fresco-painting  was  also  of  late 
introduction,  but  in  the  later  stages  of  the  art  was,  either  alone  or  In 
conjunction  with  encaustic,  much  employed  in  paintings  on  walls  and 
ceilmgs,  and  generally  in  works  of  a  decorative  character.  Vitruvius 
says  mat  the  Greeks  attained  such  skill  in  the  preparation  of  fresco 
walls,  that,  in  his  time,  people  were  accustomed  to  cut  slabs  from 
them,  which  could  be  packed  up  and  carried  to  any  distance.  The 
finer  fresco-paintings,  according  to  Vitruvius  and  Pliny,  were,  when 
finished,  covered  with  an  encaustic  varnish,  which  heightened  and 
preserved  the  colours.   Oil  as  a  vehicle  appears  to  have  been  unknown. 

The  four  colours  which  were  the  basis  of  the  colouring  of  the  Greeks 
down  to  the  time  of  Apelles  were — 1,  white,  Melian  c^h,  or,  more 
rarely,  cerussa,  white  lead ;  2,  red,  rubrica  from  Cappadocia,  called 
sinopis ;  3,  yellow,  sil,  &xp^f  from  the  Attic  silver-mines ;  4,  blacks 
(probably  including  blues),  atramenta, /i^^oi^,  from  burnt  plants  or 
ivory.  These  were  the  **  colores  austeri"  to  which  were  afterwards 
added  the  brighter  and  more  expensive  colours,  **  floridi,"  which  were 
usually  furnished  to  the  painter  by  his  employer;  but  the  palette 
appears  always  to  have  been  restricted  to  a  comparatively  few  well- 
chosen  and  carefully-prepared  colours.  This  restriction  to  a  few 
colours  was  one  of  the  things  which  satisfied  Sir  Joshua  Reynolds — an 
indisputable  authority  in  a  question  of  colour — of  the  superiority  of 
the  Greeks  as  colounsts.  Another,  was  their  Tise  of  a^amentum, 
"  What  disposes  me,"  he  wrote  (Note  xxxvii.  to  Du  Fresnoy), «'  to 
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think  higher  of  their  colouring  than  any  remains  of  ancient  painting 
will  warrant,  is  the  account  which  Pliny  gives  of  the  mode  of  operation 
used  by  Apelles ;  that  over  his  finished  picture  he  spread  a  transparent 
liquid  like  ink,  of  which  the  effect  was  to  give  brilliancy,  and  at  the 
same  time  to  lower  the  too  great  glare  of  the  colour :  '  Quod  absoluta 
opera  atramento  illinebat  ita  tenui,  ut  id  ipsum  repercussu  daritates 
oolorum  excitaret ; — et  c\xm  ratione  nuign4,ne  colorum  daritas  oculorum 
aciem  offenderet'  This  passage,"  he  adds,  "  though  it  may  possibly 
perplex  the  critics,  is  a  true  and  an  artist-like  description  of  the  effect 
of  glazing  or  scumbling,  such  as  was  practised  by  Titian  and  the  rest 
of  tiie  Venetian  painters.  This  custom,  or  mode  of  operation,  implies 
at  least  a  true  taste  of  that  in  which  the  excellence  of  colouring  con* 
sists,  which  does  not  proceed  from  fine  colours,  but  true  colours^ — 
from  bretJdng  down  these  fine  colours,  which  would  appear  too  raw,  to 
a  deep'toned  brightness.  Perhaps  tiie  manner  in  which  Correggio 
practised  the  art  of  glazing  was  still  more  like  that  of  Apelles,  which 
was  only  perceptible  to  those  who  looked  close  at  the  picture,  *  ad 
manum  irUuerUi  demUm  appareret ; '  whereas  in  Titian,  and  still  more 
in  Bassan  and  others,  his  imitators,  it  was  apparent  on  the  slightest 
inspection." 

Greek  painting  at  its  best,  there  cannot  be  much  doubt,  was  only  a 
litUe,  if  at  all,  inferior  to  the  sculpture  of  the  same  period.  The  men 
who  saw  and  appreciated  the  one  admired  equally  the  other.  The 
paintings,  equally  with  the  statues,  were  praised  for  their  grandeur  of 
thought  and  expression,  for  their  nobleness  of  design,  and  accuracy  of 
imitation.  Foreshortening  and  perspective,  essential  qualities  in  a  pic- 
ture, were  understood  and  practised.  So  also  were  the  laws  of  light  and 
shade,  though  that  disposition  of  light  and  shadow  in  masses,  which 
modem  vniters  call  ektaroscuro,  was  probably  imknown.  Colour,  as  we 
have  seen,  was  studied  in  its  subtlest  refinements.  Whether,  as  Sir 
Joshua  Reynolds  expressed  his  assurance,  **  if  what  has  happened  in  the 
case  of  sculpture,  had  likewise  happened  in  regard  to  their  paintiugs, 
and  we  had  the  good  fortune  to  possess  what  tiie  imcients  themselves 
esteemed  their  master-pieces,  we  should  find  their  figures  as  correctly 
drawn  as  the '  Laocoon,'  and  probably  coloured  like  Titian,"  we  cannot 
venture  to  say.  We  have  none  of  their  master-pieces ;  but  the  works 
brought  to  light  since  Reynolds  wrote,  though  at  best  only  such  as 
were  executed  in  the  decline  of  art  for  decorating  the  provincial 
residences  of  affluent  foreign  patrons,  suffice  fuUy  to  justify  his  san- 
guine anticipations.  The  finest  ancient  picture  yet  discovered  is  that 
known  as  '  The  Battle  of  Issus,'  foimd  at  Pompeii  in  1831,  and  now  in 
the  Museo  Borbonico  at  Naples.  It  displays  great  skill  in  design, 
knowledge  of  foreshortening  and  perspective,  and  immense  vigour  of 
expression,  though  the  execution  is  inferior  to  Uie  conception.  This 
is  a  mosaic,  but  was  probably  a  copy  in  imitation  of  some  celebrated 
paintmg  of  an  earlier  date,  as  the  chief  extant  remains  of  Grseco-Roman 
sculpture  are  known  to  be  copies  of  feunous  old  statues.  Another  mosaic 
of  admirable  design  is  that  of  the  Choragus  engraved  under  Mosaio. 
The  finest  extant  paintmg  of  Grsoco-Roman  date  is  that  known  as  the 
*  Abdobrandini  Miuriage,'  found  originally  on  the  Esquiline  Mount,  and 
now  in  the  Vatican — a  fresco-painting  executed  with  great  freedom,  and 
excellent  both  in  composition  and  colour.  Equally  remarkable  in  their 
way  are  the  paintings  of  '  Achilles  Discovered  by  Ulysses,'  found  in 
the  House  of  Castor  and  Pollux  at  Pompeii  (Zahn,  ii.,  pi.  23);  an 
'Achilles  in  a  Quadriga,'  painted  in  monochrome;  anda  'Dirce  attached 
to  the  Bull/  found  in  the  House  of  the  Grand-Duke  at  Pompeii  in  1883, 
and,  like  the  preceding,  engraved  in  Zahn.  Many  othera  might  be 
mentioned  which,  if  regarded  as  they  ought  to  be,  as  late  and  feeble 
imitations,  would  attest  sufficiently  the  high  character  of  Greek 
painting  when  in  its  more  flourishing  condition.  (See  engravings  in 
Midler, '  Denkmaler  der  Alten  Kunst; '  D'Agincourt,  '  Hist,  de  I'Art 
par  ses  Monumens; '  Mazois, '  Pompfti/  torn.  iv. ;  the  *  Mus.  Borbonico; ' 
and  Zahn, '  Die  Sdionsten  Omamente  imd  merkwiirdigsten  Gemalde 
aus  Pompeii,  Herculaneum,  und  Stabiae.') 

Pcdniing  in  JZome.— The  Romans  had  no  independent  school  of 
painting.  We  have  spoken  of  the  early  connection  of  Greece  with 
Italy  and  with  Magna-Grsecia,  and  the  later  migrations  of  Greek 
painters  into  Rome.  It  was  by  these  mainly,  if  not  exclusively,  that 
the  pictures  painted  in  Rome  and  the  provinces  were  executed,  and  of 
which  examples  remain  in  the  frescoes  and  mosaics  exhumed  at  Rome, 
Pompeii,  and  elsewhere.  Pliny,  however,  speaks  of  certain  Romans 
who  cultivated  painting  long  before  Greek  pictures  were  brought  to 
Rome.  C.  Fabius  Pictor  is  said  to  have  denved  Ids  name  from  deco- 
rating the  temple  of  Health  (a.u.o.  450,  B.o.  304).  The  poet  Pacuvius 
(B.C.  219-140)  was  an  artist.  The  victory  of  L.  Scipio  over  Antiochus 
(B.C.  190)  was  recorded  by  a  picture  in  the  Capitol,  as  that  of  M.  Vale- 
rius Messala  over  Hiero  had  been  by  an  historical  painting  in  the 
Curia  Hostilia  (B.a  264).  The  first  foreign  picture  publicly  exhibited 
at  Rome  was  after  the  sack  of  Corinth  by  Mummius  (b.o.  146),  an 
event  which  brought  many  of  the  finest  works  of  art  to  the  conquering 
city,  however  little  the  victors  were  qualified  to  appreciate  their  real 
worth.  At  a  later  period  we  hear  of  Arellius,  Amuliixs,  Accius, 
Priscus,  and  Ludius.  of  whom  the  last,  in  the  time  of  Augustus, 
painted  landscapes,  garden  scenes,  and  buildings  on  the  walls  of  rooms, 
such  as  we  see  in  the  ruins  of  Pompeii  or  the  remains  of  the  palace  of 
Nero.  Cscsar  purchased  the '  Ajax '  and  the  '  Medea'  of  Timomachus 
for  80  talents,  and  at  his  time  a  school  of  some  eminence  existed  at 
Cyziciiij.    The  forced  bloom  of  art  which  characterises  the  age  of 


Hadrian  implied  a  momentary  revival  of  painting,  and  Aetion  (of  whom 
Lucian  sp^Ju  so  highly)  must  probably  be  reckoned  as  his  con- 
temporary. 

When  Pliny  wrote  (about  a.d.  75),  painting  was  already  an  expiring 
art  (artit  morientU) ;  the  most  splendid  colours,  he  says  were  used,  but 
nothing  worth  looking  at  was  produced.  Mural  painting  was  chiefly 
practised,  the  painting  being  executed  in  a  light  rapid  manner,  and  the 
subjects  such  as  would  surprise  the  spectator  by  some  trick  of  art 
Grotesques  and  fantastic  architectural  and  landscape  designs  formed 
the  decorations  of  apartments ;  or  gay  and  brilliantly  coloured  mytho- 
logical subjects  mingled  with  grotesque  bordera  and  garlands  of  flowera 
on  roofs  and  walls.  The  best  pictures  were  those  which  ainaed  at  the 
reproduction  of  the  more  celebrated  works  of  earlier  artiste.  We  have 
the  names  of  many  paintera  of  this  age  of  decrepitude,  but  they  are 
names  only ;  the  art  was  felt  to  be  so  fallen  that  the  artiste  them- 
selves were  despised,  and  painting  came  at  length  to  be  the  occupation 
of  slaves  and  men  of  slavish  minds.  The  last  emb^v  of  native  power 
were  extinguished  amidst  the  turmoils  of  civil  dissensionB^  and  the 
inroads  of  foreign  barbarians. 

For  further  information  on  the  painting  of  the  ancients,  see  Miiller, 
'  Handbuch  der  ArchSlologie  der  Kunst  ;*  Bottiger,  '  Ideen  zur  Archao- 
logie  der  Malerei ;'  Raoul-Rochette,  '  Recherches  sur  TEmploi  de  k 
Peinture;*  and  'Peintures  Antiques;*  Junius,  '  de  Pictur&  Veterumf 
and  SiUig^s  '  Catalogus  Artificum ;'  Thiersch, '  Ueber  die  Epochen  der 
bildenden  Eunst  unter  den  Griechen;'  and  Mr.  Womum'a  article, 
'  Pictura/  in  Smith's '  Dictionary  of  .Greek  and  Roman  Antiquities,' 
with  the  authorities  there  cited. 

Medictval  pointing. — From  the  ashes  of  this  extinct  ancient  art 
arose  a  new  form,  which  our  zealous  modem  medievalists  have  dis- 
tinguished with  the  name  of  Christian  art.  But  as  it  was  chiefly 
Christian  inasmuch  as  it  was  the  art  of  the  priest  and  the  cloister,  it 
might  with  equal  justice  have  been  designated  Monastic,  or  Eccle- 
siastical Art,  if  it  had  been  intended  to  mark  its  origin  or  application ; 
while  from  its  being  nearly  coincident  ,in  duration  with  the  period 
known  as  the  middle  ages,  its  date  is  more  specifically  indicated  by  the 
older  phrase,  Mediseval  Art,  and  its  source,  as  far  as  painting  is  con- 
cerned, by  that  of  Romanesque  or  Byzantine.  As,  however,  the  term 
Christian  Art  has  found  pretty  general  acceptance,  it  may  without 
inconvenience  be  employed  indifferentiy  with  either  of  the  others. 

In  the  first  centuries,  however,  Christianity  was  too  uniformly 
oppressed  to  require  the  blandishments  of  art ;  and  the  Judaic  notions 
of  a  hu*ge  proportion  of  its  professora  would  probably  have  prevented 
them  from  calling  in  the  assistance  of  painting  for  the  decoration  of 
their  places  of  worship,  or  for  recording  the  events  and  miracles  of  their 
&dth,  even  had  they  been  at  liberty  to  do  so.  The  earliest  examples  of 
art  applied  to  Christian  purposes  occur  in  the  catacombs  of  Rome 
[Cataoombs],  where,  on  opening  those  vast  subterraneous  vaults  in 
the  early  part  of  the  17th  century,  the  sides  and  roofs  were  seen  to  be 
almost  covered  with  paintings  and  inscriptions ;  and  numerous  sarco- 
phagi bore  similar  examples  of  the  sculptor's  chisel.  The  eficcts  of 
air  and  damp,  and  the  smoke  of  numberless  torches  have  combined  to 
obliterate  the  paintings  left  m  ti^u,  but  a  large  proportion  of  them  will 
be  found  engraved  as  well  as  described  in  the  works  of  Aringhi,  Bosio, 
Bottari,  and  Bunsen,  on  Subterranean  Rome,  in  D'Agincourt's  '  Hist, 
de  I'Art,'  and  Maitkmd's  '  Chiut^h  in  the  Catacombs ;'  while  as  many  as 
were  removable  of  the  painting  themselves,  and  carefully  executed  copies 
of  othen>  have  been  collected  and  placed  in  the  Vatican  and  in  the 
palace  of  St  John  Lateran'  at  Rome.  As  might  well  be  supposed  from 
their  place,  no  less  than  their  age,  these  workis  are  extremely  rude  and 
inartistic;  and  at  times  they  e^bit  a  rather  incongruous  adaptation 
of  heathen  symbols  and  personages ;  but  on  the  other  hand,  some 
exceUent  critics  discover  in  them  much  grandeur  of  arrangement,  and 
a  "  peculiar  solemnity  and  dignity  of  style."  (Kugler,  '  Handbook  of 
Painting:  Italy.') 

From  the  removal  of  the  seat  of  empire  to  Constantinople,  Rome 
ceased  to  be  even  nominally  the  centre  of  the  arts,  though  that  there 
were  undoubtedly  native  painters  in  Rome,  as  well  as  in  other  parts  of 
Italy,  down  to  the  revival  of  painting  in  the  13th  century,  is  certain, 
f^om  the  remains  still  extant  in  many  cities  of  Italy ;  from  the  illu- 
minations in  manuscripts  [Miniature]  ;  from  the  Mosaics  [Mosaics]  ; 
from  the  painted  series  of  popes  in  the  Basilica  of  St.  Paolo,  com- 
menced in  the  5th  century  by  order  of  St.  Leo,  and  from  other 
evidence.  For  above  two  centuries  Byzantine  art  differed  in  no  essen- 
tial respect  from  that  of  Rome.  It  was  not  till  about  the  reign  of 
Justinian  that  Byzantine  art  arrived  at  its  full  development ;  but 
thenceforward,  Byzantium  remained,  till  the  great  revival  of  painting 
in  Italy  in  the  13th  century,  the  grand  central  school  which  supplieii 
artists,  works  of  art,  and  the  laws  by  which  they  were  judged,  to  all 
parts  of  Europe.  But  art  itself  was  now  at  almost  its  lowest  ebb. 
The  works  produced  were  chiefly  for  churches  or  religious  purpof^es. 
All  traces  of  the  traditions  of  the  ancient  schools  seem  to  have  been 
lost,  though  some  desire  to  imitate  ancient  forms  was  retained.  Some- 
thing of  the  oriental  love  of  gold  and  bright  colours  appears  to  hare 
been  engrafted  on  the  western  modes  of  working.  The  figures  were 
ill-drawn,  rigid  in  character,  ungainly  in  position,  long  and  meagre  in 
their  proportions,  and  devoid  of  iJl  reality.  The  colours,  though 
bright,  were  raw  and  crude,  and  commonly  painted  on  a  gold  back- 
ground.   Enormous  mosaics  or  frescoes  of  the  St.  Saviour,  and  figures 
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of  the  saints,  of  the  most  strictly  conventional  type,  were  placed  in  all 
the  churches.  Individuality  of  style  was  entirely  ignored.  The  same 
characteristics  occur  in  Byzantine  paintings,  mosaics,  and  miniatures 
wherever  found.  And  the  same  characteristics  have  distinguished 
the  school  down  to  the  present  day :  for  in  Greece  and  Russia,  and 
wherever  in  fact  the  Greek  church  exists,  religious  pictures  of  pre- 
ci.^ely  the  same  type  have  continued  to  be  manu^tctured.  M.  Di^n 
('Manuel  d'Iconographie/  p.  ix.  &c.),  on  visiting  the  monastery  of 
Mount  Athoe,  now  the  principal  manufactory  for  pictures  for  the 
Greek  churches  throughout  the  world,  saw  painters  engaged  in  the 
execution  of  pictures  according  to  a  strict  and  singularly  minute  code 
of  laws,  '  *Kpfi'ny€ia  t^s  ZoDypo^uc^s '  ('  Guide  for  Painting '),  a  copy^  of 
which  he  with  some  difficulty  procured,  and  of  which  translations 
have  been  published  in  French  by  M.  Durand,  and  in  German  by 
Dr.  Schafer  {'  Das  Handbuch  der  Malerei  vom  Berge  Athos).  To  such 
mechanical  perfection  had  the  painters,  whom  M.  Didron  saw  at  work, 
attained — eaJch.  man  taking  lus  own  part  of  the  picture — that  he 
actually  witnessed  the  Monk  Joasph  and  five  assistants  paint  in  fresco 
entirely  from  memory,  without  cartoons,  tracings,  or  any  other-  me- 
chanical aid,  a  picture  of  Christ  and  the  Eleven  Apostles,  all  the  size  of 
life,  in  the  space  of  an  hour !  This  swiftness  and  certainty  of  execution 
are  the  result  of  the  training  and  experience  of  centuries  directed  upon 
unchanged  repetitions;  but  we  have  here  only  an  exaggeration  of 
mediaeval  Byzantine  art  with  all  its  soulless  traditional  design  and 
absence  of  thought,  ima^nation,  and  individuality.  The  art  of  Byzan- 
tium is  best  seen  in  Miniatures  and  Mosaics,  to  which  headings  we 
refer  the  reader  for  further  information. 

Revival  of  JPainting  in  Italy, — The  Ostrogoth  dominion  was  not 
unfavourable  to  art ;  at  least  there  is  a  studied  affectation  of  classical 
knowledge  in  Oasaiodorus,  and  the  mutilators  of  ancient  statues  are 
denounced  as  criminals.  The  Lombards  could  have  brought  no  art 
with  them,  and  were  unlikely  to  appreciate  what  they  found.  The 
most  remarkable  monument  of  their  time  is  the  large  MS.  of  the  Bible 
from  Mont  Amiata,  still  preserved  in  the  Laurentian  Library  at 
Florence  ;  but  others  scarcely  less  beautiful  are  not  uncommon. 
[Miniature.]  The  xmion  of  the  Church  with  the  Frank  Empire  gave 
the  popes  greater  leisure  and  means,  and  Rome  became  once  more  a 
capital. 

It  is  probable  that  the  conquest  of  Constantinople  by  the  Latins  in 
1204  supplied  to  the  Italians  some  of  that  technical'  skill  which  the 
wild  conflicts  of  their  own  parties  at  home  had  contributed  to  obUterate. 
Numerous  Greek  artists  settled  in  the  cities  of  Italy,  and  a  semi-Byzan- 
tine style  is  visible  in  the  painting  as  well  as  in  the  architeoture  of 
Venice,  Pisa,  and  Siena. 

But  native  painters  of  remarkable  talent  arose,  first  perhaps  in  the 
last  named  city,  who  soon  cast  off  the  trammels  of  Byzantine  tradition, 
and  painting  once  more  rose  to  the  dignity  of  a  fine  art,  assuming  a 
position  such  as  it  could  only  have  previously  held  when  the  arts  of 
ancient  Greece  were  in  their  most  flourishing  state.     We  shall  bo  able 
to  trace  the  history  of  painting  in  Italy  most  conveniently  by  noticing 
in  succession  the  principal   Italian  sch6ols  of  painting.     (The  term 
school  of  painting  is  explained  under  Boloonesb  School  of  Painting.) 
Tuscan  School  of  Painting. — This  is  frequently  called  the  Florentine 
School,  and  is  divided  into  several  epochs,  the  first  of  which  is  termed 
the  old  Florentine ;  but  the  school  of  Florence  was  not  the  school  of 
Tuscany  until  after  the  time  of  Michel  Angelo.     In  the  earUest  period 
of  painting  in  Tuscany  the  principal  painters  were  of  Pisa  and  Siena, 
and  there  is  characteristic^y  no  essential  difference  between  their 
works  and  those  of  the  early  painters  of  Umbria  of  the  same  period. 
Sienese  critics  have  discovered  a  distinct  school  in  the  works  of  the 
old  masters  of  Siena,  but  it  would  be  difficult  to  show  any  other  dis- 
tinction than  a  mere  difference  of  local  origin. 

Some  artists  of  Siena  and  Florence,  of  the  early  pari  of  the  18th 
century,  are  the  oldest  painters  of  Tuscany  that  are  known.  There 
were  painters  in  Pisa  before  this  time,  in  the  11th  century,  but  they 
were  Greeks  from  Constantinople  :  and  there  are  paintings  extant  in 
Tuscany  which  are  said  to  be  of  the  same  period,  but  they  are  probably 
the  production  of  Greek  artists.  In  the  church  della  Trinitii  at  Flo- 
rence there  is  a  picture  of  Christ  painted  upon  canvas,  and  glued  upon 
a  wooden  cross,  which  is  probably  of  the  10th  century;  it  was  done 
before  1003  :  and  in  the  church  of  San  Miniato  al  Monte  near  Florence 
there  is  a  Greek  painting  of  San  Miniato  Martire,  of  the  11th  century. 
('  Etruria  Pittrice.') 

The  first  considerable  efforts  towards  the  revival  of  painting  were 
made  by  the  Tuscans,  and  the  Tuscan  painters  throughout  have  done 
much  towards  its  improvement  and  perfection  in  later  periods.  The 
following  masters  are  among  the  most  celebrated  in  the  history  of 
pamtiug,  both  for  their  works  and  for  the  great  changes  they  effected 
in  the  prevailing  styles  of  their  res})ective  periods  :  Giotto  di  Bondone 
of  Vespignano  (b.  1276,  d.  1336) ;  Tommaso  Guidi,  of  San  Giovanni, 
called  Masacdo  (b.  1401  or  1402,  d.  1443) ;  Lionardi,  of  Vinci  (b. 
1^52,  d.  1519);  Michel  Angelo  Buonaroti,  of  Castell'  Caproso,  in  the 
diocese  of  Arezzo  (b.  1474,  d.  1563)  ;  Ludovico  Cardi,of  Cigoh(b.  1559, 
d.  1613);  and  Pietro  Barrettini,  of  Cortona  (b.  1596,  d.  1669).  All 
t'hese  painters,  through  the  striking  characteristics  of  their  respective 
styles,  made  epochs  in  the  history  of  painting  in  Tuscany. 

The  oldest  Tuscan  artists  whose  names  are  known  are  I^iccola  and 
Giunta  of  Pisa.    [Pisano^  in  Bioo.  Biv.]    Niocola  Pisano,  or  of  Pisa, 


was  a  sculptor,  and  the  first  restorer  of  design  from  the  excessive 
rigidity  of  the  Byzantine  forms ;  ho  endeavoured  to  imitate  the  style 
of  a  bas-relief  upon  an  ancient  sarcophagus  at  Pisa :  he  lived  at  the 
beginning  of  the  13th  century.  Giunta  Pisano  is  the  earliest  Tuscan 
painter  to  whom  extant  works  have  been  assigned  :  he  is  said  to  have 
learnt  painting  of  some  Greeks  who  were  at  Pisa  about  the  year  1210. 
In  1230  he  was  employed  in  the  church  degli  AngeU  at  Assisi :  there  are 
a  crucifixion  and  some  other  figures  painted  upon  a  wooden  cross,  the 
colours  of  which  are  mixed  in  some  medium  not  affected  by  water. 
The  drawing  is  careful,  but  very  dry,  and  the  fingers  are  extremely 
long — faults,  as  Lanzi  has  observed,  not  of  the  men,  but  of  the  times. 
The  expression  in  the  heads,  however,  is  good,  the  draperies  are  well 
arranged  and  the  colouring,  though  brown,  is  laid  on  with  a  strong 
impasto.  Some  frescoes  by  Giunta  are  in  the  upper  church  of  San 
Francesco  at  Assisi. 

Contemporary  with  Giunta  of  Pisa,  were  Guide  of  Siena  and 
Buenaventura  Berlinghieri  of  Lucca.  The  former  was  illuminator  and 
painter :  a  Madonna  in  the  Malevolti  chapel  in  the  church  of  San 
Domenico  at  Siena,  engraved  in  Lastri's '  Etruria  Pittrice,'  has  very 
great  merit  for  its  period.  Siena  had  many  other  painters  about  this 
time,  and  they  were  even  constituted  as  a  civil  body  in  1250.  Ugolino 
of  Siena^  says  Vasari,  painted  pictures  and  chapels  in  every  part  of 
Italy ;  he  died  at  an  advanced  a^e  in  1889.  Buenaventura  Berlinghieri 
of  Lucca  painted  in  1236 ;  there  was  also  a  Diodato  of  Lucca,  who  was 
Uving  in  1288. 

A  very  superior  painter  to  those  already  mentioned,  and  one  who 
added  also  much  to  the  practical  te«hnio  of  painting,  was  Maiigaritone 
of  Arezzo,  an  older  painter  than  Cimabue.  At  the  church  of  Santa 
Croce,  at  Florence,  there  is  a  crucifixion  by  Mai^garitone,  which  is 
placed  near  one  by  Cimabue;  and  although ^Miu^;aritone's  is  less 
finished  in  execution  than  Cimabus's,  the  difference  is  not  so  great  that 
the  title  of  painter  should  be  denied  to  the  former  if  given  to  the 
latter.  The  portrait  or  picture  of  San  Francesco  di  Assisi  in  the 
church  of  Sargiano,  near  Arezzo,  dressed  in  the  habit  of  a  monk,  wiUi 
all  the  faults  of  the  time,  has  a  grand  expression,  and  is  a  very  remark- 
able production  ;  it  is  marked  Margarit*  de  Aretio  pingebtU  :  an 
inscription  which  probably  indicates  a  Greek  source  of  instruction, 
directly  or  indirectly. 

The  earliest  painter  in  Florence  was  apparently  Maestro  Bartolomeo, 
who  painted  in  1236.  An  Annunciation,  which  he  painted  in  the 
church  de'  Servi,  has  been  attributed  to  CavaUini,  the  scholiu:  of  Giotto. 
Another  predecessor  of  Cimabue  was  Andrea  Tafi,  bom  in  1218 ;  he 
was  the  scholar  of  Apollonius,  a  Greek,  whom  he  assisted  in  some 
mosaics  in  San  Giovanni,  at  Florence.  Vasari  terms  Tafi  the  first 
restorer  of  mosaic  in  Tuscany  :  he  was  also  a  painter. 

A  painter  of  somewhat  more  merit  and  much  more  fame  than  any 
of  the  preceding,  was  Giovanni  Cimabue,  bom  at  Florence  in  1240, 
through  the  partiality  of  Vasari,  or  his  neglect  of  research,  commonly 
called  the  father  of  modem  painting.  He  was  architect  and  painter ; 
he  greatiy  improved  the  proportions  of  the  human  figure  in  design ; 
inspired  his  figures  with  more  life  than  his  predecessors ;  and  excelled 
them  in  grace  of  execution  and  in  richness  of  colouring :  his  works  are, 
notwithstanding,  strictiy  of  the  Byzantine  style.  Cimabue  is  said  by 
some  to  have  learned  painting  of  Giunta  Pisano,  whom  he  assisted  in 
his  frescoes  at  Assisi,  in  1253,  in  his  thirteenth  year;  Vasari  says  that 
he  learned  of  some  Greeks  who  were  employed  to  decorate  the  church 
of  Santa  Maria  Novella  at  Florence.  One  of  his  earliest  and  most 
remarkable  pictures  is  the  Colossal  Madonna,  now  in  the  Academy  at 
Florence,  formerly  in  the  chiut^h  of  Santa  Trinit2k ;  but  his  greatest 
works  are  those  in  the  upper  church  of  San  Francesco  at  Assisi. 
Cimabue  excelled  chiefly  in  male  heads,  to  which  he  has  sometimes 
given  a  truth  and  grandeur  of  expression  that  have  never  been  much 
surpassed.  Contemporary  with  Cimabue,  but  somewhat  younger,  was 
Ducio  di  Buoninsegna  of  Siena,  famous  in  his  time :  he  painted  great 
n^orks  in  the  cathedral  of  that  place,  which  are  in  part  still  extant :  also 
a  remarkable  altar-piece  ^or  the  same  church,  which  is  still  preserved 
there;  it  was  painted  in  1308  and  1311,  and  when  completed  was 
carried  in  procession  to  the  cathedral.  It  was  painted  on  both  sides, 
but  is  now  cut  into  two.  One  side,  the  former  front,  is  a  Madonna 
and  infant  Christ,  surrounded  by  angels ;  on  the  other  side,  or  former 
back,  there  is  a  series  of  small  pictures  illustrating  the  history  of  the 
Passion,  all  containing  many  figures,  executed  with  surprising  industry, 
skill,  and  judgment,  when  compared  with  the  majority  of  the  works  of 
his  contemporaries. 

Gaddo  Gaddi'of  Florence,  bom  in  1239,  was  also  one  of  the  most 
distingushed  artists  of  this  period.  He  was  celebrated  for  his  works 
in  mosaic,  of  which  there  are  stUl  specimens  in  the  cathedrals  of 
Florence  and  of  Pisa.  He  worked  also  at  Rome,  but  the  great  mosaics 
of  St.  John  Lateran  and  in  Santa  Maria  Maggiore  are  the  work  of 
Mine  da  Turrita,  an  earlier  master,  and  the  most  celebrated  of  his 
time.  The  mosaics  of  the  tribune  of  San  Giovanni  at  Florence  were 
executed  by  Turrita,  who  finished  them  in  1225. 

That  of  discovering  and  cultivating  the  abilities  of  Giotto  was 
not  one  of  the  least  services  of  Cimabue.  [Giotto,  in  Bioo.  Div.] 
Giotto  surpassed  all  his  predecessors,  and  he  added  as  much  to  the  art 
of  his  master  Cimabue  as  Cimabue  had  added  to  that  of  the  Greeks. 
In  the  matiu'e  works  of  Giotto  there  are  no  traces  of  the  Byzantine 
style :  they  made  an  epoch  in  painting;  and  from  his  time  Florence 
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dates  its  preponderance  in  the  history  of  Tuscan  art.  If  Cimabue, 
says  Lanzi,  may  be  termed  the  Michel  Angelo  of  his  age,  Giotto  may 
be  termed  its  RaSaelle.  Great  as  was  the  fame  of  Cimabue,  says 
Dante,  it  was  rendered  obaeure  by  that  of  Giotto.  Dante  and  Giotto 
were  friends,  and  the  great  poet  celebrated  the  painter  in  some  well 
known  lines  {'  Purgatorio/  xi.  32). 

Giotto  was  painter  in  history,  miniature,  portrait,  and  in  mosaic ; 
also  a  sculptor  and  an  architect :  the  celebrated  Campanile  of  Florence 
is  his  work.  He  painted  in  many  cities  of  Italy,  but  hijs  chief  works 
are  those  in  the  lower  and  upper  churches  of  San  Francesco  at  Assist. 
In  these  paintings  there  are  heads  worthy  in  expression  of  the  greatest 
masters  that  have  succeeded  him;  yet,  notwithstanding  his  great 
merits,  his  design  is  extremely  hard  and  Gothic,  especially  in  his  large 
figures :  he  paid  also  little  attention  to  perspective  or  to  chiaroscuro ; 
and  although  he  brought  painting  far  from  its  infancy,  he  still  left  it 
upon  the  whole  as  far  from  its  maturity. 

The  scholars  and  imitators  of  Giotto  were  very  numerous :  the  prin- 
cipal of  them  were  Stefano  Fiorentino,  Tommaso  di  Stefano,  called 
Giottino,  and  Taddeo  Gaddi,  the  son  of  Gaddo  Gaddi.  These  painters 
worked  in  the  same  style  as  Giotto,  sometimes  inferior  and  sometimes 
superior  in  execution.  Stefano^^^as  called  the  ape  of  nature,  "  Scimia 
della  Natura."  Taddeo  Gaddi,  says  Vasari,  excelled  Giotto  in  colouring 
and  in  tone  :  his  principal  works  were  painted  in  the  church  of  Santa 
Crooe;  and  in  the  chapel  Degli  Spagnuoli,  in  the  church  of  Santa 
Maria  Novella.  The  pictures  of  the  three  saints  seated,  in  this  chapel, 
are  magnificent  in  the  character  of  the  heads  and  in  the  style  of  the 
draperies :  they  represent  San  Dionysio  Areopagita,  San  Pietro  Lom- 
bardo,  and  San  Severino  Boeeio  :  they  are  engraved  in  Lafltri's '  Etruria 
Pittrice.'  Contemporary  with  Giotto  waa  Buonamico  di  Cristofano, 
called  Buffiilmacco,  the  scholar  of  Andrea  Tafi;  and  Bernardo  and 
Andrea  Orcagna,  who  painted  together  a  heaven  and  a  hell  in  the 
Struzzi  chapel  in  the  church  of  Santa  Maria  Novella;  and  in  the  Campo 
Santo  at  Pisa,  Andrea  painted  a  Last  Judgment,  and  Bernardo  a  Hell. 
In  the  church  of  Santa  Croce  also  Andrea  painted  similar  scenes : 
amongst  the  blessed  he  placed  his  friends,  and  amongst  the  damned 
his  enemies.  The  best  preserved  works  of  Buffalmacco  are  at  the 
Campo  Santo  at  Pisa. 

Two  celebrated  scholars  of  Andrea  Orcagna  were  Bernardo  Nello  of 
Pisa  and  Francesco  Trami  of  Florence :  of  the  ktter  there  is  a  cele- 
brated picture  of  Thomas  Aquinas  at  Santa  Caterina  at  Pisa. 

Contemporary  also  with  JGiotto  was  the  famous  Simone  Memmi  di 
Martino.of  Siena,  celebrated  by  Petrarch  in  two  of  his  sonnets  for  a 
portrait  of  Laura.  Simone  was  bom  about  1284,  and  after  distin- 
guishing himself  by  many  works  in  various  cities  in  Italy,  he  went  to 
Avignon,  where  he  died  in  1844.  He  excelled  in  composition  and  in 
invention.  Vasari  speaks  very  highly  of  his  great  works  in  the  chapel 
Degli  Spaguoli,  in  the  church  of  Santa  Maria  Novella  at  Florence, 
which  was  painted  in  1832.  Christ  going  to  Calvary,  which  is  one  of 
the  painthigs  of  this  chapel,  is  a  work  of  great  merit  in  expression,  in 
composition,  and  in  design.  (Laatri, '  Etruria  Pittrice.*)  There  is  in 
the  Ambrosian  Library  at  Milan,  a  MS.  of  Virgil  with  the  commentary 
of  Servius,  which  belonged  to  Petrarch ;  and  on  the  frontispiece  is  a 
miniature  of  Virgil  writing,  with  various  characteristic  accessories,  by 
Memmi ;  it  is  supposed  to  have  been  painted  for  Petrarch,  and  that 
the  poet  wrote  the  following  lines  attached  to  it :  — 

"  Mantua  Virgilium  qui  talia  carmina  flnxlt ; 
Sena  tulit  Shnonem  digito  qui  talia  pinxit.*» 

Shortly  after  the  death  of  Giotto,  in  1386,  painters  commenced  to 
be  extremely  numerous  in  Tuscany.  In  the  year  1349  the  painters  of 
Florence  formed  themselves  into  a  society  under  the  name  of  Com- 
pagnia  di  San  Luca  (Company  of  St.  Luke).  This  society  was  not 
however  composed  exclusively  of  painters :  it  contained  various  artists 
in  metal  and  in  wood,  in  whose  business  ornamental  design  waa  in  any 
way  concerned.  A  similar  institution,  but  on  a  greater  and  more  per- 
manent plan,  was  established  at  Siena  in  1365. 

Other  distinguished  painters  of  this  period  were—at  Siena,  Lippo 
Memmi,  Cecco  di  Martino,  Ambrogio  Lorenzetti,  and  Bernardo  or 
Bema  da  Siena.  At  Florence  were  Giovanni  and  Angelo  Gaddi,  the 
sons  of  Taddeo  Gaddi.  Angelo  Gaddi  waa  an  excellent  colouriat :  but 
he  was  content  to  imitate  the  works  of  Giotto  and  of  his  father.  His 
scholar  Cennino  Cennmi  was  also  a  good  colounst.  The  following  also 
are  deserving  of  mention :  Stamina,  DeUo  Fiorentino,  Jacopo  di  Casen- 
tmo,  bpmello  Aretino  and  his  son  Pari  Spinelli,  LorAizo  di  Bicci  and 
his  son  Nen,  also  Giovanni  di  Niccolo  of  Pisa,  who  all  painted  more 
or  less  in  the  style  of  Giotto,  as  did  Ukewise  aU  the  artists  of  Tuscany, 
until  a  better  taste  was  spread  by  the  works  of  Maaaccio. 

In  the  15th  century,  when  the  Medici  established  themselves  as  the 
rulers  of  Florence,  and  that  city  gradually  extended  its  power  over 
the  neighbourmg  temtories,  and  became  the  capital  of  Tuscany  in 
matters  of  art  as  well  as  of  state,  the  arts  were  in  a  manner  rendered 
dependent  upon  the  caprices  or  tastes  of  its  princes;  and  as  the 
Florentine  artists,  through  extended  patronage,  gradually  evinced  toore 
activity,  and  acquired  as  a  body  a  greater  importance,  those  of  Siena 
and  Pisa  proportionably  declmed  in  both  respects.  The  improvements 
made  in  pamting  at  this  period  were  very  great,  and  one  of  the  most 
essential  was  the  commencement  of  a  proper  application  of  perspective : 


the  chief  promoters  of  this  science  were  Pietro  della  Prancesca  and 
Paolo  Uccello ;  the  latter  comparatively  neglected  every  other  depart- 
ment of  painting  for  the  study  of  perspective.  There  ia  in  the  ^si 
cloister  of  Santa  Maria  Novella  a  picture  of  the  Drunkenness  of  Noah, 
by  Uccello,  in  which  he  has  displayed  his  ability  in  this  respect :  Noah 
is  violently  and  well  foreshortened.  Another  department  of  painting 
which  had  been  neglected  by  the  school  of  Giotto  was  chiaroscuro. 
This  was  first  attempted  with  success  by  MasoHno  da  Paincale,  who 
executed  some  excellent  works,  for  the  period,  in  the  cliapel  of  San 
Pietro  in  the  church  del  Carmine.  Masolino  is  also  not  less  distin- 
guished for  having  been  the  master  of  the  celebrated  Masaccio,  who,  if 
'any  individual  ia  entitled  to  this  distinction,  can  alone  be  styled  th.Q 
father  of  modem  painting. 

That  many  of  the  painters  however  who  preceded  Masaccio  had 
great  ability,  even  for  any  period,  ia  certain ;  and  it  is  also  certain  that 
they  had  recourse  to  the  study  of  nature — a  fact  which  proves  that 
the  mere  study  of  nature,  without  the  knowledge  of  what  to  select  for 
imitation,  will  not  lead  to  the  production  of  fine  forms.    And  although 
beautiful  forms  have  been  produced  by  the  earlier  painters^  it  ia  the 
accident  of  the  model,  and  not  the  result  of  choice ;  for  we  sometimos 
find  the  finest  parts  associated  with  others  so  inferior,  that  from  their 
juxtaposition  the  whole  has  an  appearance  of  deformity,  which  arises 
both  from  the  inequality  in  individual  models,  and  from  the  painter  s 
occasionally  trusting  his  own  knowledge  and  occasionally  having  re- 
course to  the  model.    This  imperfection  coiUd  only  be  avoided  by  the 
adoption  of  a  standard  of  form,  which  should  preserve  a  unity  of  style 
in  every  degree — a  standard  which,  experience  has  shown  us,  it  would 
require  centuries  to  attain  simply  by  the  study  of  nature,  because  of 
the  infinite  varieties  of  form  met  with  in  individuals.    This  standard 
however  already  existed  in  the  antique,  and  it  required   only  the 
maater-mind  to  appropriate  it;  and  to  have  been  the  first  to  do  this 
efficiently  constitutes  the  great  merit  of  Tommaso  Guidi,  conxmonly 
called  Masaccio,  on  accoimt  of  the  slovenliness  of  his  personal  appear- 
ance.   Masaccio  introduced  a  style  of  composition  and  design  which 
until  the  appearance  of  Da  Vinci  and  ]£chel  Angelo  experienced 
no  material  change.    Da  Vinci  and  Fra  Bartolomeo  enlarged  upon 
Masaccio's  style.    Michel  Angelo  invented  a  style  of  his  own,  and  he  out- 
lived it.    The  style  of  Maaaccio,  however,  expanded  to  its  utmost,  still 
lived  in  the  works  of  Raffaelle  and  the  principal  painters  of  the  Homan 
school.    Tet  the  great  improvement  in  design  which  was  accomplished 
in  the  works  of  Masaccio  was  not  entirely  his  own  merit;  for  Ghiberti 
and  DonateUo  had  made  great  advancement  in  sculpture ;  and  Gentile 
da  Fabriano  and  Vittore  Pisanello,  with  whom  Mhsacdo  became  ac- 
quainted in  Rome,  had  made  great  improvements  upon  the  Giottesque 
school  in  painting.     Masaccio's  greatest  works  are  in  the  Brancacci 
chapel  in  the  church  of  Santa  Maria  del  Carmine  at  Florence  :  they 
have  been  engraved  by  Lasinio  and  others.    Masaccio  died  before  the 
completion  of  these  works,  in  1448,  in  his  forty-first  or  forty-second 
year,  not  without  suspicion  of  having  been  poisoned.    Many  of  his 
works  have  perished.     His  most  able  contemporaries  and  followers 
were  Fra  Giovanni  da  Fiesole,  Benozzo  Gozzoli,  and  Fra  Filippo  Lippi, 
the  beet  painter  of  his  time ;  he  completed  the  works  of  Masaccio  in 
the  Brancacci  chapel :  he  died  in  1469.    There  are  in  his  works  much 
of  that  mellowness  of  colouring  and  harmony  of  light  and  shade  which 
characterise  the  works  of  Fra  Bartolomeo  and  Leonardo  da  VincL     In 
the  gallery  of  the  Academy  at  Florence  there  are  some  beautiful  speci- 
mens of  the  works  of  Lippi. 

Other  painters  of  great  ability  of  thia  period,  both  in  oil  and  in 
fresco,  were  Andrea  del  Castagno,  called  the  infamous ;  Sandro  Botti- 
celli, Filippino  Lippi,  Rafl^lliuo  del  Garbo,  Domenico  del  Ghirlandajo, 
Cosimo  Koselli,  Piero  di  Cosimo,  Antonio  Pollaiuoli,  the  first  Italian 
painter  who  studied  the  dead  subject  for  the  purposes  of  design; 
Andrea  Verocchio,  and  Luca  Signorelli  of  Cortona.  There  were  also 
many  others  of  merit  of  this  school  at  about  the  end  of  the  15th  cen- 
tury, but  they  followed  only  in  the  steps  of  others. 

The  works  of  Lionardo  da  Vinci,  and  the  painters  who  imitated 
or  adopted  the  chief  characteristics  of  his  style,  constituted  another 
epoch  in  the  history  of  painting;  but  their  influence  waa  not  confined 
to  Florence  or  to  Tuscany ;  it  was  greater  in  Milan  and  in  Lombardy 
than  in  Florence.  The  fulness  however  and  vigour  of  design  which 
distinguish  the  works  of  Fra  Bartolomeo,  and  even  Michel  Angelo, 
characterise  in  an  equal  t|iough  somewhat  difierent  degree  also  the 
works  of  Da  Vinci,  and  are  combined  with  an  exquisite  finiah  and 
harmony  of  tone  which  are  peculiar  to  himself.  Lionardo  was  bom  at 
Vinci  in  1452,  and  learnt  painting  of  Andrea  Verocchio,  who,  upon 
seeing  the  superiority  of  his  scholar,  forsook  that  art  for  statuary. 
Lionardo  was  painter,  sculptor,  architect,  engineer,  mathematician, 
writer,  musician,  and  poet ;  he  is  however  chiefly  known  as  a  painter. 
Historians  have  divided  his  career  into  four  periods ;  he  painted  at  first 
in  the  manner  of  Verocchio,  and  his  pictures  of  this  time  are  lighter 
in  style  of  design,  and  have  less  strength  of  chiaroscuro,  than  his  later 
works.  His  second  period  was  that  spent  at  Milan  in  the  service  of 
the  Duke  Sforza,  when  he  pamted  his  Last  Supper.  The  third  was 
his  great  Florentine  period,  from  1600  to  1512,  when  he  executed  the 
famous  cartoons  of  Santa  Anna,  and  of  the  Battle  of  Niccolo  Piccinino, 
called  the  Battle  of  the  Standard ;  and  his  own  portrait  in  oils,  which 
la  in  the  gallery  at  Florence — a  work  which  for  painting  cannot  be 
ffurpaased.    In  tho  fourth  period  he  was  comparatively  inactive.    In 
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1512  ho  returned  to  Milan;  in  1514  (Vasari  says  1518)  he  visited 
Home  ;  and  in  1516  he  went  with  Francis  I.  to  France,  where  he  died^ 
at  Fontainebleau  in  1519,  aged  67.    [ViNOi,  in  Bioo.  Drv.] 

When  Da  Vinci  returned  in  1500  to  Florence,  the  only  painter  there 
of  extraordinary  ability  was  Fra  Bartolomeo  di  San  Marco,  or  Baccio 
dclla  Porta,  commonly  called  U  Frate,  then  in  his  twenty-ninth  year. 
Michel  Angelo  was  at  that  time  in  his  twenty-sixth  year  only,  and  had 
done  nothing  in  painting,  having  confined  himself  up  to  that  time 
nearly  exclusively  to  sculpture ;  which  rendered  the  more  remarkable 
his  great  success  in  1506,  in  the  so-called  cartoon  of  Pisa,  executed  by 
order  of  the  gonfaloniere  Pietro  Soderini,  for  one  end  of  the  council- 
hall  of  the  old  palace  of  the  Signory,  for  the  other  end  of  which  Da 
Vinci  made  his  cartoon  of  the  Battle  of  the  Standard,  in  which  a 
group  of  horsemen  were  contending  for  some  colours,  with  various 
accessories. 

The  good  effects  of  the  munificence  of  Lorenzo  de'  Medici  and  his 
encouragement  of  the  arts  did  not  completely  show  themselves  imtil 
after  the  second  restoration  of  the  Medici  in  1512.  Lorenzo  established 
an  academy  in  his  garden  near  the  church  of  San  Marco,  and  formed 
a  splendid  musetmi  of  ancient  and  modern  works  of  art :  it  was  the 
nursery  of  all  the  great  artists  of  Florence  of  the  early  part  of  the  16th 
century.  Some  singular  scenes  were  enacted  by  Savonarola  during  his 
short  triumph  over  the  general  order  of  things.  In  1497,  at  the  time 
of  the  Carnival,  instead  of  the  usual  bonfire  in  the  market-place, 
Savonarola  had  a  large  scafifolding  prepared,  and  upon  this  he  piled 
many  of  the  most  excellent  works  of  the  Florentine  artists,  both  in 
painting  and  sculpture,  including  the  busts  and  portraits  of  several 
beautiful  Florentine  females,  with  many  foreign  tapestries,  condemned 
on  account  of  their  nakedness ;  and  they  were  all  burnt  amidst  the 
rejoicings  of  the  populace.  In  1498,  the  following  year,  he  repeated 
the  scene  on  a  much  greater  scale :  on  this  pile  was  burnt  an  illumi- 
nated copy  of  Petrarch.  Fra  Bartolomeo,  Lorenzo  di  Credit  and  other 
dlstinguisned  painters,  took  part  in  this  fanatical  destruction. 

Fra  Bartolomeo  imitated,  or  rather  painted  in  a  very  similar  style  to, 
Lionardo  da  Vinci.  Several  of  his  works  are  in  many  respects  admir- 
able, and  in  composition,  in  expression,  in  the  cast  of  draperies,  and  in 
design,  bear  the  strongest  resemblance  to  the  works  of  RaffaeUe :  the 
;reat  figure  of  St.  Mark,  in  the  Pitti  palace,  combines  with  the  stvle  of 
Raflfaelle  much  of  the  grandeur  of  the  prophets  and  sibyls  of  Michel 
Ajigelo  in  the  Sistine  chapel.  Bartolomeo  was  the  true  master  of 
Raffaclle :  these  two  great  painters  contracted  a  friendship  for  each 
other  in  1504,  when  Raffaelle  was  in  Florence  and  only  twenty-one 
vears  of  age.  Bartolomeo  died  in  151 7«  three  years  before  Rafinelle. 
Mariotto  Albertinelli  followed  the  style  of  Bartolomeo,  and  painted 
many  excellent  pictures. 

Andrea  Vannucchi,  called  del  Sarto  from  the  trade  of  his  father  (a 
tailor),  wa.s  also  one  of  the  most  distinguished  of  all  the  Florentine 
painters.  He  was  the  scholar  of  Piero  di  Cosimo,  and  had  great  ability 
of  execution,  but  he  wanted  invention.  His  style  In  colouring  and  in 
chiaroscuro  is  similar  to  that  of  Fra  Bartolomeo,  but  from  the  study 
of  the  cartoon  of  Pisa  he  had  acquired  much  of  the  style  of  Michel 
Angelo  in  design.  His  easel  pictures  are  very  numerous.  He  died  in 
1530. 

Michel- Angelo  Buonaroti,  painter,  sculptor,  and  architect,  the  scholar 

of  Domenico  Ghirlandajo,  revolutionised  painting  not  only  in  Tuscany, 

but  in  Italy,  yet  although  his  style  can  scarcely  be  said  to  have 

anything  in  common  with  that  of  any  of  his  predecessors,  he  was 

anticipated  In  some  of  the  greatest  beauties  of  composition  and  design 

by  Da  Vind  and  by  Raffiielle.    The  chief  characteristics  of  his  works 

are  severe  grandeur  of  design  and  an  occasional  sublimity  of  invention : 

the  frescoes  of  the  vault  of  the  Sistine  chapel,  painted  in  1512,  are  in 

these  respects  unrivalled  by  any  other  works.    The  cartoon  of  Pisa, 

however,  was  by  some  contemporary  critics  considered  to  be  a  superior 

work  in  design :  it  represented  many  soldiers  of  Pisa  suddenly  called 

to  anns  when  bathing  in  the  Amo,  and  was  a  very  superior  work  to 

the  rival  cartoon  of  Lionardo  da  Vinci.    Benvenuto  Cellini  calls  these 

cartoons  the  school  of  the  world,  so  long  as  they  were  exhibited  to  the 

public :  Vasari  speaks  to  the  same  effect.    They  were  both  lost  a  few 

years  after  they  were  made,  in  a  manner  never  accounted  for.    Michel 

Aogelo's  was  cut  in  pieces.    There  is  an  old  print  of  Lionardo's  by 

Bdelinck,  made  from  a  bad  drawing;  and  Mazt»mtonio  and  Agostino 

Veneziano  both  engraved  parts  of  Michel  Angelo*s.     The  style  of 

Michel  Angelo  has  its  faults,  independent  of  an  excessive  muscular 

development :  he  had  but  one  standard  of  form  for  man,  woman,  and 

child,  of  every  age  and  every  degree ;  his  women  are  female  men,  and 

^  children  diminutive  giants.    His  great  works  are  his  single  figures, 

hut  hia  paintings  are  as  statuesque  as  his  statues,  and  express  a  similar 

character :  his  Moses,  his  Lorenzo  de'  Medici,  in  sculpture ;  his  Daniel, 

and  his  Jeremiah  or  Isaiah,  in  painting.    His  Last  Judgment,  a  vast 

work,  but  the  production  of  his  old  age,  has  the  faults  of  his  other 

works  without  their  grandeur  or  sublimily ;  it  was  finished  in  1541,  in 

"is  67th  year.    Michel  Angelo  made  many  drawings,  but  he  painted 

scarcely  anything  in  oil.    Though  the  great  works  of  Michel  Angelo 

Were  executed  at  Rome,  they  influenced  chiefly  the  Florentine  school ; 

™  the  painters  of  Florence,  unlike  those  of  Home,  not  being  held  in 

restraint  in  their  imitation  of  Michel  Angelo  by  any  veneration  for  the 

Works  of  Eafiaelle,  the  imitation  was  the  more  palpable,  and  it  was  an 

umtation  of  manTier  only,  not  of  style.    The  anatonucal  school  is  the 


best  designation  for  the  Florentine  imitators  of  Michel  Angelo.  Fran- 
cesco Qrauacci  and  Daniel  Ricciarelli  of  Volterra,  were  the  least  man- 
nered of  his  scholars.  The  latter  painted  with  great  care,  and  his 
Descent  from  the  Cross,  in  the  church  of  Trinitii  de'  Monti,  is  reckoned 
one  of  the  finest  pictures  in  Home.  Another  celebrated  follower  of 
Michel  Angelo  was  Giorgio  Vasari ;  he  is  better  known  however  for 
his  lives  of  the  painters,  sculptors,  and  architects,  than  for  his  paintings. 
He  executed  an  immense  number  of  works,  but  beyond  a  general  cor- 
rectness of  drawing  they  have  nothing  to  recommend  them.  Other 
followers  and  imitators  of  his  style  were  Sebastiano  del  Piombo,  Mar- 
cello  Venusti,  Federigo  Zuccaro,  Francesco  Rossi  de*  Salviati,  Jacopo 
del  Conte,  Angelo  Bronzino,  and  Allessandro  Allori  Painters  of  this 
period  who  were  not  carried  away  with  the  host  of  imitators  were 
Franciabigio,  Jacopo  da  Pontormo,  and  Domenico  Puligo,  scholars  of 
Andrea  del  Sarto ;  besides  some  others  of  less  note  :  also  II  Rosso,  or 
Maitre  Roux,  as  he  is  called  by  the  French. 

At  the  end  of  the  16th  century  a  new  style  was  introduced  by 
Ludovico  Cardi,  commonly  called  Cigoli,  which  combined  careful 
drawing  with  brilliant  colouring.  Santi  di  Titi  preceded  him  in  his 
indifference  towards  the  anatomical  school,  and  he  was  greatly  assisted 
in  establishing  his  own  style  by  Gregorio  Pagani  and  Domenico  da 
Passignano.  TMs  school  was  founded  upon  the  style  of  Baroccio  and 
that  of  Coreggio,  and  had  much  in  common  with  the  eclectic  school  of 
the  Caracci.  Its  ascendency  was  promoted  by  the  works  of  the 
Venetian  Ligozzi  at  Florence,  and  by  the  school  of  Francesco  Vanni  at 
Siena.  These  painters  were  followed  by  younger  artists,  by  Giovanni 
Bihverti,  Fabrizio  Boschi,  Christofano  Allor^  Jacopo  da  Empoli, 
Giovanni  Battista  Vanni;  also  Matteo  RoseUi  and  his  scholars 
Giovanni  Manozzi  da  San  Giovanni,  Baldassare  Franceschini,  called  II 
Volterrano,  and  Francesco  Boschi,  an  excellent  portrait-painter ;  like- 
wise by  Francesco  Turin!  and  his  scholar  Simone  Pignone;  and 
Lorenzo  Lippi,  like  his  friend  Salvator  Rosa,  poet^and  painter. 

Also  in  a  somewhat  similar  taste  of  colouring  and  design,  though  in 
a  very  different  style  of  execution,  painted  Carlo  Dolci ;  his  elaborate 
finish  however  is  the  principal  merit  of  his  works ;  his  colouring  is 
often  green,  yet  some  of  his  female  heads  are  executed  in  exquisite 
taste.     He  died  m  1686. 

In  about  the  middle  of  the  17th  century  another  change  took 
place  in  the  style  of  the  Florentine  painters,  as  well  as  in  that  of  the 
Roman,  through  the  extensive  and  attractive  works  of  Pietro  Berret- 
tini  da  Cortona,  in  Florence  and  in  Rome.  Cortona  was  invited  to 
Florence  about  the  year  1637;  and  was  occupied  for  several  following 
years  over  his  great  allegorical  frescoes  in  the  Pitti  Palace ;  he  left 
them  however  imfinished :  they  were  completed  by  Giro  Ferri,  his 
most  distinguished  follower.  In  Florence  the  style  of  Cortona  attstinod 
completely  the  ascendency,  and  prevailed  the  whole  of  the  17th 
century  and  the  greater  psut  of  the  18th.  Cortona  paid  little  atten- 
tion to  expression ;  his  object  was  to  produce  a  grand  effect  on  the 
whole  :  his  style  was  decorative,  and  his  works  will  not  bear  inspection 
in  the  parts.  He  is  the  head  of  those  artists  called  machinisti  by  the 
Italians.  His  principal  followers  in  Florence  were  the  three  Dandini 
and  their  scholars,  Antonio  Domenico  Gabbiani  and  others,  and  his 
scholar  Benedetto  Luti ;  also  Salvi  Castellud,  Giaointo  and  Ludovico 
Gimignani,  Lazzaro  Baldi,  Allessandro  Gherrardini,  and  Sebastiano 
Galeotti.  Two  of  the  most  distinguished  Florentine  artists  of  the  end 
of  the  18th  centuiy  were  Gio  Battista  Cipriani  and  the  landscape- 
painter  Francesco  Zuccherelli,  who  both  spent  some  time  in  this 
country:  also  Tommaso  Gherardini,  who  died  in  1797,  and  Pietro 
Pedroni,  who  died  in  1803,  are  reckoned  among  the  best  painters  of 
their  period. 

Venetian  SchooL — The  historians  of  Venetian  art  date  the  commence- 
ment of  modem  painting  in  Venice  from  the  11th  centuiy,  or  about 
1070,  when  the  Doge  Selvo  invited  some  Greek  mosaic-workers  to 
Venice  to  adorn  the  church  of  St.  Mark ;  and  in  the  13th  century, 
after  the  taking  of  Constantinople  by  the  Venetians,  in  1204,  not  only 
works  of  art,  but  artists  also,  are  said  to  have  been  plentiful  in  Venice, 
Venetians  as  well  as  Greeks ;  only  two  however  of  the  former  can  now 
be  named,  Giovanni  da  Venezia  and  Martinello  da  Murano.  On  an  old 
wooden  sarcophagus  of  the  Beata  Giuliana,  in  the  monasteiy  of  San 
Biagio  alia  Giudecca,  there  is  a  painting  of  about  the  year  1262 ;  but 
the  painter's  name  is  not  known :  it  is  m  a  rough  style,  but  Lanzi  is 
of  opinion  that  it  is  not  Greek. 

It  was  not  until  after  the  time  of  Giotto,  who  executed  some 
works  in  Padua  and  Verona  in  the  beginning  of  the  14th  century,  that 
the  painters  of  the  Venetian  states  began  to  make  themselves  known 
by  their  works.  The  oldest  known  works  at  Padua  are  by  painters  of 
the  school  of  Giotto.  The  extensive  paintings  in  the  church  of  San 
Giovanni  Battista  at  Padua  are  attributed  to  Giusto  Padovano,  a 
scholar  of  Giotto  and  a  Florentine  by  birth,  though  naturalised  at 
Padua.  Guariento  of  Padua  was  also  a  follower  of  Giotto,  and  was 
celebrated  about  1360 :  some  of  his  works  are  still  remaining.  There 
are  also  some  works  still  extant  of  two  celebrated  Veronese  painters  of 
the  same  time  :  of  Alticherio  da  Zevio,  near  Verona,  in  the  old  church 
of  San  Gioigio,  illustrating  the  life  of  St.  James ;  and  others  of  the 
life  of  St.  John  by  Sebeto  of  Verona,  in  the  same  church,  much  in  the 
style  of  Giotto,  especially  the  former.  To  these  may  be  added  a 
Jacopo  of  Verona,  who  painted  some  frescoes  in  San  Michel  at  Padua ; 
and  a  Gio.  Miretto  of  Padua,  who  executed  some  works  in  the  great 
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hall  of  that  place.  There  were  however  some  painterB  about  this  time 
in  Venice  and  Treviso  who  painted  in  what  may  be  termed  a  national 
style ;  and  among  these  may  be  included  the  miniature-painters,  who 
were  numerous  at  this  time.  Among  these  Zanetti  mentions  a  Maestro 
Paolo,  whose  name  he  found  recorded  in  an  ancient  parchment  with 
the  date  of  1346.  He  is  the  earliest  of  the  Venetian  pauiters  whose 
time  and  name  are  known :  there  is  in  the  church  of  St.  Mark  a 
picture,  or  ancona,  as  it  is  called,  by  him  and  his  two  sons,  divided 
into  several  compartments,  illustrating  the  history  of  our  Saviour,  with 
the  following  inscription : — "  Magister  Paidus  cum  Jacobo  et  Jolumne 
filiis  fecit  hoc  opus."  Lanzi  says  his  style  reminds  us  much  of  the 
Greek  specimens  of  art.  There  is  another  painting  by  him  in  the 
sacristy  of  the  Padri  Conventuali  ,at  Vicenza,  inscribed  as  follows  : — 
"  1333,  Paulus  de  Venetiis  pinxit  hoc  opus."  One  of  the  earliest 
Venetian  painters  also  was  a  Lorenzo  of  Venice,  who  according  to 
Zanetti,  was  paid  300  gold  ducats  for  an  altarpiece,  formerly  in  the 
church  of  Sant'  Antonio  di  Castello,  now  in  the  Academy,  on  which  is 
his  name  and  the  date  1358.  There  is  likewise  in  the  house  of  the 
Ercolani  family  at  Bologna  a  pictiu*e  inscribed  "  Manu  Laurentii  de 
Venetiis,  1368  : "  he  was  also  most  probably  the  painter  of  the  fresco 
of  Daniel  in  the  Lion's  Ben,  in  the  church  of  Mezzaratta,  near 
Bologna,  marked  Laurentius,  P. :  it  was  painted  about  1370.  Aiiother 
Venetian  painter  of  this  time  was  Niccolo  Semitecolo :  his  name  is 
inscribed  as  follows  upon  a  painting  in  the  Chapter  Library  of  Padua : 
— "Nicoleto  Semitecolo  da  Veniejda  impense,  1367."  This  work  is 
a  good  specimen  of  the  school :  it  represents  the  Trinity  with  the 
Virgin,  and  some  stories  of  St.  Sebastian  :  the  nude  is  tolerably  well 
expressed,  and  the  design  is  bold;  but  it  bears  no  resemblance  to 
the  school  of  Giotto  :  it  is  inferior  in  design,  yet  equal  in  colouring. 
There  are  also  two  pictures  by  this  master  in  the  Academy  at  Venice. 
The  celebrated  Antonio  Veneziano  mentioned  by  Vasari  executed  some 
works  in  Venice  about  this  time,  but  it  is  disputed  whether  he  was 
a  Venetian  or  a  Florentine.  There  are  a  few  other  old  painters  of 
merit  of  this  period  whose  names  are  known:  Simon  da  Cusighe^ 
Niccolo  Friulano,  and  Pecino  and  Pietro  de  Nova. 

In  the  16th  century  a  very  different  style  prevailed ;  and  although 
the  artists  of  this  period  still  designed  with  great  stifi&iess  and  in  the 
Gothic  taste,  they  produced  many  admirably  coloured  pictures  as 
regards  the  brilUancy  and  composition  of  colour,  but  in  the  local 
colours  and  reflexes  they  were  yet  deficient.  The  leaders  of  the 
improved  style  were  some  painters  of  the  small  island  of  Murano,  and 
it  has  the  glory  of  having  been  the  nursexy  of  the  greatest  painters  of 
Venice :  Titian  studied  at  Murano.  The  first  painters  of  this  place 
were  Quii'ico,  Bernardino,  and  Andrea  da  Marano;  but  its  great 
ornaments  were  the  Vivarini.  The  oldest  of  this  family  is  Luigi 
Vivarini  the  elder,  by  whom  there  is  an  excellent  picture  in  its 
style  of  John  the  Baptist  in  the  Venetian  academy.  The  next  in 
order  of  time  of  this  family  were  Giovanni  and  Antonio  Vivarini, 
according  to  Ridolfi  and  Zanetti,  who  lived  about  1440.  That  there 
was  a  Giovanni  Vivarini  however  is  doubted  by  Lanzi.  The  only 
authority  for  mentioning  him  is  the  following  inscription  upon  an 
altarpiece  in  San  Pantaleone : — "  Zuane  e  Antonio  da  Muran  pense, 
1444."  But  this  Zuane  is,  according  to  Lanzi,  the  German  known 
as  Joannes  de  Alemania  and  Johan  Alamanus,  which  is  evident 
from  the  two  following  inscriptions  : — "  Joannes  de  Alemania  et 
Antonius  de  Muriano  pinxit,"  on  a  picture  now  in  the  Academy, 
formerly  in  the  Scuol^  della  Caritk;  and  "Antonio  de  Muran  e 
Zohan  Alamanus  pinxit,"  on  a  painting  at  Padua.  The  remaining 
artists  of  this  family  were  Bartolomeo,  the  brother  of  Antonio, 
and  Luigi  Vivarini  the  younger.  In  the  Sala  delle  Antiche 
Pitture,  in  the  Venetian  Academy,  there  are  several  pictures  by  these 
masters:  they  differ  little  in  style  from  the  works  of  the  Bellini. 
Bartolomeo  was  the  first  of  the  Venetians  who  painted  in  oil :  his  first 
oil  picture  is  dated  1473  ;  it  is  in  the  church  of  SS.  Giovanni  e  Paolo. 
In  the  Scuola  di  San  Girolamo  there  is  an  excellent  picture  of  that 
saint  with  the  lion,  by  Luigi  Vivarini  the  younger.  The  principal 
contemporaries  and  rivals  of  the  Vivarini  in  Venice  were  Jacopo 
Nerito  of  Padua  and  Nasocchio  di  Bassano  the  elder,  both  scholars  of 
Gentile  da  Fabriano,  who  was  employed  in  Venice  in  the  beginning  of 
the  16th  century;  also  Jacopo  Bellini,  Francesco  and  his  son  Jacobello 
del  Fiore,  and  a  Morazone  :  also  a  Donato,  and  Carlo  Crivelli,  scholars 
of  Jacobello.  Jacobello  attained  great  celebrity  :  there  are  works  by 
him  in  different  ]^>arts  of  the  Venetian  territory,  bearing  dates  from 
1401  to  1432.  Donato  was  superior  to  his  master  in  style.  There 
was  likewise  a  Vittorio  Crivelli,  who  lived  about  the  end  of  the  16th 
century. 

Besides  the  painters  ahready  mentioned,  there  were  others  of  equal 
merit  in  other  parts  of  the  state,  in  Bergamo  and  Brescia.  In  the 
former  place  a  Commenduno  ;  in  the  latter  Brandolin  Testorino  and 
Ottaviano  Brandino ;  also  a  Vincenzio  Civerchino  at  Crema ;  Stefano 
da  Zevio  or  Sebeto,  a  painter  of  great  ability,  and  a  Vincenzio  di 
Stefano,  his  son,  at  Verona :  the  ktter  was  the  master  of  Liberale, 
who  became  the  best  painter  of  Verona  of  his  time.  At  Verona,  also 
in  the  latter  part  of  the  16th  century,  was  Vittore  Pisanello,  who 
executed  many  celebrated  works  in  Venice  and  in  Rome,  but  they  have 
all  perished;  there  are  however  yet  a  few  of  his  works  at  Verona. 
From  the  accounts  of  Pisanello's  works,  tiiey  appear  to  have  been  of  a 
very  superior  deecription,  especially  in  design.    He  surpassed  all  his 


contemporaries  in  painting  horses  and  other  animals ;  be  was  also  one 
of  the  most  famous  medalists  of  his  time.  Jacopo  Tintorello  and 
Marcello  Figolino  of  Vicenza  were  likewise  distingui^ed  artists  of  this 
period ;  the  latter  painted  in  an  original  manner,  and  if  the  period 
assigned  to  him  by  Ridolfi  be  correct,  1460,  he  had  a  better  knowledge 
of  light  and  shade  and  perspective,  and  a  greater  delicacy  of  execution, 
than  perhaps  any  of  his  contemporaries.  The  greatest  master  however 
of  this  period  was  Francesco  Squarcione  of  Paidua,  who  formed  there 
the  greatest  school  of  painters  ever  brought  together  by  one  man  :  he 
had  137  scholars,  and  his  museum  of  drawings  and  antiques  was  the 
richest  known  at  that  period.  He  had  himself  travelled  over  the  whole 
of  Italy  and  visited  many  parts  of  Greece  for  the  express  purpose  of 
making  a  collection  of  drawings  of  the  best  remains  of  ancient  art 
He  lived  in  great  affluence,  and  divided  many  of  his  commissiood 
among  his  scholars.  The  celebrated  illustrated  book  of  anthems  in  the 
church  of  the  Misericordia,  commonly  ascribed  to  Mantegn^,  is  now  by 
competent  judges  considered  one  of  the  commissions  of  Squarcione 
executed  by  his  numerous  scholars.  There  is  only  one  work  at  Padua 
known  to  have  been  done  by  Squarcione,  painted  for  the  Lazara  family 
in  1462 :  it  is  excellent  in  colouring,  in  expression,  and  in  perspective. 
Mantegna,  Marco  Zoppo,  and  Jacopo  Bellini  were  scholars  of 
Squarcione. 

Trevigi  also  had  its  distinguished  painters  at  this  time  :  the  follow- 
ing are  mentioned  by  historians :  Antonio,  Liberale  da  Campo,  and 
Giorgio  da  Trevigi  :  San  Vito  also  had  its  Andrea  Bellunello,  who,  ae 
his  countrymen  thought,  rivalled  both  Zeuxis  and  Apelles.  Con- 
temporary with  him  was  Domenioo  di  Tolmezzo. 

Towards  the  end  of  the  16th  century,  about  1470,  a  great  change 
took  place  in  the  Venetian  method  of  colouring :   the  old  methoda 
of  painting  in  distemper  (d  tempera),  and  with  gums,  &c,  (d  gvLozzo), 
were  laid  aside  for  what  is  now  generally  call^  oil-painting.     This 
method  was  introduced  into  Venice  by  Antonello  da  Messina,  who 
had  learnt  it  in  Flanders  of  John  van  Eyck.     Roger  of   Bruges, 
likewise  a  scholar  of  Van  Eyck,  is  said  also  to  have  visited  Venice. 
The  first  Venetians  who  distinguished  themselves  in  the  new  method 
were  the  Vivarini  and  the  Bellini.     Giovanni  Bellini  acquired  the 
reputation  of  the  most  distinguished  painter  of  his  time  in  Venice  :  he 
painted  from  1464  until  1616,  anj  executed  many  works  of  various 
degrees  of  merit,  highly  finished,  brilliantly  coloured,  but   perhaps 
always  in  a  dry  manner;    his  figures  however  are  frequently  well 
drawn,  and  his  expression  was  often  excellent.     Unlike  most  painters, 
he  improved  as  he  grew  old,  and  condescended  to  borrow  beauties  from 
much  younger  masters :  he  endeavoured  in  his  later  works  to  imitatfe 
the  design  and  colouring  of  Giorgione,  his  own  pupil.    His  elder 
brother.  Gentile  Bellini,  though  very  inferior  to  him,  also  acquired  a 
great  name.    He  was  sent  by  the  Venetian  govenunent  to  Constanti- 
nople to  paint  the  portrait  of  Mahomet  II.  and  other  works.     The 
Sultan  had  sent  to  Venice  for  a  painter.    The  school  of  the  Bellini, 
more  particularly  of  Giovanni,  was  niunerous  and  celebrated  ;  but  as, 
with  the  exception  of  Giorgione  and  Titian,  their  scholars  painted  in  a 
style  nearly  identical  with  their  masters,  it  will  be  sufficient  here  to 
mention  the  names  of  the  principal :  BelUn  Bellini,  Girolamo  Mocetto, 
Nicolo  Moretto,  Marco  Marziale,  Giambattista  Cima,  Giovanni  Martini, 
and  Martino  da  Udine,  or  Pellegrino  di  San  Daniello.    There  were 
others  who  painted  in  difierent  styles  and  belong  to  other  schools. 
Giovanni  Bellini  had  two  distinguished  rivals,  and  perhaps  superiors, 
in  Vittore  Carpuccio  of  Venice  and  Marco  Basaiti  of  the  FriiiU :  some 
of  the  works  of  the  latter  are  the  finest  specimens  of  what  may  be 
termed  the  GotMc  style  that  have  ever  been  produced. 

The  painters  of  the  Venetian  states  at  the  end  of  the  16th  century, 
contemporary  with  the  school  of  Bellini,  were  very  numerous,  and 
many  of  them  painters  of  great  merit,  though  more  or  less  followers  of 
the  old  style.  The  best  were  Carlos  Cima,  Vittore  Bellinisno,  and 
Jacopo  Montagnana  :  others,  who  approached  nearer  to  the  new  style, 
were  Vincenzio  Catena,  Cordegliaghi,  Francesco  Bissolo,  and  Girolamo 
di  Santa  Croce. 

As  the  school  of  Squarcione  at  Padua  was  opposed  to  that  of  the 
Bellini  at  Venice,  and  its  numerous  followers  adopted  a  style  distinct 
from  that  of  the  Venetian  painters,  which  prevailed  elsewhere  through- 
out the  state,  it  is  imnecessary  to  mention  them  here :  the  best  of  them 
painted  in  the  style  of  Mantegna,  who  established  a  distinct  school  at 
Mantua.  Francesco  da  Ponte,  a  native  of  Vicenza,  and  the  two  Moo- 
tagna  and  Bonconsigli,  likewise  of  Vicenza,  though  bom  so  near  to 
Padua,  were  followers  of  the  school  of  the  Bellini.  Francesco  da  Ponte 
was  the  foimder  of  the  Bassanese  school :  Bonconsigli,  called  Mares- 
calco,  was  the  best  of  all  the  painters  of  Vicenza  of  this  period.  In 
the  Oratorio  de'  Turchini  there  is  a  Madonna  on  a  throne  surrounded 
by  four  saints  by  him,  which  is  by  some  reckoned  the  finest  picture  in 
Vicenza.  At  Verona,  at  this  time,  the  beginning  of  the  16th  century, 
were  Domenico  Morone  and  his  son  Francesco,  and  also  Girolamo  da' 
Libri,  who  may  be  reckoned  among  the  best  masters  of  the  old  school; 
Girolamo  da'  Libri  was  the  most  celebrated  miniature-painter  of  his 
time  in  Italy.  Brescia  at  this  period  had  also  its  distinguished  painters, 
as  Fioravante  Ferramola  ana  Paolo  Zoppo;  and  Andrea  Previtali, a 
scholar  of  Giovanni  Bellini,  acquired  a  great  reputation  at  Bergamo. 
The  art  of  inlaying  with  stskined  woods  of  difierent  colours  was  prac- 
tised with  much  skill  at  this  time  :  the  following  artists  are  men- 
tioned by  Lanzi  as  having  attained  great  distinction  for  this  species 
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of  art: — Fra  OioYanm  da  Verona,  Fra  Vincenzo  dalle  Vacche,  Fra 
Kaffaello  da  Brescia,  Fra  Damiano  da  Bergamo,  Gian  Francesco  Capo- 
dlf  erro,  and  Bartolomeo  da  Pola. 

Whilst  the  artists  of  the  neighbouring  cities  of  Venice  were  with 
more  or  less  success  contentedly  following  the  dry  manner  of  Bel- 
hui,  it  was  completely  explodea  at  Venice  itself  by  two  of  his  own 
scholars,  Giorgio  Barbarelli  di  Castelfranco,  commonly  called  Gioigione, 
and  Tiziano  Vecellio  da  Cadore,  or  Titian.    The  former  was  bom  iu 
1477,  and   died  m  1511 ;    the  latter,  bom  m  1480,  died  in  1576. 
Gloi^one  introduced  completely  a  new  style  of  art :   he  discarded 
everything  conventional,  and  worked  upon  the  principle  that  the  exact 
imitation  of  the  effect  of  nature  as  a  whole  was  the  true  object  of 
a  painter,  whatever  might  be  the  nature  or  purpose  of  his  representa- 
tion :  the  difficulties  of  execution  involved  in  the  carrying  out  this 
principle,  though  a  material  one,  are  immense ;  the  greatest  of  them, 
however,  local  colour  and  tone,  are  those  which  the  painters  of  Venice 
appear  to  have  most  fully  mastered.    Mind  has  ever  been  less  an 
object  of  study  with  the  Venetian  artists  of  this  and  the  following 
periods,  than  the  mere  pictorial  representation,  which  appears  generally 
to  have  been  the  end  of  all  their  works  :  they  painted  for  the  picture's 
sake  only,  not  for  the  lesson  or  moral  that  the  picture  might  convey,  a 
style   properly  designated  the  ornamental.     Gioigione  was  the  first 
to  imitate  the  textures  of  stufis :  he  painted  all  his  draperies  from  the 
actual  stuff  represented,  and  painted  draperies  of  many  different  sub- 
stances.    Before  his  time  all  draperies  were  made  of  the  same  material, 
and  differed  only  in  their  colours  or  patterns.    He  is  said  to  have  been 
first  led  to  the  study  of  tone  in  light  and  shade  from  seeing  the  works 
of  Lionardo  da  Vinci    His  drawing  was-  good,  and  his  handling  bold 
yet  careful.     Whether  Giorgione,  if  he  had  lived  longer,  would  have 
executed  great  works,  in  which  every  part  and  object  woiild  have  been 
as  perfectly  executed  as  some  of  his  single  figures  and  their  costumes, 
must  remain  a  matter  of  opinion.    This  excellence  was  accomplished 
by  Titian,  and  with  a  boldness  of  execution  in  his  best  works  (in  his 
earliest  he  finished  highly)  which  far  surpasses  that  of  Giorgione ;  on 
which  account,  though  originally  an  imitator  of  the  style  of  Giorgione, 
he  is  deservedly  accounted  his  superior,  and  is  imiversally  considered 
the  founder  of  the  great  Venetian  school  of  painting.    Titian  was  in 
nothing  ideal,  but  true  in  almost  everything  that  he  painted,  if  not  in 
detail,  at  least  in  general  effect.    His  scrupulous  imits^ion  of  the  effect 
of  every  object  necessarily  excluded  the  ideal  from  his  works ;  and  if 
his  drawing  is  not  the  most  chaste  in  style  or  correct  in  proportion, 
it  b  at  least  natural,  and  it  is  not  so  inferior  that  his  other  excellences 
do  not  compensate  for  its  inferiority :  in  composition  he  was  generally 
simple,  but  sometimes  grand.    In  colour,  local  and  absolute,  he  is 
allowed  to  have  siupassed  all  other  painters  ;  in  landscape,  few  have 
surpassed  him;  in  portrait,  few  have  equalled  him.    His  principal 
masterpieces  are  considered — a  St.  Peter  Martyr,  in  the  church  of  Santi 
Giovanni  e  Paolo,  and  the  Assumption  of  the  Virgin,  in  the  Academy 
at  Venice ;  and  the  Martyrdom  of  San  Lorenzo,  at  the  Escurial  in 
Spain,  or  at  the  church  of  the  Jesmts  at  Venice  :  his  nimtieroua 
portraits,  and  Veuuses,  as  they  are  called,  are  well  known.    [Titian, 
in  Bioo.  Div.]    The  scholars  of  these  two  great  painters  were  nume- 
rous.   The  following  celebrated  masters  were  among  the  scholars  of 
Giorgione :    Sebastiano    del  Piombo,  Giovanni  da  Udine,  Francesco 
Torbido,  called  II  Moro,  Pietro  Luzzo,  called  Larotto  (and  by  Vasari, 
Morto  da  Feltro),  and  Lorenzo  Luzzi.    The  scholars  and  imitators  of 
Titian  were  likewise  numerous,  but  the  painters  who  might  be  strictly 
termed  his  scholars  are  very  few.    He  is  said  to  have  instructed  his 
brother  Francesco  Vecellio,  who  vras  an  excellent  painter,  but  Titian, 
through  jealousy,  according  to  report,  persuaded  him  to  turn  mer- 
chant :  his  own  son  Orazio  Vecellio  was  likewise  a  good  painter,  and 
there  were  still  four  other  painters  of  this  family  :  Marco  Vecellio,  the 
nephew  of  Titian ;  Tiziano  Vecellio,  the  son  of  Marco,  called  Tizianello 
to  distinguish  him  from  Titian;  also  a  Fabrizio  and  a  Cesare  Vecellio. 
Of  his  scholars,  the  principal  were — Paris  Bordone,  a  painter  of  the 
gr^ttest  ability ;  he  was  only  a  short  time  the  scholar  of  Titian,  and 
ultimately  adopted  a  style  of  his  own,  though  varying  in  nothing 
essential  &om  that  of  Giorgione  or  Titian. 

Two  of  Titian's  most  celebrated  followers  were  Girolamo  di  Tiziano 
and  Bonifazio  of  Verona,  though  called  Veneziano  by  Vasari  and 
others.  To  enumerate  the  followers  of  Titian,  or  Giorgione,  or  those 
who  imitated  the  characteristics  of  their  styles,  would  be  to  enumerate 
nearly  all  the  painters  of  Venice  of  this  period,  besides  many  of  those 
of  the  neighbouring  cities.  There  are  however  yet  a  few  names  to  be 
mentioned  of  painters  contemporary  with  the  two  great  leaders  of  this 
school,  who,  mough  they  did  not  paint  in  their  style,  yet  executed 
works  which,  in  point  of  style  of  design,  brilliancy  of  colour,  and  com- 
position, are  little  inferior  to  theirs : — Lorenzo  Lotto,  Jacopo  Palma 
the  elder,  Giovanni  Cariani,  and  Girolamo  da  Trevigi,  an  excellent 
portrait-painter,  who  was  killed  in  the  service  of  Henry  VIII.  of 
f^Qgland,  at  Boulogne  in  1544.  One  of  the  most  distinguished  con- 
temporaries of  Titian  also,  and  his  chief  rival  in  Venice,  was  Gian 
Antonio  Licnnio  (bom  1484,  died  1540),  commonly  called  Pordenone, 
from  the  place  of  his  birth  in  the  Friuh.  He  painted  much  in  the 
^yle  of  Giorgione,  but  with  still  greater  force  of  light  and  shade ;  and 
he  was  also  one  of  the  best  of  the  Venetian  fresco-painters.  There 
were  many  in  Venice  who  considered  that  Pordenone  surpassed  Titian  : 
^etti,  in  speaking  of  these  two  rivals,  says,  in  the  style  of  Pordenone 
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there  is  as  much  manner  as  nature,  in  that  of  Titian  nature  pre- 
dominates. Pordenone  formed  a  numerous  school :  Pomponio  Amalteo 
was  the  most  distinguished  of  his  scholars,  who  himself  also  had  many 
scholars,  of  whom  Sebastiano  Seccante  was  a  distinguished  painter. 
The  following  imitators  of  the  style  of  Titian  are  all  deserving  of 
mention: — ^Andrea  Schiavone  di  Sebenico,  called  Medula;  Ludovico 
FiumiceUi,  of  Trevigi;  Francesco  Dominici,  also  of  ^l^vigi;  Gio. 
Battista  Ponchino,  of  Castelfranco;  Damiano  Maza  and  Domenico 
Campa^ola,  of  Padua ;  Giambattista  Maganza,  in  Vioenza;  Alessandro 
Bonvicmo,  called  II  Moretto  di  Brescia  (a  painter  of  superior  powers— 
he  formed  several  good  scholars) ;  and  Bomanino  Savoldo  Gambara 
and  Pietro  Rosa,  of  Brescia — ^the  first  was  the  master  of  Girolamo 
Muziano,  who  afterwards  distinguished  himself  at  Rome ;  the  second 
was  known  at  Venice  as  Girolamo  Bresciano.  Therd  were  also 
many  other  painters  of  merit,  of  the  school  of  Titian,  in  various  other 
cities  of  the  Venetian  state ;  bub  the  limits  of  this  article  will  not 
admit  of  them  all  being  enumerated  by  name. 

It  remains  yet  to  mention  three  of  the  greatest  ornaments  of  the 
golden  age  of  Venetian  painting,  as  this  period  is  called— Jacopo 
Robusti,  called  Tintoretto;  Jacopo  da  Ponte,  called  Bassano;  and 
Paolo  Cagliari,  called  Veronese.  Tintoretto  (bom  1512,  died  1494),  so 
named  from  the  trade  of  his  father,  a  dyer,  is  generally  called  the  pupil 
of  Titian,  but  he  remained  only  twelve  days  yn&L  him,  and  this  at  a  time 
when  he  was  vexy  young.  [Tintoretto,  in  Bioa.  Div.]  He  professed 
to  colour  like  Titian,  and  to  draw  like  Michel  Angelo ;  his  practice 
however  did  not  accord  with  his  profession,  for  compared  with  Titian, 
he  was  cold  in  colouring,  and  extremely  heavy  in  light  and  shade ;  he 
was  fond  of  violent  contrasts  and  great  masses  of  light  and  shade;  in 
design,  though  muscular,  he  was  often  lean  and  incorrect ;  and  in  his 
compositions  he  was  fond  of  ^many  figures,  generally  thrown  together 
without  arrangement.  He  was  however  extremely  unequal  in  his 
works,  some  of  which  are  amongst  the  finest  productions  of  the 
Venetian  school ;  his  masterpiece  is  generally  considered  the  Miracolo 
dello  Schiavo,  in  the  Academy  at  Venice :  he  put  his  name  to  this 
picture  and  to  the  two  following— the  Crucifixion,  at  San  Rocco,  and 
the  Marriage  at  Cana,  in  the  Churoh  of  Santa  Maria  della  Ss^ute. 
Many  of  Tintoretto's  greatest  pictures  are  merely  dead-coloured,  and 
that  in  a  most  careless  manner :  he  was  extraordinarily  rapid  in  his 
execution, — he  acquired  the  name  of  II  Furioso  in  consequence : 
Sebastian  del  Piombo  said  that  Tintoretto  could  do  as  much  in  two 
days  as  he  could  do  in  two  years.  Bassano  (bom  1510,  died  1592) 
commenced  as  an  historical  painter  in  the  grand  style,  and  as  an 
imitator  of  Titian ;  but  after  he  left  Venice  he  changed  it  for  an 
original  style  of  his  own  in  the  characteristic  style  of  the  Dutch 
painters,  and  he  was  the  first  to  introduce  the  taste  for  such  works 
into  Italy.  He  painted  landscapes,  animals,  domestic  scenes,  kitchens, 
&c.,  and  the  vanous  utensils  for  drinking,  &c.,  particularly  of  brass. 
In  the  church  of  Santa  Maria  Maggiore  at  Venice  is  a  Sacrifice  of 
Noah,  in  which  he  introduced  all  the  birds  and  <tnimalH  that  he  had 
drawn  elsewhero :  his  greatest  excellence  was  his  colouring.  He 
brought  up  four  sons  as  painters,  but  they  wero  inferior  to  their 
father.  Paolo  Veronese  (bom  1528,  died  1588),  though  in  his  principles 
of  colouring  identical  with  the  other  great  masters  of  Venice,  from  tiie 
splendour  of  his  great  compositions  may  be  said  to  have  formed  a  new 
style  of  his  own.  He  was  fond  of  crowds  of  people,  arrayed  with  all 
the  pomp  and  splendour  that  the  imagination  and  colour  could  accom- 
plish, filUng  his  backgrounds  with  piles  of  the  richest  architecture.  He 
was  however,  as  Algarotti  says,  careless  in  design,  and  in  costume 
extremely  licentious ;  but  his  fsmcy  was  noble.  Ins  invention  inexhaust- 
ible, and  even  his  faults  are  pleasing :  one  can  scarcely  look  at  his 
magnificent  pictures  without  longing  to  be  a  party  in  the  scene.  One 
of  his  grandest  compositions  is  the  Marriage  at  Cana,  in  the  Louvro — 
a  vast  composition,  more  than  20  feet  high,  and  upwards  of  30  wide : 
it  contains  about  160  heads,  many  of  which  are  portraits  of  the  most 
illustrious  and  distinguished  persons  of  his  time.  Another  of  his 
chief  works, '  the  Family  of  Darius,'  is  in  the  National  GiJlery.  Paolo 
Veronese  was  the  real  master  of  Rubens.  Verona  had  at  this  time 
three  other  painters  little  inferior  to  Paolo  himself :  Battista  d' Angelo, 
called  Del  Moro,  scholar  and  son-in-law  of  Torbido ;  Domenico  Ricci, 
called  Brusasorci ;  and  Paolo  Farinato,  called  degli  UbertL 

Of  the  assistants  and  scholars  of  Paolo  the  most  distinguished  were 
his  brother  Benedetto  Cagliari,  who  generally  painted  his  arohitecturo 
for  him;  his  son  Carlo  Cagliari,. c^ed  Carletto,  who  died  young; 
Gabriele  Cagliari,  likewise  his  son;  and  Battista  Zelotti,  the  most  dis- 
tinguished of  all  his  followers. 

After  the  time  of  the  great  masters  just  spoken  of,  in  the  17th 
century  the  Venetian  school  of  painting  declined  as  much  and  as 
rapidly  as  the  Florentine  did  after  the  time  of  Michel  Angelo.  Many 
of  the  Venetians  of  this  period,  mistaking  apparently  brilliancy  for 
art,  cultivated  Httle  besides  colour,  and  many  of  their  pictures  are 
mere  compositions  of  silks,  satins,  and  other  stuiSs.  There  were 
however  several  good  painters  during  this  period  of  decline.  Jacopo 
Palma  the  yoimger  (bom  1544,  died  about  1628)  holds  a  middle 
place  between  the  great  painters  of  the  last  period  and  the  man- 
nerists of  this.  Lanzi  calls  him  the  last  of  the  good  age  and  the 
first  of  the  bad.  He  painted  somewhat  between  the  styles  of  Tin- 
toretto and  Paul  Veronese;  had  many  defects  and  many  beauties, 
and  produced  many  bad   and   several  admirable   pictures.      Marco 
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Boscliini,  painter  and  engraver,  was  a  scholar  of  Palma ;  he  is  known 
for  an  uncritical  work  on  painting,  principally  on  the  stylo  and 
works  of  the  Venetian  painters  of  his  owti  and  former  times, 
entitled  "  La  Carta  del  Navegar  Pittoresco."  The  following  painters 
were  the  princi^ial  contemporaries  of  Palma,  who  painted  somewhat  in 
his  style :  —  Leonardo  Corona,  Andrea  Vicentino,  Sarito  Peranda, 
Antomo  Vassilacchi,  called  L' Aliense  :  Pietro  MaJombra,  and  Girolamo 
Pilotto.  Giuseppe  Porta,  called  Salviati,  Matteo  Ponzone,  the  scholar 
of  Perandft,  and  rietro  Damini.  scholar  of  Gio.  Battista  NovcUi,  were 
likewise  three  of  the  best  painters  of  this  time. 

In  1630  and  1631  many  painters  were  carried  off  by  the  plague, 
which  visited  Venice  in  those  years ;  and  traces  of  the  excellences 
of  the  great  masters  were  aftef  that  time  still  more  rare  in  the 
works  of  the  surviving  painters  of  Venice.  In  the  middle  of  the 
17th  century  the  style  of  M.  A.  Caravaggio  and  the  NaturaUsti  began 
lo  prevail  there,  and  several  foreigners  supplanted  the  Venetian 
painters  in  public  estimation  in  Venice  Itself.  The  followers  of 
Caravaggio  in  Venice  were,  on  account  of  their  dark  shadows,  called 
by  the  Venetian  painters  the  Tenebroai :  the  pictures  of  the  masters 
of  this  school  4re  dark  from  two  causes — from  then-  style  of  colour- 
ing and  fi'om  their  practice  of  paintincj  uy>on  dark  grounds,  upon 
which  the  middle  tints  never  stand.  The  pictures  painted  on  such 
grounds  datken  after  a  time,  and  high  lights  and  deep  shadows  are  all 
that  appear.  Of  these  NatuitJisti  and  Tenebrosi,  Pietro  Ricohi  of 
Lucca,  called  II  Lucchese,  was  one  of  the  best ;  others  were  Carlo 
Saraceni,  Francesco  Rusca,  Stefano  Pauluzzi,  Matteo  da'  Pitocchi,  and 
Bastiano  Mazzohi.  Of  strangers  distinguished  in  other  styles  the 
following  were  the  most  successful: — Antonio  Triva  of  Reggio,  a 
scholar  of  Guercino;  Bernardo  Strozza,  his  scholar  Langetti,  and 
Niccolo  Cassana,  of  Genoa ;  Antonio  Bavarense,  of  Bavaria;  and  Pede- 
rigo  Cervelli,  of  Milan,  the  master  of  Sebastian©  Ricci.  The  painters 
of  thiii  period  who  still  followed  the  style  of  the  great  leader  of  ihe 
Venetian  school  were  Giovanni  Contarino  and  his  scholar  Tiberio 
Tinelll,  celebrated  porti-ait  painters ;  also  Girolamo  Forabosco,  Pietro 
Bellotti,  and  Carlo  Ridolfi,  well  known  for  his  Lives  of  tho  Venetian 
mhitert, '  Le  Maraviglie  dell'  Arte,  ovvero  le  Vite  degli  illustri  Pittori 
Veneti  e  dello  Stato/  2  vols.  4to.,  Venice,  1648,  which  is  one  of  the 
best  of  the  Italian  works  of  this  kind.  Ridolfi  was  a  native  of 
Verona,  where,  of  all  the  cities  of  the  Venetian  state,  what  is  more 
properly  the  Venetian  style  still  prevailed  with  least  deterioration. 
Dario  Varotari,  the  father  of  Alessandro,  called  Padovanino,  Alessan- 
dro  Turchi,  called  L'Qrbetto,  and  Pasquale  Ottini,  all  amongst  the 
best  painters  of  their  time,  were  natives  of  Verona. 

Padovanino  (born  at  Padua,  1590,  died  1650)  went  young  to  Venice 
to  study  the  works  of  Titian,  and  became  the  most  distinguished 
painter  of  this  school  of  the  17th  century,  and  is  one  of  the  best  of 
Titian's  imitators :  his  masterpiece  is  the  Marriage  at  Cana,  in  the 
Academy  at  Venice.  Scaligero,  his  principal  scholar,  also  acquired 
reputation. 

Another  great  painter  of  Padua  of  this  time  was  Pietro  Liberi, 
sometimes  called  Libertino,  from  the  character  of  his  naked  Venuses, 
of  which  he  painted  many.  At  Viceliza  the  beauties  of  this  school 
were  still  preserved  to  a  considerable  degree  by  Alessandro  Maganisa, 
an  imitator  of  Paul  Veronese  and  2ielotti ;  Francesco  Maffei,  scholar 
ofPerauda;  Giulio  Carpioni,  scholar  of  Padovanino;  and  Bartolomeo 
Cittadella,  the  scholar  of  Carpioni. 

At  the  end  of  the  17th  century  no  particular  style  previiiled  in 
Venice,  and  all  the  various  classes  of  painting  had  their  votaries  : 
landscape,  architecture,  battle,  and  marine  painters  were  alike  nume- 
rous. Zanetti  states  that  there  were  as  many  styles  as  painters  in 
Venice  at  the  end  of  the  17th  century.  In  historical  painting  however 
the  works  of  the  Bolognese  painters  as  in  almost  every  other  city  at 
this  time,  were  likewise  in  Venice  the  chief  objects  of  attraction.  Still, 
says  Lanzi,  the  old  masters  were  not  on  this  account  underrated,  but 
were  spoken  of  as  the  ancients  of  a  golden  age,  whose  customs  were  to 
be  praised,  but  not  imitated.  The  colouring  of  the  painters  of  this  period 
in  Venice  was  more  brilliant  than  that  of  the  great  masters,  but  what 
they  gained  in  brilliancy  they  lost  in  truth :  in  drawing,  however,  and 
in  costume  some  of  those  painters  had  the  advantage  of  theii*  pre- 
decessors, but  in  these  respects  the  Venetians  were  never  very  dis- 
tinguished. Of  these  painters  the  following  may  be  mentioned  : 
Andrea  Celesti,  who  painted  sometimes  in  the  style  of  Caravaggio,  but 
more  generally  in  the  style  of  Paul  Veronese  than  of  any  other  master ; 
and  Antonio  Zanchi  of  Este,  better  known  for  the  number  than  esteemed 
for  the  merit  of  his  works,  painted  likewise  sometimes  in  the  style  of 
Caravaggio  and  sometimes  in  that  of  Tintoretto.  In  the  Scuola  di  San 
Rocco  there  is  a  celebrated  picture  by  him  of  the  Phigue  of  Venice  in 
1630,  and  opposite  to  it  in  that  place  there  is  a  picture  of  tho  Libera- 
tion from  the  Plague,  by  his  scholar  Pietro  Negri.  Francesco  Trevisani 
was  also  one  of  his  scholars,  but  he  settled  early  in  Rome.  To  these 
may  be  added  the  names  of  Antonio  Molinari,  Antonio  Belluci, 
Giovanni  Segala,  Gio.  Antonio  Fumiani,  and  Niccolo  Bambini.  The 
laat  was  the  scholar  of  Carlo  Maratta  in  Rome,  and  many  of  his  pictures 
are  painted  entirely  in  the  Roman  style.  But  a  more  distinguished 
painter  and  a  better  draughtsman  than  any  of  these  was  Gregorio  Lazza- 
nni,  who  painted  in  the  style  of  the  best  Bolognese  and  Roman  painters 
of  the  period,  though  he  never  left  Venice.  Antonio  Pellegrini  acquu-cd 
a  name  in  various  countries  of  Europe.    Jacopo  Amigoni  also  attained 


great  celebrity,  less  in  Venice,  however,  than  in  England,  in  Germany, 
and  in  Sjiain ;  hid  pictm-es  are  extremely  bright  and  brilliant.  Otht-r 
distinguished  painters  of  this  age  entitled  to  be  mentioned  were 
Giambattista  Pittoni  and  Giambattista  Piazetta  :  the  former  w as  ctlf 
brated  for  his  i)owerf ul  effects  of  light  and  shade  in  the  maimer  if 
Guercino,  but  through  a  bad  metho(t  of  colouring,  his  pictures  in  a 
short  time  lost  all  their  beauty  in  this  respect ;  his  execution  was  rapM 
and  careless.  He  was  a  good  caricaturibt,  and  he  was  remarkably 
popular  in  his  time.  One  of  the  scholars  of  Piazetta,  Giambattista 
Tiepolo,  was  the  List  of  the  Venetians  who  acquired  a  great  name.  He 
was  one  of  the  best  painters  of  the  18th  century,  and  acquired  a  great 
reputation  in  Italy,  in  Germany,  and  in  Spain,  where  he  died  at 
Madrid  about  1770.  He  excelled  chiefly  in  fresco,  and  ho  painted  more 
in  the  style  of  Paul  Veronese  than  that  of  Piazetta.  [Tiepolo,  in 
Bigg.  Div.]  He  had  a  distinguidhed  scholar  in  Fsibio  Ciuale. 
Although  Tiepolo  may  be  termed  the  last  of  the  great  Venetian 
painters,  there  were  still  several  perliaps  of  equal  ability  in  the  state. 
jJefore  meiitioning  these  however,  we  have  yet  to  notice  one  of  the 
greatest  painters  of  tho  18th  century,  who,  though  not  a  Venetian,  waa 
first  educated  at  Venice  by  Cervelli,  Sebastiano  Ricci,  or  Hizzi,  bom  at 
Cividal  di  Belluno  in  1660,  and  died  in  1734.  He  traveUed  over  Italy, 
and  visited  Germany,  England,  and  Flanders,  and  earned  the  reputa- 
tion of  a  great  painter  wherever  he  went.  He  had  a  great  facility  in 
imitating  the  styles  of  other  masters  :  he  painted  in  fresco  and  in  oil. 
His  colouring  was  rich  and  agi-eeable,  though  he  occasionally  intn> 
duced  too  much  azure  in  his  draperies.  His  composition  and  desi^ 
were  graceful ;  in  design  he  was  better  than  Uie  Venetians  :  his 
handling  was  free  and  yet  not  careless.  His  nephew  Marco  Ricci  ^its 
a  distinguished  landscape  painter.  Ricci  had  several  scholars  :  tiie 
most  distinguished  were  Gaspero  Daziani  and  Pl^ncesco  Fontebasso. 

it  remains  now  only  to  mention  the  distinguished  painters  of  the 
Venetian  state,  in  the  18th  century,  not  already  noticed.     Antomo 
Zifrondi  of  Bergamo,  a  painter  of  remarkable  facility  of  execution ; 
and  of  the  same  place,  Fra  Vittore  Ghirlandi  and  Bartolomeo  Nazzari, 
were  both  excellent  portrait  painters.    In  Brescia,  Avogadro  Breg- 
ciano  was  distinguished  for  rich  colour,  elegant  composition,  and  good 
drawing ;  likewise  Andrea  Toresani,  but  he  practised  more  in  Venice 
and  Milan  than  in  Brescia :  he  was  distinguished  for  landscapes  and 
marine  pieces,  which  he  embellished  with  figures  and  animals  painted 
in  excJeUent  taste.     Sittione  Brentana,  though  a  native  of  Venice,  wa^ 
domiciliated  at  Verona,  and  painted  many  excellent  works  there.    Of 
Verona  also  was  Antonio  Balestra,  who  studied  at  Venice,  at  Bologna, 
and  at  Rome  with  Carlo  Maratta :  he  x)aiiited  less  in  the  Venetian  t&ste 
than  in  the  Bolognese  and  Roman;  he  drew  well,  composed  witli 
judgment,  and  executed  many  excellent  works :  Gio.  BattiBta  Mariotti, 
Giuseppe  Nogari,  and  Pietro  Longhi,  Venetians,  were  his  scholars. 
The  first  was  a  good  imitator  of  his  style ;  the  second  excelled  as  a 
portrait  painter,  but  painted  also  some  historical  pieces ;  the  third  was 
distinguished  for  masks,  conversations,  and  landscapes.    Carlo  Salis  of 
Verona,  and  Cavalcabo  of  Roveredo,  both  painters  of  great  merit,  were 
likewise  the  scholars  of  Balestra ;  and  also  another  Veronese  painter, 
one  of  the  best  of  the  18th  century,  II  Conte  Pietro  Rotari  :  he  excelled 
in  every  department  of  painting  except  colouring,  yet  in  this  respect 
he  was  harmonious ;  his  colouring  was  ashy  and  melancholy ;  he  died 
at  St.  Petersburg  in  1782,  painter  to  the  empress  Catherine  II.  of 
Russia.    The  Inst  of  the  distinguished  painters  of  Verona  was  Gio. 
Bettino  Cignaroli,  likewise  instructed  by  Balestra :  he  drew  also  in  the 
style  of  Maratta ;  his  masterpiece  is  perhaps  the  Flight  into  Egypt,  at 
St.  Antonio  Abate  at  Parma :  he  died  in  1770.    Tho  emperor  Joseph  It 
is  reported  to  have  said,  that  he  had  beheld  two  very  rare  things  in 
Verona — the  amphitheatre,  and  the  first  painter  of  Europe. 

Santo  Prunati  of  Verona,  contemporary  with  Balestra  at  Verona, 
was  also  a  good  painter ;  and  there  was  a  Pietro  Uberti  at  Venice,  an 
excellent  portrait  painter.  A  very  distinguished  painter  also  of  thia 
period  at  Venice,  though  of  a  different  class,  was  Antonio  Canalett-o, 
known  throughout  Europe  for  his  views  in  Venice,  and  other  cities  in 
and  out  of  Italy. 

Jtornan  Schoo!, — That  style  of  art  which  was  eventually  formed,  or 
prevailed,  at  Rome  during  the  golden  age  of  painting,  in  the  beginning 
of  the  16th  century,  is  termed  tho  Roman  school,  whether  it  wa3 
practised  by  subjects  of  the  papal  government,  natives  of  the  city  of 
Rome,  or  strangers  resident  there.  The  simple  fact  however,  of 
having  practised  the  art  of  painting  in  Rome,  does  not  constitute  a 
disciple  of  that  school.  The  works  of  Raffaelle  exhibit  this  style  in  its 
full  development  or  most  perfect  form,  and  he  Is  accordingly  the  head 
or  representative  of  the  Roman  school. 

In  retracing  the  progress  of  the  Roman  school,  we  must  go  back  to 
that  original  school  of  Italian  painting,  which  flourished  in  tho  14th  cen- 
tury in  various  cities  of  the  Roman  states,  within  the  limits  of  ancient 
Umbria, — in  Gubbio,  Fabriano,  Maselica,  Borgo  S.  Sepolcro,  Urbino, 
Assisi,  and  other  places, — and  thence  termed  the  Umbrian  school. 

Oderigi  of  Gubbio,  one  of  the  old  practitioners  of  nussal-painting,  ^ 
art  which  was  never  quite  extinct  in  Italy,  seems  to  be  the  most 
ancient  painter  of  this  school  whose  period  is  ascertained  with  any 
degree  of  certidnty;  he  died  about  a. d.  1300.  Oderigi  appears  to  have 
been  an  active  reviver  of  painting,  and  he  was  a  man  of  reputation  m 
his  day.  He  is  mentioned  honourably  by  Dante,  who  terms  him 
*'  L'onor  d*  Agobbio,  e  Tonor  di  quell*  arte." 
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There  is  mention  also  of  three  other  ancient  painters  of  Gubbio  : 
Cecco  and  Puccio,  who  were  employed  in  1321  in  painting  the  dome 
of  Orvieto;  and  Guido  Palmerucci,  who  was  employed  about  1324^  in 
the  town-hall  oi  his  native  city. 

A  still  more  important  name  in  the  early  history  of  the  Roman 
Bchi>ol  is  that  of  Pietro  Cavallini,  who  is  said  to  have  received 
instruction  from  Giotto  while  at  Home.  A  Crucifixion  by  this  master, 
Btill  extant  at  Assisi,  is  a  remarkable  production.  The  return  of  the 
papal  government  from  Avignon  to  Rome  gave  a  new  impulse  to  the 
arts ;  the  most  sltilful  artists  were  sought  throughout  Italy  to  decorate 
the  temples  and  palaces  of  the  luxurious  pontiffs  of  Rome.  Of  these 
the  principal  were  Ottaviai^o  Martis^  and  Gentile  da  Fabriano,  a  master 
vi  much  greater  merits.  Fabriano  was  sumamed  Magister  Magistrorum, 
and  practised  his  art  in  many  parts  of  Italy.  In  1417  we  find  him 
engaged  at  Orvieto;  he  resided  afterwards  at  Venice,  where  he 
obtained  the  rank  of  patrician,  and  was  the  master  of  Giacopo  Bellini, 
whose  Bona  were  the  founders  of  the  Venetian  school  His  style, 
wliich  by  Michel  Angelo  was  pronounced  to  be,  like  his  name, 
"  Gentile,"  somewhat  resembled  that  of  Fra  Angelico  da  Fiesole,  though 
it  was  much  inferior  to  it. 

Piero  della  Francesca,  or  Piero  Boighese,  advanced  the  art  still 
f ui*ther ;  he  was  reckoned  one  of  the  best  geometricians  of  his  time, 
and  was  the  first  Italian  who  had  any  knowledge  of  the  principles  of 
perspective.  He  introduced  .immense  improvements  in  the  manage- 
ment of  draperies,  and  also  greatly  enlarged  the  manner  of  treating 
the  naked  fi^re.  Bramante  studied  the  works  of  Piero,  who  was 
fond  of  introducing  architectural  backgrounds  in  his  pictures,  which 
he  executed  in  tolerable  perspective.  Additional  improvements  were 
made  by  Bartolomeo  Corradini  of  Urbino,  called  Fra  Camevale,  who 
gave  great  character  to  his  heads,  and  was  the  first  to  introduce  por- 
traits into  historical  compositions,  in  which  practice  he  was  afterwards 
followed  by  Rafi^ielle,  who  paid  great  attention  to  the  works  of  this 
painter  at  the  commencement  of  his  career. 

Niccolo  Alunno  of  Foligno  and  Benedetto  BonfigU  complete  the 
liat  of  the  considerable  artists  of  this  school  previous  to  and  contem- 
porary with  Pietro  Perugino,  the  master  of  Rafiaelle,  and  Giovanni 
Sanzio  of  Urbino,  his  father.  Although,  through  the  united  efforts  of 
the  above  masters,  painting  had  attained  to  many  high  and  pleasing 
qualities,  true  taste  in  design  may  be  said  to  have  totally  failed  them. 
They  had  not  yet  discovered  what  was  beautiful  and  what  was  not,  or 
\^'hat  belonged  to  the  individual  and  what  to  the  class.  Their  art  was 
not  truly  imitative,  nor  does  it  seem  that  an  appearance  of  reality 
was  an  object  with  these  painters ;  they  seem  to  have  considered  that 
their  end  was  sufficiently  accomplished  in  an  intelligible  indication  of 
whatever  they  represented.  The  deficiency  of  this  school  could  only 
he  Bupplied  through  the  study  of  the  antique,  and  to  supply  it  in  a 
great  degree  was  a  distinction  which  fell  to  the  lot  of  Masiaccio,  who 
mast  be  looked  upon  as  the  leader  of  the  great  painters  of  the  15th 
century,  or  the  Quatrocehtisti,  as  the  Italians  have  termed  them, 
amon^  whose  works  we  first  perceive  any  distinctive  characteristics 
of  Btyle. 

It  cannot  be  denied  that  Penigino  owed  his  great  superiority  over 
his  predecessors  to  his  visit  to  Florence,  where,  whether  he  became 
the  pupil  of  Verocchio  or  not,  which  is  a  matter  of  dispute,  he  was  at 
I'AOBt  enabled  to  study  the  noble  works  of  Masaccio.     His  taste  was 
however  still  dry  and  mean,  his  design  was  meagre  and  feeble,  though 
often  correct,  his  draperies  were  stiff  and  in  a  little  manner,  yet  his 
colouring  was  sometimes  exceedingly  rich,  and  for  graceful  deUcacy  of 
attitude  and  motion,  and  a  softness  and  simplicity  of  expression,  he 
siirpa^sed  all  his  contemporaries.    But  there  is  a  symmetriod  repetition 
and  Bimilarity  in  the  disposition  of  his  figures,  which  betray  a  total 
absence  of  anything  like  vigour  or  truth  of  composition,  and  which 
place  him  at  an  immeasurable  distance  from  his  great  scholar.     No 
impils  ever  imitated  their  master  so  closely  as,  with  the  exception  of 
liafl'aelle,  did  those  of  Perugino ;  and  many  of  their  works  are  reputed 
works  of  their  master.     His  most  celebrated  scholars  were,  Bernardino 
Hnturicchio ;  Andrew  Luigi  of  Assisi,  called  L'Ingegno  on  account  of 
his  great  abilities,  who  became  blind  when  still  young ;  Domenico  and 
liis  Ron  Orazio  di  Paris  Alfani ;  Eusebio  da  S.  Giorgio  j  Giannicola  da 
Perugia;   Lo  Spagna;    Berto  di   Giovanni;    Sinibaldo  da  Perugia; 
Adone  Doni  of  Assisi ;  and  Palmerini  of  Urbino.     The  works  of  all 
these  masters  were  more  or  less  conspicuous  for  symmetrical  com- 
position and  a  profuse  application  of  gold. 

We  now  arrive  at  the  pride  of  Perugino  and  the  glory  of  the 
Roman  School,  RafBiello  Sanzio  d'tjrbino,  the  first  of  painters;  for 
moral  force  in  allegory  and  history,  unrivalled ;  for  fidelity  in  portrait, 
"nsnrpassed;  who  has  never  been  approached  in  propriety  of  invention, 
comp(jeition,  or  expression  ;  who  is  almost  without  a  rival  in  design ; 
'"id  in  sublimity  and  grandeur,  inferior  to  Michel  Angelo  alone,  whose 
prophets  and  sibyls  in  the  Capella  Sistina  are  in  these  respects  unques- 
tionably the  triumphs  of  modern  art, 

.  It  inust  not  be  supposed  that  Kafiaelle  attauied  these  great  qualities 
iBtiiitively :  they  were  the  result  of  long  and  intense  application ;  and 
la  the  works  of  no  artist  is  the  progress  of  improvement  so  apparent 
^  m  those  of  Raffaelle.  He  painted  in  three  styles  :  his  first  was  that 
ot  Perugino.  His  second  was  an  enlargement  of  that  style  in  the  taste 
?*  Fra  Bartolomeo,  and  is  termed  his  Florentine ;  but  this  change  or 
improvement  in  style  was  not  effected  through  an  acquaintance  with 


that  great  painter  alone,  but  also  through  the  impression  made  upon 
Raflaelle's  mind  by  the  works  of  Masaccio,  of  Lionardo  da  Vinci,  and 
also  of  Michel  Angel©,  at  Florence.  His  third  style,  which  is  the 
subject  we  have  now  more  particularly  to  consider,  was  pecuUarly  hi 
own ;  although  those  magnificent  works  the  Prophets  and  Sibyls  of 
Michel  Angelo  were  the  principal  causes  of  its  ultimate  fulness  and 
grandeur.  This  third  style,  which  is  the  proper  style  of  Raffaelle, 
constitutes  the  Roman  school  in  its  full  development,  which  is  the  least 
defective  of  aU  the  schools  of  painting. 

There  is  a  degree  to  which  the  powers  of  imitation  may  be  com- 
bined \vith  those  of  the  imagination,  which,  when  regulated  by  a  just 
refinement  of  feeling  or  taste,  constitutes  the  perfection  of  painting, 
and  this  degree,  though  not  attained,  was  in  the  aggregate  approxi- 
mated more  nearly  by  Kafiaelle  than  by  any  other  painter.  He  never 
designed  a  figiu-e  which  he  did  not  inspire  with  appropriate  sentiment; 
the  affections  of  mankind  were  the  sphere  of  his  genius ;  from  the 
calculating  sage  to  the  thoughtless  infant,  his  works  are  the  history  of 
the  human  heart,  and  deservedly  has  he  been  entitled  the  "  painter  of  the 
passions."  The  elements  of  his  style  are  nowhere  more  apparent  than 
in  the  Cartoons  at  Hampton  Coiirt.  To  particularise  amidst  so  much 
excellence,  and  to  single  out  the  works  in  which  Ra£Bielle  has  been 
most  eminently  successful,  is  rathtr  a  delicate  task ;  yet  perhaps  the 
following  examples  may  be  instanced  as  being  more  decidedly  con- 
spicuous for  those  particular  qualities  which  characterise  his  style  : — 
for  grandeur  of  design,  the  Heliodorus ;  for  subUmity  of  character  and 
conception,  the  Madonna  di  San  Sisto ;  for  composition  and  expression, 
the  Cartoons ;  and  perhaps  for  invention  and  general  technical  excel- 
lence, the  Transfiguration,  his  last  performance.  [Raffaelle,  in 
Bioo.  Div.] 

The  style  of  Raffaelle  has  seldom  been  found  congenial  to  their  taste 
by  the  lovers  of  colour,  and  certainly  those  who  consider  the  perfection 
of  painting  to  consist  in  splendid  colouring  must  not  look  for  it  in  the 
works  of  the  Roman  school,  but  in  tljiose  of  Paul  Veronese  or  of 
Rubens.  Many  critics  have  regretted  that  Ra&elle  did  not  colour  like 
Titian ;  but  colour  was  to  Raffaelle  a  means,  and  not  an  end,  as  it  was 
with  the  majority  of  the  Venetian  painters ;  and  its  effect  is  to  dazzle 
and  to  obscure,  rather  than  to  enhance  the  essential  qualities  of  the 
grand  style.  For  as  the  painted  face  of  a  player  harmonises  with  the 
accompanying  spectacle  and  the  tone  of  light  around,  and  would  as 
certainly  be  ridiculous  if  exposed  to  the  light  of  day,  so  the  Venetian 
colouring,  which  is  in  such  perfect  harmony  with  the  subjects  of  that 
school  and  their  general  treatment,  would  as  certainly  be  in  discordance 
with  those  qualities'  which  characterise  the  style  of  Raffaelle.  Even 
Ludovico  Caracci,  the  founder  of  the  Eclectic  school  of  Bologna,  dis- 
covered that  Venetian  colouring  was  inapplicable  to  the  subjects  which 
he  chose  for  his  own  pencil.  And  Raffaelle  would  not  have  been  the 
great  painter  that  he  proved  himself  to  be,  had  he  chosen  any  other 
than  the  sombre  colour  for  which  he  is  so  conspicuous,  and  which,  so 
far  from  being  a  defect  in  his  style,  is  indeed  an  additional  evidence  of 
his  profound  genius.  These  remarks  do  not  refer  to  the  carnations 
particularly,  which  should  always  harmonise  with  the  draperies,  but  to 
the  composition  of  colours  generally,  to  their  choice  and  intensity,  and 
also  to  the  stu£&  and  materials  of  which  the  draperies  are  composed. 
Raffaelle  rarely  if  ever  painted  silks  or  satins ;  most  of  the  Venetians 
seldom  paintsd  anything  else. 

Raffaelle  had  many  schohirs  and  many  imitators ;  of  the  former,  the 
principal  were  Giulio  Romano,  Gianfrancesco  Penni  (with  GiuUo, 
Raffaelle's  principal  heir),  and  Perino  del  Vaga :  these  painters  com- 
pleted, from  Raf^lle's  designs,  tl^e  great  works  in  the  Vatican,  which 
he  had  left  unfinished. 

Giulio  Pippi,  called  GiuUo  Romano,  certainly  the  most  eminent  of 
all  Raffaelle's  scholars  and  imitators,  was  conspicuous  for  the  correct 
and  i)owerful  design  of  his  master,  but  in  other  respects  he  never 
approached  him.  Although  he  had  great  powers  of  invention,  an 
unpleasing  expression  and  an  evident  absence  of  sentiment  prevail 
throughout  hiis  works.  He  is  also  heavy  both  in  design  and  colour- 
ing; but  his  particular  employment  under  Raffiielle,  that  of  dead- 
colouring  and  preparing  his  works  in  oil,  may  have  greatly  contributed 
to  this  effect.  Giulio  left  Rome  during  the  pontificate  of  Clement  VII., 
shortly  after  the  completion  of  the  Constantino  series  in  the  Vatican, 
and,  at  the  invitation  of  Federigo  Gonzaga,  rejiaired  to  Mantua,  where 
he  founded  a  school  and  painted  his  famous  works,  the  Fall  of  tho 
Giants,  and  the  Loves  of  Cupid  and  Psyche.  [Giulio  Romano,  in 
Bioo.  Div.] 

Gianfrancesco  Penni,  with  little  less  vigour  than  Giulio,  wajs  con- 
spicuous for  more  of  the  grace  of  his  master.  Pierino  Buonaccorsi, 
called  Perino  del  Vaga,  displayed  nearly  equal  powers.  Other  pupihi 
and  assistants  of  Raf^Ue  in  the  stanze  and  the  loggie  of  the  Vatican, 
were — Giovanni  da  Udine ;  Polidoro  Caldara  da  Caravaggio,  c^ebrated 
for  his  imitations  of  imcient  bassi  rilievi ;  Pellegrino  da  Modena ;  Bar- 
tolomeo Ramenghi,  called  II  Bagnacavallo ;  Vinoenziodi  S.  Gimignano; 
Timoteo  della  Vite :  Rafi^Uino  del  CoUe ;  Benvenuto  Tisi,  called  11 
Garofolo ;  and  many  others  too  numerous  to  mention  here. 

The  accession  of  Adrian  VI.  to  the  pax>al  chair  had  for  a  time 
paralysed  the  arts,  but  they  were  shortly  inspired  with  new  vigour  by 
his  successor  Clement  Vll.,  GuiUan  de'  Medici,  who  continued  the 
works  that  had  been  interrupted  by  Adrian.  But  a  more  serious 
interruption  succeeded  in  the  sack  of  Rome,  in  1527,  by  the  soldiers  of 
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Bourbon.  The  vast  Bohool  of  painters  formed  by  Raflfaelle  was  totally 
dispersed :  it  spread  however  the  elements  of  his  style  all  over  Italy, 
although  scarcely  a  single  beauty  of  the  original  was  to  any  extent 
preserved  in  the  copies. 

In  the  pontificate  of  Paul  III.,  the  arts  commenced  again  to  revive 
in  Rome.  Michel  Angelo  executed  his  great  work  of  the  Last  Judg- 
ment, the  labour  of  eight  years,  by  the  orders  of  this  pontiff:  it  was 
completed  in  1641.  The  effect  however  of  this  work  was  for  a  time 
fatal  to  painting ;  hosts  of  copyists  and  mannerists  arose,  who,  pos- 
sessed with  a  mania  for  representing  the  naked  figure,  and  sacrificing 
everything  to  anatomical  display,  imagined  the  perfection  of  design  to 
conost  in  violent  action  and  muscular  protuberance ;  and  in  imitating 
the  manner,  thev  imagined  they  had'acquired  the  art  of  Michel  Angelo. 
This  great  pamter,  who  in  tne  time  of  Jtdius  II.  had  himself^  been 
chiefly  instrumental  in  raising  painting  nearer  to  perfection  than  it  has 
ever  attained  in  modem  times,  lived  also  to  see  it  degenerate,  greatly 
through  his  own  influence,  into  a  mere  handicraft  in  the  time  of  Pius 
IV.,  when  a  reference  to  nature  was  considered  as  an  acknowlegment 
of  a  want  of  genius. 

The  most  distinguished  mannerists  of  this  school  and  period,  whose 
style  was  a  species  of  compound  of  those  of  Raffaelle  and^  Michel 
Angelo,  without  Uie  correctness  or  purity  of  the  former,  and  with  only 
the  manner  of  the  latter,  were  Taddeo  and  Federigo  Zuccari.  The 
former  died  yoimg.  The  latter  executed  vast  works  at  Florence, 
which  were,  however,  remarkable  for  their  vastness  alone ;  and  he  has 
left  specimens  of  his  pencil  in  the  principal  cities  of  Italy.  He  suc- 
ceeded Qirolamo  Muziano  as  president  of  the  Academy  of  St.  Luke  at 
Rome,  which  had  been  lately  lotmded  by  Gregory  XIII.  at  the  instance 
of  Muziano.    Gregoiy  was  elected  in  1572. 

The  following  exceptions  shoiild  be  mentioned,  as  being  distinguished 
for  their  greater  propriety  of  stvle,  from  the  general  host  of  ^  man- 
nerists:—  Girolamo  Siciolante  of  Sermoneta,  Marcello  Yenusti,  and 
Livio  Agresti,  all  scholars  of  Perino  del  Vaga ;  also  Scipione  Pulzone, 
called  Gaetano,  the  scholar  of  Giacopo  del  Conte,  both  excellent  in 
portrait 

Guiseppe  Cesari  d*  Arpino  succeeded  Federigo  Zuccaro  in  public  esti- 
mation at  Rome ;  but  though  without  a  rival  in  that  city  until  the 
appearance  of  Michel  Angelo  Amerighi,  II  Caravaggio,  he  cannot  be 
said  to  belong  to  the  Roman  school  The  heavy  and  vulgar  nature  of 
Caravaggio's  style  was  in  direct  opposition  to  the  ideal  mannerism  of 
Cesari'a.  They  both  had  their  partisans,  who  were  termed  respectively 
naturahsti  and  idealisti;  the  latter  prevailed.  Annibale  Caracci  also 
endeavoured  in  vain  to  reform  taste  in  Rome :  the  works  of  this  great 
master  in  the  Palazzo  Famese  had  little  or  no  effect  upon  the  style  of 
the  Roman  painters  of  the  period,  and  Cesari  left  a  numerous  school  of 
imitators.  But  these  noble  works,  certainly  inferior  only  to  those  of 
Michel  Angelo  and  Raffaelle  in  Rome,  eventually  had  their  effect,  and 
painting  was  again  restored  to  something  approaching  its  former  splen- 
dour;  and  what  the  painters  of  Bologna  had  borrowed  from  the  Romans 
in  the  pontificate  of  Clement  VIL,  the  pupils  of  the  Caracci  returned 
with  interest  in  that  of  Urban  Y  III. 

A  better  style  was  adopted  by  Federigo  Barocdo  of  Urbino,  which 
might  boast  of  a  nearer  approach  to  the  correctness  of  form  of  the 
great  founder  of  the  Roman  school ;  but  his  colouring  was  generally 
artificial,  and  verv  different  from  that  of  Rafi^Ue.  Its  tone  is 
unpleasant,  a  cold  violet  hue  prevails  throughout,  and  there  is  a 
striking  deficiency  of  yellow  in  his  carnations,  which  in  the  lights  are 
pink,  in  the  shadows  gray.  Baroccio  had  several  imitators,  but  his 
influence  upon  the  general  character  of  Roman  art  was  inconsiderable. 
The  Eclectic  school  of  Bologna  seems  to  have  had  the  principal  share 
in  reforming  the  art  in  Rome.  During  the  pontificates  of  Paul  Y., 
Gregory  XY.,  and  Urban  YIIL,  (the  celebrated  pupils  of  the  Caracci, 
Domenichino,  Guido,  Guercino,  and  Lanfranco,  were  much  employed 
by  those  pontiffs ;  and  the  example  of  these  great  masters,  but  more 
especially  of  Domenichino,  produced  many  good  painters,  of  whom  we 
may  mention  the  following : — Antonio  lUcci  (called  Barbalunga), 
Camassei,  Giovanni  Carbone,  Francesco  Cozza,  Pietro  del  Po,  Canini, 
GiambatiBta  Passeri,  and  Lui^  Scaramuccia,  and  there  were  many 
others  of  considerable  merit.  The  school  of  tiie  Caracci  seems  to  have 
had  a  more  immediate  influence  upon  portrait-painting,  truth  or 
fidelity  of  representation  being  indie^nsably  requisite  to  constitute 
excellence  in  portraiture.  The  excessive  mannerism  of  the  painters  of 
the  period  had  so  generally  incapacitated  them  for  executing  anything 
exc^lent  in  that  department,  that  it  began  to  be  nearly  a  distinct  pro- 
fession, and  the  foUo^png  masters  distinguished  themselves  as  excellent 
portrait-painters,  though  they  did  not  confine  themselves  quite  exclu- 
sively to  portraits  :  —Antonio  di  Monti,  Pietro  Fachetti,  Antonio 
Scalvati,  Grammatica,  Ottavio  Leoni,  and  Baldassare  AUoisi,  called 
Ga]anin<v 

Upon  the  imitators  of  Domenichino  followed  the  bold  style  of 
Lannittco,  whose  most  successful  scholar  was  Giacinto  Brand!;  and 
contemporaiy  with  Lanfranco  flourished  Albano  in  Rome.  Pier 
Francesco  Mola  was  an  imitator  of  his  style. 

From  the  studio  of  Albano  came  Andrea  Sacchi,  a  painter  who  drew 
well  and  coloured  admirably,  who  never  bestowed  labour  upon  a  trifle, 
and  who  was  better  versed  in  the  theory  of  art  than  any  of  his  contem- 
poraries or  immediate  predecessors.  There  is  a  grandeur  about  his 
style,  and  a  truth  and  breadth  in  his  execution,  which  distinguish  him 


as  one  of  the  noblest  disciples  of  the  Roman  school,  second  only  to 
Giulio  Romano  in  invention,  and  in  all  other  respects  inferior  to  its 
great  founder  alone.  Rafiaelle  was  his  model  of  perfection;  but  be 
was  no  servile  imitator :  he  could  appreciate  also  the  beauties  of  Titian 
and  of  Correggio ;  and  he  had  recourse  to  the  same  sources  tiirough 
which  his  great  model  attained  to  excellence — ^nature  and  the  antique, 
but  he  availed  himself  only  so  far  of  the  antique  as  it  served  to  regulate 
his  study  of  nature. 

No  inconsiderable  ornament  also  of  the  arts  of  Rome  of  this  period 
was  Nicholas  Poussin,  for  though  a  Frenchman  by  birth,  he  was  essen- 
tially a  Roman  {winter.  He  formed  his  style  from  Raffaelle  and  the 
antique.  He  attended  also  the  academies  of  Domenichino  and  of 
Sacchi,  being  a  great  admirer  of  the  works  of  those  masters.  His  style 
was  however  very  peculiar,  and  had  no  influence  upon  the  arts  in 
Rome;  his  works  have  too  much  the  appearance  of  painted  basai- 
rilievi. 

Pietro  Berrettini,  called  also  Pietro  da  Cortona,  set  himself  up  as 
the  rival  of  Sacchi  in  Rome ;  and  if  the  number  of  imitators  is  a 
criterion  of  the  degree  of  excellence,  Pietro  da  Cortona  was  certainly 
superior  to  Sacchi.  The  art  of  Sacchi  was  not  so  easily  imitated.  The 
style  of  Cortona  was  rich  and  attractive,  but  superficial  and  incorrect, 
and  he  takes  the  lead  in  tiiat  class  of  painters  termed  machinists  by 
the  Italians. 

The  scholars  of  these  two  masters  formed  two  rival  factions  of  art, 
which  divided  Rome :  that  of  Sacchi  was  headed  by  Carlo  Maratta, 
supported  by  Ludovico  Garzi;  that  of  Cortona  by  Ciro  Fern,  supported 
by  RomaneUL  Bernini,  who,  during  the  pontificates  of  Urban  YIIL 
and  Innocent  X.,  in  matters  of  art  was  all-powerful  in  Rome,  oppc^ed, 
as  was  to  be  expected,  that  party  which  was  conspicuous  for  good 
taste ;  and  for  a  time  the  machinists  prevailed.  But  the  school  of 
Cortona  was  predominant  only  in  fr^o,  for  in  oil  Maratta  was 
unrivalled.  In  1689,  however,  Ciro  died,  and  Maratta  stood  alone; 
and  upon  the  accession  of  Innocent  XII.,  in  1691,  he  was  appointed 
inspector  of  the  stanze  of  the  Vatican,  and  in  1702,  by  the  orders  of 
Clement  XI.,  he  restored  the  works  of  Raffiielle  in  those  apartments, 
which  had  considerably  suffered  through  time  and  neglect.  He  had 
restored  previously  the  frescoes  of  Annibale  Caracci  in  the  Palazzo 
Famese.  He  died  in  1713.  His  stvle  was  generally  considerably  less 
vigorous  than  that  of  Sacchi,  and  both  Ms  colouring  and  his  compo- 
sition were  occasionally  artificial;  his  drawing  was  also  sometimea 
incorrect ;  and  his  taste  was  upon  the  whole  very  inferior  to  his  master's, 
though  his  style  has  been  termed  more  graceful. 

Maratta  formed  a  most  numerous  school,  but  its  chief  characteristic! 
were  the  studied  composition  and  affected  grace  which  are  the  blenushes 
of  his  own  style. 

Maratta  has  been  termed  the  last  of  the  Romans,  and  perhaps  he  may 
be  safely  termed  the  last  of  the  Romans  who  has  merited  the  name  of 
a  great  painter ;  for  neither  Pompeo  Batoni  nor  Mengs  can  be  said  to 
dispute  that  claim  with  him,  though  both  are  deservedly  celebrated 
names.  The  former  gave  too  much  importance  to  high  finish ;  the 
latter  was  too  blindly  devoted  to  the  antique.  Batoni  painted  excellent 
portraits,  and  Mengs  drew  correctly,  but  he  was  so  eager  after  the 
ideal  that  he  lost  nature  in  the  search  of  it ;  in  this  respect  Batoni  has 
greatly  the  advantage  over  Mengs.  They  were  both  eminently  aca- 
demic, and  for  mere  technical  excellence  have  not  often  been  equalled; 
but  there  is  a  palpable  absence  of  the  ''mens  divinior "  and  moral  senti- 
ment in  their  works,  which  are  more  than  ordinarily  conspiuous  for 
that  insipidity  and  monotony  so  generally  attendant  upon  the  fastidious 
preciseness  ox  academic  art. 

The  Bolognete  School  divides  with  the  schools  of  Tuscany,  Rome,  and 
Venice,  the  honour  of  having  assisted  in  bringing  about  the  great 
revival  of  painting  in  Italy  in  the  18th  century.  But  unlike  them  ita 
advance  was  slow ;  it  had  no  great  painter  to  share  in  the  glory  of  that 
brilliant  epoch,  the  beginning  of  the  16th  century,  when  the  greatest 
masters  o^  Italian  painting  flourished  contemporaneously.  Its  culmi- 
nating point  was  reached  much  later,  and  then  hardly  as  the  result  of 
original  genius.  The  school  of  Bologna  is  chiefly  remembered  as  an 
eclectic  school  Its  heads,  the  Caracci,  sought  to  achieve  the  highest 
excellence  by  imitating  and  combining  the  peculiar  excellencies  of  the 
great  masters  of  other  schools :  and  in  the  opinion  of  their  contem- 
poraries they  succeeded.  Not  only  by  their  countrymen,  but  by  the 
painters  of  other  schools  their  principles  were  adopted;  and  their 
influence  thus  extending  throughout  Italy,  and  coinciding  with  the 
tendencies  of  the  age,  served  to  repress  what  little  originality  remained 
and  to  produce  everywhere  a  uniformity  of  academic  mediocri^. 
This  school  is  therefore  historically  one  of  the  most  important  in 
modem  art,  but  we  need  not  speak  further  of  it  here,  having  already 
treated  of  it  tmder  Boloonese  School  of  Paintiko. 

Of  other  Italian  schools  our  notice  must  necessarily  be  very  brief. 
Chief  of  these  are  the  Schools  of  Lombardy,  which  however  are  so 
broken  up  and  subdivided,  almost  every  city  claiming  a  echool  of  its 
own,  that  even  if  our  space  permitted,  it  would  be  tedious  to  retrace 
BO  often  the  same  ground  as  would  be  necessary  in  speaking  of  them 
however  cursorily.  Lanzi  has  given  the  history  at  length  of  no  less 
than  five  Lombard  schools;  those  namely  of  Mantua,  Modcna,  Parma, 
Cremona,  and  Milan.  Of  these  the  moat  famous,  as  having  produced 
Coneggio  and  so  imparted  a  distinct  character  to  Lombard  painting, 
is  that  of  Parma.    But  Andrea  Mantegna^  a  native  of  Padua  (born 
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1431,  died  1506)  must  be  considered  as  the  true  founder  of  Lombard 
painting,  he  having  settled  in  Mantua  and  established  there  the  school 
whence  proceeded  many  of  the  chief  painters  who  have  adorned  the 
schools  of  Lombardv.  Mantegna*s  most  famous  paintings  are  his 
'Virgin  and  Saints/  and  'Victory/  both  in  Mantua,  but  what 
Vasari  and  his  contemporaries  regarded  as  his  masterpiece,  the  series 
of  designs  in  water-colours,  entitled  '  The  Triumph  of  JuUus  Cxaar* 
is  now  in  Hampton  Court  Palace.  The  great  influence  of  Lionardo  da 
Vinci  on  the  schools  of  Lombardy  has  been  already  noticed  in  speaking 
of  the  Tuscan  school 

Antonio  Allegri,  or,  from  his  birth-place,  Correggio  (b.  1494,  d. 
1534),  may  have  been  instructed  in  the  school  of  Mantegna,  though 
after  the  death  of  Andrea,  but  he  probably  learnt  more  from  the  works 
of  Lionardo  da  Vinci  in  Milan,  and  from  the  practice  of  that  master's 
scholars ;  and  he  appears  to  have  studied  the  paintings  of  Giorgione  and 
Titian.  Nothing  in  the  history  of  art  seems  so  premature  as  the  style 
of  Correggio.  His  early  pictures  at  Dresden  show  the  same  colouring 
which  he  afterwards  carried  to  such  perfection.  His  feeling  for  grace, 
tenderness,  and  delicacy  of  expreseion  led  him  sometimes  to  the  verge 
of  sentimentaUsm ;  but  nothing  can  be  purer  or  more  refined  in  feeling 
than  some  of  his  best  works.  Of  colour  and  chiaroscuro  his  mastery 
was  perfect.  No  other  artist  ever  played  with  light  and  shadow  as  he 
was  wont  to  do.  His  half  tones  and  his  reflected  lights  produce  the 
effect  of  illusion.  He  knew  his  power,  and  delighted  in  displaying  it  in 
the  conquest  of  difficulties  from  which  other  masters  shrank.  The 
finest  works  of  Correggio  are  the  frescoes  in  the  cathedral  of  Parma, 
and  in  the  convent  of  St.  Paul,  in  that  city,  the  Notteand  other  pictures 
at  Dresden.  In  the  National  Gallery  are  some  veiy  fine  easel  pictures 
by  him,  especially  the  '  Ecce  Homo,'  '  Venus  instructing  Cupid,'  and 
the  *  Vierge  au  Panier.'  [CoRREOOio,  in  Bioo.  Div.]  The  tendency  to 
affectation  visible  in  Correggio  was  a  dangerous  legacy  to  the  school  of 
Parma,  and  its  evil  consequences  are  especially  visible  in  the  works  of 
Francesco  Mazzola,  or  II  Parmigiano  (b.  1508,  d.  1540),  to  whom 
however  it  is  impossible  to  deny  great  power  and  great  feeling  for 
beauty.  [Paruigiano,  in  Bioo.  Drv.]  But  the  influence  of  Correggio 
was  not  lasting  in  the  schools  of  Lombardy.  Like  those  of  the  rest  of 
Italy  they  became  imbued  with  the  principles  of  the  Caracci,  and  the 
later  painters  of  Lombardy  are  feebly  eclectic  or  coldly  academic. 

Of  the   Neapolitan  school  the  earliest  painter  was  Tommaso  de' 

Stefani,  a  contemporary  of  Cimabue ;  and  it  can  trace  the  succession 

down  to  the  present  day ;  but  among  them  are  very  few  great  names. 

Of  the  15th  century  the  chief  is  Antonio  Solario,  called  Lo  Zingaro,  a 

Bcholar  of  Lippo  Dalmasio  of  Bologna,  but  who  also  studied  under 

Qentile  da  J*abriano  at  Rome,  and  indeed  in  most  of  the  cities  of  Italy, 

and  whose  numerous  scholars  formed  what  is  called  the  school  of  Zingaro. 

His  most  celebrated  work  was  a.  fresco  in  the  choir  of  S.  Severino, 

which  represented  in  sevpnd  compartments  the  principal  events  in  the 

life  of  S.   Benedict,  and  which,  according  to  Lanzi,  contained  an 

incredible  variety  of  figures.    Antonello  da  Messina  is  also  claimed  by 

the  Neapolitans ;  but  from  having  practised  his  art  at  Venice  untU 

his  death  is  usually  placed  among  Venetian  painters.    Andrea  Sabba- 

tini  da  Salerno,  whose  style  was  formed  on  that  of  the  Roman  painters, 

and  especially  of  Perugino  and  Rafi&elle,  is  the  greatest  name  of  the 

16ih  centuiy.    Of  the  17th  century  the  great  masters  are  Giuseppe 

Ribeni,  called  Lo  Spagnoletto  (b.    1592,  d.    1656)--claimed  by  the 

KeapoUtans  from,  having  practised  in  Naples,  though  a  Spaniard  by 

birth,  and  Salvator  Rosa  (b.  1616,  d.  1673).    Both  of  these  painters 

owed  much  of  their  daring  exaggeration  and  coarseness  of  style  to  the 

example  of   Caravaggio,  the  founder  of  the   so-called  'Naturalist!.' 

The  Spaniard  had  considerable  native  vigour,  and  he  shrank  from  the 

representation  of  no  scene  however  horrible.    His  best  pictures  are  in 

Kaplee,  and  among  them  are  a  '  Martyrdom  of  S.  Januarius/  in  the 

Royal  Chapel,  and  a  S.  Jerome  in  the  church  of  the  Trinity.    Several 

of  his  pictures  are  in  Spain,  and  among  them  are  '  Izion  on  the 

Wheel/  in  the  palace  of  the  Buon  Retire,  at  Madrid.    Salvator  Rosa 

possessed  more  varied  powers ;  but  he  was  a  man  of  irregular  life,  and 

something  of  his  chaiucter  is  reflected  in  his  works.    His  landscapes 

(often  wild  scenes  in  the  Apennines)  and  his  battle-pieces  are  the  most 

prized  of  his  productions,  and  are  superior  to  his  historical  pictures. 

Salvator  had  many  followers,  but,  as  in  the  other  schools,  the 
Neapolitan  painters  fell  in  due  course  under  the  influence  of  the 
dominant  eclecticism,  and  ceased  to  have  any  distinctive  character. 
The  last  Neapolitan  painter  who  requires  mention  is  Luca  Giordano, 
called  from  his  swiftness  of  execution  Fa  Presto  (b.  1632,  d.  1705). 
He  was  a  man  of  great  ability,  but  his  facility  of  invention  and  execu- 
tion, and  the  readiness  with  which  he  could  imitate  difierent  styles,  led 
^^  to  a  slightness  of  manner  which  was  fatal  to  greatness.  I^nzi 
gives  particulars  of  numerous  later  painters,  some  of  whom  are  highly 
praised  by  Neapolitan  writers. 
(Among  the  authorities  on  the  Schools  of  Painting  in  Italy  may  be 


^d  progress  of  Italian  pictorial  design  may  be  traced  in  the  plates  of 


D' Agincourt's '  Hist  de  TArt  pas  lee  Monumens '  (Pemture) ;  but  still 
better  in  Ramboux's  splendid  series  of  300  folio  plates  of  outline  tracings 
from  the  original  frescoes  of  Italy  from  1200  to  1600.) 

Northern  School:  Germany, — Painting  in  Germany  can  be  traced 
back  to  the  time  of  Charlemagne,  but  few  examples  are  extant  of 
painters'  works  of  a  date  prior  to  the  15th  century.  Charlemagne  was 
a  munificent  patron  of  art.  The  dome  of  the  cathedral  erected  by  him 
at  Aix-la-Chapelle  he  caused  to  be  covered  with  mosaics  represent- 
ing Christ  enthroned,  with  the  four-and-twenty  elders  worshipping. 
The  walk  of  his  palaces  glittered  with  representations  of  his  own 
victorious,  and  other  famous  fields  of  battle ;  his  oratories  with  sacred 
subjects,  or  legends  of  the  saints ;  and  miniatori  exerted  their  best 
skill  in  illuminating  manuscripts  for  his  service.  Of  the  paintings  and 
mosaics  no  vestiges  remain ;  but  illuminated  manuscripts  of  the  period 
show  that  a  considerable  amount  of  imitative  skill  was  reached,  and  in 
the  scrolls  and  arabesque  ornamentations  not  a  little  fancy,  though 
the  human  face  and  form  are  as  meagre  and  uncouth  as  in  wholly 
Byzantine  work.  The  Byzantine  influence  is,  however,  still  more 
evident  in  German  work  of  the  10th  and  11th  centuries,  a  consequence 
perhaps  of  the  marriage  of  Otho  II.  (978>988)  with  the  Greek  princess 
Theophania  having  given  the  German  artists  access  to  the  technical 
skill  of  the  Byzantines.  From  the  middle  of  the  12th  and  in  the 
beginning  of  the  13th  centuries -visible  signs  of  new  life  in  art  began 
to  show  themselves.  Ecclesiastical  art  took  a  wider  scope;  mpre 
artistic  individuality  was  displayed;  the  drawing  of  the  figure  was 
improved,  and  expression  was  studied.  The  miniature  painters  espe- 
cially made  a  marked  advance,  and  many  excellent  examples  of  their 
work  remain.  In  the  *  Parcival '  of  Wolfram  von  Eschenbach,  who 
lived  early  in  the  13th  centuiy,  the  painters  of  Cologne  and  Maes- 
tricht  are  especially  mentioned;  and  the  series  of  compartments  on 
the  ceiling  of  the  former  monastery  of  BrauweUer,  near  Cologne,  of 
about  1200,  representing  the  '  Triumph  of  Faith,'  and  the  figures  of 
the  Apostles,  one  of  which  bears  the  date  1224,  in  the  church  of 
St.  Ursula,  in  Cologne,  are,  with  those  of  scriptural  subjects  on  the 
wooden  roof  of  St.  Michael's  Church,  Hildisheim,  of  the  beginning  of 
the  13th  century,  probably  the  oldest  German  pictures  extant.  But 
a  more  important  work  is  the  extensive  series  of  paintings  on  the 
choir  and  transept  of  Brunswick  cathedral,  which  appear  to  be  of  about 
the  middle  of  the  13th  century ;  and  the  paintings  of  saints  recently 
discovered  in  restoring  the  transept  of  Bambeig  Cathedral.  (Eugler 
and  Waagen.)  A  school  of  very  able  artists  seems  to  have  existed  at 
this  time  in  Bohemia;  but  towards  the  close  of  the  14th  century 
the  German  painters  recovered  the  lead,  those  of  the  school  of  Cologne 
being  the  most  distinguished.  Meister  Wilhelm  is  spoken  of  by  a 
contemporary  chronicler,  in  1380,  as  the  best  master  of  his  day. 
Pictures  attributed  to  Mm  are  to  be  seen  in  St.  Castor,  at  Coblenz ; 
some  remarkably  fine  ones,  formerly  in  the  church  of  Sta.  Clara,  and 
now  in  the  Cathedral  of  Cologne ;  in  Cologne  Museum ;  and  in  the 
Berlin  Museum.  The  great  altar-piece,  formerly  in  the  chapel  of  the 
town-hall,  now  in  the  cathedral  of  Cologne,  is  supposed  to  nave  been 
painted  by  Stephan  Lothener,  or  as  he  was  called,  Meister  Stephan, 
who  died  in  1451.  The  richness  of  the  colouring,  and  the  dignity  and 
beauty  of  the  Virgin,  are  most  remarkable.  Next  to  the  schools  of 
Cologne  and  Bohemia  at  this  time  ranks  that  of  Niimberg.  A  brandi 
of  the  Cologne  school  appears  about  this  time  in  Westphalia.  Of  this 
school  the  chief  was  a  painter  known  as  the  Meistor  von  Liesbom, 
whose  great  work  was  a  laige  altar-piece  in  several  compartments, 
painted  for  the  second  convent  in  Liesbom,  but  which  was  cut  in 
pieces  at  the  suspension  of  the  convent  by  Napoleon  in  1807 ;  several 
of  the  pieces  are  lost;  some  are  now,  with  other  pictures  of  the  master, 
in  the  National  Gallery. 

In  the  first  half  of  the  15th  century  the  German  school  departed 
little  from  the  style  it  had  previously  followed,  notwithstanding  the 
great  change  introduced  by  the  brothers  Van  Eyck  into  the  practice  of 
the  painters  of  the  Netherlands,  with  whom  the  German  painters  had 
always  been  closely  associated.  Traces  of  the  influence  of  the  technical 
improvements  of  the  Van  Eycks  are  indeed  seen  in  the  great  work  of 
Stephan  Lothener :  but  the  influence  becomes  much  more  pidpable  in 
the  succeeding  generation  of  painters,  after  the  return  of  Martin 
Schongauer,  and  other  Germans,  from  Brussels,  where  they  had 
acquire<^  in  the  studio  of  Rogier  Van  der  Weyden,  the  elder,  a  full 
initiation  into  the  method  of  painting  in  oil  as  improved  by  the  Van 
Eycks.  It  was,  however,  in  the  technics  rather  than  in  style  that  the 
influence  of  the  Netherland  masters  was  apparent.  The  old  German 
nobleness  of  spirit  was  retained,  but  divested  of  some  of  ihe  uncouth- 
ness  of  guise  with  which  it  had  been  disfigured;  and  its  highest 
examples  show  great  depth  of  thought  and  force  of  imagination,  oom- 
bined  with  singular  faculty  of  invention  and  manipulative  dexterity. 
The  principal  German  painter  of  this  period  was  Martin  Schongauer, 
or,  as  he  is  commonly  termed,  Martin  Schon  (b.  about  1420,  d.  1488), 
and  who  was  equally  famous  as  a  painter  and  an  engraver.  Genuine 
pictures  by  him  are  very  scarce,  those  bearing  his  name  being  mostly 
old  copies  of  his  engravings.  His  most  important  painting  is  one 
of  the  Virgin  in  the  chiux:h  of  St.  Martin  at  Colmar.  A  small  picture 
of  the  *  Death  of  the  Virgin/  formerly  in  the  collection  of  the  King  of 
Holland,  an  early  work  of  Schongauer's,  is  in  the  National  Gallery. 
Schongauer's  pictures  exhibit  great  knowledge  of  effect  and  a  rioh 
warm  tone  of  colour.    His  fertility  and  vigour  of  imagination,  and 
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devotional  feeling,  are  at  least  equally  evident  in  his  engravings :  one 
of  the  most  famous  of  these,  *  St.  Anthony  tormented  by  Demons/ 
is  said  by  Vasari  to  have  been  copied  by  Michel  Angelo.  Other  noted 
but  inferior  German  painters  of  this  time  were,  Frederick  Herien  (d. 
1491) ;  Thomas  Burgkman ;  the  elder  Holbein ;  Bartholomew  Zeitblom, 
in  whom  the  style  of  Schongauer  is  seen  sometimes  carried  to  the 
verge  of  caricature,  but  sometimes  raised  to  even  a  higher  degree  of 
earnest  religious  feeling;  and  Michael  Wohlgemuth,  of  Niimberg 
(b.  1434,  d.  1639),  a  painter  next  to  Schongauer  in  originality  and 
power,  ihough  very  imequal  in  his  works,  and  the  master  of  Albert 

Diirer. 

The  representative  artist  of  the  German  school  of  the  16th  century 
is  Albert  Durer  (b.  at  Niimberg  1471,  d.  1528) :  one  of  the  great 
artists  of  modem  times.  In  feeling  for  ideal  beauty,  DUrer  is  far 
inferior  to  his  great  Italian  contemporaries ;  in  colour  he  yields  both 
to  the  Italian  and  Hemish  painters.  But  in  originality  of  conception, 
fertility  of  imagination,  invention,  dramatic  power,  depth  of  thought, 
force  of  expression,  and  accuracy  of  drawing,  he  ranks  with  the 
highest.  He  might,  in  painting,  almost  be  called  the  founder  of  the 
romantic,  as  opposed  to  the  classic  school.  Sometimes  his  exuberant, 
almost  inexhaustible,  fancy  runs  into  grotesqueness,  and  his  designs 
are  too  often  overloaded  with  fantastic  and  insignificant  details.  In 
grace  and  refinement  he  is  very  deficient.  But  there  is  often  a 
subtlety  as  well  as  boldness  of  thought,  which  is  very  impressive  when 
his  meaning  is  fully  imderstood ;  and  these  qualities  are  even  more 
evident  in  his  engravings  and  woodcuts  than  in  his  paintings — as,  for 
example,  in  the  marvellous  designs  of  '  Death  and  the  Knight '  and 
'Melancholia.*  The  British  Museum  has  a  very  rich  collection  of 
Diirer's  engravings. 

The  earliest  undoubted  pictures  of  Diirer's  are  his  portraits  of  his 
master,  Wohlgemuth,  and  his  own  portrait  in  the  Florence  QaUery ; 
among  his  latest  and  assuredly  his  finest  works  are  the  'Apostles,* 
now  in  the  Munich  Collection.  In  1506,  Diirer  visited  Venice,  but  the 
Venetian  school  does  not  seem  to  have  exercised  a  permanent  influence 
over  him,  though  a '  Virgin  and  Child,*  with  numerous  kneeling  figures, 
painted  whilst  there  for  the  German  Company,  and  some  of  the 
pictures  painted  shortly  after  his  return  to  Germany,  show  that  he 
appreciated  the  splendour  of  Venetian  colour.  [DtyREB,  Albert,  in 
TiiOQ.  Drv.] 

Diirer  formed  a  lai^e  school  of  imitators,  many  of  whose  works  in 
the  various  European  collections  are  attributed  to  their  great  master. 
Among  the  principal  of  his  Niimberg  disciples  are  Hans  von  Kulmbach, 
or  Hans  Wagner  (d.  1540),  several  of  whose  pictures  are  in  the 
churches  of  Niimberg,  while  others  are  in  the  Munich  and  other 
German  galleries ;  Hans  SchiiufBein  (d.  1540),  an  artist  of  considerable 
imitative  skill;  Henry  Aldegraver;  Bartel  Beham  (b.  1496,  d.  1540); 
Albert  Altdorfer,  so  called  from  the  place  of  his  birth  (b.  1488, 
d.  1538),  the  best  and  most  original  of  all  Diirer  s  scholars  :  his  chief 
work,  'The  Victory  of  Alexander  over  Darius,*  is  in  the  Munich 
gallery;  and  George  Pencz  (b.  1500,  d.  1550),  who  went  to  Italy  and 
studied  under  Raflaelle,  and,  while  retaining  something  of  the  very 
different  manners  of  both  his  teachers,  displayed  enough  of  his  own  to 
secure  a  place  among  the  original  painters  of  his  country. 

Saxony  about'  this  time  produced,  in  Louis  Crauach  (b.  1472, 
d.  1563),  a  painter  of  great  and  various  original  talent,  but  more 
realistic  in  tendency  than  Diirer.  Crauach  was  court  painter  to  the 
three  electors,  Frederic  the  Wise,  John  the  Steadfast,  and  Frederic 
the  Magnanimous.  He  accompanied  the  first  to  the  Holy  Land  in 
1493,  and  shared  the  prison  of  the  last  after  the  battle  of  Miihlberg 
in  1547.  At  a  later  period  he  was  burgomaster  of  Wittenberg,  and  a 
friend  of  Luther,  whose  marriage  with  Catharine  von  Bora  he  contri- 
buted to  bring  about.  One  of  his  most  celebrated  pictures,  the 
'  Crucifixion,'  an  altar-piece  at  Weimar,  contains  portraits  of  Luther, 
Melancthon,  and  Cranach  himself.  His  pictures  are  well-coloured,  but 
fancifiil,  and  tlie  features  of  his  females  most  singular.  Lucas  Cranach, 
the  son,  was  also  a  painter,  but  without  much  originality ;  several  of 
his  pictures  are  in  the  churches  of  Wittenberg.  Matthew  Grunewald 
(d.  at  AschafFenburg  after  1530)  was,  after  Diirer,  one  of  the  best 
and  most  original  German  painters  of  the  first  half  of  the  16th  century; 
another  was  Hans  Burgkmair,  chief  of  the  Augsburg  school  (b.  1473, 
d.  1559),  and  famous  for  pictures  of  knightly  pageants  as  well  as  for 
ecclesiastical  subjects  :  his  pictures  are  very  numerous.  *' 

Hans  Holbein,  the  younger  (b.  at  Augsburg  1498,  d.  1554), 
divides  with  Albert  Diirer  the  rank  of  chief  of  the  old  German  school ; 
but,  with  invention  scarcely  if  at  all  inferior  to  the  great  Niimberg 
master,  Holbein  had  less  of  the  mediaeval  ecclesiastical  spirit,  and  a 
less  exuberant  fancy.  He  is  the  type  of  old  German  realism :  and,  as 
in  the  case  of  Diirer,  his  characteristic  genius  in  design  is  more  fully 
and  powerfully  developed  iii  his  engravings  and  woodcuts  than  in  liis 
paintings.  He  had  less  subtlety  of  thought,  but  a  purer  sense  of 
physical  beauty  than  Diirer ;  was  even  a  more  prolific  designer,  and 
was  possessed  of  much  greater  versatility ;  so  that  he  could  paint  with 
equal  reatliness  in  oil,  fresco,  and  distemper,  and  acquired  celebrity 
alike  as  a  painter  of  historical  and  religious  subjects,  portraits  and 
miniatures ;  while  his  woodcuts,  especially  the  series  so  rich  in  subject 
and  ingenious  in  treatment  entitled  the '  Dance  of  Death/  were  beyond 
parallel  popular  among  his  countrymen.  His  best  paintings  in  Germany 
are  in  the  cathedral  and  the  galleiy  at  Augsburg,  in  the  museum  and 


private  collections  of  Basel,  the  altar-piece  in  the  cathedral  of  Freiburjr, 
and  at  Darmstadt.     Holbein  came  from  Basel  to  England  in  1527, 
and  remained  here  (with  the  exception  of  a  few   brief  visits  to  the 
Continent)   during    the  rest  of  his  life,  dying    in    the    service'  nf 
Henry  VIII.     In  this  country  he  executed  comparatively  few  historical 
or  biblicsd  paintings,  but  a  vast  number  of  portraits  (both  oil  paintings 
and  chalk  drawings),  including  the  court,  and  most  of  the  illustrious 
personages  of  the  time.     The  royal  collections  at  Windsor  and  Hampton 
Court  contain  a  large  number  of  the  works  executed  by  him  whilst  in 
England,  but  many  are  lost,  including  his  two  great  pictures  in  tempera, 
*  The  Triumph  of  Riches,*  and  '  The  Triumph  of  Poverty,*  painted  fur 
the  company  of  German  merchants  in  London,  but   which  were  pre- 
sented by  the  company  to  Prince  Henry  of  Wales  in  1616,  from  which 
time  all  trace  of  them  is  lost.    These  were  considered  by  Federigo 
Zucchero,  who  made  a  copy  of  them,  to  be  equal  to   the  work.?  of 
Raffaelle ;  and  the  drawing  in  the  British  Museum   shows  that  they 
must  have  been  amongst  the  finest  works  of  their  class  ever  produced. 
One  of  his  most  noteworthy  pictures  is  in  the  hall  of  the  Barbeps* 
Company,  London ;  it  is  a  composition  representing  eighteen  members 
of  that  guild  receiving    a    grant  of    privileges   from    Henry  VIII. 
[Holbein,  Hans,  in  Bioa.  Dn^]     Holbein  had  many  followers,  among 
whom  the  most  celebrated  were,  Nicolas  Manuel,  a  Swiss  (b.  14S4, 
d.  1631),  and  Martin   Schaffher  (flourished  1499-1535),  whose  chief 
works  are  in  the  cathedral  of  Ulm,  the  chapel  of  St.  Maurice  at 
Niimberg,  and  the  Munich  gallery.     IVom  this  time  dates  the  decliDe 
of  German  art.    Already  its  distinctive  character  was  being  lost  in  a 
general  and  feeble  imitation  of  the  Italian  masters,  the  best  painters 
being  those  who^  like  Johann  Rothenhamner  (b.   at   Munich   1564, 
d.  1623)  and  Adam  Elzheimer  (b.at  Frankfort-on-the-Maine  1574,  d.at 
Rome  1620),  painted  cabinet  pictures,  in  a  light  graceful  manner  which 
has  always  found  many  admirers;  their  works  consequently  are  in 
most  public  galleries,  and  many  are  in  the  private  collections  of  ihl< 
country. 

The  German  painters  of  the  17th  century  were  nearly  all  scholars  of 
the  Duteh  and  Flemish  genre  and  landscape  painters,  or  scholars  and 
imitators  of  the  Italian  eclectics  and  natiuulisti,  while  many  of  them 
resided  permanently  in  the  Netherlands  or  Italy.  It  will  suffice, 
therefore,  to  mention  Joachim  von  Sandrart  (b.  1606,  d.  1688),  who 
jminted  every  variety,  of  subject  in  every  variety  of  style,  but  who  is 
now  best  known  as  the  writer  of  a  series  of  Lives  of  Painters,  which 
has  presented  much  valuable  information  respecting  his  Italian  con- 
temporaries as  well  as  his  countrymen;  Heinrich  Schonfelds  (b.  1609, 
d.  1675),  equally  versatile,  prolific,  clever,  and  without  distinctive 
character  as  Sandrart ;  Heinrich  Roos,  much  admired  as  a  landscape 
painter;  and  his  son  Philip  Roos,  better  known  aa  Hosa  di  Tivoli 
(b.  1655,  d.  1705). 

In  the  18th  century,  painting  in  Germany,  as  throughout  Europe, 
was  coldly  academic  and  conventional,  and  devoid  of  all  invention, 
originality,  and  feeling.     Yet  whilst  thus  merely  imitative,  the  per- 
ception of  harmony  of  coloiu*,  so  characteristic  of  the  painters  regapied 
as  models,  was  wholly  wanting,  and  its  absence  seems  scarcely  to  have 
been  suspected.     Even  in  the  mechanism  of  the  art  there  was  marked 
degradation.     Christian  Rode  (b.  1725,  d.  1797),  Johann  Henry  Tisch- 
bein  (d.  1789),  and  Raphael  Mengs  (b.  1728,  d.  1774),  are  among  the 
few  painters  of  the  century  whose  names    are    still   remembei-ed 
Mengs,  extravagantly  praised  in  his  life-time,  is  now  remembereti  as 
merely  the  type  of  a  correct  and  accomplished  academic  painter— 
without  a  spark  of  genius  or  spontaneous  feeling — the  artistic  law-giver 
of  his  age,  and  the'  author  of  some  carefully  considered,  learned,  and 
well-written  treatises  on  painting.     His  pictures  abound  in  the  Con- 
tinental galleries.    Angelica  Kaufmann  (b.  1742,  d.   1807),  though 
German  by  birth,  practised  her  art  chiefly  in  England,  and  was  one  of 
the  original  members  of  the  Royal  Academy — ladies  in  the  early  diys 
of  that  institution  being  allowed  to  append  to  their  name  the  covete«i 
distinction  of  R.A.     All  her  pictures  are  respectable  :  their  value  may 
be  estimated  from  the  characteristic  example  in  the  National  Gallery. 
Solomon  Gessner  (b.  1734,  d.  1788)  has  made  himself  remembered  ae  a 
painter  by  his  celebrity  as  a  poet;  whilst  Dietrich  (b.  1712,  d.  1774) 
and  Chodowiecki  (b.  1726,  d.  1801)  have  acquired  a  certain  reputation 
from  the  universality  of  their  efforte  and  the  commendations  of  their 
contemporaries.     Elias  Riedinger  (b.  1695,  d.  1767)  claims  mention  as 
a  clever  painter  and  still  more  clever  draftsman  of  animals  and  hunting- 
pieces  ;  and  Balthasar  Denner  (b.  1685,  d.  1749)  as  a  painter  unrivalled 
for  minuteness  of  detail,  his  hideous  portraits  having  every  freckle, 
wart,  or  wrinkle  imitated  with  an  accuracy  that  will  bear  examination 
with  a  magnifying  glass. 

The  great  revival  of  German  painting  in  the  early  part  of  the  present 
century,  commenced  by  the  exertions  of  a  small  band  of  zealous 
students  then  residing  in  Rome,  wfth  the  result  of  the  subsequent 
reaction  against  the  excessive  ecclesiasticism  and  mediajvalism  of  the 
authors  and  supporters  of  the  movement,  can  only  be  alluded  t<)  here. 
Some  account  of  the  movement,  and  of  the  principal  actors  in  it,  will 
be  found  under  the  names  of  Cornelius,  Overbeck,  Schadow,  Veit, 
ScHNORR,  Lessing,  &c.,  in  the  Bioo.  Div. 

Painting  in  the  NetJierlands. — The  divergence  of  the  schools  of  the 
Netherlands  from  those  of  Germany  dates  from  the  beginning  of  the 
15th  century.  The  founders  of  the  Flemish  school  were  Hubert  and 
Jan  van  Eyck  (b.  1366,  d.  1426,  and  b.  1400,  d.  1446),  who  united  the 
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maje.-tic  simplicity  of  the  old  Christian  type  with  a  close  imitation  of 
extcnifil  nature  and  a  homely  strength  chai-actcriatic  of  their  country. 
Their  brother  Lambert  and  distcr  Margaret  were  also  ai'tLsta.  (Carton, 
'  Les  Trois  Frcrea  van  Evck.*)  Hubert  van  Eyck  may  be  said  to  have 
so  far  improved  the  method  of  painting  in  oil,  as  almost  to  be  entitled 
to  the  honour,  long  accorded  by  mistake  to  his  brother,  of  being  its 
inventor.  (See  Eastlake's  '  Materials  for  a  Hi«tory  of  Oil  Painting,* 
where  tiie  Question  is  fully  investigated.)  The  great  work,  of  the 
bruthers,  it  having  been  commenced  by  Hubert  and  finished  by  Jan, 
was  the  altar-piece  in  St.  Bavo  at  Ghent,  painted  for  Judocua  van  Vy t. 
It  consisted  of  a  centre  picture  of  the  "Worship  of  the  Lamb,  sur- 
moimted  by  God  the  Father,  the  Virgin,  and  St.  John,  and  flanked  by 
folding  shutters,  aU  relating  to  the  principal  subject.  The  diflferent 
parts  of  this  painting,  unquestionably  one  of  the  most  remarkable 
productions  of  modem  art,  are  now  separated.  The  upper  and  middle 
portions  remain  at  Ghent ;  the  others  aro  at  BerUn.  Michael  Coxis 
executed  a  copy  of  it  for  Phihp  II.,  which  is  still  more  scattered. 
[Eyck,  Hubert  Van,  in  Bioa.  Div.]  Two  noble  works  by  Hubert  are 
the  *  Triumph  of  the  Chmch,*  in  the  Museum  of  Miwlrid,  and  *  St. 
Jerome,'  in  the  gallery  at  Naples,  long  attributed  to  Col- Antonio  del 
Fiore.  Jan  van  Kyck,  though  he  has  acquired  a  wider  fame  than  his 
brother — in  a  great  measure  from  his  being  regarded  as  "  the  inventor 
of  oil-painting  " — wiis  a  much  less  imaginative  piinter ;  but  he  carried 
the  technics  of  painting  far  beyond  any  predecessor,  and  some  of  his 
pictures  still  remain  in  an  almost  perfect  state  of  preservation — ^as, 
for  example,  that,  dated  143i,  of  a  man  and  woman  (supposed  to  be 
jwrtraits  of  himself  and  wife),  in  the  National  Gallery,  which  is  one  of 
the  most  admirable  examples  of  his  style. 

The  school  of  the  Van  iLycks  was  fertile  in  good  painters,  and  their 

influence  extended  wherever  painting  was  practised.     One  of  the  oldest 

of  their  scholars  in  the  Netherlands  was  Justus  Van  Ghent;  others  of 

considerable  celebrity  w^ere  Dierick  Steurbout,  or  Dierick  Van  Harlem, 

two  altar-pieces  by  whom  are  in  St.  Peter's,  Louvain,  and  some  large 

paintings  from  the  legend  of  the  emperor  Otho  are  in  the  Town  Hall 

of  the  same  city ;  and  Hugo  van  der  Uocs,  of  Ghent,  who  is  mentioned 

by  Vasari,  and  some  of  whose  pictures  found  their  way  to  Italy.    But 

the  most  distinguished  of  the  scholars  of  Jan  van  Eyck,  and  one  who 

by  his  numerous  pupils  did  more  than  any  other  to  extend  the  influence 

of  the  school,  was  Rogier  van  der  Weyden,  better  known  aa  Roger  of 

Bruges  (d.  1464).     One  of  his  finest  works,  a  'Last  Judgment,'  is  in 

the  hospital  of  Beaume ;  another,  the  '  Adoration  of  the  Kings,'  in  the 

Pinacotnek  at  Munich ;  and  several  admirable  pictures  by  him  are  in 

the  Berlin   museum;   others  are  in  Antwerp,  Brussels,  Paris,  and 

Loudon.     Chief  among  the  scholars  of  Rogier  was  Hans  Memling, 

perhaps  the  most  eminent  of  the  Netherlands'  painters  in  all  that 

respects  refinement  of  feeling,  beauty  of  form,  and  tenderness  of 

expression.     Soq;ie  very  beautiful  works  by  him  are  preserved  in 

St.  John's  Hospital,  Bruges,  of  which  he  was  an  inmate  about  1479. 

In  the  church  of  Our  Lady  at  Dantzic  is  a  large  altar-piece,  *  The  Last 

Judgment,*  a  work  of  great  extent  and  vigour,  and  probably  the  most 

important  example  of  his  pencil.     Several  of    his  pictures    are  at 

Munich.     The  traditions  of  the  school  were  continued  into  the  next 

century  by  Rogier  van  der  Weyden  the  younger,  Goswin  van  der 

Weyden,  De  Witte,  Gerhart,  Jan  Gossaert,  or    Jan    Mabuse,  Jan 

Mostaert,  and  others,  but  towards  the  middle  of  the  16th  century  the 

Van  Eyck  influence  had  been  nearly  superseded. 

Of  the  Antwerp  painters  of  this  time,  the  most  famous  is  Quentin 
Massys,  or  Matsys,  '  the  Blacksmith '  (b.  1460,  d.  1630),  one  of  the 
earliest  painters  of  those  homely  subjects  for  which  the  artists  of  the 
Netherlands  afterwards  became  so  celebrated.  His  '  Misers,'  of  which 
there  is  a  replica  at  Windsor  Castle,  is  a  well-known  example  of  his 
style ;  but  he  also  painted  rehgious  subjects,  of  which  class  the  *  Virgin 
and  Child '  in  the  National  Gallerv  is  a  favourable  example.  But  his 
masterpiece,  a  '  Deposition  from  the  Cross,'  is  in  the  Antwerp  Museum. 
Luc  Jacobez,  or  Lucas  Van  Leyden  (b.  1494,  d.  1533),  was  one  of  the 
ablest  and  most  versatile  artists  of  his  time.  The  *  Last  Judgment,*  in 
the  Town  House  of  Leyden,  is  his  most  unportant  work.  But  he 
appears  to  most  advantage  in  his  engravings,  which  are  as  numerous  as 
lus  paintings  are  scarce. 

The  later  works  of  Jan  Mabuse  (b.  1499,  d.  1562),  and  the  pictures 
of  Jan  Schoreel  (b.  1495,  d.  1562),  Michael  Coxis  (b.  1497,  d.  1592), 
^^lartin  van  Neen,  or  Martin  Hemskerk  (b.  1498,  d.  1574),  and  Lambert 
Susterman,  or  L.  Lombard  (b.  1606,  d.  1560),  show  that  forced  imi- 
^tioQ  of  the  Italians  which  characterises  the  transition  from  the  old 
Flemish  to  the  school  of  Brabant.  This  tendency  is  more  strongly 
marked  m  Franz  Floris  (b.  1520,  d.  1570),  in  the  elder  and  younger 
Francks,  m  Bernhard  van  Orley  (b.  1471,  d.  1541),  Hemrich  Goltzius 
(d.  1588,  d.  1617),  still  more  fcimous  as  an  engraver  than  a  j)ainter, 
neter  de  Witte,  and  Otho  Venius  (b.  1556,  d.  1634),  the  master  of 
Hubens,  The  works  of  these  artists  and  their  contemporaries — Abraham 
Blcemart  (b.  1564,  d.  1647),  Cornelis  van  Harlem,  Van  Balen,  and 
others— istfe  deficient  in  independence  and  genuine  feeling,  though 
they  interest  us  as  being  the  groundwork  of  the  school  of  Rubens. 
Among  the  portrait-painters  of  this  time  are  several  who  acquired  even 
more  celebrity  in  this  country  than  in  their  own.  Of  these,  we  may 
^<^^tion  Sir  Antony  Moro  (b.  1518,  d.  1588),  who,  as  pamter  to  Phihp 
Q  Spain,  resided  at  the  court  of  Mary,  and  painted  portraits  of  the 
^ueen.  Lord  Essex,  Sir  Henry  Sidney,  and  other  courtiers ;  Paul  van 


Soiner  (b.  1576,  d.  1624),  who  painted  Lord  Bacon  and  other  of  the 
distinguished  men  at  the  court  of  Elizabeth  ;  Mark  Gerard  (d.  1635), 
the  favourite  painter  of  Elizabeth  and  her  courtiers ;  Daniel  Mytens, 
who  paiuted  James  I.  and  Charles  I. ;  and  Cornelius  Jansen,  who  suc- 
ceeded Mytens  as  coiirc  painter. 

The  Netherlands  witnessed,  in  the  commencement  of  the  17th 
centurr,  a  revival  of  painting  more  striking  than  that  effected  by  the 
Caracci.  Peter  Paul  Rubens  was  born  at  Cologne  in  1577*  and  died 
at  Antwerp  in  1610.  After  leaving  the  school  of  Otho  Venius,  he 
visited  Italy,  and  studied  particularly  the  works  of  Titian  and  Paul 
Veronese.  His  system  of  coloiu*  was  based  on  that  of  the  Venetians, 
and  was  only  inferior  to  theirs.  His  forms  are  gross,  but  always  full 
of  life  and  vigoiu*.  His  later  pictures  exhibit  increased  knowledge  of 
effect,  but  the  earUer  are  more  attractive  than  those  which  were  exe- 
cuted when  the  overwhelming  number  of  commissions  obliged  him  to 
employ  unsparingly  the  pencil  of  his  pupils.  The  '  Descent  from  the 
Cross,'  in  the  cathedral  of  Antwerp,  and  its  companion,  are  deservedly 
cited  as  among  the  best  specimens  of  the  master.  His  works  may  be 
studied  in  the  greatest  perfection  in  the  museum  aaid  church  of  Ant- 
werp, in  the  gsillery  of  Vienna,  and  more  esixjcially  at  Munich.  But 
almost  every  important  Continental  gallery  contains  paintings  by  him. 
Our  own  country  contains  a  large  number  of  his  works.  Among 
private  collections,  that  at  Blenheim  is  peculiarly  rich  in  first-rato 
pictures  by  Rubens.  The  National  Gallery  possesses  several  of  great 
excellence.  Rubens  is  equally  great  in  history,  in  hmdscape,  and  in 
portmit.  To  complain  that  the  fire  of  his  genius  was  not  chastened 
as  in  the  great  Italian  masters,  is  to  wish  that  the  artist  had  been  a 
different  individual  from  what  ue  was  formed  to  be.  When  we  look  at 
Rubens's  works,  their  facility  of  execution,  their  energy,  and  their 
brilliancy  hurry  us  beyond  such  considerations;  when  we  think  of 
them,  we  may  regret  that  his  forms  are  often  ill-selected,  that  the 
brute  animal  vigour  of  his  bacchanals  is  pushed  to  coarseness,  and  that 
the  physical  prevails  so  generally  over  the  spirit oal.  [R(JB£NS,  in 
Bioa.  Div.] 

The  most  celebrated  of  the  pupils  of  Rubens  was  Antony  Vandyck 
(b.  1599,  d.  1641).  At  first  he  imitated  closely  the  pecuHarities  of  his 
master ;  but  after  his  residence  in  Italy  he  adopted  a  more  tranquil 
tone  of  feeling  and  soberer  colour.  His  historical  picture  have  many 
excellent  qualities,  but  they  are  not  equal  in  their  way  to  the  nume- 
rous and  admirable  portraits,  many  of  which  were  executed  during  a 
residence  in  England,  and  still  remain  in  this  country.  [Vandyck, 
Antony,  in  Bioo.  Drv.] 

Of  the  other  scholars  of  Rubens,  few  did  more  than  imitate,  and 
sometimes  exaggerate,  the  outward  characteristics  of  their  leader, 
with  the  exception  of  Frans  Snyders  (b.  1579,  d.  1657),  who,  as  a 
painter  of  animals  in  vigorous  action,  has  never  been  equalled.  After 
Vandyck  and  Snyders,  the  best  among  Rubens's  scholars  were  perhaps 
Jacob  Jordaens  (b.  1594,  d.  1678),  ^and  Gaspar  de  Crayer  (b.  1586, 
d,  1669). 

In  Holland,  Michael  Mirevelt  (b.  1567,  d.  1641)  and  Pmnz  Hala 
(b.  1584,  d.  1666)  painted  history  and  portraits,  especially  the  latter, 
with  great  success.  Barthol.  van  der  Heist  (b.  1613,  d.  1670)  approached 
very  closely  to  Vandyck  in  colour.  His  finest  work,  the  *  Festival  given 
by  the  Burgher-guard  of  Amsterdam  on  the  conclusion  of  the  Treaty 
of  Westphalia,'  is  in  the  museum  of  that  city.  Another  excellent 
picture  of  smaller  dimensions  is  in  the  Louvre. 

The  great  master  of  the  Dutch  school,  however,  was  Paul  Rembrandt 
van  Ryn  (b.  1608,  d.  1674).  In  his  portraits  and  ideal  heads  we  find 
the  most  wonderful  truth  and  dignity ;  but  his  peculiar  power  con- 
sisted in  a  mastery  of  light  and  shade,  which  rendered  the  lowest 
subjects  vehicles  for  high  and  poetical  feeling.  The  depth  and  bril- 
liancy thus  produced  seem  hardly  attainable  by  mere  colour  on  a  flat 
opaque  surface ;  and  when  we  look  at  his  numerous  etchings,  we 
marvel  still  more  how  his  needle  on  the  copper  has  almost  surpassed 
his  pencil  on  the  canvas.  Conscious  of  his  power  to  attain  sublimity 
by  light  and  shade  alone,  he  seems  often  to  have  rejoiced  in  showing 
how  that  one  charm  could  make  us  heedless  of  coarseness  of  con- 
ception and  meanness  of  form.  [Rembrandt,  in  Bioo.  Div.]  Rem- 
brandt's principal  pupils  and  imitators  were  Gerbrand  van  den 
Eeckhout  (b.  1621,  d.  1674),  Ferd.  Bol  (b.  1611,  d.  1681),  who  exceUed 
in  portrait,  Nicholas  Maas  (b.  1632,  d.  1693),  and  Salomon  Koning 
(b.  1609,  d.  abou^  1674),  who  in  all  his  best  qualities  approached 
nearest  to  his  master.  Of  another  pupil,  Gerard  Dow,  we  sWl  speak 
immediately. 

It  is  necessary  just  to  mention  Gerard  Honthorst,  called  by  the 
Italians  Gherardo  delle  Notti  (b.  1592,  d.  1662),  who  imitated  Cara- 
vaggio  and  the  Italian  "  Naturalisti."  His  effects  of  torch  and  candle 
light  are  much  celebrated.  Gerard  Lairesse  (b.  1640,  d.  1711)  is  best 
described  as  a  Flemish  imitator  of  Nicolas  Poussin.  Adrian  van  der 
Werff  (b.  1659,  d.  1722)  has  Uttle  to  recommend  him  besides  a  finish 
and  smoothness  of  surface,  to  which  higher  quaUties  are  sacrificed : 
his  human  figures  present  the  texture  of  ivory  rather  than  of  flesh, 
with  much  affectation  and  little  genuine  expression  of  passion  or 
character. 

We  must  now  turn  to  those  masters  who  are  most  distinguished  in 
what  is  called  "  genre,"  a  word  for  which  it  is  diflicult  to  find  a  substi- 
tute, and  still  moro  difficult  to  furnish  a  definition.  The  subject  may 
be  real  or  fictitious;  but  if  the  picture  is  on  a  small  scjde,  and  the 
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object  of  the  artist  has  been  the  expression  of  humour,  or  the  pretti- 
ness  of  colour,  or  of  light  and  shade, — if  those  qualities  which  are 
accessories  in  great  works  have  been  to  him  ends, — ^then  it  seems  to 


with  the  epic  grand 
works. 

Peter  Breughel  the  elder  (b.  1510,  d.  1570)  was  called  Boor-Breughel, 
from  the  subjects  of  many  of  his  pictures,  as  his  son,  Peter  Breughel 
the  younger,  obtained  the  name  of  Hell-Breughel,  from  the  fantastic 
scenes  wMch  he  pourtrayed ;  while  a  younger  brother,  Jan  Breughel 
(b.  1568,  d.  1625),  is  known  aa  Velvet-Breughel,  from  the  softness  and 
delicacy  of  his  handling :  he  painted  animaJs  and  flowers  even  better 
than  genre.  The  elder  Teniers  (b.  1582,  d.  1649)  delighted  in  subjects 
simil^  to  the  elder  Breughers;  but  as  a  painter  he  by  no  means 
equalled  his  son  and  pupU  David  Teniers  (b.  1610,  d.  1690)  in  those 
scenes  of  merry-making  and  peasant  life  for  which  he  is  so  celebrated. 
Nothing  can  surpass  the  reality  of  the  vulgar  comfort  with  which  the 
single  figures  sit  and  smoke,  or  the  drunken  gaiety  of  the  larger  assem- 
blies, in  the  pictures  of  the  younger  Teniers.  His  colour  is  cool  and  hiB 
touch  firm  and  vigorous.  Sometimes  he  amused  himself  with  imitating 
the  works  of  masters  of  a  different  cast.  In  Adrian  van  Ostade  (b.  1610, 
d.  1685)  we  have  the  same  subjects  treated  in  a  warmer  and  more 
meUow  tone,  but  perhaps  with  less  individual  truth  and  character, 
though  with  greater  attention  to  general  effect,  than  by  Teniers.  Isaac 
van  Ostade  painted  fewer  interiors,  and  followed  his  brother's  style 
with  less  success.  The  humour  of  Adrian  Brouwer  (b.  1608,  d.  1640), 
who  is  reported  to  have  mixed  deeply  in  the  scenes  which  he  painted, 
is  of  a  broader  cast.  In  Jan  Steen  (b.  1636,  d.  1689)  there  are  satirical 
touches  and  a  genuine  comic  unity  which  remind  one  of  Hogarth, 
though  there  is  little  of  the  Englishman's  stem  moral  purpose.  There 
is  another  department  of  genre,  which  bears  the  same  relation  to 
the  drinking-bouts  of  Teniers  or  Brouwer  that  genteel  comedy  does  to 
broad  farce.  In  this  Gerard  Terburg  and  Qerard  Dow  stand  pre-emi- 
nent. The  former  (b.  1608,  d.  1681)  threw  into  the  scenes  which  he 
represented  a  delicacy  of  feeling  and  a  sort  of  decorum  which  add 
greatly  to  the  value  of  his  execution  and  high  finish.  Of  this  kind  are 
ihe  celebrated  Satin  Gown,  engraved  by  Wille;  the  Trumpeter  at 
Munich ;  and  the  Cavalier  and  Lady  in  ijm  Louvre.  Gerard  Dow 
(b.  1618,  d.  1680)  was  the  pupil  of  Rem^^gflu,  from  whom  he  gained 
a  thorough  knowledge  of  light  and  sha^^md  a  feeling  for  general 
effect  which  preserved  his  elaborate  execution  £rom  tediousness,  while 
he  secured  by  it  a  wonderful  reality  in  the  household  scenes  which  he 
delighted  to  paint.  In  some  of  his  pictures,  as  in  that  of  the  Dropsical 
Lady,  there  is  even  pathos.  Gabriel  Metzu  (b.  1615,  d.  1658)  waa  the 
best  imitator  of  Terburg.  Franz  Mieris,  a  scholar  of  Gerard  Dow 
(b.  1635,  d.  1681),  equalled  his  master  in  fineness  of  finish,  but  not  in 
genuine  feeling.  Caspar  Netscher  (b.  1639,  d.  1684)  and  Eglon  van 
der  Neer  (b.  1648,  d.  1703)  painted  in  the  same  style.  The  interiors 
of  Peter  van  Hooghe  (b.  1659,  d.  1722)  are  remarkable  for  magical 
effects  of  light. 

The  great  Italian  painters  Giorgione  and  Titian  were  admirable  in 
landscape.  Annibale  Caracci  and  Domenichino  have  left  excellent 
pictures  in  this  department.  But  as  if  the  ugliness  of  the  country 
stimulated  its  natives  to  study  all  the  aids  which  make  an  ordinary 
scene  picturesque,  it  was  in  Flanders  and  in  Holland  that  landscape 
painting  was  most  cultivated.  In  the  school  of  Van  Eyck,  the  back- 
grounds are  often  elaborately  imitated  from  nature :  Joachim  Patenier 
(b.  1487)  and  Herri  de  Bles  (b.  1480,  d.  1550)  executed  works  m  which 
the  landscape  claims  an  independent  existence,  and  the  figures  have 
already  become  accessories.  Jan  Breughel,  or  "  Velvet-Breughel,"  as 
has  been  mentioned,  copied  with  wonderful  minuteness  all  the  variety 
of  vegetation.  Contemporary  with  Annibale  Caracci  there  lived  at 
Rome  a  Flemish  artist,  Paul  Bril  (b.  1554,  d.  1626),  who  forms  a  sort 
of  link  between  the  landscape  painters  of  the  north  and  south. 

In  that  kind  of  landscape  the  excellence  of  which  consists  in  gran- 
deur and  the  form  of  the  large  masses,  Nicolas  Poussin  led  the  way. 
He  was  followed  by  Caspar  Duget,  or  Poussin  (b.  1600,  d.  1663),  and 
Sebastian  Boimion  (b.  1616,  d.  1671).  Claude  Gelde  was  a  native  of 
Lorraine  (b.  1600,  d.|1682) ;  he  was  first  educated  by  A.  Tassi,  a  scholar 
of  Paul  Bril,  but  nature,  and  nature  alone,  taught  him  to  tinge  his 
graceful  forms  of  foliage  and  his  rippling  water  with  the  cool  pearly  hue 
of  morning,  or  the  rich  glow  of  an  Italian  evening.  His  pictures  acquired 
in  his  lifetime  the  value  which  they  have  ever  since  maintained. 

The  style  of  Claude  reacted  on  the  Low  Coimtries.  Hermann 
Swanevelt  (b.  1620,  d.  1680)  was  his  pupil :  John  Both  (b.  1610,  d. 
1650)  and  Adam  Pynacker  (b.  1621,  d.  1673)  were  painters  of  the  same 
character.  The  Dutch  landscape  painters  kept  closer  to  Northern 
nature ;  such  are  the  works  of  John  van  Goyen  (b.  1696,  d.  1656)  ; 
generally  low  sea  coasta,  executed  in  a  brown  transparent  tone.  An- 
thony Waterioo  (b.  1618,  d.  1660)  is  better  known  by  his  admirable 
etchings  than  by  his  pictures. 

The  genius  of  Rembrandt  exercised  considerable  influence  over 
landscape;  and  he  was  admirably  followed  by  his  pupU  Philip  de 
Koninck  (b.  1619,  d.  1689),  who  in  broad,  open,  flat  landscapes,  often 
equalled,  and  sometimes  surpassed,  Rembrandt  himself.  But  the 
leaders  of  this  particular  school  were  Jacob  Ruysdael  (b.  1635,  d.  1681) 
and  his  pupiA  Mindert  Hobbema  (b.  1611).    The  best  works  of  these 


masters  carry  us  into  the  depth  of  the  forest,  and  convey  that  Boit  of 
lonely  feeling  which  retired  woodland  scenery  imparts.  Albert  Ever- 
dingen  (b.  1621,  d.  1675)  gave  his  pictures  more  of  the  Norw^ian 
character,  and  often  painted  water-falls  and  pine-forests. 

We  have  said  nothing  of  the  paatoral  side  of  landscape,  in  whidi 
Nicolas  Berghem  (b.  1624,  d.  1683),  Albert  Cuyp  (b.  1600),  Carl  du 
Jardin  (b.  1640,  d.  1678),  and  Adrian  van  der  Velde  (b.  1639,  cL  1672), 
excelled.  Philip  Wouvermans  (b.  1620,  d.  1668)  pursued  a  line  pecu- 
liar almost  to  himself,  or  in  which  at  least  he  has  no  rival.  He  exe- 
cuted battles,  fairs,  halts  of  cavaliy,  and  all  scenes  in  which  horses 
occur,  with  truth  and  delicacy. 

The  most  eminent  marine  painters  were  Bonaventura  Peters  (b.  1614, 
d.  1652),  Ludolf  Backhuysen  (b.  1631,  d.  1709),  and  William  van  dsr 
Velde  (b.  1610,  d.  1693).  John  Fyt  (b.  1625,  d.  1700),  and  John 
Weenix  ,(b.  1644,  d.  1719),  painted  animals;  while  De  Heem,  Van 
Schriek,  Vromans,  and  others,  devoted  themselves  with  equal  zeal  to 
painting  flowers,  insects,  &c.,  De  Heem  being,  all  things  considered, 
the  first  in  his  line. 

In  the  18th  centiliry,  painting  was  in  Flanders  and  Holland  as  coldly 
imitative  and  conventional  as  elsewhere.  Adrian  and  Pieter  van  der 
Werff,  and  Hendrick  van  Limborch,  produced  academically  coTrect 
historical  pictures ;  Jacob  de  Wit  displayed  extraordinary  dexterity  in 
making  his  canvases  look  like  bronze  relievi;  the  elder  Van  Mierb 
painted  portraits  and  flowers ;  the  younger  wrought  mythological  sub- 
jects and  poultry  yards ;  the  Van  Nickelens,  father  and  son,  painted 
architecture  and  landscape ;  and  Van  Huysum  flowers,  with  a  truth 
and  taste  only  inferior  to  De  Heem.  The  schools  of  Belgium  and 
Holland  were  somewhat  late  in  arousing  themselves  from  the  slumber 
into  which  they  had  fallen  in  the  last  century ;  but  at  the  present 
time  painting  is  nowhere  more  earnestly  and  diligently,  nor  in  aome 
of  its  branches  more  successfully  followed,  than  in  Belgium. 

(The  most  recent  and  comprehensive  general  survey  of  the  history 
of  the  Northern  schools,  is  Kugler's '  Handbook  of  Painting :  German, 
Flemish,  and  Dutch  Schools/  as  recast  by  Waagen,  Lond.  1860.  See 
also  Cavalcaselle  and  Crowe's  '  Notices  of  the  Early  Flemish  Painters ;' 
Sandrart's  'Academia;'  Descamps,  'La  Vie  des  Peintres  Flamands, 
AUemands,  et  Hollondais,'  Par.  1753 ;  Miohiel's  '  Histoire  de  la  Pein- 
ture  Flamande  et  Hollondaise,'  Bruxelles,  1845-6 ;  '  Hist  de  TEoole 
Flamande,'  Bruxelles,  1856 ;  and  Womum's '  Epochs  of  Painting.*) 

The  Spanish  School  of  Painting  cannot  be  carried  back  farther  than 
the  first  half  of  the  15th  century,  though  it  is  certain  that  miniatori 
were  employed  in  illuminating  manuscripts  as  early  ob  the  10th  and 
11th  centuries.  The  cradle  of  Spanish  painting  was  Toledo.  The 
Castilians  borrowed  something  from  the  Byzantines,  with  whom  they 
had  much  intercourse.  But,  as  might  be  expected,  the  Flemish  painters 
exercised  a  far  more  powerful  influence  in  Spain.  Two  Flemish 
painters  are  especially  singled  out :  Maestro  Rogel  (who  waa  in  Spain 
in  1445),  who  is  identified  by  some  with  Rogier  van  der  Weyden ;  and 
Juan  Flamenco  (1496),  whom  some,  without  much  reason,  8Ui^>ose  to 
be  Hans  Memling.  Somewhat  later,  Titian,  who  spent  some  years  in 
Spain  in  the  service  of  Charles  V.,  helped  to  mould  the  Spanish 
painters'  principles  of  colour. 

Luis  de  Vargas  (b.  1502,  d.  1568)  waa  one  of  the  first  conspicuous 
Spanish  painters.  A  thorough  devotee,  he  helped  to  foster  that  ascetic 
tendency,  and  that  entire  subserviency  to  ecclesiastical  canons,  which 
formed  so  marked  a  feature  in  early  Spanish  painting.  The  works  of 
Luis  de  Morales  of  Badajoz  (b.  about  1510,  d.  1586)  show  some  tiaoes 
of  early  Flemish  minuteness  and  hardness,  with  great  power  of  ex- 
pression, occaaionally  exaggerated :  from  the  devotional  character  of  his 
pictures,  which  are  chiefly  of  the  Saviour  crowned  with  Thorns,  or 
the  Madonna  Weeping,  Morales  has  acquired  from  his  countrymen  the 
surname  of  "the  Divine."  Fernando  Gallegos  imitated  Albert  Diirer. 
Antonio  del  Rincon  (b.  1446,  d.  1500),  Alonso  Berruguete  (b.  1480, 
d.  1562),  Pedro  Campafta,  a  Fleming  by  birth  (b.  1603,  d.  1580), 
Caspar  Becerra  (b.  1520,  d.  1570),  Pablo  de  Cespedes  (b.  1588,  d.  1608), 
and  Vincente  Joannes  of  Valencia  (b.  1523,  d.  1579),  who  ia  re- 
garded as  the  head  of  the  school  of  Valencia,  were  the  earlier  Spanish 
maaters  of  eminence  who  studied  in  Italy;  the  ablest,  and  certainly  the 
most  influential,  being  Berruguete,  and  next  to  him  Caspar  Becerra. 

The  works  of  Rincon  are  rare :  there  is  an  altar-piece  of  his  at 
Roblodo  de  Chavela,  not  far  from  the  EscuriaL  Campana'a  Descent 
from  the  Cross,  and  the  celebrated  Gamba  of  Vargas  are  in  the  cathe- 
dral of  Seville.  The  series  of  the  Martyrdom  of  St.  Stephen,  by  Joanea, 
is  in  the  museum  of  Madrid.  Alonso  Sanchez  CoeUo  (d.  1590)  and 
Juan  Fernandez  Navarrete  el  Mudo  (b.  1526,  d.  1579)  painted  re- 
spectively portraits  and  sacred  subjects  for  Philip  II.  The  colouring 
of  Navarette  is  very  fine,  and  resembles  that  of  the  Venetian  schooL 

In  the  school  of  Seville,  in  the  17th  century,  the  principal  fore- 
runners of  Murillo  were  Juan  Sanchez  de  Caatro;  Juan  de  las  Roelas 
(b.  1558,  d.  1625),  who  studied  in  Italy,  and  whose  finest  picture  is 
perhaps  the  Death  of  St.  Isidore,  in  the  church  of  that  saint  at 
Seville ;  the  two  Herreras,  and  Francisco  Zurlxuran  (b.  1598,  d.  1662). 
The  elder  Herrera  (b.  1576,  d.  1656)  is  distinguished  by  vigour  and 
boldness  of  execution.  Zurbaran's  great  work  of  St  Thomas  of 
Aquino,  formerly  in  the  Colegio  de  Santo  Tomas,  will  bear  comparison 
with  the  best  pictures  of  any  master.  Bartolom^  Esteban  Murillo 
(b.  1618,  d.  1682)  has  left  early  pictures  at  Seville  which  give  little 
promise  of  his  subsequent  excellence.    It  was  only  after  lu»  return 
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from  Madrid  m  1645  that  he  attained  that  freedom  and  power  which 
characterifie  his  best  works.  The  name  of  MuriUo  is  supposed  by  many 
in  this  country  to  stand  highest  in  the  Spanish  school,  but  Diego 
Velasquez  de  Silva  (b.  1599,  d.  1660)  was  perhaps  the  greater  man, 
thotigh  MoriUo  painted  loftier  as  well  as  humbler  subjects.  The  por- 
traits of  Velasquez  are  only  equalled  by  those  of  Titian  :  his  historical 
works  in  the  Madrid  Gallery,  such  as  the  Surrender  of  Breda,  and  his 
(ketches  of  landscape  in  the  same  collection,  are  of  great  excellence. 
One  of  his  most  celebrated  early  pictures  is  the  Water-carrier,  now  at 
Apeley  House.  His  style,  however,  often  runs  into  excess,  bordering 
in  its  sternness  on  the  violent  contrasts  of  Caravaggio,  but  always 
avoiding  his  Tulsarity. 

Francesco  Pacheco  (b.  1571,  d.  1654)  was  the  founder  of  the  school 
of  Seville.  His  scholar,  Alonso  Cano  of  Granada  (b.  1600,  d.  1667) 
painted  with  simplicity  and  beauty,  as  well  as  vigour.  Francisco 
Ribalta  (b.  1551,  d.  1628)  is  generally  held  to  be  the  beet  master  of 
the  Valencian  schooL  The  altar-piece  in  the  chapel  of  Magdalen 
College,  O^ord,  is  probably  by  him.  Claudio  Coello  (d.  1693)  is  one 
of  the  last  Spanish  masters  who  deserve  notice.  His  picture  in  the 
Sacristy  of  the  Escurial  is  a  brilliant  work. 

The  Spanish  school  can  boast  of  several  painters  who  may  rank  with 
the  best  of  any  other  country.  But  Spanish  painting  was  always 
limited  in  its  scope,  and  was  early  exhausted,  from  the  first  it  was 
eminently  religious,  and  ascetic  in  its  religion.  It  has  been  said  that  a 
nude  figure  does  not  probably  occur  in  Spanish  painting  :  and  the  most 
stringent  rules  were  laid  down  by  the  ecclesiastical  authorities  for  the 
treatment  of  the  sacred  and  saintly  personages  introduoed  by  artists  on 
their  canvases.  The  favourite  subjects  were  connected  with  the  mysteries 
of  religion,  the  legends  of  the  saints,  and  especially  religious  ecntacies. 
Though  Murillo  painted  peasant  boys  with  infinite  relish,  lus  greatest 
works  are  such  as '  the  Immaculate  Conception/  or  the  '  AjBSumption.' 
(Cean  Bermudez, '  Diccionario  Historico ;'  Stirling's  '  AnnaU  of  the 
Artists  of  Spain ;'  Kugler's  '  Hand-book  :  Spanish  Schools,'  ed.  by  Sir 
RHead). 

PreiMh  Sckool. — ^France,  in  the  reign  of   Charlemagne  and  sub- 
sequently, had  its  miniature  painters,  and,  as  we  see  by  the  sculpture 
on  its   Gothic  churches,  always  possessed  a  decided  feeling  for  art. 
But  the  French  can  scarcely  be  said  to  have  had  a  school  of  painting  of 
thdr  own  until  a  comparatively  late  date.    In  the  16th  century,  Jean 
Cousin  and  the  family  of  the  Clovets  were  painters,  who  owed  Uttle  to 
foreign  teaching,  but  with  these  exceptions,  the  older  French  painters 
either  studied  and  practised  in  Italy,  or  were  mere  imitators  of  Italian 
painters ;  while  many  Italians  were  either  temporary  or  permanent 
residents  in  France.    Among  these  were  Lionardo  da  Vind,  Andrea 
del  Sarto,  Bosso,  and  Primaticdo,  whom  the  zeal  of  Francis  I.  intro- 
duced into  France.    We  find  little  independent  existence  of  French 
pamting  before  Simon  Vouet  (b.  1582,  d.  1641),  who  studied  the  later 
Venetian  painters,  and  Caravaggio :  he  was  rog^ed  as  one  of  the  first 
painters  of  his  time,  and  was  the  master  and  model  of  the  succeeding 
generation  of  fVench  painters.     His  contemporary  Nicolas  Poussin 
(b.  1594,  d.  1665)  stamped  a  character  on  the  art  of  his  country 
which  may  be  said  to  have  lasted  almost  to  our  own  days.    His  style 
is  based  in  some  degree  on  a  confusion  of  the  capabilities  of  sculpture 
and  painting — statuesque  forms,  fine  drawing,  and  the  composition  of 
a  bas-relief  clothed  in  unpleasing  colour,  though  not  wholly  satisfactory 
to  the  eye,  stUl  combine  to  produce  considerable  e£fect ;  an  effect  how- 
ever of  a  limited  kind,  analogous  to  that  resulting  from  the  classical 
correctness  of  Badne's  tragedies,  and  without  any  life  or  spontaneity. 
Caspar  Poussin  and  Claude  Lorraine,  have  been  already  named :  they 
both  learned  their  art  in  Rome  and  there  practised  it.    The  most 
funous  of  Vouet's  scholars  were  Eustache  Le  Sueur  (b.  1617,  d.  1655), 
called  the  '  French  Bafi^lle,'  a  title  sufficiently  characteristic ;  and 
Charles  Le  Brun  (b.  1619,  d.  1690).    The  krge  pictures  of  Le  Bnm 
ve  very  clever  but  disfigured  by  the  affectation  of  the  time  of 
Louis  XIV.     Peter  Mignard  (b.  1610,  d.  1695),  another  pupil  in  the 
nme  school,  painted  some  good  portraits.    Antoine  Watteau  (b.  1684, 
d.  1721)  ii  celebrated  for  the  piquant  grace  of  his  courtly  garden  scenes 
•nd  fdtes  galantes.    A  clever  imitator  of  his  style  was  Nicolas  Lancret 
(h.  1690,  d.  1740),  whose  pictures,  though  wanting  the  abandon,  are 
iK>t  seldom  taken  for  those  of  Watteau.    Franfois  Lemoine  (b.  1688, 
^  1737)  was   an  imitator    ofc  Pietro  da  Cortona.     Joseph  Vemet 
0>«  1711,  d.  1789)  executed  some  very  dever  landscapes  and  sea-piece^ 
^ough  for  the  most  part  disagreeable  in  colour.    J.  B.  Greuze  (b.  1726, 
d.  1805)  excelled  in  the  representation  of  scenes  of  domestic  life,  and 
in  female  portraiture ;  his  style  verges  on  the  meretricious,  but  his 
pictures  continue  to  increase  in  ^vour  with  the  collectors,  both  of 
^gland  and  France.    Under  Coypel,  Lemoine,  Vien,  Boucher,  and 
Vudoo,  Parisian  art  went  on  steadily  deteriorating.    It  owes  its  resus- 
citation to  the  general  mental  exdtement  produced  by  the  stirring 
^ts  of  the  revolution ;  but  the  special  form  which  it  assumed  was 
doe  chiefly  to  the  energy  and  tact  of  Jacques  Louis  David  (b.  1748, 
^  1825) ;  though  his  pictures  are  in  a  thoroughly  mistaken  style.    He 
endeavoured  to  carry  out  on  a  larger  scale  the  **  dassieal "  prindples 
of  Poussin.    It  is  impossible  to  deny  his  pictures  the  merit  of  fine 
drawing  and  a  eertun  power;   but  disagreeable  oolov,  exaggerated 
^tri^  expression,  and  academic  affectation  mar  the  effect  of  their 
wtter  qualities.     His  most  eminent  followers  were  G^raid,  Qros, 
v^uodet.  Droling,  Pujol,  Gudrin,  and  G^ricault    Gu^rin  carried  the 
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system  of  his  master  to  the  verge  of  caricature,  and  thus  hastened  the 
inevitable  reaction.  Gerard  was  a  painter  of  considerable  power,  but 
marred  by  conventionalism,  and  utter  want  of  feeling  for  colour. 
Some  of  h]s  portraits  are  eminently  characteristic ;  his  huge  transcripts 
of  contemporary  history  are  as  eminentiy  artificial 

Among  the  great  leaders  in  the  reaction,  and  the  masters  to  whom 
the  present  position  of  French  painting  is  mainly  attributable,  it  must 
suffice  to  mention  Jean  Louis  G^ricault,  Leopold  Robert,  Ary  Scheffer, 
and  Paul  Delaroche,  who  have  passed  away ;  but  Delacroix,  Ingrez, 
Horace  Vemet,  and  others,  who  still  survive,  have  an  equal  title  to 
rank  among  the  pioneers  of  contemporary  French  art 

English  School. — We  have  ample  evidence  that  the  English  were 
among  the  earliest  and  warmest  patrons  of  the  art  of  the  mediaeval 
miniature  painter ;  and  manuscripts  like  the  famous '  Durham  Book '  in 
the  British  Museum  show  that  even  in  the  8th  century  British  miniatori 
were  at  least  equal  to  their  brethren  on  the  continent.  In  the  10th 
century  English  manuscripts  were  eagerly  sought  for  abroad,  and  their 
mode  of  ornamentation  was  known  as  "English  Work,"  (Opus 
Anglicanum) :  of  this  style  and  time  is  the  beautiful  Benedictional  of 
St.  Ethdwold,  in  the  possession  of  the  Duke  of  Devonshire.  In  the 
succeeding  centuries  the  same  excdlence  was  maintained,  and  those 
who  have  devoted  special  attention  to  this  branch  of  art  remark  that 
English  miniatures  are  purer  and  richer  in  style,  and  freer  from 
Byzantine  characteristics  than  continental  manuscripts  of  the  same 
date.  The  art  gradually  passed  out  of  use,  but  it  is  noteworthy  that  in 
the  form  of  miniature  portrait-paintin|;  which  succeeded  the  decora- 
tion of  missals  and  service  books,  English  artists  for  some  time 
maintained  a  dedded  superiority. 

But  of  painting  proper,  though  there  is  reason  to  believe  that  the 
paintings  in  mediseval  churches  and  on  the  walls  of  palaces  were 
frequentiy  the  work  of  native  hands,  there  was  no  school  founded  in 
England  tiU  long  after  every  other  great  European  country.  Henry 
VII.  employed  John  ICabuse,  Henry  VIII.  for  many  jears  retained 
Holbein,  and  after  his  death  Sir  Antony  Moro  as  his  court  painter ; 
and  as  we  have  already  seen,  succeeding  monarchs  usually  had  one  or 
more  distinguished  foreign  portrait-painters  in  their  service.  But  it 
was  long  before  an  English  painter  was  found  to  enter  into  com- 
petition with  any  of  them  even  in  this  comparatively  facile  and  always 
lucrativie  branch  of  art.  In  the  reign  of  Elizabeth,  two  Englishmen, 
Nicholas  Hilliard,  and  lus  pupil  Isaac  Oliver,  acquired  distinction  as 
miniature  painters.  Hilliard  imitated  the  manner  of  Holbein,  but 
Oliver  was  more  original,  and  was  admitted  to  be,  in  his  own  line,  one 
of  the  very  best  artists  of  his  age.  His  son,  Peter  Oliver,  was  also  a 
skilful  miniature-painter. 

Charles  I.  was  on  eager  and  an  intelligent  collector  of  pictures,  and 
he  invited  to  England  Rubens,  Vandyck,  Hontherst,  Gerbier,  and 
many  other  painters  of  contemporary  odebrity.  His  example  was 
foUowed  by  his  wealthier  courtiers,  and  English  as  well  as  foreign 
painters  soon  became  redpients  of  their  patronage.  The  foreign 
painters  represented  every  branch  of  the  profesdon ;  but  the  English- 
men confined  themselves  almost  exclusively  to  portraiture :  Francis 
Barlow,  an  animal  painter,  being  one  of  the  few  exceptions.  But  in 
portraiture  EInglish  painters  were  strong.  Robert  Walker,  who  was 
patronised  by  Cromwell,  painted  a  head  nearly  as  well  as  Vandyck ; 
while  William  Dobson  (b.  1610,  d.  1646)  who  was  distinguished  as 
"  the  English  Tintoret,"  and  succeeded  Vandyck  as  sergeant-paiDter  to 
the  king,  is  in  some  of  his  best  portraits  littie  inferior  to  either  of  the 
great  painters  named  in  conjunction  with  him :  his  portraits  are  com- 
paratively numerous.  Other  Englidi  portrait-painters  were  Nicholas* 
Stone  the  younger  (but  best  known  bv  the  cognomen  of  Old  Stone), 
who  studied  in  Italy,  and  was  cdebrated  as  a  colourist;  George 
Jameson,  "the  Scottish  Vandyck,"  Richard  Gibson  the  Dwarf,  and 
Samuel  Cooper  (b.  1609,  d.  1672)  one  of  tiie  greatest  miniature- 
painters  of  any  time. 

Several  of  these  lived  to  practise  their  art  under  Charles  II.,  but 
ndther  in  the  reign  of  that  monarch,  nor  in  that  of  his  successors  did 
English  paintixig  find  patronage,  or  indeed  seek  it.  England  was  not 
wanting  in  painters,  but  among  them  not  a  single  English  name  of 
eminence  occurs  till  that  of  Hogarth.  Ldy  and  Verrio  were  the 
court  painters  to  Charles  II.  and  his  brother ;  and  to  Ldy  succeeded 
Sir  Godfrey  Elneller  as  the  royal  and  fashionable  portrait-painter, 
while  Laguerre  followed  Verrio  as  the  manufacturer  of  those  monstrous 
allegories  with  which  it  was  the  fashion  to  disfigure  the  staircases  and 
oeUings  of  palaces.  To  these  indeed  Englishmen  were  the  successors, 
but  Jervas,  Thomhill,  and  Hudson  only  served  to  carry  a  step  lower 
the  degradation  of  painting.  Tet  though  painting  in  England  was  in 
a  course  of  steady  decline  from  the  Restoration  to  the  reign  of 
George  II.,  there  were  numerous  English  painters,  some  of  whom  it 
may  be  proper  to  mention.  One  of  tiiese  was  John  Riley  (b.  1646,  d. 
1691)  court  painter  to  William  and  Mary :  he  was  perhaps  the  best 
imitator  of  the  manner  of  Lely.  Henry  Cooke  (b.  1642,  d.  1700)  is 
said  to  have  studied  under  Salvator  Rosa ;  he  painted  the  chapd  of  New 
College,  Oxford,  and  "  restored"  for  Willitun  the  cartoons  of  RaffiieUe, 
without  doing  them  much  injury.  Jonathan  Richu^Lson  (b.  1665,  d. 
1745),  who  married  the  niece  of  Riley,  and  acquired  that  painter's 
traditions,  was  a  respectable  and  prosperous  portrait-painter ;  a  great 
admirer  of  the  works  of  the  old  masters,  and  of  choice  engravings,  of 
which  he  formed  an  excellent  collection;  and  the  author  of  some  very 
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int^gent  essayB  on  the  Theory  of  Paintiiig,  which  are  flaid  to  have 
contribute  largely  towards  making  8ir  Joehuft  Reynolds  a  painter, 
and  maystiU  be  read  with  profit.  Chariea  Jervas,  so  extWivagMltly 
praised  by  Pop«s,  was  the  leading  portrait-painter  of  his  day,  but  is 
now  only  noteworthy  as  a  striking  Example  of  the  influenod  of  fofihioiiA. 
Sir  James  ThomhiU  was  tile  first  Englishman  who  met  with  exten- 
sive patronage  in  any  other  bratidi  of  painting  than  portraitu^,  and  It 
was  long  before  the  example  was  followed.  It  will  be  enough  to  refor 
to  ThomhiM^i  paintings  in  the  hall  of  Greenwich  Hospital)  and  oh  the 
dome  of  St.  Paul's  as  illUBttations  of  his  style.  ^homaB  Hudftoii  is 
only  memorable  as  the  master  of  Sir  Joshua  Reynolds. 

The  true  regenerator  of  ]^!igiish  art^  and  the  first  really  gteat  English 
painter,  was  WUliam  Hogarth  (b.  ie97>  d.  176i),  in  his  bhoBen  line  of 
moral  satire  one  of  the  most  origihal  paintehi  whd  eve^  lived.  In 
Hogarth's  day,  and  almost  till  the  present  time,  it  was  usuftl  to  epeak 
of  him  in  the  words  of  Walpole,  as  having  "  but  slender  merit  as  a 
painter.'*  But  his  technical  merits  are  better  appreciated  noW,  While 
as  a  humonrist,  a  shrewd  observe)*  of  contemporary  lif^,  and  a  ibasbdt 
of  ludicrous  expression  in  face  and  form,  he  is  acknoWledg<dd  to  be 
without  equal.    [Hoqarth,  William,  in  Broa,  0iv.] 

The  aietual  head  of  the  British  school  of  paintihg,  howevek*,  was  Sir 
Joshua  Reynolds  (b.  1723,  d.  1792),  the  ablest  and  most  intellectual 
portrait  painter  and  tiie  greatest  coloiuist  tiiis  country  has  produced, 
and  not  unworthy  to  tank  with  the  best  portrait  painters  and  colourists 
of  any  country ;  it  is  only  to  be  regretted  that,  owing  to  his  imperfect 
technical  training,  so  many  of  his  works  are  already  decayed  or 
decaying.  His  historical  paintings  are  only  valuable  as  examples  of 
his  powerful  colour  and  facile  handling.  Sir  Joshua  was  the  first 
president  of  the  Royal  Academy  (founded  in  1768),  and  in  that  capacity 
delivered  the '  Discourses/  which  have  scarcely  exerted  a  less  powerful 
influence  on  English  art  than  the  productions  of  his  pencil.  [Retnolds, 
Sm  Joshua,  in  Bioo.  Div.] 

Thomas  Gainsborough  (b.  1727,  d.  1788)  was  inferior  to  Reynolds  as 
a  painter  of  male  portttuts,  but  in  expressing  the  lighter  graces  of  the 
female  face  and  form  he  was  at  least  his  equld.  But  his  great  original* 
power  lay  in  painting  English  cottage-doors,  woodland  landscapes, 
watering  places,  and  similar  simple  rustic  scenes — ^tlie  poetry  of  homely 
English  scenery — ^in  which  he  is  without  a  rival.  His  handling  is, 
however,  very  loose,  his  sense  of  form  deficient,  and  his  drawing  often 
indifferent;  but  he  was  an  admirable  colourist,  and  threw  around 
almost  everything  he  touched  an  indescribable  charm.  Richard  Wilson 
<b.  1718,  d.  1782)  learned  landscape  pafhting  in  Italy,  and  aimed  at  a 
more  ''  classic "  style.  He  wanted  many  of  the  qualities  which  are 
required  in  the  painter  of  landscapes  of  the  class  to  which  his  belong, 
but  he  had  a  true  painter's  feeling,  and  produced  many  admirable 
works.  George  Romney  (b.  1784,  d.  1802)  was  the  avowed  rival  of 
Reynolds  in  portrait,  and  he  painted  some  historical  pictures.  Benjamin 
West  (b.  1738,  d.  1820),  who  succeeded  Reynolds  as  president  of  the 
Royal  Academy,  was  a  native  of  Philadelphia,  then  a  British  colonv, 
but,  after  studying  some  time  in  Italy,  settled  while  still  yoimg  in 
England,  and  enjoyed  until  the  Regency  the  post  of  painter  in  ordinaty 
to  the  king.  West's  was  a  fair  representative  of  the  cold  academic 
style  of  historical  painting  then  cuirent ;  and,  though  there  was  more 
of  vigour  in  the  historical  pictures  of  James  Barry  (b.  1741,  d.  1806), 
there  was  no  more  real  truth  or  greatness.  Henry  Fuseli  (b.  1741, 
d.  1825)  was  by  birth  a  Swiss,  but  resided  in  this  country  the  larger 
part  of  his  Ufe,  and  was  professor  of  painting  in  the  Royal  Academy ;  his 
mannerism  and  strange  extravagance  of  conception  and  es^reMdon  tite 
notorious.  John  Opie  (b.  1767,  d.  1807),  Jan^es  Northcote  (b.  1746, 
d.  1881),  and  John  Singleton  Copley  (b.  1737,  d.  1815),  were  asttong 
the  other  most  prominent  conten^raiy  painters. 

Succeeding  these,  and  forming  tiie  connecting  links  between  the 
painters  of  the  time  of  Reynolds  and  those  of  our  own  day,  are  some 
artists  whom  we  must  be  content  to  mention,  referring  for  furthek- 
information  to  the  names  in  the  BidORAFHiOAXi  Division.  At  the  head 
of  those  we  may  place  West's  successor  hi  the  academic  <^air.  Si)* 
Thomas  Lawrence  (b.  1769,  d.  1880),  the  most  popular,  though  not 
the  greatest  of  English  portrait  painters.  Thomas  Stothard  <b.  1755,  d. 
1834),  had  a  singularly  graceful  fancy,  but  is  seen  to  most  advantage 
in  the  small  vignette  engravings  from  his  designs.  Sir  David  Wilkie 
(b.  1785,  d.  1841)  in  his  earlier  works  showed  inimitable  ridll  as  a 
painter  of  scenes  of  domestic  life.  William  Etty  {h.  1787,  d.  1849) 
was  a  powerful  colourist,  and  in  his  own  peculiar  line,  though  that  line 
was  an  eminently  conventional  one,  he  was  doubtless  a  master.  Joseph 
Mallard  William  Turner  (b.  1776,  d.  1851),  the  most  original,  the  most 
imaginative,  and  the  most  comprehensive  of  landscape  painters,  belongs 
to  too  recent  a  date  for  us  to  enter  upon  his  merits  or  shortcomings 
here;  nor  is  it  necesaaiy  to  do  so,  as  he  is  spoken  of  at  length  in  the 
Bioqraphioal  Division.  John  Constable  (b.  1776,  d.  1837) ;  Sir 
Augustus  Wall  Calcott  (b.  1779,  d.  1844) ;  Benjamin  Robert  Haydon  . 
(b.  1786,.d.  1846) ;  William  Collins  (b.  1787,  d.  1847) ;  Charles  Robert 
Leslie  (b.  1794,  d.  1869),  and  many  more,  might  be  quoted  as  illustrative 
of  the  variety,  tendency,  and  character  of  English  painting  iii  the  first 
half  of  the  present  century.  But  to  do  so  without  more  Gpace  than  we 
have  now  left,  would  answer  no  useful  purpose.  We  must  not,  how- 
ever, conclude  without  reference  to  the  rise  and  growth  of  that 
peculiarly  English  branch  of  the  art,  water-colour  painting.  Of  course, 
in  speaking  of  it  as  an  English  art>  it  is  hot  meant  to  be  implied  that 


there  was  anything  new  in  the  practice  of  employing  Water  aa  the 
v^de,  or  paper  as  the  material  on  which  the  colours  are  laidL  But 
the  adoption  of  this  distinct  foiunch  of  art,  and  its  special  appUcatioB, 
are  due  to  our  countrymen ;  and  by  them  water-colour  painting  has 
been  more  practised,  and  carried  farther,  than  by  the  painters  of  any 
other  country.  The  founder  of  the  English  sciiool  of  water-colour 
painting  was  F^ul  Saadby  (b.  1725,  d.  1809),  an  artist  of  versatile 
tfllentis  and  gt«at  taste.  Those  to  whom  its  extension  is  primarily  due 
were  John  CoBens  (d^  17*4);  Thomas  Girtin  (b.  1776,  d.  1802),  ite 
friend  and  fellow-Btudent  of  Turner,  and  Tumei:  himaell  liuke 
Glennell  (b.  1781,  d.  1889) ;  Samuel  Prout  (b.  1788^  d.  1852) ;  David 
Cox  and  others,  whose  names  will  recur  to  the  reader^  aided  materiaUy 
ht  raising  the  art  to  its  present  high  standing. 

PAINTING,  ENAMEL.    [Enamel.] 

PAINTING,  HOUSB^  is  the  art  of  paintmg  the  interior  and 
Exterior  of  dwellings  and  otii«r  buildings  with  a  oompoaition  which 
shall  preserve  from  decs^,  please  the  eye,  and  render  the  suifacee  to 
which  it  is  applied  leas  Imble  to  soil  and  easier  to  be  cleaned.  It 
is  executed  either  in  oil  or  distemper. 

OU  PaifUmg. — The  •  principal  tools  employed  are  bruehea  made  of 
hogs'  bristles  for  large  surfaces,  and  sash-tools  made  of  finer  hair  for 
small  work,  as  mouldings,  window-bars,  &c.  After  bein^  used,  they 
are  kept  in  water  to  prevent  their  gettix^  hard. 

Concerning  the  pigments  employed,  white  lead  is  used  for  white 
colour ;  it  is  also  the  basis  of  all  ordinary  colours;  The  colouring 
substances  {gkwnen)  in  general  use  are  earths,  umber,  odire,  Siena, 
Venetian  red,  purple,  brown,  &c. ;  the  first  three  are  sometimes  burnt, 
a  process  which  reddens  tatd  darkens  them.  Metallic  compounds  are 
red  lead,  vennilion,  Prussian  blue,  dirome  yellow,  verdigris,  Bruns- 
wick green,  verditer,  &c.  Animal  and  vegetable  colours  are  lakes, 
indigo,  ivory  black,  and  lampblack.  All  these  require  to  be  ground 
very  fine  in  oiL  This  tedious  and  unwholesome  process  was  formerly 
performed  by  hand,  and  by  painters  for  their  own  tise ;  but  now  the 
manufactmring  chemists  are  enabled,  by  the  application  of  machinery, 
to  Supply  the  articles  cheaper  than  they  can  be  prepared  at  home ;  aiMi 
the  painter,  being  relieved  from  this  troublesome  part  of  his  business, 
will,  if  he  aim  at  excellence  in  his  profession,  turn  his  attention  to  the 
higher  branches  of  his  art,  and  study  the  laws  by  whi<^  colouxs  are 
related  to  each  other,  so  as  to  be  able  to  harmonise  or  contrast  them  as 
occasion  may  require. 

The  liquids  in  use  are  Unseed  oil  (sometimes  boiled  with  litharge  to 
render  it  quickly-drying,  and  hence  called  boiled  xni),  and  oil  or  spirits 
of  tuipentme^  called  turps.  These  are  combined  for  use  in  various  pro 
portions  according  to  circumstances.  When  the  paint  is  required  to 
bear  a  gloss,  or  is  intended  for  outside  woHl,  most  oil  is  used;  and  for 
black,  chocolate  colour,  green,  &c.,  outside,  boiled  oil  alone,  or  with  a 
very  litUe  turps,  is  best.  For  flatting,  wbich  has  no  gloss,  turxM  alone 
is  requisite.  To  all  paint  a  little  sugar  of  lead,  or  litiiarge  (dryert) 
is  added  when  required  to  dry  quickly.  It  is  important  that  all 
surfaces  intended  to  be  painted  should  be  thoroughly  dry,  other- 
wise the  paint  will  be  liaise  to  peel  off. 

With  respect  to  mixing,  the  workman  takes  as  much  white  lead  as 
experience  trils  him  is  requisite,  and  a  little  oil  or  turps;  and  after 
these  are  mixed  by  stirring  with  a  stiff  knife,  he  adds  ^dryers  and  a 
portion  of  one  or  more  of  the  staintrs  above  mentioned,  according  to 
the  tint  whii^  he  wishes  to  produce.  After  reducing  the  mass  to  the 
consistence  of  cream  by  the  additloh  of  turps  or  oil,  the  whole  ^ould 
be  strained  through  a  piece  of  canvas  or  mudin,  when  it  is  ready  for 
us^  and  is  termed  by  the  workmen  eohwr. 

For  the  best  work,  the  knots  of  yellow  deal  should  be  cut  oat  to  the 
depth  of  a  quarter  of  an  inch  by  the  joiner,  while  the  work  ia  on  the 
bench,  and  pieces  of  the  same  wood  inserted  in  their  places  and  glued 
in  hflmd-ljght  only,  for  if  compressed  by  a  blow  with  a  hammer  they 
will  afterwards  swell  and  spoil  ^e  surface.  For  general  purposes  the 
knots  are  painted  with  red  lead  and  size.  When  this  is  dry,  they  are 
smoothed  with  g^ass-paper,  and  the  wotk  is  ready  for  priming,  which  is 
composed  of  red  and  white  lead  ground  in  and  mixed  with  linseed  oil 
only.  When  diy,  the  work  is  again  rubbed  down  with  glass-p^wr  or 
pumice-stone,  and  all  nail-holes,  &c.,  are  stopped  with  putty.  The 
following  coats  contain  about  as  much  oil  as  turps,  and  are  termed 
9wmd  cSour,  third  edowr,  &c.  The  last  coat  previous  to  the  finishing 
one  is  in  all  oases  termed  the  grovend,  and  is  nearly  the  colour  of  the 
intended  finish :  except  for  black,  green,  and  some  other  coarse  dark 
colours-,  for  which  ^e  ground  is  lead-colour,  composed  of  white  and 
Uack  mixed  together. 

The  repainting  of  old  Work  is  the  same  as  new,  with  the  omission  of 
the  knotting  and  priming. 

Stone-woo^,  stucco,  &&,  are  treated  tiie  same  as  wood.  It  is  the 
general  practice  to  repeat  the  coats,  allowing  sufficient  time  between 
each  to  dry,  till  ^e  work  ceases  to  absorb,  which  is  known  by  the 
absence  of  dull  i^ts  and  patches.  It  is  also  the  practice  to  omit 
turps  in  nuxing  coUmr  for  work  which  is  expected  to  absorb  much.  Aa 
to  graining t  iiie  methods,  tools,  and  materials  adopted  in  this  art  vary 
widi  almost  every  worlonan,  and  it  would  be  xiseless  to  attempt  to 
describe  in  writing  the  processes  which  are  so  dependent  on  tiiie  artist's 
taste.  It  may  suffice  to  state  that  the  woric  having  received  a  ground 
in  dl  of  the  predominating  colour  of  the  material  to  be  imitated,  the 
grain  of  wood  is  generaliy  represented  by  semi-transparent  eohmrs 
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mixed  in  beer.    The  sabflequenir  ivniUUng  fixes  the  oelotun,  imparts 
^  gloaa,  and  defends  Uie  work  irom  tbe  weather. 

JHiten^^er  PaMmg, — The  brushes  for  large  surlaces  diffiar  £ram 
those  used  in  oil :  they  are  wider  and  flatter,  and  are  termed  distemper- 
bruahes ;  but  the  tools  for  small  work  are  similar.  Whiting  takes  the 
same  plaoe  in  this  branch  that  white  lead  holds  in  oi) ;  the  eolouring 
Bubfitemces  are  sunilar^t  but  ground  in  water;  and  the  fluids  are  water 
and  melted  size. 

The  whiting  having  been  redueed  to  a  stiff  paste  with  water  in 
which  alum  has  beiBn  diasolYed,  the  colouring  matter  is  added,  and  the 
whole  thinned  with  warm  size.  It  must  then  stand  till  it  gets  cold, 
and  it  is  not  fit  fpr  use  unleas  it  cs&i&»  or  forms  a  slight  jeUy.  it  ii 
best  fco  strain  it  after  it  has  ohiUtd,  as  the  colouring  substances  ynUl 
Bometimea  sink.  Before  applying  this,  the  work  miuS  be  cleaned ;  lor 
if  there  renoains  any  substance  which  the  freak  applied  colour  will 
soften  and  mix  with,  the  work  will  not  present  a  uniform  appearance, 
but  will  be  cloudy.  The  best  work  is  painted  first  in  oil,  then  flatted, 
and  finished  in  distemper ;  but  seldom  more  than  one  coat  of  distem- 
per can  be  applied  with  advantage,  for  which  reason  care  should  be 
taken  to  oover  every  part  equally,  and  particularly  that  the  brush 
touch  no  part  that  is  once  dry ;  for  this  last  reason  several  men  are 
employed  together,  th&t  the  whole  of  any  surface  (as  a  oeiling)  may  be 
covered  before  any  part  has  time  to  dry. 

It  is  a  generally  received  opinion  among  painters  that  white  lead  is 
the  best  material  for  painting  work  of  all  descriptions,  with  a  view  to 
its  preservation,  and  they  affirm  that  black  paint  is  useless  in  that 
respect.  Now,  presuming  that  the  durability  of  paint  depends  on  the 
insolubility  of  the  materials  used  in  its  composition,  we  might  infer 
tiiat  black,  which  is  composed  of  one  of  the  most  imperishable  bodies 
known,  namely  carbon,  in  the  state  of  lampblack,  is  more  durable  than 
white,  which  is  made  of  carbonate  of  lead,  a  substance  slightly  soluble 
in  water  :  and  the  following  facts  confirm  this.  To  be  able  to  judge 
fiurly,  we  must  have  black  and  white  of  the  same  age  equally  exposed, 
and  on  the  same  materiaL  These  conditions  sre  all  fulfilled  on  finger- 
posts and  other  public  notices  exposed  by  the  highways  and  on  wo<^en 
grave-rails  in  country  churchyards,  which  are  almost  invariably  painted 
and  written  either  black  and  white  or  white  and  black.  Those  with 
black  grounds  and  white  letters  may  often  be  seen  with  merely  the 
illegible  remains  of  the  inscriptions  while  the  ground  is  quite  perfect. 
Bat  the  black  writing  frequently  remains  not  merely  till  the  white 
ground  is  washed  away,  but  often  till  the  surface  of  the  wood,  except 
where  it  is  occupied  by  the  letters,  is  decomposed  to  the  depth  of 
more  than  a  sixteenth  of  an  inch,  actually  leaving  the  inscription 
in  relief. 

A  more  important  circumstance  connected  with  the  use  of  white 
lead,  however,  is  the  extremely  deleterious  nature  of  this  substance. 
House  painters  are  much  affected  in  their  health  in  consequence. 
Zinc  white  has  been  introduced,  and  largely  recommended,  as  a  substi- 
tute for  white  lead ;  but  the  latter  substance  seems  to  possess  qualities 
which  enable  it  to  beat  down  all  opposition.  Euhlmann  has  recom- 
mended the  adoption  of  sulphate  of  barytes.  He  declares  that  it  is 
better  than  either  white  lead  or  oxide  of  zinc,  more  durable,  and  less 
injarious.  It  may  be  made  either  into  dry  cakes  like  white  lead,  or 
still  better  aa  a  paste.  Kuhlmann  communicated  a  paper  on  this 
subject  to  ^e  Academy  of  Sciences,  at  Paris,  in  1858. 

A  patent  process  has  been  adopted  for  producing  plain  white 

polished  surfaces  in  house  paintang.     Carbonate  of  lead  or  zinc  white 

is  ground  up  with  turpentine,  partially  dried,  and  mixed  with  copal 

body  varnish ;  this   paint  is  laid  on,  in  many  successive  coatings, 

increasing  the  proportion  of  varnish  at  each  stoge.    When  dry,  the 

Burface  is  rubbed   smooth  with  pumice  dust   or  rotten  stone,  and 

polished  with  the  hand.      A  kind   of  decorative  painting  is   thus 

managed.    Scrolls,  flowers,  or  other  devices  are  cut  out  of  paper,  and 

pinned  to  the  wall  or  other  surface;  the   surface   is   stippled  with 

any  suitable  paint  to  produce  a  dead  ground ;  when  the  stippling  is 

diy,  the  paper  is  removed,  and  the  ornament  is  left  in  high  and  light 

reUet    In  another  method,  the  device  is  painted  with  a  solution  of 

Bugar,  starch,  gelatine,  and  gum ;  the  whole  surface  is  then  stippled 

over ;  and  when  dry,  the  stipple  is  washed  off  from  the  gelatinised 

Burface. 

Concerning  painter's  colours,  it  may  here  be  stated  that  a  manufac- 
tory was  established  at  Battersea  a  few  years  ago,  for  making  such 
colours  by  galvanic  agency.  During  galvanic  action,  chemical  decom- 
poBition  always  takes  place  in  the  cells ;  and  by  a  careful  choice  of  the 
liquids  emploved,  sedimentary  deposit?  of  mineral  colouring  substances 
^y  be  obtamed.  Practically,  very  brilliant  colours  were  obtained, 
&Da  Bold  in  cakes ;  but  the  profits  were  not  sufficient  to  render  the 
^^cculation  a  permanent  one.  Another  adventure  has  been  that  of 
obtaining  a  base  for  pigments  from  serpentine  and  other  rocks  contain- 
^g  silicates  of  magnesia  and  iron,  by  uie  action  of  certain  acids ;  the 
oases  thus  obtained  are  mostly  y^ow,  blue,  and  green.  For  the 
most  part,  however,  painters  are  supplied  wHh  colours  prepared  by 
methods  long  practised. 

The  extent  of  this  trade  may  in  some  degree  be  shown  by  the 
fact  that  painter's  colours  to  the  value  of  nearly  half  a  million  sterling 
are  yearly  exported  from  this  country. 

PALAEOGRAPHY  ^from  iroAouJj,  old,  and  yptK^h,  writing),  compre- 
iiendfl  the  study  of  ancient  writing  from  the  earliest  periods  until  the 


invention  of  printing  ia  the  Iffth  eentury,  or  rather  until  that  art 
became  oommon  at  the  oommenoement  of  uie  IBth. 

The  earliest  speeimens  of  writing  ooour  upon  stone,  metals,  wood, 
baked  elay,  wax,  linen,  ih%  bark  and  leaves  of  trees,  and  the  prepared 
skins  of  quadrupeds,  goats,  sheep,  and  calves.  Writings  upon  the  first 
named  substances  come  more  properly  under  the  title  of  Inscriptions  ; 
those  upon  the  bark  of  trees  are  fully  treated  of  under  the  article 
Paftbus  ;  it  is  therefore  to  some  accoimt  of  the  principal  character- 
istics of  vellum  or  parchment  manuscripts  that  the  present  notice  is 
devoted. 

In  the  earliest  centuries  we  find  much  importance  attached  to  the 
correct  transcription  of  the  works  both  of  profane  and  theological 
authosBy  and  as  early  as  the  5th  century,  if  not  earHer,  schools  or  asso- 
ciations of  icribes  were  formed;  who  worked  under  definite  and 
stringent  rules.  To  a  female  scribe  in  one  of  these  schools  at  Alex- 
andna  we  are  indebted  for  the  famous  copy  of  the  Scriptures  known 
as  the '  Codex  Alezandrinus,'  written  at  the  commencement  of  the  5th 
century,  and  now  preserved  in  the  British  Museum.  So  great  was  the 
care  taken  to  have  correct  copies  of  important  works,  that  Jerome 
informs  us  that  Pamphilus,  the  martyr,  transcribed  the  works  of  Origen 
with  his  own  hand;  while  distinguished  men  like  Ambrose  and 
Alcuin  ^d  not  disdain  the  duty  of  comparing  and  revising  the  tran- 
scripts executed  by  the  professional  scribes.  Baluzius  cites  decrees  of 
the  chapters  against  careless  and  bad  copying,  or  transcriptions  from 
vicious  texts.  In  all  the  principal  monasteries  was  a  scriptorium,  or 
writing-room,  in  which  the  icriba,  acriptor,  or  scribe,  could  pursue  his 
work  in  quiet,  generally  assisted  by  a  dictator,  who  read  aloud  the  text 
to  be  copied,  the  transcript  was  then  gone  over  by  a  corrector,  and 
.  afterwards  handed  over  to  the  minkUor,  who  added  the  ornamental 
capitals  and  artistic  designs. 

The  word  parchment  is  supposed  to  be  derived  from  Pergamus,  a 
city  of  Asia,  in  which  the  uuns  of  sheep  were  largely  prepared  for 
manuscript  purposes.  Vdlum,  veKn,  prepared  from  the  sxin  of  the  calf, 
ifituhu,  veau,  from  which  it  t^kes  its  name.  The  extreme  whiteness 
and  fineness  of  vellum  may  be  taken  as  a  sure  sign  of  great  antiquity. 
The  finest  vellum  manuscripts  are  all  prior  to  the  8th  century. 

Although  a  small  cursive  handwriting  is  occasionally  met  with  even 
as  far  back  as  the  4th  and  5th  centuries,  it  was  not  until  the  close  of  the 
8th  that  the  mintucuU  writing  became  general  The  broad  capital 
letter  in  which  the  words  are  unbroken,  and  which  has  been  designated 
as  the  rustic,  is  the  prevailing  character  in  manuscripts  of  the  4th 
and  5th  centuries.  The  Vatican  Virgil  of  the  4th  century  ia  a  mag- 
nificent specimen  of  this  style.  The  uncial  and  semi-uncial  prevailed 
from  the  6th  to  the  8th  century.  In  the  latter  century  fine  minuscule 
Roman  writing  was  not  uncommon,  and  a  fine  example  of  this  exists 
in  the  manuscript  known  as  the  Psalter  of  Chanemagne,  in  the 
Imperial  Library  at  Vienna.  Minuscule  became  general  in  Latin  MSS. 
of  the  9th,  and  Greek  MSS.  of  the  10th  century.  The  Latin  MSS.  of 
the  9th  century  are  comparatively  rare.  They  are  for  the  most  part 
written  on  fine  thin  vellum,  in  a  small  and  very  graceful  character : 
the  letters  rather  slanting  to  the  right-hand.  The  manuscripts  of  the 
10th  century  are  more  numerous  than  those  of  the  preceding  century , 
the  letters  are  more  upright,  rounder,  and  fuller  in  shape,  the  vellum 
is  commonly  thicker  and  firmer.  A  loagnificent  specimen  of  the  style 
of  the  10th  century,  in  the  hand- writing  of  the  famous  St.  Dunstan^ 
abbot  of  Glastonbury,  is  preserved  in  the  British  Museum*  It  records 
a  grant  by  King  Eadred  of  the  monastery  of  Reculver  to  the  church  of 
Canterbury,  in  the  year  949.  One  is  at  first  struck  bv  observing  that 
no  trace  of  the  ignorance  which  at  this  time  darkened  Europe,  can  be 
discovered  in  the  numerous  «and  exquisitely  finished  manuscript  of 
this  century.  But  the  fact  may  be  partly  accounted  for  by  remember- 
ing the  enormous  dotations  made  to  the  religious  orders,  and  their 
prosperity,  in  consequence  of  that  very  belief  m  the  approaching  end 
of  the  world,  which  degraded  general  society  by  the  neglect  of  temporal 
interests  to  which  it  led.  In  the  11th  century,  owing  probably  to  the 
general  destitution,  parchment  was  extremely  rare,  and  it  was  in  this 
centurv  that  the  practice  seems  to  have  been  moat  general  of  erasing 
ancient  and  so-called  profane  manuscripts  in  order  to  transcribe  recent 
theological  treatises  upon  the  vellum  thus  acquitted. 

To  manuscripts  thus  erased  and  again  written  upoUj  the  name  has 
been  given  of  Palimpsests,  and  to  this  word  we  refer  the  reader  for  a 
fuller  description  of  such  manuscripts.  The  handwriting  of  the  11th 
century  bears  a  striking  general  resemblance  to  that  of  the  9th,  the 
characters  are  small  and  closely  written,  and  have  a  considerable  slope. 
It  seems  probable  that  the  small  size  of  the  writing  may  be  in  part 
accounted  for  by  the  difficulty  of  procuring  parchment.  The  writing 
of  the  early  part  of  the  12th  century  is  not  unUke  that  of  the  10th, 
with  the  exception  of  the  illuminated  capitals,  the  peculiarities  of 
which  are  described  further  on.  The  letters,  however,  particularly  in 
English  manuscripts,  are  larger  and  thicker.  The  vellum  is  mostly 
stout,  anid  not  so  white.  At  the  close  of  the  century  the  beautiful  and 
clear  Roman  writing  was  gradually  becoming  superseded  by  the  intro- 
duction of  an  angular  cha^tcter,  to  which  the  term  of  modem  Cbthic 
has  been  applied,  In  the  13th  century  this  Gothic  character  became 
univer^.  Even  the  round  p  was  transformed  into  an  elongated 
hexagonal.  Abbreviations,  hitherto  rare  and  simple,  became  in  this 
century  numerous  and  abstruse.  In  addition  to  certain  strongly 
defined  peculiarities  in  illumination,  of  which  we  shall  presently  speak, 
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the  number  and  general  use  of  abbreviations  is,  indeed,  the  most  pro- 
minent  palseographical  distinction  of  the  13th  century.  In  the  liih.,  tiie 
Qothic  chuucter  still  maintained  its  ascendancy ;  the  letters,  however, 
are  generally  broader  and  more  open,  and  the  abbreviations  not  quite 
so  numerous  as  in  the  previous  century.  A  great  change  is  perceptible 
in  the  writing  of  the  15th  century.  Although  still  Gothic,  it  wants 
the  massive  and  compact  appearance  of  the  two  preceding  centuries : 
the  character  is  slighter  and  more  open,  and  the  heads  and  tails  of  the 
letters  are  thinner,  weaker,  and  bended.  Of  the  manuscripts  of  the 
16th  century  it  is  almost  imnecessary  to  speak.  Owing  to  the  intro- 
duction of  printing,  manuscripts  had  ceased  to  be  written  for  the 
purposes  of  study,  although  occasionally,  as  well  as  in  the  two  follow- 
ing centuries,  executed  as  specimens  of  art  or  luxury.  It  should  be 
remarked  that  the  preceding  sketch  is  confined  to  an  attempt  at 
delineating  the  appearance  of  the  set  hands  of  the  various  centuries. 
The  cursive  and  epistolary  styles  are  too  capricious  to  be  understood 
otherwise  than  by  long  and  intimate  acquaintance  with  the  originals. 

A  method  of  distinguishing  and  deciding  upon  the  various  ages  of 
MSS. — ^more  easily  acquired  from  description  than  the  comparatively 
slight  distinctions  which  mark  the  age  of  written  documents,  and 
which  can  only  be  acquired  by  careful  study  of  originals — is  afforded 
by  the  strong  characteristic  features  displayed  in  the  coloured  and 
illuminated  initial  letters  and  ornaments  so  frequently  found  in  MSS. 

The  first  attempt  at  ornamentation  seems  to  have  been  the  use  of 
minium  or  vermilion  in  marking  the  titles  or  commencement  of  manu- 
scripts; and  this  is  the  origin  of  our  word  miniature,  which  first 
sigmfiedthe  rubricated  lettars,  afterwards  comprehendeid  the  whole 
separate  branch  of  ornamentation  of  MSS.,  and  now  exclusively 
signifies  a  picture  painted  in  the  style  necessarily  adopted  by  the 
artists  who  worked  on  the  small  sheets  of  vellum,  of  which  early  books 
were  composed. 

In  the  most  ancient  volumes  now  remaining  red  letters  were  used 
for  the  purpose  before  mentioned,  and  in  some  cases  also  to  mark 
words  of  psu-ticular  importance — an  example  of  which  is  afforded  by 
the  Alexandrian  MS.,  and  others  of  the  4th  and  5th  centuries.  In 
these  and  the  succeeding  centuries  the  custom  of  writing  in  burnished 
gold  and  silver  was  extensively  employed,  remnants  and  records  of 
which  have  descended  to  our  times.  The  most  ancient  example  is 
perhaps  the  Codex  Argenteus  of  Ulphilas,  written  on  purple  vellimi,  at 
the  close  of  the  4th  century.  The  use  of  v^um  stained  of  a  rose  or 
violet  colour  is  peculiar  to  this  early  period,  and  lasted  till  the  end  of 
the  7th  century — the  efforts  of  the  8th  and  9th  centuries  losing  all  the 
brilliancy  and  purity  of  the  earlier  specimens.  In  England  purple 
MSS.  were  only  introduced  at  the  close  of  the  7th  century. 

Manuscripts  written  in  letters  of  gold  or  silver  on  white  vellum  are 
chiefly  confined  to  the  8th,  9th,  and  10th  centuries.  Instances  of  its 
use  in  later  times  are  on  record,  and  in  the  14th  centuiy  instances  are 
not  seldom  foimd ;  but  at  this  period  it  can  hardly  be  termed  writing, 
being  rather  a  laborious  process  of  minute  gilding. 

On  the  works  of  the  Byzantine  schools,  it  would  be  beyond  our  pre- 
sent purpose  to  enlarge,  as  with  slight  variations,  century  after  century, 
they  followed  old  traditionary  types.  The  influence,  however,  of 
Byzantine  art  has  left  strong  and  immistakeable  traces  in  all  the  works 
of  the  western  nations,  with  which  it  is  our  present  purpose  to  deal 

To  the  remotest  of  these  nations  the  praise  is  due  of  having  invented 
and  developed  an  independent  school  of  ornamentation,  and  one 
destined  .to  become  a  formidable  rival  to  the  traditionary  splendours 
of  Eastern  art.  In  Ireland,  as  far  back  as  the  6th  century,  a  style  of 
art  had  been  practised,  which  in  the  succeeding  centunes  attained 
a  perfection  almost  incredible.  In  nearly  complete  isolation  from 
the  rest  of  the  civilised  world,  having  few  opportunities  of  seeing 
and  admiring  the  works  of  the  great  Greek  artists,  their  method  of 
ornamentation  exhibits  no  artistic  power  in  the  higher  sense  of  the 
word,  but  is  remarkable  for  a  flne  harmony  of  colour,  and  a  precision 
of  technical  execution  Uttle  short  of  miraculous.  The  principal 
features  of  the  stjrle  are  an  intricate  and  tortuous  interlacing  of  narrow 
threads  or  ribands  generally  in  symmetrical  patterns,  sometimes  fill- 
ing up  a  letter,  sometimes  extending  over  a  whole  page ;  now  the 
introduction  of  a  number  of  circular  ornaments,  now  filled  by  mar- 
vellously delicate  spiral  lines  proceeding  from  the  centre,  now  by 
bolder  wheel-like  patterns  of  endless  variety  of  design— to  these  may 
be  added  the  use  of  numbers  of  birds  and  animals  coiled  up  in  endless 
and  seemingly  inextricable  confusion,  sometimes,  as  in  the  case  of  the 
Book  of  Kella,  varied  by  the  introduction  of  the  human  figure,  and 
patterns  formed  of  diagonal  and  straight  lines,  generally  in  squares  or 
compartments,  the  idea  of  which  some  writers  assert  to  have  sprung 
from  the  remembrance  of  tesselated  pavement. 

Of  manuscripts  of  this  style  the  Book  of  Eells  of  the  7th  century, 
now  at  Trinity  College,  Dublin,  is  the  most  important 

This  peculiar  method  of  design  was  early  introduced  into  England 
by  Insh  missionaries,  and  a  splendid  specimen  of  its  adaptation  is  pre- 
served m  the  celebrated  Durham  Book,  in  the  British  Museum— 
which  was  executed  at  Lindisfame  at  the  commencement  of  the  8th 
centuiy.  In  this  may  be  traced  at  once  a  stronger  influence  of  the 
Byzantme  types ;  and  though  a  most  superb  specimen  of  writing  and 
decoration,  it  does  not  exhibit  the  same  origmaU^  or  fertility  of 
imagination  as  the  works  of  the  Irish  school.  From  England  the  new 
Bt^le  passed  quickly  to  the  continent,  and  was  soon  adopted  and  hirgely 


used  by  ihe  illuminators,  and  it  is  curious  to  notice  in  tiie  manuscripts 
of  the  succeeding  centuries,  prolific  in  works  of  splendour  and  eleganoe, 
the  admixture  of  the  Celtic  ornament  with  tne  remains  of  daaac 
design. 

A  change,  however,  nearly  as  important,  though  not  perbaps  so 
original  in  conception  as  this  of  which  we  have  treated,  was  introduced 
by  the  English  iUuminators  of  the  10th  century.  This  oonxdsted  in 
the  introduction  of  foliage.  At  first  it  was  of  an  entirely  rudimentazy 
character,  and  exhibited  none  of  the  botanical  skill  or  study  of  nature, 
so  closely  observed  in  later  times.  It  was,  in  fact^  the  reflex  of  the 
bold  and  original  ornamentation  introduced  by  the  architects  of  the 

Eeriod,  and  the  styles  of  this  and  the  two  suoceeding  centuries  were 
ttle  more  than  adaptations  to  book  decoration  of  the  omamenta  and 
mouldings  of  the  great  architectural  works  of  the  time.       It   vras, 
however,  a  great  advance  on  tiie  semi-barbaric  stfle  of  the  Irish^  or 
effete  classidam  of  the  continental  worl^.     Stalkless,  thick-lookang 
leaves  spring  from  between  and  twine  round  the  parallel  bars  of  gold 
in  borders  or  tiie  curves  of  letters,  coloured  in  every  variety  of  tin^ 
and  mixing  now  and  then  with  the  interlacings  and  heads  of  anfmrnkv, 
still  retained  from  Hibernian  designs.    A  most  magnificent  Bpecunen 
of  this  peculiar  style,  to  which  on  the  continent  the  exdusive  title  of 
"  apua  AngUeum"  was  given,  is  the  Benedictional  of  St.  Ethelwold, 
now  in  the  possession  of  the  Duke  of   Devonshire.    This   mann- 
script  was  executed  at  Winchester  ( the  great  school  of    the  arts 
in  England)  at  the  close  of  the  10th  centuiy.     In    the    suoceed- 
ing century  the  style  was  more  developed,  tne  forms  and  currea 
of  the  leaves  were  more  freely  drawn,  with  corresponding  incrcaoo  of 
knowledge  and  power  in  the  figures  and  animals  now  freely  introduced 
again,  evident  reproductions  of  the  fantastic  carvings  of  the  ardiitecture 
of  the  period.    In  the  12th  century  this  foliation  culminated  in  most 
luxuriant  snd  fantastic  conventionalism,  and  works  of  this  period  are 
perhaps  as  magnificent  and  splendid  as  any  that  any  age  has  produoed. 
The  initial  letters  are  very  prominent  and  elaborate,  and  ezfaibi't 
great  elegance  in  the  curves  of  the  branches  which  support  their 
luxuriant  foliage.    A  v^y  great  advance  too  is  visible  in  the  drawing 
of  the  figures,  and  particularly  of  the  drapery,  which  instead  of  the 
fluttering  and  restless  timidity  of  the  preceding  centuries,  falls  in 
broadly  marked  masses,  and    indicates  form   in  a   highly  artistic 
manner.    These  remarks  chiefly  apply  to  art  in  England*  as  there 
design  was  more  originid  and  exhibited  less  of  the  influence  of  the 
decadence  of  ByEantine  art. 

But  a  re-action  from  the  strained  conventionalism  of  this  took  place 
in  the  succeeding  century,  and  men*s  minds  were  directed  to  a  more 
careful  study  of  nature  for  their  guide ;  and  to  this  study  of  nature, 
the  groundwork  of  all  that  is  beautiful  and  true,  may  be  traced  the 
wonderful  advance  visible  in  all  the  works  of  art  of  this  great  epoch, 
and  of  which  its  architecture  exhibits  such  glorious  memorials. 
Heretofore,  the  artists  had  drawn  their  foliage  without  study  of  the 
real  nature  of  its  growth,  now  they  let  themselves  be  guided  by 
nature  alone,  and  bogan  the  new  era  by  using  as  the  basis  of  their 
ornament  the  leaf  springing  from  the  bud.  This  is  the  principal  feature 
in  all  the  initial  letters  of  this  period,  which  now  also  become  espe- 
cially attractive  from  the  use  of  burnished  gold,  scarlet,  and  blue.  In  the 
miniatures  of  manuscripts  gold  backgrounds  are  constantly  employed, 
more  especially  in  French  work,  the  English  artists  oonnning  them- 
selves to  a  lower  tone  of  colour,  and  employing  backgrounds  of  colour 
relieved  by  small  powdered  patterns,  differing  considerably  from  the 
style  we  notice  in  the  next  century.  In  the  14th  century  the  gold  aod 
plain  back-grounds  give  way  to  rich  patterns  of  diaper  and  chequer  work, 
and  the  heavy  mass  of  burnished  gold  is  divided  into  minute  patterns  or 
entirely  supOTseded  by  variegated  colour.  In  this  century  too  the  bud 
expands  into  the  leaf  and  the  ornamentation  of  a  letter,  instead  of 
bemg  confined  to  one  or  two  sprays  of  foliage,  spreads  out  and  encom- 
passes the  page  in  a  glittering  cinde  of  ^Iden  leaflets,  or  by  what  ve 
may  term  ornamental  brackets,  less  massive  but  more  edogant  than  ihe 
ornament  of  the  12th  century ;  and  rendering  this  the  most  easily  di£- 
tinguished,  as  well  as  the  most  attractive  of  all  the  various  styles  of 
illumination.  In  the  15th  century  sprang  forth  the  flower,  and  very 
beautiful  though  gaudy  was  the  result;  and  at  the  same  time  too,  the 
progress  of  the  art  of  painting  caused  the  illuminators  to  depart  in 
their  works  from  their  hitherto  strictly  symbolic  character,  and  to  aim 
at  the  direct  representation  of  nature.  The  introduction  of  back- 
grounds of  pure  landscape  in  the  miniatures  is  as  nearly  as  possible 
coincident  with  the  commencement  of  the  centuiy,  and  from  this  time 
the  pictorial  representations  completly  superseae  in  importance  the 
mere  ornamental  portion  of  an  illuminated  page.  As  a  consequence, 
the  ornamented  borders  became  gradually  used  as  a  mere  framework 
for  the  miniature ;  and  the  beautiful  ornament  of  the  14th  century, 
by  the  introduction  first  of  diagonal  bands  of  gold  and  other 
patterns  behind  its  foliage,  and  afterwards  of  solid  grounds  of  colour, 
was  degraded  in  time  to  the  gaudy  and  meretricious  style  of  the 
16th  century.  The  illuminations  of  that  period  are  chiefly,  knov^n 
byithe  use  of  sprays  of  flowers  and  fruit  on  delicate  scroll  work, 
reeved  from  the  solid  border  by  exquisitely  executed  shading — ^the 
lights  heightened  with  gold,  and  to  ordinary  eyes  presenting  an 
appearance  more  attractive  than  the  works  of  any  preceding  century. 

We  cannot  in  the  limited  space  of  this  article  do  more  than  hint  at 
the  importance  of  the  study  of  costume  of  different  periods^  as  fur- 
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nifihing  another  veiy  atrong  corroborative  test  of  the  age  of  manuscripts 
in  i^hich  illuminations  occur ;  nor,  interesting  though  it  be,  can  we  treat 
of  the  purely  artistic  portion  of  the  subject,  as  our  present  object  is 
solely  the  palaoographic  portion  of  the  inquiry.  We  wiU,  therefore, 
at  once  sum  up  briery,  and  in  a  manner  easily  remembered,  the  great 
lines  of  demarcation  which  separate  the  different  epochs.  This  we  will 
do,  taking  the  centuries  in  triplets. 

Of  the  first  three  centuries  we  can  say  nothing.  In  the  4th,  5th, 
and  6th  we  find  little  ornamentation  beyond  the  rubricated  or  ^ded 
letters  ol  the  actual  text.  The  7th,  8th,  and  9th,  witnessed  the 
perfection  and  adoption  of  the  Hibernian  style.  The  10th,  11th,  and 
12th,  the  introduction  and  use  of  architectund  forms.  The  13th,  14th, 
and  15th,  the  growth  of  foliage  under  carefully  studied  natural  laws; 
the  13th  century  being  the  age  of  the  bud,  the  14th  of  the  leaf,  the 
15th  of  the  flower ;  and  in  the  miniatures,  the  18th  the  age  of  gold, 
the  14tli,  of  diaper,  the  15th  the  commencement  of  realistic  painting. 
Of  the  next  century  we  need  say  little,  as  manuscripts  formed  no  longer 
the  bulk  of  literature,  but  were  mere  costly  appendages  of  luxury  and 
taste. 

The  broad  outlines  we  have  here  given  are  oQ  course  open  to  many 
exceptions,  as  the  artists  of  different  countries  worked  under  different 
influences ;  indeed,  to  Italian  works  they  can  hardly  be  said  to  apply 
at  all,  aa  that  nation  infused  a  new  life  of  its  own  into  the  Byzantine 
style  in  a  more  gradual  manner  than  the  sudden  and  independent 
changes  of  the  western  nations. 

Throughout  the  whole  of  the  dark  and  middle  ages  the  value 
attached  to  the  possession  of  manuscripts,  and  the  activity  shown  in 
multiplying  them,  are  very  remarkable.  Silvestre  tells  us  that  long 
previous  to  the  12th  century,  the  most  active  zeal  was  displayed  in 
search  after  ancient  texts,  even  of  profane  authors.  ''  In  the  middle 
of  the  9th,  Lupus,  abbot  of  Ferri^res,  earnestly  requested  from  the 
Pope  and  tiie  bishops  of  England  and  Ireland,  the  loan  of  manuscripts 
of  ancient  writers  that  copies  might  be  made  of  them ;  and  in  1040, 
Count  Geofirey  of  Anjou  gave  to  the  abbey  of  Notre  Dame  of  Saintes, 
the  tithe  of  the  hides  of  the  deer  killed  in  his  forests,  to  furnish  a 
fimd  to  bind  the  books  of  the  monastery."  (Silvestre,  ed.  Madden,  is 
811.)  The  same  writer,  loc  cU.,  mentions  also  the  veneration  paid 
in  tiie  15th  century  to  the  Florentine  Pandects  of  the  Laurentian 
library,  a  magnificent  volume  written  in  the  7th  century,  and  esteemed 
the  most  valuable  of  the  manuscripts  of  the  Roman  law.  This 
manuscript  was  taken  from  Pisa  by  the  Florentines  in  1406,  and  after 
its  deposition  at  Florence  "was  regarded  with  almost  religious 
veneration,  being  shown  only  to  the  highest  personages,  with  great 
ceremony,  in  the  presence  ol  the  chief  magistrate,  accompanied  by 
monks,  bareheaded,  and  bearing  lighted  tapers." 

The  price  of  manuscripts  in  tiie  middle  ages  is  a  subject  full  of 
interest,  the  data  for  determining  which,  although  existing  scattered 
throughout  various  manuscripts,  has  never  been  properly  collected  or 
discussed.    A  recent  writer  (Mr.  Digby  Wyatt, '  Art  of  Illuminating ') 
furnishes  "  a  most  interesting  contemporary  illustration  of  the  precise 
terms  upon  which  noble  patrons  employed  the  best  illuminators  of  the 
day  (14th  century)/'  in  the  shape  of  Xn  extract  from  the  fabric  rolls  of 
York  Minster,  1346,  in  which  a  contract  seems  to  have  been  entered 
into  for  writing  a  volume  containing  psalter,  hymnal,  and  collectary, 
ornamented  with  illuminated  letters  in  gold,  azure,  and  vermilion, 
for  about  sixteen  shillings.     Such  a  price,  however,  far  from :  in- 
dicating the  cost  of  the  works  of  the  "  best  illuminators,"  could  only 
have  represented  a  manuscript  of  comparatively  rough  and  coarse 
description.    There  is  in  the  British  Museiun  a  14th  century  bible, 
taken  by  the  English  at  the  battle  of  Poictiers,  exactly  ten  years 
after  the  date  of  the  contract  quoted  above.    The  voliune  is  a  large 
one,  and  oontaihs  a  good  many  illuminated  letters  in  addition  to 
some  miniatures  and  Orders  of  a  tolerably  fair,  although'  by  no  means 
superior  kind.     This  volume,  the  spoil  of  war,  William  Montagu, 
earl  of  Salisbury,  purchased  at  the  time  for  one  hundred  marks 
(upwards  of  622.,  representing  about  8602.  of  our  money),  as  a  present 
to  his  countess,  and  it  was  arranged  that  at  her  death  it  should  be 
Bold  by  her  executors  for  402.    This  is  recorded  in  a  contemporary 
entry  at  the  commencement  of  the  volume,  so  curious  in  its  details 
that  we  give  it  entire :  "  Cest  liure  fust  pris  oue  le  Roy  de  Fraunce  a 
la  bataille  de  Peyters,  et  le  bon  Comte  de  Saresbirs  William  Montagu 
la  achata  pur  cent  mars  et  le  dona  a  sa  compaigne  Elizabeth  la  bone 
Counteaae  qe  dieux  assoile.    Et  est  continus  de  dedeius  le  Bible  enter 
oue  text  etglose  e  le  mestre  de  histoires,  et  incident  tout  en  memos  le 
Tolym.    La  quele  Ivure  la  dite  Countesse  assigna  a  ces  executours  de 
le  vender  pur  xl  uuers."    Again,  in  the  15th  century,  a  roughly 
executed  volume  of  219  leaves,  now  preserved  in  the  British  Miiseum, 
and  containing  the  Book  of  Wisdom  with  gloss,  the  capitals  in  plain 
blue  and  red,  is  priced  at  Ix  shillings.    A  further  insight  into  the  price 
of  such  manuscripts  is  gained  from  the  very  curious  memoranda 
^'^icttionally  met  with  of  the  price  for  which  such  books  were  pawned 
or  set  in  pledge.    There  is  a  manuscript  in  the  old  royal  collection, 
Britiah  Musemn  (7  E  v),  which  was  pawned  by  its  possessor  five  different 
^^mes,  between  the  years  1483  and  1510,  a  iiuA  showing  not  only  the 
worth  of  manuscripts,  but  how  readily  a  money  value  might  be 
obtained  for  them.    This  manuscript  is  of  the  14th  century,  roughly 
^ecuted,  and  contains  a  treatise  entitled  'Pupilla  Oculi,'  by  John 
Borough,  and  a  sacramentary.    It  will  be  seep  fi^in  the  entries^  which 


we  subjoin,  that  in  1483  he  pawned  it  for  20«. ;  in  1485,  for  16«.;  "^ 
1488,  for  26«.  8(2. ;  m  1 510,  for  20i.,  and  again  for  16«.  8(2.,  and  it  muse 
be  remembered  that  these  sums  cannot  be  supposed  at  the  most  to 
represent  more  than  a  moiety  of  the  worth  of  the  manuscript :  "  Gautio 
domini  Johannis  Corke,  excepta  in  cista  de  Gylford,  a.d.  1483, 5  die  Maii, 
et  jacet  pro  20«.  Renovatur  cautio  hec  24  Januarii,  a.d.  1485,  et  jacet 
pro  16a.  Cautio  M.  J.  Corke,  a.d.  1488,  in  cista  de  Wagon  et  Hosy,  et 
habet  unum  supplementum,  et  est  Albertus  de  Naturis  2**.  fo.  iUorum, 
et  jacet  pro  26«.  8(2.  Renovatur  hec  cautio  per  manus  Magistri 
Johaimis  Corke,  a.d.  1610,  22  die  mensis  May,  eb  nunc  jacet  pro  20«. 
Item  eodem  die  renovatur  per  manus  ejusdem  magistri  Corke  et  nune 
jacet  pro  16<.  8(2."  These  entries  specifying  the  sums  lent  upon 
manuscripts,  sometimes  for  the  aocommcxlation  of  the  possessor,  and 
sometimes  apparently  as  security  for  safe  return  when  borrowed  for 
purposes  of  study  or  transcription,  are  highly  curious. 

PALESTRA  (ira\ai(rr/Ni),  which  properly  means  a  school  for 
wrestling  (iroXcJciy,  "to  wr^le,"  and  irdAi;,  "wrestling"),  was  used 
in  several  different  significations.  The  word  first  occurs  in  Herodotus 
(vi.  126, 128),  who  informs  us  that  disthenes  built  at  Sicyon  a  dromos 
and  palaestra,  both  of  which  he  calls  by  the  general  name  of  gymnasia. 
At  Athens,  however,  it  appears  probable  that  the  palsestrsd  and 
gymnasia  were  distinct  places,  and  that  the  former  were  appro- 
priated to  the  gymnastic  exercises  of  the  boys  and  youths  (treuScs  and 
fttipdacia),  while  the  latter  were  intended  for  those  of  the  men  ;  it  tl 
certain,  however,  that  the  boys  also  exercised  in  l^e  gymnasia.'  These 
palsestrse  were  called  by  the  names  either  of  their  founders  or  of  the 
teachers  of  the  gymnastic  exercises  {vmHorpifiai),  We  accordingly 
read'in  Plato  of  the  paltestra  of  Taureas,  which  appears  to  have  heen 
one  of  the  most  celebrated.  (Plato, '  CharmicL,'  c.  L ;  with  Heindotf  s 
'  Note.') 

In  most  of  the  other  cities  of  Qreece  the  palsestra  formed  a  part  of 
the  gymnasium.  According  to  Muller  ('  Aitd^logie  der  Kunst/  §  292) 
it  included  the  ardlitoy  (stadion) ;  i^fittov  (ephebion,  or  exercise  hall)  ; 
a^purHiptov  (sphseristerion,  or  hall  for  ball-play) ;  ino^vrfiptoy  (apody- 
terion,  room  for  undressing) ;  i\mo$i<rtoy,  or  AActnT^fNOK  (elaeothesion, 
aleipterion,  room  for  anointing) ;  Konarifptw  (konisterion,  for  rubbing 
with  dust) ;  KoKvfifitfipa  (columbethra,  a  swimming-bath) ;  (vcrrol 
(xystoi,  covered  walks) ;  ictptBpofdli4s  (peridromides,  open  walks) ;  in 
faict,  every  part  of  the  gymnasium  except  the  outer  porticoes.  It 
appears,  however,  more  probable  that  the  term  palaestra  was  confined 
to  the  rooms  which  were  appropriated  to  the  exercises  of  the  athletse, 
who,  it  must  be  recollected,  were  persons  who  were  especially  trained 
for  contending  in  the  public  games,  and  therefore  needed  a  course  of 
gymnastic  exercises  different  from  that  which  was  usually  pursued. 
That  this  view  of  the  subject  is  correct,  is  shown  by  the  statement  of 
Pausanias,  who  informs  us  (vi  21,  s.  2),  that  in  Uie  gynmasium  at 
Olympia  there  were  palsestrse  for  the  athletee,  and  also  by  that  of 
Plutarch,  who  says  ('  Symp./  ii.,  ProbL  4) "  that  the  place  in  which  all 
the  athleitee  exercise  is  called  a  palsestra^" 

Among  the  Romans  the  terms  palaestra  and  gymnasium  are  used  as 
synonymous.  Thus  Vitruvius  pives  a  description  (v.  11)  of  a  Greek; 
gymnasium  under  the  name  of  palaestra.  In  tiie  Greek  cities  in  Sicily 
and  Italy  there  also  appears  to  have  been  no  distinction  in  use  between 
the  two  words  (Cic.  in '  Yerr.,'  il  14 ;  Polyb.,  xv.,p.  716,  c. :  Casaubon) ; 
whence  the  Romans  probably  came  to  use  them  in  conmion.  [Gtmha- 
siuM.]    (Krause, '  Gymnastik  und  Agomstik  der  Hellenen;'  Becker, 

*  Charides,'  v.  1.) 

PALANQUIK  (sometimes  written  PcOankem,  and  PaXkee),  a  kind  of 
covered  litter  carried,  by  means  of  poles,  upon  the  shoulcLers  of  men, 
which  forms  the  prindpEd  vehicle  for  personal  transport  in  BUndustan, 
and  varieties  of  the  vehicle  are  used  in  other  eastern  countries.  In 
Hindustan  the  palanquin  is  described  by  Captain  Basil  Hall,  in  his 

*  Fragments  of  Voyages  and  Travels,'  third  series,  vol  iL  chap.  vL,  as 
about  six  feet  long  by  two  and  a  half  feet  wide,  and  provided  with  con- 
veniences which  enable  it  to  serve  at  nig^t-time  for  a  bed,  and  in  the 
day-time  for  a  parlour.  A  pole  is  attached  to  each  end  of  the  palanquin, 
near  the  top,  to  carry  it  by.  As  the  poles,  which  rest  upon  the  shoulders 
of  the  bearers,  are  not  elastic  like  those  of  a  sedan-chair.  Captain  Hall 
states  that  a  palanquin  has  not  the  same  unpleasant  motion  as  that 
vehide;  and  Bishop  Heber  also,  who  gives  an  account  of  d&k  tra- 
ydling  in  tiie  '  Narrative  of  a  Journey  through  the  Upper  Provinces  of 
India,'  published  after  his  death,  observes  that  "  the  motion  is  ndther 
violent  nor  unpleasant,"  but  that,  being  incessant,  it  is  impossible  to 
draw  in  a  palanquin,  and  not  very  convenient  to  read,  excepting  a  large 
print.  Oidy  four  bearers  can,  in  an  ordinary  palanquin,  place  their 
shoulders  beneath  the  poles,  two  at  each  end ;  but  in  passing  over  diffi- 
cult ground  two  others  will  occasionally  bear  part  of  the  weight  by 
thrusting  a  bamboo  under  the  body  of  the  palanquin ;  and  in  travelling 
there  are  two  or  more  sets  of  bearers,  who  relieve  each  other  by  turns. 
While  walking  or  running  with  their  load,  the  bearers,  who  form  a 
peculiar  dass  among  tiie  Hindus,  keep  up  an  incessant  noise,  sometimes 
like  grunting  or  groaning,  and  sometimes  approaching  the  character  of 
a  song,  or  of  wHd  vociferation. 

The  mode  of  conveyance  is  undoubtedly  andent.  A  conveyance^  of 
this  sort  was  used  by  the  Egyptians,  as  is  shown  by  a  representation 
foimd  at  Beni  Hassan.  In  western  Asia  they  are  usually  carried  by 
camels ;  and  one  of  a  similar  character  is  borne  by  an  elephantj  but 
this  is  usually  called  c^  kotcdah^ 


PALATINE  COUNTIES. 


PALIHPSfiar. 


PALATINE  COUNTIES.  Three  ol  the  English  ©ountiea,  Chesier, 
Lancaster,  and  Durham  are  counties  palatine,  by  prescription.  The 
county  of  Pembroke,  in  Wales,  waa  also  a  county  palatine,  till  the 
statute  27  Henry  VIII.,  c.  26.  The  archbishop  of  York,  previously 
to  the  reign  of  Elizabeth,  claimed  to  be  a  count  palatine  within  his 
poasessionB  of  Hexham  and  Hexham8hire,in  Northumberland,  and  is  so 
termed  in  some  imcient  statutes ;  thil  was  put  an  end  to  by  the  stat. 
14  Eliz.,  Q.  13.  ^  .   ^.^ 

Counts  palatine  are  of  feudal  origin ;  and  a  reference  to  their  mstory 
will  clearly  explain  the  meaning  of  the  title,  and  many  of  the  incidents 
of  these  territorial  dignities.  Selden  says,  "the  name  waa  received 
here  doubtless  out  of  the  use  of  the  empire  of  France,  and  in  the  like 
notions  as  it  had  in  that  use  "  ('  Titles  of  Honour,'  part  il).  In  the 
court  of  the  ancient  kings  of  Fiance,  before  the  time  of  Charlenu^e, 
there  was  a  high  judicial  officer,  called  the  Comes  Palatii,  a  kind  of 
master  of  the  household,  whose  functions  nearly  resembled  those  of  the 
Prsefectus  Preetorio  in  the  elder  empire.  Thia  officer  had  supreme 
judicial  authority  in  all  causes  that  came  to  the  king's  immediate 
audience.  ('  Tit.  of  Hon.,'  part  ii.,  chap.  83.)  When  the  seat  of  empire 
was  transferred  to  France,  this  title  and  office  still  continued,  but  the 
normal  digmty,  aa  well  as  a  degree  of  jurisdiction  and  power  analagous 
to  those  of  the  ancient  functionary,  were  also  given  to  a  different  class 
of  persons.  When  the  sovereign  chose  to  confer  a  peculiar  mark  of 
.distinction  upon  the  holder  of  a  certain  fief  or  province,  he  ezpreo^y 
granted  to  him  the  right  to  exercise  the  same  rank,  power,  and^  juris- 
idiction  within  his  fief  or  province  as  the  comes  palatii  exercised  in  the 
'palace.  Hence  he  also  obtained  the  name  of  comes  palatii  or  palatinus, 
and  by  virtue  of  this  grant  he  enjoyed  within  his  territory  a  supreme 
and  peculiar  jurisdiction,  having  ro3raltiea,  or  jura  imperii,  by  which 
he  was  distinguished  from  the  ordinary  comes,  who  had  only  an  in- 
ferior and  dependent  authority  within  his  district  or  county.  This  was 
the  origin  of  the  distinction  between  the  P&lzgraf  and  the  Qraf  in 
Germany,  and  between  the  count  palatine  and  the  ordinary  count  or 
earl  in  England.  Selden  says  that  he  had  not  observed  the  word 
"  palatine  "  thus  used  in  England  until  about  the  rei^  of  Henry  II. 
:  In  conformity  with  this  view,  the  counts  palatine  of  England  had 
jura  regalia  within  their  counties,  subject  only  to  the  general  superi- 
ority  of  the  Crown  sovereign ;  or,  as  Bracton  expresses  it  (lib.  iii.  cap.  8), 
."regalem  habent  potestatem  in  omnibus,  salvo  dominio  Domino  Begi 
sicut  principi."  They  had  each  a  Chancery  and  Court  of  Common 
Pleas;  they  appointed  their  judges  and  magistrates  and  law  officers; 
they  pardoned  treasons,  murders,  and  felonies;  all  writs  and  judicial 
proceedings  issued  and  were  carried  on  in  their  names ;  and  the  king's 
writs  were  of  no  force  within  their  counties.  Many  of  these  powers, 
such  as  the  appointment  of  judges  and  magistrates  and  the  privilege 
of  pardoning,  were  abolished  by  the  stat.  27  Henry  YIIL  c.  24,  whidi 
also  provided  that  all  writs  and  process  in  counties  palatine  should 
from  that  time  bear  the  king's  name.  The  statute,  however,  expressly 
stipulates  that  writs  shall  be  always  witnessed  in  the  name  of  the 
count  palatine. 

The  county  of  Chester  ia  a  county  palatine  by  prescription,  being 
commonly  supposed  to  have  been  first  given  with  regal  jurisdiction  by 
William  1.  to  Hugh  d'Avranches.  ('  Tit.  of  Hon.,'  part  ii)  It  was 
annexed  to  the  crown,  by  letters  patent,  in  the  reign  of  Henry  III., 
and  since  that  time  it  has  always  given  tiie  title  of  Earl  of  Chester  to 
the  eldest  son  of  the  sovereign,  being  preserved  in  the  crown  as  a 
county  palatine  when  there  is  no  Prince  of  Wales. 

Lancaster  appears  to  have  been  first  made  a  county  palatine  by 
Edward  III.,  who,  in  the  twenty-fifth  year  of  his  reign,  in  his  patent  of 
creation  of  Henry,  the  first  duke,  granted  him  the  dignity  of  a  count 
palatine,  and  afterwards,  in  the  fiftieth  year  of  his  reign,  granted  the 
same  dignity  by  letters  patent  to  his  son  John,  Duke  of  Lancaster. 
Henry  IV.  waa  Duke  of  Lancaster,  by  inheritance  from  his  fs^ther 
John  of  Gaunt,  at  the  time  of  his  usurpation ;  but  he  avoided  the 
union  of  the  duchy  with  the  crown  by  procuring  an  act  of  parliament, 
which  declared  that  the  duchy  of  Lancaster  should  remain  with  him 
and  his  heirs  for  ever,  in  the  same  manner  as  if  he  had  never  been 
king  of  England.  Upon  the  attainder  of  his  grandson  Henry  YL,  soon 
after  the  accession  of  Edward  IV.,  the  duchy  became  forfeited  to  the 
crown,  and  an  act  of  parliament  passed  to  incorporate  the  county 
palatine  with  tho  duchy  of  Lancaster,  and  to  vest  the  whole  iif 
Edward  IV.  and  his  heirs,  kings  of  England,  for  ever.  Another  act  of 
parliament  passed  in  the  reign  of  Henry  VIL,  confirming  the  duchy  to 
the  king  and  his  heirs  for  ever ;  and  from  that  time  to  the  present  it 
has  continually  been  imited  to  the  crown. 

Durham,  like  Chester,  is  a  county  palatine  by  prescription ;  but  it  is 
probable  that  the  palatine  jurisdiction  did  not  exist  long,  if  at  all, 
before  the  Norman  Conquest.  (Surted's '  History  of  Durham,'  Introd., 
p.  15.)  "  There  is  colour  to  think,"  says  Selden  (*  Tit.  of  Hon.,'  part  ii. 
c.  8), "  that  the  palatine  jurisdiction  began  then  in  Bishop  Walcher, 
whom  king  William  I.  made  botAi  episcopus  and  dux  provincios,  that 
he  might  frtenare  rebellionem  gentis  gladio,  et  reformare  mores  eloquio, 
as  William  of  Malmesbury  says,"  Durham  continued  as  a  county 
palatine  in  the  hands  of  a  subject  till  1836,  the  bishop  being  prince 
palatine,  and  possessing  jura  regalia.  By  stat.  6  &  7  Will.  IV.,  c.  19, 
palatine  jurisdiction  was  transferred  to  the  crown,  subject  to  certain 
restrictions  which  have  been  removed  by  later  statutes. 

PALI.    [Sansgbit  LA^'auAGE  and  Litebature.] 


PALIMPSEST  (raXvwHkro**  from  iraX4v  again,  and  ^  Vo  cleanse 
or  rub)  is  a  term  appUed  to  a  manuscript,  from  which  the  original  text 
has  been  erased,  in  order  to  make  room  for  a  second  subject ;  s^  prooesB 
which  was  accomplished  by  rubbing  it  vrith  pumice-stone  or  other  similar 
substances  till  the  traces  of  the  original  writing  disappeared,  and  then 
smoothing  it  down  with  a  roller  or  polisher.  That  this  practice  was 
adopted  by  the  ancients,  appears  from  a  passage  in  Cicero's  letter  to  the 
jurisoonsult  Trebatius,  where  he  praises  his  friend  for  having  been  to 
economical  as  to  write  on  a  palimpsest,  but  says  that  he  should  like  to 
know  what  those  thiqgs  could  have  beeu  which  were  considered  of  1«bs 
importance  than  his  letter.  ('Ad  Familiares,'  vii.  18.)  Palimpsests  are 
also  mentioned  by  Plutarch  and  Catullus,  laut  these  appear  to  have  been 
rather  leaves  of  books,  so  prepared  that  one  writing  could  easily  be 
expunged  and  smother  substituted,  and  were  frequently  used  by  authors 
for  coirecting  their  works,  as  is  evident  from  tho  satire  of  CatuUu:i : — 

«  Fato  ewe  ego  ilU  millia  ant  decern  ant  plora 
Perseripta  :  d^c  sic,  ut  fit,  in  pnlimpsesto 
Relata  ;  charts  regisD,  novi  libri, 
Novi  umbilici,  lora  rubra,  membrana 
Directa  plmnbo,  et  pumice  omnia  lequata." 

Casmex,  xxiL,  L  5  «i  scq^ 

It  was  not,  however,  till  the  9th  or  10th  century  that  this  practice 
became  at  all  general,  and  then  it  was  more  frequently  resorted  to  by 
the  Latins  than  the  Greeks.  In  the  11th  century  it  appears  to  have 
been  at  its  height.  In  the  18th  and  14th  centuries  edicts  forbidding  it 
were  issued  in  Germany  ;  and  it  had  not  entirely  ceased  in  the  lath 
century :  as  Knittel,  in  his  account  of  the  palimpsest  manuacripts  ia 
the  Augustan  library  at  Wolf enbUttel,  tells  us  that  in  the  early  times 
of  Uie  art  printed  books  were  sometimes  worked  o£P  on  vellum  finua 
which  ancient  writings  had  been  erased,  and  instances  particularly  an 
edition  of  the  Clementine  Constitutions,  printed  by  Nicolas  Janaoa  in 
1476  upon  parchment,  which  had  undergone  this  process  of  obliteration 
to  prepare  it  for  the  purpose. 

The  earliest  observations  on  palimpsest  manuscripts  were  made  in 
France,  in  1692,  by  M.  Boivin,  of  the  Biblioth^ue  du  Roi,  who 
discovered  beneath  the  Greek  text  of  St.  Ephrem,  written  in  the  14th 
century,  a  portion  of  the  Greek  Bible,  in  uncial  letters  of  the  €th 
century.  This  was  followed,  in  1755,  by  a  similar  discovery  made  by 
F.  A.  Knittel  in  the  Augustan  library  at  Wolfenbuttel,  of  a  paUmpeteat 
manuscript  of  the  Origines  of  Isidorus,  under  which  waa  a  translation 
of  the  Epistle  to  the  B^omans,  by  UlphHas,  bishop  of  Gothland,  who  in 
the  4th  century  was  known  to  have  translated  the«  whole  of  the 
Scriptures  into  the  language  of  that  country,  and  to  have  invented  a 
new  character,  consisting  of  letters  borrowed  chiefly  from  the  Greek 
for  that  purpose,  but  of  whose  labours  only  the  four  Gk>Bpel8  were 
previously  known  to  exist  in  the  Oodtx  Argenieua  at  Upsala.  In  1762, 
Knittel  published,  in  4to,  the  greater  portion  of  the  missing  volume, 
which,  fldthough  not  identical  with  the  Codex  ArffenUus,afi  originally 
supposed,  proved  to  be  a  portion  of  a  BtmHar  manuscript. 

By  far  the  greatest  discoveries  in  the  field  of  palimpsest  manuscripts 
were,  however,  made  by  Cardinal  Mai.  In  his  researches  in  the 
Ambrosian  library  at  Milan,  of  which  he  was  keeper,  he  discovered 
several  fragments  of  Cicero's  orations ;  these  comprised  the  orations 
against  Cl^us  and  Curio,  that  *  De  Mre  aheno  Milonis,'  not  pre- 
viously known,  and  the  oration  '  De  Rege  PtolemaH).'  These  treasures 
had  lain  concealed  for  centuries  under  a  Latin  translation  of  the  Acts 
of  the  Council  of  Chalcedon,  and  were  adjudged  bv  the  discoverer  to 
belong  to  the  4th  century.  In  another  manuscript  he  detected  several 
fragments  of  the  orations  of  Symmachus,  who  had  previously  been 
known  only  from  his  epistles;  and  the  whole  of  the  comedies  of 
Plautus,  including  a  fra^;ment  of  the  *  Vidularia,'  a  lost  comedy,  of 
which  all  that  previously  existed  were  twenty  Unes,  preserved  by 
Priscian  and  Nonius. 

Being  promoted  to  the  librarianship  of  the  Vatican,  he  discovered  in 
that  library  the  treatise  of  Cicero, '  De  Bepublicft,*  of  which  nothing 
had  been  known,  in  modem  times,  beyond  the  fragments  preserved  in 
the  writings  of  Macrobius,  Lactantius,  Augustin,  Nonius,  and  others. 
This  priceless  manuscript  came  from  the  celebrated  Abbey  of  St. 
Columbanus,  in  Bobio,  in  the  Milanese  territory,  having  been  pur- 
chased by  Pius  v.,  who  appears  to  have  been  acquainted  with  its  viklue 
as  a  palimpsest ;  yet  no  attempt  was  made  to  decipher  it  till  two  and  a 
half  centuries  later,  when  Cardinal  Mai  brought  out  his  famous  edition 
at  Rome  in  1821.  This  manuscript,  which  contains  300  pages,  is  in 
double  columns,  each  consisting  of  fifteen  lines.  The  writing  is  in  fine, 
large,  Roman  uncials,  the  words  not  divided.  It  is  clearly  one  of  the 
earliest  palimpsest  MSS.  yet  discovered,  and  is  referred  by  Cardinal 
Mai  to  the  2nd  or  Srd  century  of  our  era.  Above  the  treatise  was  a 
copy  of  St.  Augustine's  Commentary  on  the  Psalms,  in  a  handwriting 
earlier  than  that  of  the  10th  century. 

These  researches  of  Cardinal  Mai  gave  a  new  zest  to  the  study  of 
palimpsest  writings,  and  shortly  after  Niebuhr  examined  several  of  the 
manuscripts  in  the  Ubrary  of  the  chapter  at  Verona,  one  of  which  was 
discovered  by  him  to  contain  a  palimpsest  of  some  ancient  jurisconsult, 
which  he  suggested  to  be  the  Institutions  of  Gains,  a  conjecture  which 
was  verified  by  the  Berlin  Academy  of  Sciences,  under  whose  auspices 
the  first  edition  of  this  work  appeared  in  1820,  scarcely  a  ninth  of  the 
whole  book  having  been  found  Ulogible.    This  palimpsest  is  more  par- 
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ticularly  interesting  in  a  palseographical  point  of  view  from  having 
been  twice  rescribed.  The  uppermoet  of  the  three  writinga,  com- 
pjising  26  Epistles  of  St.  Jerome,  is  in  the  micial  chaxticten  As  to  the 
age  of  the  original  manuscript,  Niebuhr,  who  is  supported  by  Kopp, 
conjectures  it  to  be  anterior  to  the  time  of  Justinian. 

The  greater  number  of  the  very  ancient  xnUimpsest  manuscripts 
which  are  preserved  in  the  Vatican,  and  in  the  Ambrosian  Library  at 
Milan,  as  well  as  those  at  Turin,  in  which  remains  of  the  classical 
authors  have  been  found,  were  originally  brought  from  the  monastery 
of  St.  Coliunbanus  at  Bobio,  founded  by  the  famous  Irish  saint,  and 
are  inscribed  '  Liber  Sancti  Columbani  de  Bobio.'  Numerous  examina- 
tions hare  lately  been  made  of  the  Latin  and  Qreek  manuscripts  at 
Paris,  and  many  palimpsests  have  been  discoveivd,  but  no&e  containing 
texts  of  importance. 

In  the  British  Museum  is  a  palimpsest  of  the  Hiad,  written  on 
vellum,  in  fine,  square,  Greek  uncials  with  accents  and  breathings,  not 
later  than  the  6th  century ;  it  contains  about  4000  lines,  the  upper- 
most text  being  Syriac,  probably  of  the  9th  century. 

To  another  Syriac  manuscript  contained  in  the  same  library,  we 
likewise  owe  the  important  addition  to  classical  literature  of  portions 
of  the  annals  of  Gaius  Granius  Licinianus.    In  the  year  1b47,  the 
authorities  of  the  British  Museum  purchased  from  M.  Padio  a  number 
of   Syriac   manuscripts,  and  fragments  of  manuscripts,    which  had 
formerly  belonged  to  the  monastery  of  S.  Maria  Deipara,  in  Nitria  (the 
valley  of  the  lake  of  Nitron).    Amongst  these  was  one  containing 
fragments  of  sermons  of  St.  Chrysostom,  written  in  Syriac,  probably 
about  the   9th  century,  or  rather  later.     On  examination,  several 
leaves  of  this  manuscript  proved  to  be  palimpsest ;  and  closer  research 
revealed  the  fact,  that  prior  to  these  Syriac  sermons,  the  vellum  had 
already  received  two  earlier  texts.    The  most  ancient  of  these  texts 
written  in  an  undal  character,  probably  of  the  4th  century,  was  found 
to  contain  portions  of  the  Annals  of  Licinianus.    These  were  edited  in 
1857  by  Dr.  Karl  Piertz,  tmder  the  title, '  Gai  Grani  Liciniani  ^imalium 
quae  supersunt,  ex  codice  ter  scripto  Musei  Britannici  Londinensis.' 
In  the   following  year  the  text,  as  furnished  by  Pertz,  was  more 
carefully  re-edited  by  seven  scholars  of  the  University  of  Bonn,  under 
the  title,  *  Grani  Liciniani  quse  supersunt  emendatiora  edidit  Philolo- 
gorum  Bonnensiimi  Heptas.'    The  later  of  the  two  texts  appears  to  be 
a  grammatical  treatise  written  in  a  cuisive  hand  of  the  7th  or  8th 
century.     It  is  much  to  be  regretted  that  the  chemical  agency  applied 
to  this  palimpsest  for  the  purpose  of  rendering  it  more  easily  read, 
though  successful  for  tiie  moment,  has  ultimatelv  caused  many  of  the 
originally  faint  traces  of  letters  to  become  absolutely  illegible.     This 
shoidd  act  as  a  warning  of  the  extreme  caution  necessary  in  employ- 
ing powerful  re-agents  in  similar  cases. 

PALISADES  are  strong  palings  placed  generally  6  or  9  inches  apart, 
and  pointed  at  their  top  to  act  as  an  obstacle  in  fortifications.  They 
are  generally  placed  in  field  fortifications  at  the  bottom  of  the  counter- 
scarp of  the  ditch,  or  else  projecting  nearly  horizontally  from  the  top 
of  the  escarp.  In  permanent  fortification  the  interior  slope  of  the 
gLicis  and  the  traverses  of  the  covered  way  are  furnished  with  palisades 
to  assist  in  the  defence ;  here  the  openings  between  the  timbers  allow 
the  defenders  to  fire  through  them.  They  are  secured  together  about 
their  middle  by  a  horizontal  timber  termed  a  ribbon,  and  also  at  their 
lower  ends  by  a  strong  beam  sunk  8  or  4  feet  in  the  ground.  In 
permanent  works  the  timbers  are  generally  about  4  or  6  inches  square, 
or  triangular  by  cutting  these  across  the  diagonal.  But  in  field-works 
the  rough  stems  of  young  trees  are  often  \isea. 

PALL,  or  PALLIUM,  a  doidc  or  covering;  more  especially  used 
for  the  ornamental  article  of  dress  granted  by  the  pope  to  patriarchs 
and  archbishops :  it  is  made  of  white  wool,  in  the  form  of  a  band 
three  fingers  broad,  to  surround  the  shoulders,  having  pendants  a 
{ipan  in  length  before  and  behind,  the  ends  ornamented  with  red 
crosses.  The  origin  of  the  pall  is  obscure;  but  its  use  is  of  high 
antiquity.  Tertufiian,  who  lived  at  the  beginning  of  the  3rd  century, 
wrote  a  treatise  *  De  Pallio.' 

Sleidan,  in  his  commentaries '  De  Statu  Religioms  et  Reipublica;, 
Carlo  v.,  Csesare,'  4to,  Argent,  1555,  lib.  xiii,  p.  210,  describes  the 
ceremony  of  making  the  pall.  The  price  at  which  they  are  purchased 
from  the  pope,  he  adds,  is  considerable ;  nor  is  it  lawful  for  an  arch- 
bishop to  use  his  predecessor's  palL  tf  by  exchange,  or  in  any  other 
^y,a  patriarch  or  metropolitan  is  rezboved  to  another  church,  although 
he  had  purchased  a  pallium  before,  he  must  still  be  at  the  charge  of  a 
^^yt  one.  Before  the  receipt  of  his  pall  an  archbishop  cannot  perform 
t^e  functions  of  his  office,  even  if  he  has  been  translated,  nor  can  the 
anhiepiacopal  cross  be  borne  before  him. 

The  original  grant  of  the  pall  from  Pope  Julius  II.  to  Archbishop 
Warham  is  still  preserved  among  the  Cottonian  manuscripts  in  the 
British  Museum.  The  following  is  the  fonn : — "  Ad  honorem  dei 
ottiQipotentis,  et  beatse  Marise  Virginis,  et  beatorum  Apostolorum 
Petri  et  Paul!  ac  domini  nostri  Julii,  pp.  ij.  et  sanctse  Romanao  Ecclesia;, 
iiecnoQ  Cantuariensis  EcclesisQ  tibi  commisso},  tradimus  tibi  Pallium  de 
corpore  beati  Petri  sumptum,  plenitudinis  videlicet  pontificalia  Officii, 
^it  utarig  eo  infra  Ecclesiam  tuam  cerUs  diebns  qui  exprimuntur  in 
Privilegiis  ei  ab  apostolica  Sede  concessis.    Aloisius." 

^^  the  east  the  pall  is  called  omophorUm  (w/M^pcpy),  and  has  been 
^sed  at  least  since  the  time  of  Chrysostom,  who  was  charged  with 
*«!afflng  three  deacona  of  taking  his  omophorion.    (Photii,  *  BibUo- 


theca,'  edit.  Pkur.  1611,  p.  55.)  It  is  worn  by  all  the  Eastern  bishops 
above  the  phenolion,  or  vestment,  during  the  eucharist ;  and,  as  used  by 
them,  resembles  the  ancient  pallium  much  more  nearly  ihail  that  worn 
by  Western  metropolitans,  approaching  nearer  to  the  shape  of  a  cope. 

In  England  the  term  pall  is  applied  to  the  covering  thrown  over  the 
coffin  at  a  funeral ;  and  our  poets  have  used  it  as  synonymous  with  a 
mantle  or  cloak  of  a  stately  character.    Milton  says, — 

"  Let  gorgeous  tragedy 
In  Bcepter*d  pall  come  sweeping  by.** 

(Da  Gauge,  Olostar.,  v.  '  Pallium ; '  Picart's  JUligious  Ceremonies  ; 
Palmer,  Origines  Litwrgicce,  8vo.,  Oxf.,  1882i  pp.  817,  318.) 

PALLADAMINE.     [PaLladhth.] 

PALLADIUM  (Pd).  A  rare  metal,  chiefly  occurring  as  an  alloy 
with  platinum  and  iridium,  but  sometimes  in  the  pure  state.  For  its 
natural  history,  see  Platihum,  in  NaT.  Hist.  Div.  To  isolate  it,  the 
platinum  ore  is  dissolved  in  nitrohydrochloric  acid,  chloride  of  ammo- 
nium is  added  to  precipitate  the  platinum,  and  the  palladium  is  then 
thrown  down  as  cyanide  from  the  filtered  solution  by  the  addition  of 
cyanide  of  mercury :  the  white  flocculent  cyanide  of  palladium  is  then 
heated  with  sulphiur  to  expel  cyanogen^  and  the  sulphur  finally  got  rid 
of  by  well  roasting.  Brazilian  gold  usually  contains  five  or  Sx  per 
cent,  of  palladium,  and  is  therefore  another  source  of  this  metaL 

Palladium  is  hard,  white,  ductile,  and  tenacious.  It  readily  fuses 
before  the  oxhdydrogen  blowpipe,  and  is  volatile  at  the  temperature  of 
melted  iridium.  It  is  more  oxidisable  than  silver,  but  is  very  slowly 
tarnished  in  the  air.  Its  density  is  11*8.  It  dissolves  in  zinc,  but 
does  not  combine  with  that  metaL  It  forms  a  crystalline  alloy  with 
tin,  containing  tiiree  equivalents  of  palladium  to  two  of  tin,  and  the 
resulting  compound  very  much  resembles  the  corresponding  alloys  of 
silver  and  copper  with  tin.  Palladium  is  soluble  in  aqua  regia,  or  in 
hot  nitric  add,  but  is  not  easily  acted  upon  by  the  other  adds. 
It  is  readily  distinguished  from  platinum,  which  it  somewhat  re- 
sembles in  appearance,  by  being  stained  brown  by  a  drop  of  solution 
of  iodine. 

The  equivalent  of  palladium  is  53'24. 

PaUadiuM  and  oxygen  form  two  well-defined  compounds,  viz. : — 

1.  Protoxide  of  palladiam PdO 

S.  Binoxide  of  palladium PdO^ 

According  to  Rand  a  suboxide  (Pd,  0)  is  produced  on  heating  the 
hydrated  protoxide  to  incipient  redness. 

1.  Protoxide  of  palladium  is  obtained  as  a  black  powder  on  heating 
nitrate  of  palladium  to  low  redness.  It  has  somewhat  the  appearance 
of  black  oxide  of  manganese,  and  loses  its  oxygen  when  heated  to 
whiteness.  It  is  precipitated  as  a  dark  brown  hydrate  (PdO,  HO),  on 
adding  carbonate  of  potash  or  soda  to  a  solution  of  a  protoaalt  of  palla- 
dium. The  hydrate  is  soluble  in  caustic  potash,  and  loses  its  water 
when  moderately  heated. 

2.  Binoxide  of  palladium  is  obtained  as  a  yellowish  brown  hydrate 
(PdOg,  HO^  on  adding  solution  of  caustic  potash,  or  carbonate  of 
potash,  to  tne  solid  double  bichloride  of  potassium  and  palladium.  It 
IB  reduced  to  the  anhydrous  state  by  mere  boiling  with  watw  and  is 
then  black. 

CarUde  ofpaUadium,  Palladium  is  very  apt  to  absori;)  carbon  when 
heated  in  contact  with  that  substance,  and  is  thereby  rendered  exceed- 
ingly brittle. 

Sulphide  ofpaUadium  (Pd  S).  A  blackish  brown  precipitate,  formed 
on  passing  sim>huretted  hydrogen  through  a  solution  of  a  protosalt  of 
palladium.  The  metal  itself  also  when  heated  ¥rith  sulphur  combines 
with  incandescence,  and  forms  a  fusible  gray  lustrous  naass. 

Iodide  of  pcdladium  (Pd  I)  is  a  black  predpitate  formed  on  adding 
iodide  of  potassium  to  a  solution  of  a  protosalt  of  palladium.  It  is 
insoluble  m  water,  alcohol,  or  ether,  but  is  decomposed  on  heating 
with  caustic  potash. 

Bromide  ofpaUadium  much  resembles  the  iodide. 

Palladium  and  chlorine  form  two  chlorides  :— 

1.  Protochloride  of  palladinm     ....  PdCl 

2.  Bichloride  of  palladium FdCl,  1 

1.  Protochloride  of  palladium.  The  metal  dissolves  slowly  in  hydro- 
chloric acid  with  production  of  protochloride,  or  quickly  in  aqua  regia 
with  production  of  bichloride.  On  evaporating  the  solution  of  bi- 
chloride to  dryness  and  gently  heating,  the  protochloride  remains.  It 
is  soluble  in  water,  and  may  be  obtained  in  brown  hydrated  cryvtals. 
With  ammonia  it  forms  a  number  of  interesting  bodies  resembling 
those  produced  by  acting  upon  protochloride  of  platinum  with  the 
same  agent;  one  of  them  is  the  chloride  of  palladamine  (NH,Pd,  CI) 
or  chloride  of  ammonium,  in  which  an  equivalent  of  hydrogen  is  re- 
placed by  one  of  palladium.  The  oxide  of  palladamine  (NH,Pd,0)  is 
a  powerful  base. 

2.  Bichloride  of  palladium  is  formed  when  the  metal  is  dissolved  in 
aqua  regia.  On  adding  chloride  of  potassium  a  red  crystalline  precipi- 
tate of  cJUoropalladiate  of  potassium,  or  double  chloride  of  paUadium 
and  potassium  is  thrown  down. 

Cyanide  of  palladium  (PdCy).     Cyanogen  has  a  greater  affinity 
palladium  than  for  any  other  metal.    White^  or  slightly  yellow  coloureo. 


n»  FALLIUU. 

flookl  of  cfkaide  of  palladium  ore  pmcIinCatad  whenever  a  soluble 
cyanide  ia  added  to  a  pallodiitia  salt.  Cf  anide  of  palladium  in  Bolubls 
in  solution  of  cjanide  of  potasdum,  farming  a  double  Bait,  which 
ccyitalliaes  in  priama  umtaiiiiDg  (K.Cj.FdC;,3Aq). 

Nitrait  of  patladiimt  is  formed  b;  dlawilTing  the  metal  in  nitrio  acid. 
It  is  not  very  stable,  but  bj  careful  maoipulstioa  may  be  obtained  in 
thomboidal  primiB. 

SvlptiaU  of  paMadiwn  (PdO,SO^  maybe  produced  by  boiling  the 
nitrate  with  smphuric  acid.    It  is  veiy  deliquescent. 

Alioj/i  of  paUadiMm.  Steel  alloyed  with  one  per  cent  of  palladium 
ia  well  adapted  far  making  cutUng  inatrumenta  that  require  a  par. 
fectly  amootb  edge.  Four  parU  copper  and  one  palladium  form  a 
white  ductile  alloy.  One  part  ol  palbdium  give*  with  six  of  gold  an 
sll^  that  is  nearly  colouTleaa. 

3a(i  for  palladium.  The  colour  of  the  iodide,  and  tlie  production  of 
the  cyanide  under  the  circumrtancea  indicated,  are  the  cJiief  te*t«  for 
palladium.  Protochloride  of  tin  throwa  down  a  black  precipitate 
soluble  in  hydrochloric  acid  with  production  of  an  intensely  green 
scdution. 

PALLIOM.     [Pall.] 

PALM.      [WeIOBTS  AMD  UKAaOHJU.} 

PALH-OIL.     [OiLB,  UAHDracTOitB  orj 

PALM.SDNDAY,  the  Sunday  before  Eaeler,  so  named  because  on 
that  d^  boughs  of  palm-trees  used  to  be  carried  in  proceesion,  in 
imitation  of  tboae  which  the  Jews  strewed  in  our  Baviour'B  way  when 
be  went  up  to  Jerusalem.  It  ia  still  cuatomary  with  our  boys,  in 
parts  of  Bugland,  to  go  out  and  gather  alipa  with  the  willow  Sow( 
UDSBoms  at  thia  time ;  these  are  aelectad  aa  repreaentativee  ol 
palm,  because  Uiey  are  generally  the  only  plants,  at  ttiia  aeason,  eaaily 
to  be  come  at,  in  which  the  power  of  vegetation  can  be  diaoovered. 
Bamaby  Oooge,  in  hia  'PopiA  Kingdome,'  4to,  Lend.,  1570  (a  trans- 
lation from  Naogeorgua),  alludee  to  the  use  of  willow  branches,  at  that 
time,  instead  o!  palm. 

Stow,  in  his  '  Surrey  of  London,"  teila  ua  that  "  in  the  week  befoi 
Easter  had  ye  great  abowea  made  for  the  fetching  in  of  a  taititd  In: 
or  with,  as  they  termed  it,  out  of  the  woods  into  the  king's  house,  and 
Uie  like  into  every  man's  house  of  honour  or  worship."  This  must 
alao  have  been  a  substitute  for  the  palm.  An  instance  of  the  remote 
antiquity  of  thia  practice  in  EngUmd  is  afforded  by  the '  Domesday 
Surrey,  under  Shnipshire,  voL  i,  p.  2S2,  "  Terra  dimid.  car.  Unua 
reddit  inde  fateen  Imxi  in  Die  Palmaram." 

Thcae  bougha  or  branches  of  uJm,  whatever  they  might  be,  under- 
went a  regular  bleasing.  (Seethe  'Missale  ad  Usum  Eccleaia]  Siuis. 
burienaia,  Ito,  London,  1556.)  In  Roman  Catholio  churches  bruchM 
of  yew  are  carried  and  blessed  on  Pslm-Sunday. 

The  Russians  of  the  Greek  Church  have  a  very  solemn  proceadon  OU 
Palm-Sunday. 

PALMIC  ACID.    [RionraLilDio  Aoin.] 

PALMIN.     rRlCIHELAiDlN.) 

PALMITATt:  OF  MYRICYL.    [Bkes-Wai;  Palhitio  Aom.l 

PALMITIC  ACID  (C„H  0„H0).  SUialic  Acid.  Cetglic  Add. 
(MtUc  AciiL—Xa  organic  acid  bdonging  to  the  family  represented  by 
aoetio  acid.  It  is  found  in  the  free  state  in  palm  oil ;  in  combination 
in  be«  wax.  spermaceti,  and  human  fat,  and  may  be  artificial^ 
obtained  by  the  action  of  hot  alkalies  upon  ethal  or  oleic  acid. 

To  prepare  the  acid  from  palm  oil,  the  latter  must  be  saponified  by 
caustia  soda  or  potash,  and  the  aoap  decomposed  by  hydroohloric  acid. 
The  mixture  of  oleic  and  palmitic  acids  thus  set  at  liberty  must  now 
be  dissolved  in  alcohol  and  the  aloohoUc  solution  set  aside  to  crystal- 
lise. The  palmitic  acid  crystallises  out  whilst  the  oleic  acid  remains 
in  solution;  the  latter  acid  ia  however  only  removed  after  several 
r»«ryitalliaations. 

Pidmitic  acid  is  a  colourless,  eryatalline,  inodoruos  and  tsstelsss  solid. 
It  is  insoluble  in  water,  upon  which  it  floats,  but  very  soluble  in 
boiling  alcohol  and  ether.  It  fuses  at  Hi°  Fahr.,  and  volatiliaea  with- 
out residue  at  a  high  t«mperatura  By  long  exposure  to  lur  at  an 
elevated  temperature  it  ia  eaid  to  lose  ovbon  and  hydrogen,  and  to  be 
tnosformed  into  piUmitimie  arid  (C,,H„0,)  but  this  is  doubtful. 

Palmitic  odd  unites  witti  basee  forming  salts,  wbkh  bare  tbe  general 
formula: 

■^iiUiiO.  1  n 


MoaapttlinLtla 

DlpalmlUn 

Titnipalmltin 


.  C,,H,,0,, 


Tettapalmitin  is  s^d  to  be  identical  with  the  natural  compound  of 
polmitio  acid  with  giycerin  —  jmjmtf in,  the  formula  of  which  is 
genermlly  written  C^^^O^ 

The  following  ore  some  of  tiie  most  important  of  tlio  rs&»uning 
compounds  of  pedmitic  acid. 


PstmlUM  of  eetrl,  or  ccUa 


,i(C,H,10, 


,  e,,H,,ic„: 


.,)0, 


PALMITIC  ETHER.    [Pauhuc  Acid.] 

PALMITIC  GROUP.  A  small  family  of  onnnic  compounds  odd- 
taiuing  the  radical  pattnilyl  or  its  derivatives.  The  folloinDK  ace  the 
most  important  of  ttieae  compounds.  [Pauotio  Skbiu.] 


Pibnlttsaold *' "g»  JO, 

FALHITIC  SERIES.  A  division  of  organic  bodies  in  Gerhard'j 
system  of  clasaificatiDn,  homologous  with  the  acetic  series  of  bodiea. 
It  is  divided  into  two  groups,  namely 


The  palmitic  group  la  homologous  vrith  the  formic  and  acetic  groups, 
whilst  the  oleio  group  has  its  homologuea  in  the  aoiylia  and  angclis 

groups 

PALMITIN.    [PALitmo  Acm.) 
FALMITONE-    [PAUinio  Gbocp.] 
PALHITONIC  ACID.     [FALiOTia  Aoid.] 
FALHITYL.    [PAUimo  Ghodp.} 

PALSY.      fPAHALIHlB.] 

PAN,  a  deity  of  the  Greek  mytiiology,  whose  country  was  Arcadia 
He  is  said  by  Homer  to  be  the  son  of  Hermes  I:^  the  daughter  of 
Dryops ;  but  other  writers,  while  calling  Hermes  his  father,  give  him 
a  different  mother ;  while  some  make  him  to  have  been  of  different 
descent  on  the  side  of  father  as  well  as  mother.     He  was  the  tuteiai 

End  of  the  ahepherdsi  Pan  is  sometimes  represented  with  sprouting 
oma,  a  goat's  beard,  ■  goat's  tail,  and  goat's  feet,  holding  the  lyitnK,  a 
kind  of  maaical  pi^,  which  he  woa  said  to  have  invented.  But  in 
older  Qieek  art  be  is  often  without  these  animal  appendages  ;  as  in  the 
terminal  statue  in  the  British  Museum.  The  satyrs  are  lus  attendants ; 
and  hence  they  are  sometimes  called  Panes.  In  Greek  art  be  ia  figured 
with  nympba  and  satyrs  as  well  as  slons.  Pan  is  mentioned  in  the 
early  mythi  as  having  been  present  at  the  battle  of  the  Titans,  wlunn 
be  osusted  in  routing  by  frightening  them  by  a  wild  noise  which  ho 
produced  by  blowing  in  a  seo-shelL  He  vras  also  said  to  have  aooom- 
panied  Bacchus  to  India,  and  that  upon  one  occasion,  by  uttering  a 
loud  scream,  which  was  repeated  by  the  echoes,  he  scared  away  the 
enemy.    From  these  inddents  the  eipreasioD  "paoio  fear,"  maming  a 


I,  appears  to  havs  Imod 
derivei  He  is  somstimeB  represented  as  the  f(od  of  terror.  Pan  was 
worshipped  at  Athens  and  most  other  Greek  cities.  Hia  worship  was 
introduced  into  Italy  at  an  early  period,  whera  he  was  Identiaed  with 
an  earlier  god,  Inuus;  sod  festivals,  called  Lupercalia,  were  instituted 
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in  honour  of  Pto  Lupercus,  the  protector  of  the  flodu  agamst  wolves. 
According^  to  Serviua  (note  to  yirgQ's  '  Edogues/  iL  81)  Pan  wae  also 
considered  as  the  god  of  Nature,  a  personification  of  the  universe,  the 
word  pan  («ay),  in  Qreek,  meaniQg  "  all/'  or  **  the  whole,"  but  this  was 
a  late  notion. 

PANATHEN.£A  (nayaa^Mua),  the  greatest  of  the  Athenian  festivals, 
was  celebrated  in  honour  of  Athena  (Minerva)  as  the  guardian  deity  of 
the  city  (*A^i^  iroAj^).  It  is  said  to  have  been  instituted  by  Erictho- 
niua,  aon  of  Hephsestnis  (Haipocrat,  U9M9B,),  and  to  have  been  called 
orighiall^  Athenoa  CA^raia);  but  it  obtained  the  name  of  Pana- 
thensm  in  the  time  of  Tlieseus,  in  consequence  of  his  uniting  into 
one  state  tlie  different  independent  states  into  which  Attica  had  been 
previously  divided.  (Paua.,  viii,  2,  a  1 ;  Plut., '  Thea/  0. 20^  Thuoyd., 
iL15.) 

There  were  two  Athenian  festivals,  which  had  the  name  of  Pana- 
thensea :  one  of  which  was  called  the  Qreat  Pftnathensea  (^fy<(Xa 
UayalHirata\  which  was  celebrated  once  in  eveiy  five  years  with  very 
great  magnificence,  and  attracted  spectators  from  all  parts  of  Greece ; 
and  the  other,  the  Less  Panathensea  (jiucpJk  UoMoBfyftua^,  which  was 
celebrated  every  VMr  in  the  Pineus.  (Harpocrat.,  loa  dt. ;  Plato, 
'  De  Rep.,'  L  1.)  When  the  Greek  writers  speak  simply  of  the  festival 
of  the  Panathensea,  it  is  sometimes  difficult  to  determine  which  of  the 
two  is  alluded  to ;  but  when  the  Ptmathamea  is  spoken  of  by  itself, 
and  there  is  nothing  in  the  context  to  mark  the  contrary,  the  pre- 
sumption is  that  the  Great  Panathenasa  is  meant;  and  it  is  tnus 
spoken  of  by  Herodotus  (v.  56)  and  Demosthenes  ('  De  Fals.  Leg.,' 
p.  394). 

The  Qreat  Ptoathensea  was  celebrated  on  the  28th  day  of  Hecatom- 
beeon  (Produs,  quoted  by  Clinton,  'Fast  HelL,'  p.  825),  the  first  of  the 
Athenian  monthiB,  which  agrees  with  the  account  of  Demosthenes  ('  C. 
Timocr.,'  p.  708,  709),  who  places  it  after  the  12th  day  of  the  month. 
There  is  considerable  dispute  as  to  the  time  in  which  the  Less  Pana- 
theoaea  was  celebrated.  Meursius  places  its  celebration  in  Thargelion, 
the  eleventh  of  the  Athenian  months;  but  Petitus  and  Corsini,  in 
Hecatombeeon.  Mr.  Clinton,  who  has  examined  the  subject  at  con- 
siderable length  ('  Fast.  HeU./  y.  832-885),  supports  the  opinion  of 
Meursius  ;  and  it  does  not  appear  improbable  that  tne  Less  Ptuoathensea 
was  celebrated  in  the  same  month  as  the  Great,  and  was  perhaps 
omitted  in  the  year  in  which  the  great  festival  occurred.  The  cele- 
bration of  the  Great  Panathensea  only  lasted  one  day  in  the  time  of 
HipparchuB  (Thucyd.,  vi  56) ;  but  it  was  continued  in  later  times  for 
aevcoal  daya 

At  both  of  the  Panathenoa  there  were  gymnastic  games  (Pind., 
'  Isthm./  iv.  42 ;  Pollux,  viii.  93),  among  which  the  torch-race  seems 
to  have  been  very  popular.    There  were  also  chariot  and  horse  races. 
In  the  tinae  of  Sooates,  there  was  introduced  at  the  Lees  Panathensea 
a  torch-race  on  horseback.    (Plato,  '  De  Rep.,'  L  1.)    At  the  Great 
Panathensea  there  was  also  a  musical  contest,  and  a  recitation  of  the 
Homeric  poems  by  riiapsodista    (Lycuig., '  C.  Leocr.,'  p.  209.)    The 
victors  in  these  contests  were  rewarded  with  vessels  of  sacred  oiL 
('  Pind., '  Nem./  x.  64,  and  Scholia ;  SchoL  on  '  Soph.  Oed.  CoL,'  698.) 
The  most  celebrated  part  however  of  the  Great  Panathenaic  festival 
was  the  solemn  procession  (irofcr^),  in  which  the  Peplus  (n^Aof )  or 
sacred  robe  of  Athena  was  carried  through  the  Ceramicus  and  other 
principal  parts  of  the  city  to  the  Parthenon,  and  suspended  before  the 
statue  of  the  goddess  within.     This  Peplus  was  covered  with  em- 
broidery (vouclA/iora,  Plato,  '  Euthyph.,'  c.  6),  on  which  was  repre- 
sented the  Battle  of  Uie  Gods  and  the  Giants,  especially  the  exploits  of 
Zeus  and  Athena  (Plato,  loc.  dt. ;  Eurip.,  '  Hecub.,   468),  and  also 
the  achievements  of  the  heroes  in  the  Attic  mythology,  whence 
Aristophanes  speaks  of  "  men  worthy  of  this  land  and  of  the  Peplus." 
('  Equit.,'  564.)    The  embroidery  was  worked  by  young  virgins  of  the 
noblest  families  in  Athens  (ctUled  ipfyurr'ami)^  of  whom  two  were 
superintendents,  with  the  name  of  Arrephorse.    When  the  festival  was 
ceiebntod,  tiie  Peplus  was  brought  down  from  the  Acropolis,  where  it 
had  been  worked,  and  was  suspended  like  a  sail  upon  a  ship  (Pans., 
sdx.  1,  a  1),  whidi  was  then  drawn  throuj^  the  principal  parts  of  the 
city.    The  procession  which  accompanied  it  consisted  of  persons  of  all 
*ges  and  both  sexes,  of  foreigners  resident  at  Athens  as  well  as  of 
dttsena    The  okl  men  carried  olive  branches  in  their  hands,  whence 
they  were  called  Thallophori  (OaAAo^dpoi),  and  the  young  men  appeared 
^th  aims  in  their  hands,  at  least  in  the  time  of  Hippardiua  (Thucyd., 
ri.  56.)    The  young  women  carried  baskets  on  &eir  heads,  whence 
they  were  called  Canephori  (Kwn^^6poi),   The  sacrifices  were  veiy  nume- 
rous on  this  occasion.    During  the  supremacy  of  Athens  every  subject 
■tste  had  to  furnish  an  ox  for  the  festival.     (ETchoL  on  Aristoph. 
'  Kub..'  885.)    It  was  a  season  of  general  joy ;  even  ^irisoners  were 
>ocoBtomed  to  be  liberated,  that  they  might  take  part  m  the  genoal 
reioicing.    (SchoL  on  Demosth.  '  Timocr./  184.)    After  the  battle  of 
^lanthon,  it  was  usual  for  the  herald  at  the  Qreat  P^mathensoa  to  prav 
{or  the  good  of  the  Plateans  as  well  as  of  the  Athenians.    (Herod.,  vl 

•l^e  procession,  which  has  been  described  above,  formed  the  subject 
of  the  bas-reliefs  which  embellished  the  outside  of  the  temple  of  the 
^uthenon,  which  are  generally  known  by  the  name  of  the  Panathenaic 
,^i^M.  The  blocks  of  marble  of  which  this  friese  was  originally  com- 
posed, were  8  feet  4  inches  high,  and  they  formed  a  connected  series 
of  524  feet  in  length.    A  considerable  pwtion  of  this  friese^  which  is 

ABT8  AHD  BOL  DIY,  VOL.  VI. 


one  of  the  most  splendid  of  the  ancient  works  of  art,  is  in  the  British 
Museum.    [Elgin  Marbles.] 

A  full  and  detailed  account  of  this  festival  is  given  by  Meursius,  in 
a  work  on  the  subject,  which  is  printed  in  the  seventh  volume  of  the 
'  Thesaurus '  of  Gronovius. 

PANCAKE,  a  thin  cake  of  batter  fried  or  baked  in  a  pan.  The 
annual  custom  of  frying  pancakes  (in  turning  or  tossing  which  in  the 
pan  there  was  usually  a  good  deal  of  pleasantry  in  the  kitchen)  is  still 
retained  in  many  &xmlies  throughout  the  kingoom  on  Shrove  Tuesday, 
and  was  formerly  universaL  Thid  church  bell  which  used  to  be  rung 
on  that  day,  to  oaU  the  people  together,  in  Roman  Catibolio  times,  for 
the  purpose  of  confessing  their  sins,  or  shriving  themselves,  was  cidled 
the  pancake-bell,  a  name  which  it  long  retained. 

According  to  Brand  ('  Popular  Antiq.'),  a  kind  of  pancake  feast 
preceding  Lent  was  used  in  the  Greek  Churdi,  from  whence  we  probably 
have  boiTOwed  it,  and  pancakes  are  eaten  at  any  time,  though  more 
generally  on  Shrove  Tuesday.  The  Busses,  Hakluyt  says,  b^gin  their 
Lent  always  eij^t  weeks  before  Easter.  The  first  week  they  eat  eggs, 
milk,  cheese,  and  butter,  and  make  great  cheer  with  pancakes  and 
such  other  thingSi 

PANCHA-TANTRA.    [Pilpat,  in  Bioo.  Div.] 

PANDECT.    [Jubtiniah's  Legislation.] 

PANDUS.    [Mahabhabata.] 

PANEGYRIC  (from  the  Greek '  panegyrieus,'  ita^nyvptKos  \Ayos)  iB 
a  species  of  oration  in  praise  of  a  person  or  thing,  so  called  because 
sudi  discourses  used  to  be  delivered  in  ancient  Greece  on  the  occasion 
of  great  public  festivals  before  the  whole  assembly,  "  pan^gyris,"  of  the 
people.  Afterwards  the  name  came  to  be  applied  to  political  orations 
delivered  in  the  senate  or  council  of  a  state  m  praise  of  that  state  or  of 
the  leading  men  or  man  in  it.  The  panegyrical  oration  of  Isocrates  is 
a  fine  specimen  of  the  kind,  in  which  he  commemorates  the  glories  of 
Athens,  the  services  which  it  had  rendered  to  Greece  in  general,  and 
the  whole  with  a  view  to  nourish  friendly  feelings  between  it  and  the 
other  Greek  states. 

Under  the  Roman  empire  panegyrics  were  composed  in  praise  of  the 
emperors,  Pliny's  panegyric  <^  Trajan  is  a  well  known  specimen  of  tins 
kind.  Panegyrics  became  frequent  under  the  late  emperors,  both  of 
the  East  and  the  West,  in  Greek  and  in  Latin ;  they  are  mostly 
however  written  in  a  fulsome  and  adulatory  style.  We  have  pane- 
gyrics of  Constantine,  Constantius,  Justinian,  Theodosius,  and  oUiers, 
which,  if  consulted  with  discrimination,  may  be  useful  for  historical 
purposes  and  for  supplying  deficiencies  in  the  historians  of  tiiose  times. 
Eunodius,  bishop  of  Pbvia,  wrote  a  panegyric  in  praise  of  Theodoric. 

Panegyrics  have  also  b«en  written  in  verse.  The  poem  of  l^bullus 
in  praise  of  Messala  is  a  specimen  of  this  kind,  as  well  as  similar  com- 
positions by  Claudianus,  Sidonius,  and  others. 

In  modem  times  panegyrics  have  been  written  by  Roman  Catholic 
preachers  in  honour  of  particular  saints.  Giordani,  an  Italian  con- 
temporary author,  wrote  a  panegyric  in  praise  of  Napoleon,  in  imitation 
of  that  of  Pliny.  But  the  panegyrical  style  seems  no  longer  in  accord- 
ance with  the  taste  of  our  age,  and  its  essential  chajnacter  is  too 
laudatory  to  please  minds  of  an  independent  cast.  The  iloget  on 
deceased  members  of  the  Academic  ^ranfaiae  are  perhaps  the  only 
existing  examples  of  the  old  panegyric. 

PANEL.  This  term  in  English  law  denotes  a  small  schedule  of 
paper  or  parchment  containing  the  names  of  the  jurors  returned  by 
the  sheriff  for  the  trial  of  issues  in  courts  of  common  law.  The  en- 
rolment of  the  names  upon  this  schedule  is  the  array.  The  etymo- 
logy of  the  term  is  doubtful ;  Sir  Edward  Coke  says, "  Panel  is  an 
English  word,  and  signifieth  a  little  part,  for  a  pane  is  a  part,  and  a 
pan<d  is  a  little  part '  (Co.  Litt,  158  b).  Spelman  derives  the  word 
iroaipagdla,  a  little  page,  supposing  the  y  to  be  changed  to  n.  (Spel- 
man's  '  Gloss.,'  tit.  **  PaneUa  **).  Both  these  etymologies  seem  to  be 
incorrect.  In  the  old  book  called  '  Les  Termes  de  la  Ley/  pand  is 
said  to  come  from  the  French  word  pa/nne,  a  skin ;  whence  in  barbarous 
Latin  might  come|>aneKttf  or  paneUa,  signifying  a  little  skin  of  parch- 
mentw  TtuM  would  denote  the  jury  panel  pretty  accurately,  and  the 
history  of  its  appearance  as  an  expression  in  Eng^h  procedure  is  con- 
sistent with  its  derivation  from  the  French. 

In  the  earliest  records  of  the  forms  of  jury-process,  as  given  by 
Glanville,  it  appears  that  the  sheriff  was  commanded  by  the  writs  in 
certain  real  actions  to  cause  to  be  imbreviated  (imbreriari  facere)  the 
names  of  the  jurors  by  whom  the  land  in  question  was  viewed.  But 
at  this  time  the  word  p<md  never  occurs,  nor  is  it  used  by  Bracton, 
Fleta,  or  Britton,  nor  in  any  statute  earlier  than  20  Edw.  III.,  c.  6 
(1849),  which  forbids  sherifib  from  putting  suspected  persons  in  arrayi 
ofpandt.  This  was  predsely  the  period  at  which  the  French  language 
began  to  be  fully  introduced  into  our  law  proceedings.  (Luder's 
'  Tnct  on  the  Use  of  the  French  Languge  in  our  Ancient  Laws.') 

In  Scotch  criminal  law,  the  accused,  who  is  called  a  defender  till  his 
appearance  to  answer  a  charge,  is  afterwards  styled  the  pannd.  The 
etymologr  of  this  word  also  is  doubtful  (Jameson's  *  Dictionary,'  ad 
verb.)  But  it  is  possible  that  it  may  have  the  same  origin  as  our 
English  word,  as  in  Scotch  proceedings  a  prisoner  is  sometimes  said  to 
be  entered  in  pannel  to  stand  trial    (Amot's '  Criminal  Trials,'  p.  12.) 

PANOPTICON.    [Bbnthah,  in  Bioo.  Dnr.l 

PANORA'MA  (from  the  Greek  word  vw,  all,  and  ipafM,  a  view),  a 
picture  showing  a  view  completely  around  the  spectator.    This  in* 
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geoious  pictorial  contrivance  vaa  first  devised  by  an  English  artistf 
Kobert  Barker,  about  the  year  1794  :  and  is  not  so  much  a  new  mode 
of  painting--the  proceM  itself  being  wmilar  to  scene-painting  or  in 
dittemper — as  a  novel  application  of  it.  Contrary  to  the  diorama 
[Diobama],  the  panorama  forms  the  surface  of  a  hollow  cylinder,  or 
rotunda  (whence  it  is  frequently  called  in  German  Jlund^etndldc  or 
MwmUM, — cyclorama),  in  ike  centre  of  which  is  a  detached  circular 
platform  for  the  spectators,  covered  overhead  to  conceal  the  skylighti 
and  thereby  increase  the  illusion  and  give  greater  effect  to  the  painting 
itself.  The  latter  is  npt  painted  on  the  walls,  but  upon  canvas,  like 
ihe  scenes  of  a  theatre,  and  afterwards  fixed  up,  in  order  that  the 
TiewB  may  be  changed,  and  a  fresh  one  may  be  in  progress  while 
another  is  open  for  exhibition.  Yet  although  Uiere  is  nothing  whatever 
particular  in  re^rd  to  the  execution  or  process  of  suoh  pictures,  they  are 
attended  with  difficultiea  which  can  be  mastered  only  by  practice  and 
experience.  The  first  of  these  arises  from  the  circumstance  that  the 
artiat  cannot  ^ther  concentrate  his  light  or  adapt  the  direction  of  it 
arbitrarily  as  best  suits  his  purpose,  but  while  portions  of  his  view 
will  be  entirely  in  sunshine,  the  opposite  one  will  be  almost  a  mass  of 
shadow;  the  second  is  the  difficulty  of  representing  on  a  curved 
surface  the  straight  horizontal  lines  of  biuldinga;  the  third  and 
greatest  of  all  is,  that  there  can  be  no  single  fixed  point  of  sight,  since 
the  eye  traverses  aroimd  the  whole  circle  of  the  horizon.  He>ic«  it 
might  be  supposed  that  many  parted  of  such  a  picture  would  appear,  if 
not  quite  distorted,  more  or  less  out  of  perspective.  Yet  such  is 
not  the  case,  no  doubt  partly  because  the  eye  accommodates  itself  to 
certain  principal  points  fixed  upon  by  the  artist  as  centres  of  vision, 
and  on  account  of  the  optical  &scin&tion  attending  the  whole.  The 
subjects  generally  chosen  are  views  of  cities,  or  interesting  sites, 
whose  entire  locality  and  buildings  may  thus  be  vividly  placed  before 
title  eye  in  a  manner  no  leas  instructive  than  it  is  interesting. 

Among  the  laigest  panoramas  hitherto  attempted  was  the  view  of 
London  by  day,  and  of  Paris  by  night,  at  the  Colosseum  in  the  Regent's 
Park.  An  improvement  on  this  sort  of  panorama,  is  what  is  styled 
the  moving  panorama.  This,  which  is  also  painted  on  canvas,  by 
being  wound  on  and  off  a  cylinder,  has  been  used  to  depict  a  con- 
tinuous extent  of  scenery  of  many  thousands  of  miles.  Such  were  the 
panoramas  of  the  Mississippi  and  Ohio  rivers,  and  many  others. 

PAl^SY,  a  corruption  of  the  French  penaSe,  is  a  name  now  chiefly 
applied  to  the  garden  varieties  of  Viola  tricolor,  Attaica,  and  others, 
which  are  commonly  cultivated  under  the  name  of  Heart's-ease.  These 
plants,  being  all  nearly  allied  to  each  other,  have  proved  an  abundant 
source  of  hybrids,  which  by  repeated  crossing  and  selecting,  have  at 
length  been  so  much  improved  in  their  appewioe  that  it  is  not  un- 
common to  meet  with  single  flowers  as  large  as  a  penny  pieoe,  althouf^ 
the  wild  blossom  of  Viola  tricolor  will  hardly  cover  a  sixpence. 
When  skilfully  managed,  they  are  great  ornaments  of  the  flower-beds 
in  a  garden,  but  they  are  short-lived,  and  require  to  be  continuallv 
renewed  by  seeds  or  cuttings.  They  love  damp  rich  soil,  not  too  much 
exposed  to  the  sun,  and  are  thought  to  acquire  the  gre^iest  health  and 
beauty  when  planted  in  beds  of  Ught  rich  earth  upon  a  thick  sub- 
stratum of  cow-dung,  into  which  their  roots  wiU  quickly  penetrate. 
PANTHEON.    [Rome,  in  Geoo.  Div.] 

PANTOGRAPH,  sometimes  fanproperly  called  PBNTAGRAPH, 
is  an  instrument  employed  in  copying  maps,  plans,  and  other 
drawings. 
The  annexed  diagram  represents  that  most  commonly  in  use. 
It  is  composed  of  four  brass  rules  or  bars,  jointed  to  each  oUier  at 
the  points  BDEF.  These  joints  require  to  be  carefully  executed,  as 
upon  the  smoothness  and  steadiness  of  their  motion  the  accuracy  of  the 
instrument  principally  depends.  In  those  of  the  best  construcUou 
there  is  a  small  metal  cock  screwed  to  the  bar  of  each  joint,  which 
supports  the  upper  end  of  the  axis  upon  which  it  turns.  This  is 
a  material  improvement  upon  the  common  flat  compass  joint,  as, 
besides  lengthening  the  axis,  it  gives  additional  strength  to  the  bar 
where  it  most  requires  it.    A  joint  of  this  construction  is  shown  in 

At  the  point  c  is  fixed  a  small  tube  which  carries  the  ti»cuig  pointy 
so  fitted  as  to  move  freely  within  it,  but  without  «»halring ;  fig,  3  repre- 
sents the  tracer  within  the  tube,  The  bar  ed  and  the  lower  part  of 
the  bar  ab  are  furnished  each  with  a  tube,  j^.  4,  similar  to  that  at  0, 
but  moveable  on  the  bar,  with  a  similar  screw  to  fasten  it  down  at  any 
required  point.  I^ig,  5  is  the  pencil  stem,  which  fits  either  of  the 
tubes  in  the  same  manner  as  the  tracer ;  on  the  top  of  the  stem  is  a 
cup  to  receive  a  small  weight  to  keep  it  down  upon  the  paper,  and  the 
lower  end  carries  a  pencil,  or,  which  is  better,  a  "  Mordan's  point."  A 
Bilk  cord  is  attached  to  the  pencil  stem,  carried  through  eyes  made  for 
the  purpose,  over  the  joints  E  B  E,  one  of  which  is  shown  on  the  top  of 
Jig.  2,  and  fixed  in  a  notch  in  the  top  of  the  tracer,  fig.  3,  so  that  the 
pressure  of  the  thumb  upon  the  cord  lifts  the  pencil  from  the  paper 
when  required.  Fig,  6  is  a  flat  leaden  weight  with  a  brass  stem  riaing 
out  of  it,  which  fits  in  the  tubes  in  the  same  manner  as  the  pencil 
and  tracing  point ;  this  is  called  the  fulcrum,  as  being  the  point  upon 
which  the  whole  instrument  moves ;  the  weight  has  three  or  four  fine 
points  on  its  under  surface  to  keep  it  from  shifting  upon  the  paper. 
The  whole  instrument  is  supported  by  six  revolving  feet  or  castors, 
which  should  move  very  freely  in  all  directions.  One  of  these  castors 
is  shown  under  the  joint,  fia.  2.    The  pin  or  fulcrum  is  placed  near  the 


edge  of  the  weight,  go  ds  to  allow  room  lor  th»  castor  to  'vroA  whee 
the  fulcrum  is  near  the  points  a  or  D, 
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The  proportion  of  the  bars  is  of  no  consequence,  so  that  ss  ia  equal 
to  B  F  and  SB  to  E  D,  in  which  case  they  will  always  form  a  parailel- 
ogram,  by  which  name  the  instnunent  is  sometimes  called*  Now  if 
the  tracer  at  o  is  carried  over  the  lines  of  the  plan,  the  fulcrum-tube 
being  fij^ed  at  a,  and  the  pencil-tube  at  o,the  pencil  wiU  make  an  exaet 
copy  of  every  line,  but  only  half  the  size  of  the  original,  which  may  be 
proved  in  the  following  manner : — 

The  points  a,  o,  and  c,  are  capable  of  being  brought  dose  togetho', 
and  when  the  instrument  is  open,  as  in  the  figure,  q  is  exactly  half  way 
between  0  and  a  ;  c  then  travels  twice  as  qidckly  as  a  in  the  direction 
A  o  o,  so  that  to  whatever  extent  the  pautegraph  may  be  opened,  q  and 
c  being  considered  as  points  in  a  lever  of  which  a  is  the  fulcrum,  it 
will  be  seen  that  if  0  is  made  to  describe  an  arc  of  a  circle  of  any 
radius,  g  at  the  same  time  is  describing  an  aro  of  a  circle  of  half  tl» 
radius,  so  that  0  moves  in  a  direction  perpendicular  to  a  a  c  twice  as  fast 
as  o.  Now  it  was  shown  above  that  it  moved  twice  as  fast  as  q  in  the 
direction  ago,  and  as  by  the  composition  of  these  two  motions,  all 
lines,  whether  rectilinear  or  curved,  are  produced,  it  follows  that  the 
pencil  at  g  will  produce  a  copy  half  the  size  of  the  original  traced  over 
by  the  point  at  c,  as  before  stated. 

To  produce  a  copy  one-fourth  the  size  of  the  origina],  we  must  shift 
the  pencil  from  Qio  g,  and  the  fulcrum  from  a.  to  a,  ag  being  one- 
fouiih  the  length  of  a  c,  and  so  on  for  all  other  proportions  leu  than 
half,  the  constant  rule  being — "  As  the  distance  of  the  pencil  from  the 
fulcrum  is  te  the  distance  of  the  tracer  from  the  fulcrum,  so  will  he 
the  size  of  the  copy  to  that  of  the  original.''  No  calculation  is  required 
in  practice,  as  the  arms  a  £  and  e  d  are  graduated  for  all  proportions 
from  one-twelfth  to  eleven-twelfths  inclusive.  If  it  be  required  to 
produce  a  copy  more  than  half  the  size  of  the  original,  the  fukrum 
must  be  placed  on  the  arm  £  B,  and  the  pencil  on  a  e,  the  rule  above 
given  stiU  holding  good,  so  that  for  a  copy  the  tanu;  9ue  as  the  origiaal 
the  fulcrum  must  be  placed  at  g,  and  ike  pencil  at  a.  It  must  be 
borne  in  mind,  however,  that  when  the  f  ulcnmi  is  on  the  arm  s  d,  tixe 
copy  will  be  inverted. 

Though  the  principle  of  this  instrument  !s  as  simple  and  complete 
as  can  be  imagined,  yet  it  falls  sad^  short  of  perfection  in  practice 

In  the  first  place  the  numerous  jointe  and  casters,  however  carefully 
constructed,  make  it  heavy  te  the  hand  in  comparison  with  the 
unfettered  pencil,  and  it  requires  much  practice  te  be  able  te  manage  it 
so  dexterously  as  te  get  those  minute  and  gentle  undulations,  necessary 
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not  only  to  the  beauty  but  to  the  utility  of  the  drawing.  The  pencil 
too,  constantly  working  upright,  does  not  maintain  that  fine  point 
which  is  requnred  for  distinctness  of  outline,  and  to  these  faults  we 
most  add  inaccuracy  of  workmanship,  however  slight,  the  effect  of 
wear,  inequalities  of  the  paper,  and  other  accidents. 

The  best  way  to  test  an  instrument  is  to  reverse  the  x)o«ition  of  the 
tracer  and  pencil,  thus  producing  a  copy  larger  than  the  original,  when 
the  defects  will  of  course  be  exaggerated  in  proportion. 

The  pantograph,  however,  though  it  cannot  be  depended  upon  for 
an  accurate  and  flidshed  copy,  is  of  great  service  to  the  draughtsman, 
for  by  it  may  be  marked  off  all  the  principal  points  through  which  to 
draw  the  lines  of  a  plan  with  equal  accuracy  and  infinitely  greater 
facility  than  by  any  other  means  used  for  the  purpose. 

The  annexed  engraving  represents  a  pantograph  which  possesses 
Eome  advantages  over  that  before  described.  In  the  first  place,  the 
fulcrum  being  in  the  centre,  it  requires  but  one  castor,  which  is  placed 
at  c,  and  maJras  it  work  much  lighter  in  hand  than  the  old  instrument, 
which  has  six ;  besides  which  these  six  castdrs  are  frequently  a  source 
of  annoyance  by  getting  off  the  edge  of  the  drawing-board  and  running 
over  drawing-pins  or  anything  else  which  may  happen  to  be  in  the 
way.    Secondly,  the  shape  of  19iis  instrument  allows  it  to  moYb  as 
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freely  when  nearly  closed  as  when  opened  wide,  which  Is  not  the  case 
with  the  other.  This  improved  instrument  consists  of  six  bars, 
moving  freely  about  each  other  at  the  six  points  of  juncture,  so 
arranged  with  regard  to  length  that  a  p  and  T  B  are  always  parallel  to 
each  other.  F  is  the  fulcrum,  furnished  with  a  socket  and  screw  (a), 
through  which  the  centre  bar  can  be  moved,  and  which  can  be  festened 
down  at  any  of  the  graduations  on  that  bar.  This  socket,  with  the 
bar,  turns  upon  the  pm  rising  out  of  the  centre  of  the  flat  weight,  as 
shown  in  the  diagram.  Now  the  tracer  t,  the  fulcrum  f,  and  the 
pencil  p  must  always  be  in  a  straight  line.  To  produce  a  copy  the 
e!ame  size  as  the  original,  the  fulcrum  must  be  in  the  centre,  and  the 
pencil  and  tracer,  as  in  ^e  engraving,  eqid^distant  from  the  centres  of 
their  respective  arms,  and  consequently  h'om  the  fulcrum.  For  a  half- 
sized  copy  the  pencil  must  be  shifted  half  way  up  the  arm  to  p,  and 
the  fulcrum  to  /,  in  the  straight  line  rfp,  and  so  on  for  any  required 
proportion,  which  is  apparent  by  a  glance  at  the  diagram.  The  rule 
laid  down  in  regard  to  the  other  instrument  holds  g^>d  for  this,  the 
copy  bearing  the  same  proportion  to  the  original  as  the  distance  of  the 
pencil  from  the  fulcrum  does  to  that  of  the  tracer. 

In  using  the  pantograph  it  is  frequently  necessary  to  copy  the  draw- 
ing in  divisions,  on  account  of  the  instrument  not  being  large  enough 
to  extend  over  the  whole  surface  at  once.  In  this  case  the  greatest 
coTQ  is  requisite  to  join  the  lines  of  one  division  accurately  to  those  of 
the  adjoining  division.  The  best  way  of  effecting  this  is  to  hold  the 
tracer  down  upon  a  point  in  the  original  by  one  hand,  moving  thd 
fulcrum  about  with  the  other,  until  the  pencil  exactly  coincides  with 
the  corresponding  point  in  the  copy.  To  ensure  accuracy,  this  should 
be  tried  with  three  or  more  points,  as  the  least  deviation  will  throw 
the  whole  plan  out  of  position. 

In  practice  a  large  number  of  plana  are  copied  of  the  same  size  as  the 
original.  The  quickest  method,  which,  however,  requires  great  care, 
is  to  pin  down  a  piece  of  tracing-paper  upon  the  original,  on  which  the 
lines  are  marked  with  a  fine-pointed  pencil.  A  piece  of  paper  rubbed 
over  with  blacklead  is  then  placed  upon  the  paper  intended  for  the 
copy,  with  the  black  side  downwards,  and  the  tracing-paper  is  pinned 
down  upon  it;  the  lines  then  are  carefully  traced  over  with  a  steel 
point,  and  the  pressing  transfers  the  blacklead  to  the  drawing-paper 
beneath.  The  black  paper  is  sometimcb  omitted,  and  the  lines, 
^edby  slight  indentations  only,  are  finished  by  hand,  in  the  usual 
manner. 

li  it  is  required  to  reduce  a  plan,  and  the  draughtsman  does  not 
POBseas  a  pantograph,  the  usual  way  is  to  divide  the  original  and  the 
P^per  for  the  copy,  whatever  the  relative  size,  into  the  same  number 
of  squares,  which  will  of  course  then  bear  the  same  proportion  to  each 
other  as  the  surfaces  of  which  they  are  divisions.  The  lines  must 
then  be  set  in  singly,  either  by  the  assistance  of  the  proportional  com* 
pasB  or  scale,  or  by  a  geometrical  scale  drawn  for  the  occasion.  The 
following  method  is  dependent  only  upon  the  compass  and  t  square. 
^  Draw  a  triangle  in  which  a  B  is  the  base,  and  make  ao  bear  the 
same  proportion  to  c  b  as  you  wihh  the  copy  to  bear  to  the  original ; 
*4ke  any  distance  on  the  original,  and  set  it  off  from  b  on  b  c,  draw  a 
uno  parallel  to  a  b,  and  that  portion  of  a  c  cut  off  by  such  parallel  will 


bear  the  required  proportion  to  the  distance  set  off  on  BO,  as  may  be 
seen  by  the  diTisions  1 2  8  4  on  i^e  two  sides  of  the  triangle  in  the 


Fig.  ft. 
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B 


diagram.  The  triangle  should  be  drawn  in  ink,  and  the  distances, 
being  marked  in  pencil,  may  be  rubbed  out  when  transferred  to  the 
paper.    [Eidograph  ;  Pboportional  Compassks.] 

PANTOMIME,  the  name  of  a  species  of  dramatic  performance  in 
which  the  actors  express  themselves  by  gestures.  The  name  is  com- 
posed of  two  Greek  words,  meaning  "  imitation  of  every  thing.** 
Pantomimic  acting,  accompanied  by  music,  has  been  in  use  among  the 
Chinese,  Persians,  and  other  Oriental  people  from  the  oldest  times. 
The  Greeks  introduced  the  pantomime  in  their  choruses,  some  of  the 
actors  dancing  and  gesticulating,  accompanied  by  music,  whilst  others 
sang.  (Lucian,  'De  Saltatione.*)  The  Romans  had  entire  dramatic 
representations  consisting  of  dance  and  gestures  only,  styled  "  saltatio 
pantomimorum,'*  and  some  of  their  performers  attained  a  high  degree 
of  excellence  in  the  art.  Two  of  them,  Bathyllus  and  Pylades,  in  the 
time  of  Augustus,  have  been  celebrated  by  the  Roman  writers. 

In  modem  times  pantomimic  balls,  representing  an  entire  dramatic 
action  or  fable,  have  become  a  favourite  scenic  performance.  The 
Tuscan  Angiolini,  in  the  last  century,  and  after  him  Vigand,  who  died 
at  Milan  in  1 821,  have  excelled  in  this  species  of  composition.  Noverre, 
in  France,  distinguished  himself  likewise  in  the  composition  of  panto- 
mimic "  ballets."  The  name  is  now  commonly  appUed  to  the  harle- 
quinade theatrical  performances  exhibited  in  London  at  Christmas  and 
Easter. 

{Meursius,  Orchestra;  SignoreUi,  Storia  OrUica  dei  Teatri  antidU  e 
wodemi.) 

PAPATER.  OPIUM,  Medical  Properties  of.  The  juice  of  the 
unripe  capsule  or  fruit  of  the  Papaver  somniferum  seems  to  have  been 
used  on  account  of  its  narcotic  powers  from  a  very  early  period,  first  in 
the  East,  of  which  it  is  a  native,  and  afterwards  in  the  \Vest. 

As  to  the  two  varieties  of  the  P.  sonmifemm,  called  P.  8,  eUbunif  in 
which  the  seeds  are  white,  and  the  openings  under  the  stigmata  oblite- 
rated, and  P.  8.  nigrum,  in  which  the  seeds  are  blackish-gray,  and  the 
openings  under  the  stigmata  perfect,  some  differences  are  found  in  the 
relative  proportion  of  some  of  the  chemical  constituents  of  the  opium 
procured  from  them ;  but  the  P.  8.  album  {Papaver  officinale,  Gmelin) 
is  the  kind  chiefly  cultivated  in  Persia  and  India. 

**  The  first  sophistication  which  the  juice  receives  is  that  practised 
by  the  peasants  who  collect  it,  and  who  lightly  scrape  the  epidermis 
from  the  shell  to  augment  the  weight.  This  operation  adds  about  one- 
twelfth  of  foreign  matters.  Thus  collected,  opium  has  the  form  of  a 
glutinous  and  granular  jelly.  It  is  deposited  in  small  earthen  vessels, 
and  beat  up  with  saliva.  On  inquiring  why  water  was  not  employed 
in  the  place  of  saliva,  the  answer  was,  that  water  caused  it  to  spolL  It 
is  afterwards  enveloped  in  dry  leaves,  and  in  this  state  is  sold.  The 
seeds  of  those  poppies  which  have  yielded  opium  are  equally  good  for 
sowing  tho  following  year."  Such  is  the  account  by  M.  Ch.  Texier,  of 
the  plan  in  Asia  Minor.  A  change  of  seed,  however,  by  obtaining  some 
from  a  distant  locality,  seems  expedient.  (Dr.  Eatwell,  in  '  Pharra. 
Journal,*  vols.  xi.  and  xii.,  1852.)  In  India,  the  juice  is  mixed  with 
oil  obtained  from  the  seed  of  the  poppy,  to  hinder  the  rapid  drying  of 
the  juice.  The  produce  of  the  first  exclEdons  is  of  a  light  yellow  colour; 
the  others  are  fainter  in  odour  and  darker  coloured.  In  general,  all 
three  gatherings  are  mixed  together,  and  sent  to  market  in  small 
baskets.  The  quantity  obtained  varies  not  only  with  the  soil  and 
mode  of  cultivation,  but  also  with  the  season  and  the  time  of  collecting. 
In  wet  gloomy  seasons,  not  only  is  the  quantity  less,  but  it  does  not 
keep  well ;  in  such  a  case  the  proportion  of  morphia  is  also  less.  Tho 
quantity  of  morphia  depends  l^ewise  very  much  on  the  time  of  gather- 
ing :  if  the  harvest  be  postponed  till  the  capsules  begin  to  turn  white  and 
hard,  it  is  generally  deficient,  and  by  the  time  the  capsules  are  mature 
and  the  seeds  ripe  it  has  entirely  disappeared.  It  is  not,  as  is  the  case 
of  many  other  vegetable  alkaloids,  transferred  to  the  seeds,  as  they  are 
altogether  devoid  of  any  narcotic  principle,  the  oil  which  is  obtained 
from  them  being  bland  and  wholesome,  and  abundantly  used  as  food ; 
even  the  seeds  themselves  are  freely  eaten  by  birds,  to  which  they  are 
given  (from  the  black  variety)  under  the  name  of  maw-seeds.  In 
India  and  Turkey  they  are  made  into  comfits,  or  strewed  over  sweet- 
meats^ Uke  carraway  seeds. 

Several  varieties  of  opium  are  met  with  in  commerce,  which  may  be 
noticed  here  in  the  order  of  their  reputed  excellence,  the  quantity  of 
morphia  contained  in  each  being  assumed  as  the  criterion. 

1,  Smipiia  or  Levant  opium,  which  Dr.  Pereira  considers  syno- 
nymous with  Turkey  opium,  though  German  pharmacologists  deem 
Turkey  and  Egyptian  opium  to  be  synonymous.  (Th.  Martins, '  Phar- 
makosnoaie.')    "  It  occurs  in  irregular  roundish  or  flattened  masses  of 
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various  BLEeB,  rarely  exceeding  two  pounds  in  weight,  enveloped  in 
leaves,  and  surrounded  with  Ihe  redcush  triangular  capsules  of  several 
species  otJiumex,svich. as  R,  orieTUaHs,  R.  pcUierUia  (which  are  employed 
to  prevent  the  masses  cohering  to  each  other  while  the  opium  is  soft). 
When  first  imported,  the  masses  are  soft,  and  of  a  reddish-brown 
colour ;  but  by  keeping  they  become  hard  and  blackish,  and  on  this 
account  it  is  termed  by  the  French  opium  noir.  Its  consistence  is  soft, 
at  least  of  the  interior,  even  when  the  exterior  is  very  hard.  Its 
lustre  is  waxy ;  the  taste,  bitter,  acrid,  and  persistent. 

2.  "  Conttantinople  opium.  Of  this  there  are  two  sorts :  one  in  large 
irregular  cakes,  which  are  flattened,  like  the  Smyrna  opium,  and  of 
very  good  quality ;  the  other  is  in  small  flattened  regular  cakes,  of  a 
lenticular  form,  from  2  to  24  inches  in  diameter,  and  covered  with  a 
poppy-leaf,  i^o  midrib  of  which  divides  the  disk  into  two  parts.  It 
has  an  odour  similar  to  the  preceding  kind,  but  more  feeble ;  at  first 
it  is  reddish  both  without  and '  within,  hence  called  by  the  French 
opium  rouge;  it  however  blackens  and  dries  in  the  air,  but  never 
becomes  so  hard  as  Smyrna  or  Egyptian  opiimi,  than  which  it  is  more 
mucilaginous."  Th.  Martins  is  of  opinion  that  it  is  a  manufactured 
article,  prepared  at  Constantinople,  out  of  Smyrna  opium,  by  the 
addition  of  gum.  It  is  a  oonmion  article  of  German,  but  rarely  of 
English,  commerce.  It  is  never  covered  with  the  Mumex  capsules  as 
the  Smyrna  opium. 

3.  Egyptian  or  Alexandrian  opium  "occurs  in  round  flattened  cakes 
of  about  three  inches  in  diameto*,  covered  externally  with  the  vestiges 
of  the  same  leaf,  which  are  in  too  mutilated  a  state  to  be  determined. 
It  is  distinguished  from  the  preceding  varieties  by  its  reddish  coloiur, 
analogous  to  soccotrine  or  hepatic  aloes,  which  does  not  by  time  or 
exposure  to  the  air  become  darker ;  the  odour  is  fainter  and  somewhat 
musty."  Though  the  cakes  are  all  of  the  sorts  much  the  hardest,  so 
that  a  blow  with  a  hammer  will  cause  one  to  split  into  fragments,  yet 
by  exposure  to  the  air  it  becomes  soft. 

4.  "  Trebizond  or  Pergian  opium  occurs  in  the  fonn  of  cylindrical 
sticks,  which  by  pressure  have  become  somewhat  angular.  Their 
length  is  about  six  inches ;  their  diameter  about  six  inches.  Each  one 
is  enveloped  in  a  smooth  shiney  paper,  and  tied  with  cotton.  The 
colour  of  opium  is  similar  to  that  d  soccotrine  aloes.  It  possesses  a 
stronger  odour  than  the  Egyptian  Idnd,  but  fainter  than  that  of 
Smyrna,  united  with  a  musty  one.    The  taste  is  intensely  bitter." 

5.  Indian  opium,  of  which  there  are  several  varieties,  as  already 
described.    [Opium  Trade.] 

6.  Eng^ith  opium  "  is  in  flat  cakes  or  balls  enveloped  in  leaves.  It 
resembles  the  Egyptian  more  than  any  other  kind ;  its  colour  is  that 
of  hepatic  aloes,  with  a  moderately  strong  opiate  odour." 

Before  offering  a  sunmiary  of  uie  points  of  difference,  in  diemical 
composition  and  other  respects,  of  these  various  sorts,  it  is  neoessaiy 
to  enumerate  the  general  constituents  of  opium: — 1,  morphia;  2, 
oodeia;  3,  paramor^iia  or  thebaine;  4,  pseudomorphia ;  5,  narootma 
oropianum;  6,  narceine;  7,  meconine;  8,  meconic  add;  9, an  oily 
add;  10, gum;  11,  resin;  12,  extractive ;  13,  a  fixed  oil;  14,  caout- 
chouc; 15,  a  volatile  odorous  prindple ;  16,  ligneous  matter  with  inor- 
ganic salts,  such  as  sulphate  of  lime  and  potass,  and  in  some  kinds 
opiania,  papaverine,  and  porphyroxine,  the  latter  prindple  only  in 
Bengal  and  Smyrna  opium  (according  to  Merck,  its  discoverer, 'Pharm. 
Centrsd  Blatt,'  June,  1837).  There  are  also  various  accidental  but 
more  intentional  impurities,  such  as  sand,  of  which  even  the  best 
Smyrna  opium  contams  a  lai^  portion,  10  ounces  of  opium  frequently 


containing  10  dradmis  of  stones  and  graveL  In  the  mterior  of  the 
cakes  leaden  bullets  are  often  discovered.  The  cakes  should  always  ba 
cut  through  the  centre  in  order  to  detect  this  fraud. 

The  rdative  proportion  of  these  numerous  ingredients  varies  veiy 
much,  not  only  m  we  samples  from  different  countries,  but  in  those  g€ 
the  same  country.  Thus,  Smyrna  opium,  though  the  average  quanta^ 
of  morphia  which  it  yields  may  be  stated  to  be  10  per  cent.,  in  five 
specimens  examined  by  Mulder  gave  10  per  cent,  in  the  best  and  little 
more  than  2  in  the  worst. 

Professor  Quibourt  states  Constantinople  opium  to  yield  only  one- 
half  the  quantity  of  morphia  procurable  from  Smyrna  opium ;  while 
Mr.  Duncan  of  Edinburgh  has  obtained  even  14  per  cent.  Quibourt 
also  affirms  that  Egyptian  opium  yields  only  5-7ths  of  the  morphia 
obtainable  from  Smyrna  opium ;  while  Dr.  Christison  procured  104  per 
cent,  from  it  Of  the  Indian  kinds,  Dr.  Smyttan  procured  only  3  or  5 
per  cent,  of  morphia,  while  Dr.  Christison  obtained  94  from  the  Malwa 
opium ;  and  from  Bengal  opium  Dr.  Smyttan  obtained  2  or  34  per 
cent.,  while  Mr.  Macfarlane  of  Edinburgh  procured  7  per  cent. 

From  English  opium  5  per  cent  may  be  obtained.  From  Qerman 
opium  Blitz  procured  164  to  20  P^  <^i^^  From  some  French  opum 
Petit  obtained  16  to  18  per  cent,  and  Caventou  the  large  amount  of 
22  to  28  per  cent. 

The  extreme  discrepancy  of  these  results  may  be  explained  wA 
merely  by  the  varying  seasons  when  the  specimens  were  produced,  and 
the  different  dep;rees  of  skill  and  dexterity  in  the  chemists,  but  by  the  fact 
that  the  morphia  is  more  easily  and  effectually  separated  when  the  opium 
is  fresh  :  hence  the  laxge  proportion  found  in  European  opium,  which 
was  not  onlv  cultivated  with  great  care,  but  was  analysed  soon  after  it 
had  been  collected.  It  is  not  at  all  improbable  that  the  morphia  under- 
goes a  change  by  age,  and  entirely  evaporates  from  old  specimens,  in 
the  same  way  as  conia  disappears  from  hemlock.  [Cokium,  in  Nat. 
Hist.  Div.] 

It  is  always  proper  to  institute  an  examination  into  each  new  purchase 
of  opium,  to  ascertain  the  presence  and  amount  of  morphia.  Some 
specimens  of  opium,  which  to  the  eye  present  all  the  physiisJ  diaractere 
of  the  best  Smyrna  opium,  even  some  of  those  deemed  hitherto  inimi- 
table, such  as  the  transparent  agglutinated  tears  seen  on  cutting  it 
across,  are  found  on  analysis  devoid  of  the  smallest  trace  of  moi^wia. 
('  Journal  de  Pharmacie,'  tom.  xxiv.,  pp.  325,  446.) 

The  following  test  is  proposed  in  the  '  New  Edinburgh  Pharma- 
copoeia/ and  though  not  absolutely  certain,  is  sufficiently  so  for 
common  use : — **  A  solution  from  100  grains,  macerated  24  houn  in 
two  fluid  ounces  of  water,  filtered  and  strongly  squeezed  in  a  doth,  if 
predpitated  by  a  cold  solution  of  half  an  ounce  of  carbonate  of  soda  in 
two  waters,  and  heated  till  the  precipitate  shrinks  and  fuses,  will  yield 
a  solid  mass  on  cooling,  which  weighs,  when  dry,  at  least  11  grains; 
and  if  pulverised,  diasolves  entirely  m  solution  of  oxalic  add." 

More  morphia  would  appear  to  be  present  in  the  specimens  of 
European  opium,  which  are  obtained  from  the  variety  of  poppy  with 
violet-coloured  petals,  than  in  the  Turkey  opium ;  while  that  from  the 
European  white  variety  contains  more  narcotine  than  the  Turkey.  In 
Smyrna  opium  the  morphia  seems  to  be  imited  with  meconic  add,  and 
to  be  not  only  more  abundant,  but  more  easily  separated,  and  more 
completely  purified  from  the  narcotine  and  colouring  matter,  than 
that  of  Egypt,  in  which  the  morphia  Ib  united  to  sulphuric  add. 

The  following  table,  by  Dr.  Pereira,  will  show  at  one  view  the 
prindpal  characters  of  the  crystalline  constituents  of  opium : — 


TABULAa  Ynw  or  rn  Pbimczpal  Ckaeactsbb  or  thx  Cetralukx  Pbixcxtlbs  of  Ornw. 


Cbaraoters. 

Morphia. 

Codda. 

Nareotina. 

Meconine. 

Narceine. 

Paramorphia, 
or  Thebaine. 

Pseudomorphia. 

Taste     . 

Bitter 

Bitter 

Insipid 

Bather  acrid 

Slightly  bitter  and 
metallic 

Bather  acrid  and 
metallic 

•  • 

Poses  at    .        .    . 

Above  240^ 

820^  or  in  boUing 
water 

888" 

194%  or  in  boiling 
water 

198%  or  in  boiling 
water 

802' 

Hardly  f^ble 

In  eold  water         . 

Nearly  insolable 

Soluble  in  80  parts 

Insoluble 

Soluble  in  265  parts 

Soluble  in  876  parts 

Scarcely  sduble 

Almost  insduble 

In  boiling  water     . 

Soluble  in  100  parts 

In  17  parts 

SlighUy  soluble 

In  18  parts 

In  280  parts 

. . 

Almost  insoluble 

In  eold  alcohol  •    . 

Soluble  in  40  parts 

Soluble 

In  100  parts 

Soluble 

Soluble 

Soluble  in  10  parts 

Almost  iasdlnble 

In  eold  ether 

Sparingly  solable 

Easily  solnble 

Easily  soluble 

Soluble 

Insoluble 

Very  soluble 

Almost  insolable 

In  oaottic  alkalies . 

Solnble 

Insoluble 

Insoluble 

Soluble 

Insoluble 

Insoluble,  except 
in  very  concen- 
trated solutions 

Very  solnble  in 
potass  and  soda 

Chlorine 

.  • 

Coloured  blood-red 

• . 

•  • 

• . 

Iodine       .        .    . 

• . 

•  ■ 

Coloured  blue 

. . 

. . 

Nitrio  add     . 

Coloured  red 

Yellow 

If  dilute,  blue 

TeUow 

Coloured  red 

Hydrochlorie  acid  . 

• . 

Blue 

.  • 

e  • 

Iodic  aoid  .        .    . 

Iodine  set  trtt 

.  • 

.  • 

Perohloride  of  iron 

Coloured  blue 

•  a 

a  . 

•  • 

Coloured  blue 

Infusion  of  iralls     . 

Precipitate 

Precipitate 

Precipitate 

.  • 

•  * 

« . 

Nitrogen 

Present 

Present 

Present 

Present 

Present 

Present 

Water  of  crystalllsa. 

tion 
Atomic  weight  .    . 

2  atoms 

2  atoms 

•  • 

Absent 

•  • 

2  atoms 

•  • 

292 

284 

448 

•  • 
97 

298 

202 

808 

Action  on  vegetable 

Alkaline 

Alkaline 

No  effect 

No  effect 

No  effect 

Alkaline 

■  • 

oolonrs 

Relation  to  adds    . 

Salifiable 

SaUfiable 

Salifiable 

Not  salifiable 

Ifot  salifiable 

Not  salifiable 

Not  saUflable 

Effects  . 

Poisonous;  ace* 
rebro-splnant 

A  cerebro-spinant 

Inert! 

Inert*^ 

Inert  t 

Not  poisonous 
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The  great  punB  now  taken  in  tho  culture  ftnd  preparation  of 
Indian  opium  induce  a  preference  for  it  over  the  other  kindB. 
If  Indian  opium  contain  generally  more  narootine,  it  is  on  that 
account  perhaps  better  suited  to  cases  in  which  the  stimulating  action 
is  wished. 

Good  opium  is  not  perfectly  soluble  in  water ;  ^th  generally  renudns 
undissolred,  consisting  of  'the  caoutchouc  and  resin.  Constantinople 
opium,  however,  leaves  no  residuum  of  caoutchoua  When  opium  is 
entirely  soluble  in  water,  it  may  be  suspected  to  have  been  prepared  by 
boiling  the  bruised  capsules  and  leaves,  and  it  is  of  a  veiy  inferior  kind. 
The  specifio  gravity  of  good  opium  is  1'336,  if  great  mechanical  impu- 
rities are  not  present.  It  is  very  inflammable,  and  bums  with  a  dear 
flame,  and  forms  a  transparent  alcoholic  solution.  Opium  from  the 
bruised  eapsoles  is  not  inflammable,  and  forms  a  turbid  alcoholic  solu- 
tion. When  gum  arabic  or  tragacanth  is  used  to  adulterate  it,  the 
spe<nmen  forms,  when  rubbed  with  one  part  of  alcohol  and  two  of 
water,  a  tremulous  gelatinous  mixture. 

It  muat  be  obvious  that  a  substance  of  so  complicated  a  nature 
cannot  act  tmiformly  on  ox^ganised  beings,  even  supposing  them  to  be 
always  constituted  alike,  which  never  is  the  case,  since  they  vary 
according  to  age,  constitution,  habits  of  life,  states  of  disease  and  idio- 
syncra^,  9cc  Some  of  the  effects  which  follow  the  employment  of 
opium  have  been  attributed  to  one  prinicple  and  some  to  another;  but, 
with  a  few  exceptions,  nothing  positive  has  been  ascertained.  Morphia 
is  by  no  means  the  only  sedative  principle ;  and  narootine,  so  long 
regarded  as  the  stimulating  principle,  is,  when  pure,  nearly  if  not  quite 
inert.  The  odorous  principle  is  unquestionably  powerful,  though  it 
has  no  resemblance  to  hydrocyanic  add.  The  collectors  of  opium  are 
generally  pale  and  affected  with  tremblings.  If  opium  be  heated,  the 
odour  evolved  is  £atal  to  animals,  and  persons  have  fallen  down  in  a 
state  of  insensibiUty  from  breathing  an  air  charged  with  the  vapour  of 
opium  in  some  pharmaceutical  processes. 

It  is  most  probable  that  the  extractive  and  resinous  prindples,  with 
the  meoonic  add,  which  seems  to  modify  the  properties  of  the  morphia, 
are  the  stimulating  ingredients  of  opium,  and  that  the  getting  nd  of 
some  or  all  of  these,  as  in  the  watery  extract  of  opium,  and  a  few  of 
the  secret  preparations  of  opium,  constitute  the  superiority  of  these 
preparations,  as  calmants,  over  crude  opium,  or  the  officinal  preparations 
in  which  they  are  retained. 

A  most  extensive  series  of  experiments  have  been  instituted  to 
determine  the  effects  of  opium :  on  vegetables  by  Maroet  and  Macaire ; 
on  animalB  by  Charvet;   and  on  man  by  numerous  physiologists, 
including  Charvet    From  these  it  appean  that  opium  acts  as  a  poison 
to  plants,  by  destroying  their  irritability.    According  to  Charvet,  in 
the  case  of  Uie  sensitive  plant,  where  the  opium  fiuled  to  kill  the  sub- 
ject of  experiment,  and  it  slowly  recovered  its  irritability,  yet  the 
further  growth  was  completely  stopped.     ''In  the  animal  kingdom, 
Charvet  tried  its  effects  on  mammals,  birds,  reptiles,  amphibia,  fishes, 
insects  (both  in  their  perfect  and  larval  states),  the  annelides,  the 
mollusca,  polypiphera,  and  polygastrica,  and  found  that  it  acted  on  all 
as  a  poison,  but  with  somewhat  different  effects  according  to  their 
oiganisation.    Thus  on  man  it  may  produce  congestion  of  the  brain 
(marked  by  sopor  and  apoplectic  symptoms),  or  irritation  of  the  brain 
and  spinal  marrow  (indicated  by  convulsions  and  pain),  or  a  sedative 
effect  (manifested  by  paralysis). 

In  other  mammals,  two  xinds  of  effects  are  seen  for  the  most  part ; 
the  one  of  irritation,  the  other  of  diminished  nervous  power,  symptoms 
of  congestion  being  altogether  wanting  or  veiy  slight.  Tms  differ- 
ence of  efifoct  corresponds  with  a  difference  in  the  devdopment  of  the 
brain. 

In  the  xnvertebrated  animals,  no  symptoms  of  irritation  seem  to  be 
caused  by  opium.  This  poison  in  them  acts  only  on  the  contractile 
tissues^  and  produces  symptoms  of  weakness  or  loss  of  contractile 
power. 

In  the  animal  series,  the  action  of  opium  varies  with  the  degree  of 
devdopment  of  the  nervous  mtem;  and  in  the  lowest  orders  the 
eflPects  are  quite  analogous  to  those  observed  in  vegetables.  (Perdra.) 
(See^  Wilmer,  '  Die  Wirkung  der  Arzndmittd  una  Qifte  in  gesunden 
therischen  Korper,'  in  which  all  the  experiments  are  given  in  a  dassified 
viangement.) 

Much  disputation  has  taken  place  respecting  the  question,  whether 
opium  be  a  stimulant  or  a  sedative,  and  most  imneoessarily,  as  its 
action  depends,  in  general,  on  the  quantity  taken,  the  frequency  of 
fepetitiony  and  the  state  of  the  system  when  it  is  administered.  That 
to  persons  in  health,  if  the  dose  be  small,  it  is  a  stimulant,  seems 
un<iuestionable;  and  this  is  proved  by  the  fact  that  the  habitual 
opium-eaters  consume  it  for  the  sake  of  its  primarily  stimulant  effect, 
And  not  for  the  sake  of  the  depresdon,  languor,  and  suffering  which 
succeed.  The  different  degrees  of  action,  resulting  from  a  difference 
of  dose,  are  so  ably  given  by  Dr.  Pereira  that  they  may  be  quoted 
aere  verbatim. 

!•  Fini  Degree  of  OpercUitm. — "In  small  doses,  such  as  from  a 
ciuarter  of  a  grain  to  one  grain,  opium  generally  acts  as  a  stimulant, 
though  in  this  respect  the  symptoms  are  not  uniform.  Usually  the 
vascular  system  is  somewhat  exdted,  and  a  sensation  of  fulness  is 
experienced  about  the  heart.  The  exdtement  in  the  cerebral  vascular 
system  is  accompanied  by  alterations  in  the  condition  of  the  nervous 
functions.    The  mind  is  exhilarated,  the  ideas  flow  more  <^uickly,  a 


pleasurable  or  comfortable  condition  of  the  whde  system  is  expe- 
rienced, which  is  difficult  to  describe ;  there  is  a  capability  of  greater 
exertion  than  usual  These  symptoms  are  followed  by  a  diminution  of 
muscular  power,  and  of  susceptibility  to  the  impresdon  of  external 
objects ;  a  desire  of  repose  is  experienced,  with  a  tendency  to  sleep. 
While  these  efibcts  are  taking  place,  l^e  mouth  and  throat  become  dry, 
and  hunger  is  diminished,  though  the  thirst  is  increased;  and  slight 
constipation  usually  follows. 

"  Such  are  the  common  effects  of  a  small  dose  of  opium  on  persons 
unaccustomed  to  its  use ;  but  by  repetition  the  influence  of  this  agent 
becomes  remarkably  diminished,  and  those  therefore  who  resort  to  it 
for  the  purpose  of  producing  a  pleasurable  stimulus  are  obliged  to 
increase  the  quantity  in  order  to  keep  up  an  equal  effect. 

2.  Second  Degree  (f  Operation,—*'  Given  in  a  full  medidnal  dose,  such 
as  two  or  four  grains,  the  stage  of  exdtement  is  soon  followed  by  that 
of  depresdon.  The  pulse,  which  at  first  is  incrmuied  in  fulness  and 
frequency,  is  afterwards  reduced  below  the  natural  standarxL  The 
skin  becomes  hot,  the  mouth  and  throat  dry,  the  appetite  diminished, 
the  thirst  increased,  and  frequently  nausea  or  even  vomiting  is  induced. 
The  symptoms  of  exdtement  soon  pass  away,  and  a  state  of  torpor 
succeeds;  the  individual  feds  indiiqKMed  to  exertion,  the  muscular 
system  appean  enfeebled,  the  force  of  impresdons  on  the  organs  of  the 
senses  is  diminished,  and  the  ideas  become  confused.  This  state  is 
followed  by  an  almost  irresistible  desire  to  deep,  which  is  frequently 
attended  by  dreams,  sometimes  of  a  pleasing,  at  others  of  a  frightful 
nature.  ^ 

"  These  effects  are  usuallv  suooeeded  by  constipation  (which  may 
continue  for  several  days),  by  nausea,  furred  tongue,  headache,  and 
lisUessness." 

8.  Tkird  Degree  of  (^teroHon ;  Paitonout  J^eeU  of  Qpium,  as  given 
by  Dr.  Christison. — "  The  s^ptoms  of  poisoning  with  opium,  when 
it  is  administered  at  once  m  a  dangerous  dose,  b^gin  with  giddiness 
and  stupor,  generally  without  any  previous  stimulus.  The  stupor 
rapidly  increasing,  the  person  becomes  motionless  and  insendble  to 
external  impresdon ;  he  breathes  very  dowly,  generally  lies  quite  still, 
with  the  eyes  shut  and  the  pupils  contracted ;  and  the  whole  expres* 
don  of  the  countenance  is  that  of  deep  and  perfect  repose.  As  the 
poisoning  advances,  the  features  become  ghastly,  the  pube  feeble  and 
imperceptible,  the  muscles  exceedingly  relaxed,  and,  unless  assistance 
is  speedily  procured,  death  ensues.  If  a  person  recoven,  the  stupor  is 
succeeded  by  prolonged  deep,  which  commonly  ends  in  twenty-four 
or  thirty-six  hours,  and  is  followed  by  nausea,  vomiting,  giddiness,  and 
loathing  of  food." 

The  quantity  which  can  produce  a  fatal  effect  in  a  person  unaccus- 
tomed to  its  use  is  vei^  small,  even  four  grains;  and  in  children, 
owing  to  the  large  quantity  of  blood  whidi  naturally  goes  to  the  brain, 
and  the  great  impresdbility  of  their  nervous  system,  a  verv  minute 
portion  of  opium,  or  of  its  numerous  preparations,  open  or  disguised, 
can  produce  death.  These  facts  constitute  a  strong  reason  for  unskilful 
persons  refraining  from  its  employment,  and  also  for  avoiding  in  this 
place  all  details  connected  with  its  medicd  use.  It  is  undoubtedly 
one  of  the  most  important  means  of  alleviating  human  suffering  when 
wpropriatdy^  administered,  and  ^et  one  of  the  greatest  banes  when 
abused.  It  is  by  the  sdf-doctoring  in  general  that  the  practice  of 
opium-eating  is  acquired ;  and  it  is  the  more  necessary  to  warn  such 
persons  against  commencing  the  use  of  it,  even  for  the  legitimate  pur- 
pose of  overcoming  disease,  as  they  may  inadvertently  lapse  into  habits 
which  they  may  never  be  able  to  shake  off.  Further,  it  should  be 
known  by  those  who  are  disposed  to  adopt  this  practice,  that  the 
habitual  consumera  of  this  drug  have  recourse  to  it  agdn  and  again, 
9ot  so  much  for  the  sake  of  the  pleasurable  sensations  it  can  excite, 
as  to  eteape  the  nUmy,  mental  and  bodily,  which  their  previous 
indulgence  hM  entailed  upon  them.  (Dr.  Oppenhdm's  State  of 
Medidne.') 

It  is  necessary  to  place  this  statement  before  the  public,  as  there  is 
reason  to  bdieve  that  the  practice  of  taking  opium  is  becoming  com- 
mon in  this  country,  where  other  stimulants  are  rdinquidied.  Beddes 
the  injury  done  to  the  moral  faculties  and  the  general  health,  the 
quantity  required  to  procure  the  desLred  exdtement  becomes  at  last  so 
great  as  to  render  it  a  most  expendve,  and,  to  the  poor,  a  ruinous 
habit.  It  has  been  alleged,  in  cases  connected  with  life-insurance,  that 
this  habit  has  no  tendency  to  shorten  life.  But  the  instances  adduced 
in  support  of  this  view  are  quite  inadequate  to  warrant  such  a  con- 
dudon,  and  all  those  demonstrating  the  longevity  of  opium-smoken 
in  the  East  are  altogether  inappUcame.  The  effects  of  opium-smoking 
are  by  no  means  so  pemidous  as  those  of  opium-eating.  The  prepara- 
tion which  the  opium  undergoes  seems  to  disarm  it  of  much  of  its 
injurious  property.  The  Chinese  employ  only  the  soluble  part  of  the 
opium  after  it  has  been  half  roasted,  which  they  term  smokeable 
extract,  or  chandoo,  of  which  50  or  61  per  cent,  is  obtainable  from 
Patna  opium,  and  70  to  75  per  cent,  from  Malwa  opium.  This  extract 
retains  all  the  bitterness  of  the  opium,  but  has  not  in  the  least  degree 
the  virose  and  nauseous  odour  wluch  characterises  crude  opium.  The 
more  it  has  a  brown  colour,  the  milder  and  more  agreeable  is  the 
odour.  If  well  prepared,  it  resembles  the  tas^B  of  hazd-nuts.  It  is 
not  mixed  with  tobacco,  as  some  writers  assert,  and  is  smoked  out  of  a 
very  different  kind  of  pipe,— one  made  of  a  cane  of  bamboo  with  two 
joints  to  it.    The  smoke  is  hdd  in  i^9  VCLOvi^ib^  as  long  as  poedble,  and 
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then  expelled  through  the  nostailB.  It  ia  rarely  swallowed,  and  if  it 
^ould  reach  the  stomach  it  generally  causes  some  temporary  disturb- 
ance of  that  organ.  The  Ghmese  use  it  both  before  and  after  meals, 
but  if  taken  too  soon  after  food  it  causes  siokness.  It  seems  to  ezdte 
the  bodily  powers,  but  creates  little  derangement  of  the  intellectual 
^ulties,  and  does  not  oocasiou  dreams,  as  Qpium-eating  does.  It 
appears  to  be  an  almost  necessary  stimulus  in  a  climate  where  languor 
and  listlesaness  bo  conmionly  prevail.  Enjoyed  in  modoration  it  has 
no  bad  consequences.  These  stateiiientB  are  confirmed  by  ^  accounts 
of  Dr.  Bumea  ('  Narrative  of  a  Visit  to  the  Court  of  Smde,'  p.  230), 
and  above  all,  by  that  of  Botta  (FroriepV  Notiaen/  zxvi),  who  made 
trial  during  a  period  of  twelve  months  on  himself,  and  found  his 
general  health  in  nowise  affected.  Strict  philosophical  inquiry  most  not 
be  infiuenoed  by  casual  ciroumsiances,  and  least  of  all  should  it  be 
biassed  by  the  xash  assertions  of  those  who  debate  the  question  of  the 
effects  of  opium  with  the  violence  of  partisans  or  the  partiality  of 
interested  dealers.  (See  '  Quarterly  Review,'  voL  Ixv.,  March,  1840, 
'  On  Chinese  Affiurs,'  written  by  Sir  John  Barrow.) 

Of  the  treatment  of  a  case  of  poisoning  with  opium,  little  need  be 
added  to  what  has  been  said  under  Anticotbs,  and  Nabcotios.  The 
first  object  is  to  empty  the  stcnnadi,  and  as  emetics  can  scaroely  be 
made  to  act,  the  stomach-pump  should  be  assiduously  used.  The  next 
object  is  to  obviate  the  disposition  to  sleep.  This  may  be  done  by 
keeping  the  person  walking  about  as  much  as  possible,  and  also  applying 
cold  and  hot  water  alternately,  as  recoinmended  by  Dr.  Boisragon 
('  Medical  Gazette,'  March  7, 1840),  perseverance  in  which  will  often 
rescue  the  patient  from  imminent  danger.  When  all  the  opium  is 
removed  from  the  stomach,  vinegar,  or  coffee  boiled  in  vinegar,  may  be 
drank  at  abort  intervals.  Moderate  venesection  (if  the  ptUse  be  full) 
is  sometimes  of  service,  and  carrying  on  artificial  respiration  is  a 
most  beneficial  measure.  The  subsequent  oonstipatidn  requires 
attention. 

A  modification  of  Dr.  Marshall  Hall's  plan  of  treating  drowned  per- 
sons, when  no  longer  able  to  stand  or  walk  about,  would  be  usefuL 
One  point  in  this  plan  is  to  avoid  laying  the  patient  on  his  back,  but, 
on  the  contrary,  on  his  face,  with  his  arms  folded  under  his  head,  and 
moving  him  from  side  to  side  so  as  to  cause  successive  expirations  and 
inspirations,  sixteen  times  in  the  minute  only.  (See  '  The  Lancet,' 
April  12, 1856.) 

The  officinal  preparations  of  opium  are  numerous,  and  ai*e  fitted  for 
different  purposes.  It  is  to  be  regrotted  that  they  aro  not  of  uniform 
strength,  as  t^iis  proves  a  source  of  inconvenience,  as  well  as  sometimes 
of  danger.  The  great  variation  in  strength  of  the  tincture  of  opium, 
as  found  in  the  shops,  has  been  pointed  out  by  Dr.  Christison  {*  £din. 
Medical  and  Surgical  Journal,'  vol  xlix.,  p.  329),  and  even  a  greater 
difference  is  to  be  found  in  the  syrup  of  poppies,  which  as  generally 
prepared  is  a  feeble  preparation,  but  in  other  instances  so  powerful  as 
to  prove,  in  the  dose  of  a  few  drops,  faiaX  to  children.  (See '  Returns 
from  the  Coroners  of  England  azul  WiJes,  of  all  Inquisitions  held  by 
them  during  the  years  1887  and  1838,  in  cases  whero  Death  was  found, 
by  Verdict  of  Jury,  to  have  been  caused  hy  Poison,'  laid  before 
parliament,  on  the  motion  of  Sir  Robert  Inglis.)  Numerous  also  aro 
the  instances  of  deaths  from  mothers  and  nurses  administering 
nostrums,  such  as  Godfrey's  cordial  and  other  soothing  medicines,  the 
most  potent  ingredient  in  which  is  opium.  Paregoric  elixir,  though  a 
weaker  preparation  than  tincture  of  opium  alone,  or  laudanum,  differs 
much  in  strength  in  the  two  kingdoms.  Scotch  parc^ric  eUxir  is  only 
one-fifth  of  the  strength  of  laudanum,  while  Knglial^  paregorio  elixir  is 
foiu*  times  weaker.  Some  secret  preparations  in  extensive  use  aro,  on 
the  other  hand,  considerably  stronger,  such  as  the  black  drop, 
Battley's  sedative  liquor,  and  Jeromie's  sedative  solution,  which  last  is 
now  much  employed  in  India,  and  even  in  Britain.  It  seems  not  to  be 
followed  by  headache  or  oonstipationj  ^'ects  so  inconvenient  that  to 
avoid  them  the  alkaloids  of  opiimi  have  been  substituted  for  the  crude 
drug.  Thus  acetate  and  hydrochlorate  oi  morphia  often  agree  with 
the  system,  where  opium  is  unsuitable;  and  a  syrup  of  codeia  is 
efficacious  against  the  gastric  disorders  of  tropical  climates,  whero 
opium  or  morphia  even  cannot  be  borne.  ('  Journal  de  Pharmacie/ 
torn,  xxiii.  p.  418;  et  tom.  xxiv.,  p.  144.) 

The  capsules  of  tl^e  white  poppy  aro  ordered  to  be  used  to  form  an 
es.tract,  and  a  decoction  which  is  employed  as  a  fomentation.  These 
should  be  collected  beforo  they  become  ripe,  as  all  the  morphia  is 
dissipated  afterwards.  The  petals  of  the  wild  field  poppy,  P,  rkoeat, 
are  iised  to  ferm  a  syrup,  which  is  only  esteemed  as  a  colouring  materia], 
and  is  not  narootic. 

(Sachs,  J)a8  Opium,  Konigsberg,  1836 ;  Charvet,  De  V Actum  comparie 
de  V Opium;  Christison,  On  Poisona;  Pereira,  in  Materia  Meddca;  and 
Holland,  Medical  Notes  and  JteJUctiona,) 

PAPAVERIC  ACID.  Meadic  uiocJ.— An  acid  of  doubtful  exis- 
tence,  said  to  be  contained  in  the  flowers  of  the  wild  poppy. 

PAPAVERINE.    [Opium,  Alkaloids  OF.] 

PAPER  HANGINGS,  a  term  appUed  (somewhat  incorrectly)  to  the 
stained,  or  rather  coloured,  ^per  pasted  against  the  walls  of  apart- 
ments, &C.  The  word  "  hangmgs  "  was  originally  and  properly  applied 
to  th^  woven  or  embroidered  tapestry  with  which  the  walls  of  rooms  in 
mansions  were  covered.  From  the  tune  necessary  for  their  production, 
these  were  too  costly  for  any  classes  but  the  wealthy.  About  200 
years  ago,  however,  a  mode  was  devised  of  printing  or  paioting  a 


pattern  on  sheets  of  paper,  and  pasting  them  against  the  walls  of  a 
room ;  these  aro  *'  paper-hangings,"  and  they  have  greatly  contributed 
to  the  comfort  and  deuiliness  of  domestic  apartments.  Before,  hotir- 
ever,  actual  paper  hangings  were  adopted,  thero  was  a  sort  of  inter- 
mediate plan  by  which  textile  material  was  employed.  Jerome  Lanjer, 
about  tiie  year  1638,  produced  what  he  called  toniure  dt  Unne.  This 
was  doth,  on  whidi  a  design  was  drawn  in  varnish  or  foot  oiL  A 
collection  of  Jtock,  or  powdered  fragments  of  woollen,  was  at  handL, 
different  colours  in  dlfferont  boxes ;  the  flock  was  sprinkled  on  tke 
cloth  in  a  peculiar  manner  by  the  finger  and  thumb,  and  thus  axi 
attempt  was  made  to  imitate  costly  tapestries  and  brocades.  WLdi 
the  cheaper  material,  paper,  came  to  be  employed,  the  device  or 
pattern  was  printed  in  outline,  with  ink,  on  separate  sheets  of  paper  ; 
the  dieets  wero  then  joined  edge  to  edge  by  paste,  and  the  device 
was  filled  in  by  hand  with  distemper  colour.  The  i)att6ms  wera 
chiefly  panels,  coatainiiig  groups  of  fruits,  flowers,  animals,  sxoaU 
figuros,  grotesques,  &c  About  seventy  years  ago,  there  was  a  cele- 
brated malxufactoiy  of  paper-hangings  at  Chelsea,  belonging  to  the 
Messrs.  Echardts,  whero  the  best  work  was  done.  They  emploj<:d 
many  tasteful  artists;  they  printed  on  silk  and  linen  ajs  well  as 
paper;  and  the  original  blocks  of  some  of  their  designs  aro  still 
preserved. 

As  at  present  oonduoted,  there  are  throe  modes  of  producing  the 
required  device.  1.  Wooden  blocks  aro  carved,  ropresenting  in  relief 
the  outUnet  of  the  figiu^ ;  an  impression  is  taken  from  these  blocks, 
and  the  device  is  completed  by  painting  with  a  pencil.  2.  A  sheet  of 
paper,  leather,  tin,  or  copper,  is  cut  out  into  the  roquired  device,  and 
hud  on  the  p^)er  to  be  stained;  a  brush,  dipped  in  a  coloured  pigment, 
and  worked  over  the  surface  of  the  perforated  plate,  conveys  the  pig- 
ment throu^  all  the  perforations,  and  forms  a  pattern  on  the  paper. 
8.  A  block  is  carved  for  each  of  iixe  colours  to  be  employed,  and  an 
impression  from  all  the  blocks  in  succession  fills  up  the  design  on  the 
paper.  ^  The  first  of  these  modes  is  too  slow  and  costly  for  ordinary 
use ;  the  second  produces  imperfect  outlines,  and  is  now  chieflv  em- 
ployed (under  the  name  of  tteiiciUing)  to  paint  a  pattern  on  the  plaster 
walls  01  a  room,  without  using  paper-hangiuga ;  the  third,  which  is 
the  mode  almost  exclusively  employed  at  the  present  day,  we  will  now 
describe. 

The  paper  is  printed  in  pieces  twelve  yards  long,  and  to  produce 
these  it  was  formerly  necessary  to  paste  sixteen  or  eighteen  sheets  of 
pi^r  together  at  the  edges.  But  machine-made  paper  now  allows  the 
paper-stBjner  to  procure  the  whole  length  in  one  piece.  A  piece  ia 
laid  out  on  a  long  bench,  and  the  ground-colour  applied,  oonaisting  oi 
pounded  whiting  tinted  by  the  addition  of  some  pigment,  and  liqu^ed 
by  the  aid  of  melted  size ;  this  is  laid  on  with  large  briudies.  When 
the  paper  is  dry,  it  is  ready  to  roceive  the  print.  Let  us  suppose  the 
pattern  to  contain  three  colours, — ^red,  dark  green,  and  lignt  green, 
besides  the  ground  or  general  tint.  Three  blocks  aro  carved  in  hard 
wood,  the  uncut  parts  (as  in  a  common  wood-block)  representing  the 
device ;  each  block  is  intended  for  one  colour  only ;  and  caro  is  taken 
that  all  three  shall  rogister  or  combine  their  devices  properly,  when 
printed.  The  blocks  aro  of  pear-tree,  mounted  on  pine.  The  tlu-ee  pig- 
ments being  mixed  with  melted  size,  in  separate  vessels,  one  of  them 
(say  red)  is  spread  with  a  brush  on  a  wooden  frame  covered  with  leather 
or  flannel :  the  proper  block  is  laid  face  downwards  on  the  wet  paint, 
takes  up  a  layer  of  it,  and  imparts  it  to  the  paper,  on  which  it  is  imme- 
diately pressed.  Another  similar  impvessiun  is  made  adj  oioing  the  first ; 
and  so  on,  till  the  whole  piece  has  oeen  printed  with  the  red  device. 
When  dried,  the  paper  goes  through  the  same  process  a  second  time, 
with  the  substitution  of  a  different  colour  and  a  differont  block  from 
those  before  used."  A  third  process  with  the  other  shade  of  green 
finishes  the  printing.  Each  block  is  furnished  with  small  pins  at  the 
comers,  by  the  aid  of  which  the  successive  improssions  aro  made  to 
correspond  properly.  Numerous  colours  aro  sometimes  employed  in 
one  pattern,  and  generally  speaking  thero  must  be  as  many  blocks  as 
thero  are  colours. 

Such  is  the  hand-method,  very  largely  adopted.  This  manulactiu^, 
however,  baa  sharod  in  many  of  the  advantages  which  mechanical 
ingenuity  has  conferred  upon  letter-press  printing,  by  the  adoption  of 
the  cylinder.  About  the  year  1840,  Messrs.  Potter,  of  Darwen,  intro- 
duced machine-printing  into  the  trade.  By  means  of  steam-power, 
artificial  drying,  and  an  endless  roll  of  paper,  they  wero  enabled  to 
produce  patterns  with  good  effect  for  paper-hangings,  by  sur^e-roller 
printing  in  different  colours.  Year  by  year  has  tlus  art  improved, 
until  at  length  some  of  the  patterns  aro  produced  by  as  many  as  four- 
teen cylinders,  each  printing  one  particular  colour.  This  number  of 
colours  has  even  been  increased  to  twenty,  by  a  peculiar  management 
of  the  cylinders.  The  machines  can  now  print  20,000  yards  in  a  day 
each,  if  simple  in  device  and  colours.  The  immense  extension  of  the 
paper-hanging  manufacture  within  the  last  few  years,  and  the  loweriug 
of  price,  are  mainly  owing  to  this  use  of  steam-power  cylinder-printing. 
All  the  best  work,  however,  is  still  done  by  hand  (as  in  book-printing 
and  calico-printing). 

Besides  the  more  usual  varieties  of  paper-hangings,  there  are  many 
special  kinds.  Some  have  a  glossy  or  satin^  ground.  To  produce  this, 
a  ground  of  satin  white,  properly  tinted,  is  laid  on ;  this  ground  is 
then  rubbed  with  powderod  French  chalk  worked  by  means  of  a  brush, 
until  a  gloss  is  produced.    After  this  the  printing  proceeds  as  usual. 
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These  satin  papers  sometimes  receive  an  additional  beauty,  by  being 
passed  between  two  slightly  heated  rollers,  one  of  which  has   an 
engraved  pattern  in  imitation  of  watered  and  figured  silk,  &a :  this 
pattern  is  thus  imparted  to  the  paper.    Flock  papers  are  those  in  which 
a  portion  of  the  pattern  somewhat  resembles  woollen  cloth.    We  have 
already  spoken  of  iiese,  as  originally  produced;  but  in  the  present 
mode  of  manufacture,  when  the  proper  ground-colour  has  been  applied, 
the  device   is  printed,  not  with  a  coloured  pigment,  but  with  japan 
gold-size  ;  and  on  this  gold-size  is  sprinkled  the  flock,  consisting  of 
fragments  oi  woollen  cloth  cut  into  a  sort  of  down  and  dyed.    The 
flock  adheres  to  the  gold  size  and  can  easily  be  brushed  oS  the  other 
parts.    Sometimes  flocks  of  two  or  three  colours  are  employed ;  these 
are  laid  on  at  separate  times.    The  French  have  acqiured  mudi  skill 
in  the  preparation  of  these  flock  papers :  some  of  their  embossed  and 
shaded  flocks  are  very  beautiiuL    Striped  papers  are  sometimes  pro- 
duced in  a  lingular  manner.    The  colour  (rather  more  liquid  than  in 
other  cases)  is  contained  in  a  trough  having  parallel  sUts  in  the  bottom. 
The  paper  ia  made  to  pass  quickly  under  the  bottom  of  the  trough,  by 
means  of  a  revolving  cylinder,  and  thus  obtains  a  deposit  of  colour  in 
parallel  lines,  through  ^9  aUts  in  the  bottom  of  the  trough.    By  a 
modification  of  this  method  is  produced  what  is  termed  a  Uended 
ground.    A  trough,  containing  many  distinct  cells,  is  filled    with 
various  tints  of  any  given  colour,  one  tint  to  each  cell.    A  long  narrow 
brush  being  dipped  into  all  these  cells,  takes  up  a  portion  of  each  tint, 
which  it  applies  to  a  roller ;  from  the  roller  the  pigment  is  transferred  to 
a  revolving  brush,  and  from  the  brush  to  the  paper.    Thus  is  produced 
a  blended  or  shaded  groimd^  which  afterwards  receives  any  desired 
pattern.     JBr<m»  or  imitation  gold-powder  is  frequently  applied  to 
papers*    A  device  being  printed  in  japan  gold-size,  the  ]^wder  is 
lightly  rubbed  over  the  paper,  and  atmerea  to  the  gold-size.    The 
remainder  of  the  pattern  is  commonly  printed  in  colours.    In  some 
wall-papers,  leaf-gold,  silver,  or  co]pper  is  applied  to  a  portion  of  the 
pattern :  this  is  a  slow  and  expensive  process.     Other  kinds,  again,  in 
order  to  bear  vraahing  or  cleaning,  are  printed  with  colours  mixed  with 
oil  or  varnish  instead  of  size.    A  modem  kind  called  oak  paper  is  pro< 
duced  in  a  remarkable  way ;  the  grain  is  printed  from  a  piece  of  real 
oak,  and  is  thus  more  true  to  nature  than  any  block  engraved  by  hand ; 
by  shaving  off  a  few  fibres,  a  new  pattern  of  grain  can  be  developed  at 
pleasure.     Among  various  novelties  in  the  manufacture,  one  relates  to 
the  printing  of  the  pattern  in  a  direction  transverse  to  l^e  direction  of 
the  paper,  and  pasting  the  paper  horizontally  on  the  wall ;  the  inten- 
tion seems  to  he,  to  divers^y  the  effect,  by  removing  a  sameness 
resulting  from  the  usual  plan. 

A  matter  of  a  remarkable  and  somewhat  important  natiire  has  lately 
come  under  public  notice,  in  connection  with  the  use  of  arsenic  in  the 
colouring  oi  paper-hangings.     Certain  tints  of  green  are  produoed, 
more  permanent  than  other  kinds  available  to  paper-stainers;  and 
these  permanent  greens  contain  arsenic.    Whei^  a  committee  of  the 
House  of  Lords  was  collecting  evidence  on  the  ''  Sale  of  Poisons  '* 
bill,  in  1857,  Dr.  A.  S.  Taylor  brought  forward  this  subject.     He 
stated  that  arsenic  is  more  largely  used  for  these  greens  than  in  any 
other  English  manufacture ;  and  that  workmen,  as  well  as  the  occu- 
pants of  houses,  suffered  thereby.    Constriction  of  the  tiuxiat,  nausea, 
head  ache,  loss  of  appetite,  &c.  result.    Instances  had  come  under  his 
notice,  as  a  physician,  tending  to  prove  that  rooms,  hung  with  paper 
coloured  with  arsenic  greens,  are  veiy  prejudicial  to  healtL    Another 
physician.  Dr.  Hinds,  detected  a  minute  trace  of  arsenic  in  loaves  of 
bread  which  had  been  placed  on  the  shelves  of  a  newly-papered  shop, 
the  paper  being  brilliant  with  arsenic-green.    A  working  paper-hanger 
informed  Dr.  Taylor  that  he  always  suffered  from  inflamed  eyes  and 
nose,  sickness,  and  giddiness,  on  the  days  when  he  was  engaged  upon 
green  papers.     The  Prussian  government,  attending  to  the  cautions  of 
physicians  and  chemists,  forbid  the  use  of  arsenic  in  any  colours^ 
whether  distemper,  or  oil,  for  indoor  work. 

With  regard  to  the  patterns  of  paper-hangings,  we  may  remark,  that 
the  attention  which  has  lately  been  given  to  the  promotion  of  the  arts 
of  design  will  probably  lead  to  much  improvement  in  the  devices  for 
paper-hangings,  as  well  as  for  other  ornamental  productions.  Mr.  Owen 
^ones  and  oUier  artists  oi  distinguished  ability,  have  supplied  manu- 
iacturers  with  designs  of  a  very  superior  character;  but  the  great 
hulk  of  English  designs  are  utterly  inappropriate,  and  many,  even 
when  the  pi^er-han^^ngs  are  of  an  expensive  kind,  in  extreme  bad 
teste. 

Sir  Kobert  Peel  made  fiscal  changes  which  greatly  improved  the 
paper-hanging  manufacture.  There  used  to  be  an  import  dut^  of  1«. 
P^r  scmare  yard  on  foreign  paper-hangings ;  this  was  nearly  proMbitoiy, 
uid  the  home  manufacturers  had  not  the  stimulus  of  foreign  com- 
P<)tition ;  when  the  duty,  however,  was  reduced  to  l|(i.,  elegant  French 
Papers  came  in,  and  taught  a  lesson.  A  further  improvement  was  made 
(^y  lesseniog  the  duty  on  paper  itself  from  Bd,  to  lyi.  per  lb.,  and  by 
wholly  repealing  the  extra  duty  of  IJd.  per  square  yard  on  paper 
hangiiigs.  Whatever  may  be  said  as  to  taste  in  fine  art,  it  is  certain 
that  cleanliness  and  comiort  have  been  promoted  by  these  reforms ; 
eoemg  that  wall-papers  can  now  be  sold  at  so  very  low  a  price  as  to  come 
within  the  reach  oi  nearly  all  classes.  At  present,  nothing  beyond  the 
paper-duty  of  Hd.  per  lb.  (plus  5  per  cent.)  presses  on  the  trade ;  yet  it 
^  been  recently  shown  that  this  l^d,  is,  in  man^  cases,  more  tlum  as 
^uch  as  the  paper-stainer    receives   for   all   his    expenses,  labour. 


Eiaohineiy,  anxiety,  risk,  and  profit  of  every  kind.  He  buys  a  ream  of 
self-coloured  or  ground-coloured  paper,  weighing  300  lb.,  and  con- 
taining 480  pieces  of  12  yards  each ;  he  gives  for  it  6/.  1&.,  of  which 
1^.  19s.  id.  is  for  excise  duty^  He  prints  and  sells  it  wholesale  for 
61, 17s,  6d.,  or  B^d,  per  piece;  and  this  price  is  made  up  of  l^d.  for 
paper.  Id,  lor  duty,  and  id.  for  colours,  tools,  kbour,  machinery,  rent, 
skill,  risk,  and  profit. 

PAPER  MANUFACTURE  AND  TRADE.  In  early  times  the 
materials  used  for  writing  upon  were  chieflv  such  as  only  required 
some  littie  meqhanical  fashioning  to  fit  tnem  for  that  purpose. 
Characters  were  en^ved  on  flat  stones  made  smooth,  or  were  im- 
pressed in  clay,  whieh  was  afterwards  dried  and  hardened  by  sun  or 
Are,  as  in  the  case  of  the  Babylonian  bricks.  Thin  boards  of  wood 
covered  with  wax  or  some  siinilar  composition,  and  plates  of  ivory 
and  of  metal,  have  often  been  used.  A  more  convenient  material  was 
afforded  by  the  leaves  of  some  species  of  trees.  The  skins  and  intes- 
tines of  animals  have  also  been  made  dt  for  writing  upon ;  but  wherever 
the  Egyptian  papyrus  was  introduced,  all  these  tiungs  fell  into  disuse, 
except  parchment,  which  is  stiU  preferred  for  certain  purposes. 
[Pabchment;  Papyhus.] 

Paper  Mam^acture,—The  art  of  making  paper  from  fibrous  matter 
reduced  to  a  pulp  in  water  appears  to  have  beoa  first  discovered  by  the 
Chinese  about  the  year  95  A..P.  In  the  time  of  Confucius  they  wrote 
with  a  style,  or  bodkin,  on  the  inner  bark  of  the  bamboo.  The 
Chinese  paper  has  been  supposed  to  be  made  of  silk ;  but  this  is  a  mis- 
take. Suk  by  itself  cannot  be  rediiced  to  a  pulp  suitable  for  making 
paper.  Refuse  silk  is  indeed  occasionally  used  with  other  things ;  but 
the  greatest  part  of  the  Chinese  paper  is  mad<e  Irom  the  inner  bark  of 
the  bamboo  and  some  other  trees.  I'he  Chinese  also  make  paper 
from  cotton  'and  linen  rags;  and  a  coarse  yellow  sort  for  vnrappers 
Is  made  from  rice-straw.  Only  the  second  skin  of  the  bark  of  the 
bamboo  is  used,  which  is  beaten  into  a  pulp  with  water.  The  Chinese 
can  make  sheets  of  a  large  siee  :  the  mould  on  which  the  pulp  is  made 
into  paper  being  sometimes  ten  or  twelve  feet  long,  and  very  wide, 
and  managed  by  means  of  pulleya  It  is  formed  oif  fine  threads  of 
bamboo,  as  ours  are  of  wire.  To  prevent  the  ink  from  running,  the 
sheets  are  dipped  into  a  solution  of  alum,  which,  as  their  ink  is  thicker 
than  ours,  is  generally  sufficient  for  the  purpose,  but  sometimes  fish- 
glue  is  mixed  with  the  solution  of  alum.  (Du  Halde's  '  China/  vol.  ii, 
p.  415 ;  Davis's '  Chinese,'  chap,  xvii.) 

The  Arabians,  in  the  7th  century,  appear  either  to  have  discovered, 
or  to  have  leaned  from  the  Chinese,  the  art  of  making  paper  from 
cotton.  They  seein  to  have  carried  the  art  to  Spain,  and  to  have  there 
made  paper  from  linen  and  hemp  as  well  as  from  ootton.  {*  Joomal 
of  Rducatian/  No.  10.) 

So  far  as  concerns  our  own  country,  ^  manviacturer  named  Tate  had 
a  paper-mill  at  Hertford  early  in  the  16th  csntury ;  and  another  naill 
was  established  in  1588  at  Dartford  in  Kent,  by  John  Spelman,  who 
was  knighted  by  queeii  Etisabetb.  Previously  to  this,  and  for  some 
time  afterwards,  our  principal  supplies  were  from  France  and  BoUaxuL 
The  making  of  paper  in  EogUnd  had  made  littie  progress  even  so  late  as 
1 662.  Fuller  has  tiie  loUowi^g  remarks  respeetlslg  the  paper  of  his  time  : 
— **  Paper  participates  in  some  sort  of  tiie  character  of  the  country  which 
makes  it ;  the  Venetian  beipg  neat,  subtle,  and  court-like ;  the  French, 
t^t,  slight,  and  slender;  and  the  Dutch*  thiek,  corpulent,  and  gross, 
sucking  up  the  ink  with  the  sponginese  thereof."  He  complains  that 
the  msddng  of  paper  was  not  aufi&eiantiy  encouraged, ''  considering  the 
vast  sums  of  money  expended  iu  our  land  for  pa4>er  out  of  Italy,  Fiance, 
and  GJermany,  whloh  might  be  lessened  were  it  made  in  our  nation.** 
Thomas  Watson,  a  Btationer,  by  the  introduction  ol  foreign  improve- 
ments in  1713,  g^ve  a  great  impulse  to  the  manufacture  of  pap^. 
Still,  notwithstanding  the  great  increase  of  demand  and  application  of 
capita,  it  was  much  retarded  by  the  heavy  duty,  of  which  we  shall 
have  to  speak  presentiy*  So  late  as  the  middle  6f  the  last  century, 
only  very  common  paper^  prinrnpaUv  for  wrapping,  was  made  in  Qreat 
Britain.  It  was  not  until  1770  that  the  celebrated  ^¥hatman  introduced 
fine-paper  making  at  his  mill  at  Maidstone. 

In  the  making  of  paper,  any  fibrous  vegetable  substance  may  be  used : 
such  as  the  iqner  bu'k  of  trees,  tiie  stalks  ol  the  nettle,  the  tendrils  of 
the  vine,  the  bine  of  the  hop,  wheat  straw,  flax  straw,  ftc.  Nothing 
however  has  yet  been  found  to  answer  so  well  as  linen,  hempen,  or 
cotton  rags.  The  sweepingB  o£  the  cotton-milk  are  also  much  used. 
Woollen  oloth  is  not  fit  lor  the  purpose,  because  it  ouinot  be  beaten 
into  a  suitable  pulp,  and  also  b«eause  it  gives  a  hairy  texture  to  the 
surface.  linen  rags  are  the  best  of  all  for  the  purpose.  ^The  rags, 
however^  of  our  own  country  do  not  constitute  a  foiuih  part  ol  the 
quantity  which  we  use  in  m^ung  paper.  Italy  and  Germany  furnish 
the  principal  supplies.  They  are  imported  in  bags  of  about  4  owts.; 
each  bag  being  znuked  in  sudi  a  manner  as  to  indicate  the  quality  of 
the  rags  which  it  oontafais. 

In  every  paper-mill  the  first  business  is  to  sort  the  rags  and  cut 
them  into  small  pieces.  This  is  done  by  women,  each  of  whom  is 
provided  with  a  large  knile  to  cut  the  rags.  Threads  and  seams  are 
carefully  put  by  themselves :  if  groimd  with  the  doth,  they  would 
form  specks  in  the  paper.  The  rags,  when  cut,  are  thrown  in  to  five 
or  six  different  compartments  oi  a  large  ohest»  according  to  their 
qualities.  Only  tiie  finest  linen  rags  are  used  lor  the  beat  writing- 
paper,  but  ootton  as  well  as  linen  rags  are  now  used  for  printing-paper. 
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A  good  workwoman  can  sort  and  cut  about  a  hundredweight  a  day. 
Hempen  niga  are  used  for  coarse  papers,  and  old  cordage  and  tarred 
ropes  for  brown  vrrapping-papenu 

The  rags  are  now  to  be  washed,  which  is  done  either  with  hot  water 
in  a  fuUing-mill,  such  as  is  used  for  scouring  cloth,  or  they  are  subjected 
for  some  hours  to  the  action  of  steam.  Formerly  they  were  half  rotted 
to  prepare  them  for  being  more  easily  torn  and  batten  into  a  pulp. 
But  by  this  process  the  fibre  was  partially  destroyed,  and  the  texture 
of  the  paper  materially  injured. 

Previous  to  the  important  discoYeiy  that  chlorine  possoBses  the 
property  of  destroying  all  Yegetable  colours,  paper-makers  could  only 
bleach  their  rags  by  subjecting  them  to  yarious  washings  in  alkaline 
leys,  and  by  exposing  them  to  the  dew  and  light ;  and  after  all  their 
pains,  they  only  obtained  a  paper  so  imperfectiy  white  that  they  were 
obliged  to  mask  the  defect  by  tinging  it  with  a  shade  of  blue.  But 
now,  by  the  proper  application  of  chlorine,  either  in  the  form  of  the 
simple  gas  or  in  combination  with  lime  (chloride  of  Ume),  the  colour 
can  be  x>erfectly  discharged,  and  the  paper  rendered,  if  necessary,  of 
the  purest  white.  Objections  have  been  justly  made  to  the  improper 
application  of  chlorine  in  bleaching  paper.  Sometimes  it  is  appUed  in 
such  quantity,  or  for  such  a  time,  as  to  injure  the  substance  of  the 
fibre ;  sometimes  the  paper,  after  it  is  made,  is  bleached  with  chlorine 
in  such  a  manner  that  the  ink  turns  brown ;  and  there  have  been 
instances  in  which  the  colour  has  been  nearly  disduu^ged  altogether, 
leaving  the  sheet  almost  as  it  was  before  it  was  written  or  printed 
upon.  It  Ib  now,  however,  generally  admitted  that  chlorine,  judi- 
ciously applied,  is  not  in  the  smallest  degree  injurious  to  the  paper,  or 
liable,  in  any  length  of  time,  to  alter  the  colour  of  the  ink;  aluiough 
there  is  unquestionable  proof  that,  unless  skilfully  managed,  bleaching 
leaves  the  fibres  less  coherent  than  they  were  before. 

The  rags,  after  being  washed,  are  subjected  to  the  action  of  a 
revolving  cylinder,  the  surface  of  which  is  furnished  witib  a  number 
of  sharp  teeth  or  cutters,  so  plAoed  as  to  act  against  other  cutters 
fixed  beneath  the  cylinder.  The  rags  are  kept  immersed  in  water, 
and  subjected  to  the  action  of  the  cutters  for  several  hours  till 
they  are  minutely  divided  and  reduced  to  a  thin  pulp.  During  this 
process  a  quanti^  of  the  chloride  of  lime  or  of  chlorine  gas  is  mixed 
with  the  rags,  by  which  the  pulp  is  rendered  perfectly  white.  Until 
about  a  century  ago,  the  rags  were  always  pulped  by  means  of 
stampers;  but  cuttmg-maohines,  introduced  by  the  Dutch,  greatly 
expedited  the  process. 

The  pulp,  or  stvff,  as  it  is  technically  called,  is  now  ready  to  be  made 
into  paper,  which  is  done  either  by  hand  or  by  machine.  On  the 
hand-method,  the  stuff  is  put  into  a  large  vat,  and  is  kept  at  a 
prox>er  temperature  either  by  a  stove  or  by  steam-heat ;  and  the  fibrous 
matter  is  held  in  suspension  by  a  continual  motion  carried  on  in  the 
vat  by  means  of  what  is  technically  called  a  hoff,  or  by  other  improved 
apparatus. 

The  paper  is  made  with  a  mould  anddedde.  The  mould  is  a  shallow 
square  frame  covered  with  wirexloth,  and  a  little  laiger  than  the  sheet 
intended  to  be  made  upon  it.  The  wire^oth  is  now  generally  woven 
in  a  loom  like  doth,  and  makes  no  wire-marks  on  the  paper ;  but  the 
old  fashioned  wire^oth  consiBts  of  a  number  of  parallel  wires  stretched 
across  the  frame,  veiy  close  together,  and  crossied  at  right  angles  by 
other  stronger  wires  about  an  inch  apart.  These  thicker  wires  make 
the  wire-marki  of  the  paper,  the  stuff  being  there  thinner  than  on  the 
rest  of  the  sheet.  It  was  Baskerville  who  introduced  the  woven-wire 
moulds,  in  1750 ;  or  rather,  a  beautiful  edition  of  '  Yii^/  printed  by 
him  on  paper  thus  made,  was  the  means  of  drawing  general  attention 
to  this  improvement.  The  deckle  is  a  very  thin  frame  of  wood  which 
fits  dose  upon  the  mould,  and  is  required  to  retain  the  stuff  on  the 
mould  and  to  limit  the  size  of  the  sheet.  The  dipper,  or  vaiman, 
inclining  the  mould  a  little  towards  him,  dips  it  into  the  vat  with  the 
deckle  upon  it,  and  lifts  it  up  again  horisontidly.  He  shakes  it  to 
distribute  the  stuff  equally,  and  tJie  water  drains  through  the  wire. 
He  lays  the  mould  on  the  edge  of  ^e  vat,  and  takes  off  the  deckle, 
which  he  reqmres  to  apply  to  another  mould.  After  remaining  two 
or  three  seconds  to  drain,  the  mould  is  taken  by  another  workman,  the 
eoucher,  who,  having  deposited  the  layer  of  pulp  upon  a  felt,  or  piece 
of  woollen  doth,  returns  the  mould  to  the  dipper,  who  in  the  mean- 
time  has  made  another  sheet,  which  stands  on  the  vat  ready  to  be 
couched  upon  another  felt  spread  over  the  former  sheet.  Thus  the 
two  workmen  proceed  till  they  have  made  a  pOe  of  sheets,  called  a 
pott,  consisting  of  six  or  eight  quires.  This  post,  with  its  fdt,  is 
placed  in  the  vat-prttt,  and  subjected  to  a  strong  pressure  to  foice  out 
the  su|>erfluous  water,  and  to  give  firmness  and  solidity  to  the  paper. 
The  pile  is  then  removed  from  the  vat-press,  the  f dts  are  taken  out, 
and  the  sheets  pressed  again  by  themsdves.  They  are  then  taken  from 
thepress,  and  hung  up,  five  or  six  together,  in  the  diying-room. 

The  paper  is  now  made,  and  only  requires  finishing.  The  greater 
number  of  the  finishing  processes  are  only  required  for  writing-paper : 
common  printing-paper  and  wrapping-papers  Ddng  retuly  for  packing 
up  when  dried.  Writing-paper  is  dipped,  five  or  six  sheets  together, 
into  a  tub  of  size,  and  afterwards  pressed  to  force  out  the  superfluity. 
It  is  then  hung  up  again  in  the  d]^fing-roonL  I^ting-paper  is  sized 
in  the  stuff  Every  sheet  is  examined,  imperfections  are  removed,  and 
bad  sheets  taken  out.  A  laxge  pile  of  paper  is  then  made,  and  pressed 
with  great  force  to  render  the  sheets  quite  flat  and  smooth.    The  pile 


is  next  taken  down  sheet  by  sheet,  and  another  made,  by  which  new 
surfaces  are  brought  into  contact  with  each  other ;  and  the  pile  is  again 
pressed  strongly.  This  operation,  which  is  called  parting,  ia  done  two 
or  three  times  for  the  beet  papers.  The  paper  is  now  counted  into 
quires,  fplded,  and  packed  up  into  reams.  The  size  is  made  from  skiiis 
and  olher  animal  substances,  and  is  required  to  prevent  the  ink  from 
spreading  among  the  fibres  by  capillary  attraction.  Blotting^-paper  is 
not  sized. 

We  now  proceed  to  notice  the  machine-method  of  making  paper- 
without  whidi,  the  extension  of  cheap  literature,  and  the  wonderfd 
devdopment  of  the  newspaper  system,  would  have  been  almost  impos- 
sible; printing-madiines  would  possess  insufficient  material  to  print 
upon,  had  not  paper-making  machines  kept  pace  with  them.  The 
history  of  these  last-named  machines  is  briefly  as  f dlows.  Just  at  the 
dose  of  the  last  century,  M.  Robert,  a  workman  in  the  employ  of 
H.  Francis  Didot,  at  a  paper-mill  at  Essones,  in  France,  inrcmted  a 
machine  for  making  continuous  paper;  Didot  set  the  apparatus  to 
work ;  and  Robert  obtained  8000  fnincs  from  the  government,  and  a 
patent  for  fifteen  years.  This  was  in  1799.  In  1801  Didot  came  over 
to  England,  accompanied  by  Mr.  John  Gamble,  who  had  resided  sosoe 
time  m  France.  After  sundry  negodations,  and  the  obtaining  of 
two  English  patents,  these  patents  were  sold  to  Messrs.  Fourdrinier. 
Messrs.  Hall's  establishment  at  Dartf ord,  in  Kent,  was  selected  as  the 
dace  for  making  the  machines,  under  the  special  care  of  Mr.  Bryan 
DonkuL  It  was  hi  1808  that  the  modd  of  the  first  self-acting  Tnachhw 
was  set  up  at  Frogmore,  in  Hertfordshire ;  and  in  1804  that  the  system 
came  successfully  into  work  at  a  paper-mill  at  Two  Waters.  Since 
that  year,  a  succession  of  beautiful  additions  and  improvements  have 
been  made ;  although  it  is  only  just  to  mention  that  the  mainprindplea 
of  the  machine  have  all  along  remained  nearly  the  same.  Messrs. 
Bryan  Donkin  &  Co.  have  devoted  such  special  attention  to  this  sub- 
ject, that  they  have  throughout  been  the  chief  makers  of  the  machines : 
in  the  first  ten  years  they  set  up  18  paper-machines;  in  the  next 
ten,  25;  by  the  year  1851  they  had  set  up  191 ;  and  the  number  baa 
since  steadily  increased.  So  far  from  these  having  aU  been  intended 
for  home  use,  more  than  half  were  made  for  foreign  manufacturers : 
Germany  being  the  best  customer  on  the  continent  of  Europe.  It 
is  proper  to  state  that  some  of  the  matters  connected  with  the  early 
history  of  the  paper-machine,  both  as  to  honour  and  profit,  are  still  in 
dispute ;  and  that  so  late  as  1857,  Mr.  John  Gamble,  in  a  communica- 
tion to  the  Society  of  Arts,  protested  against  the  way  in  which  Mb 
name  is  generally  omitted  from  among  those  who  deserve  credit  or 
fame  as  introducers  of  the  paper-machine.  It  is  not  often  that  an 
inventor,  or  the  fosterer  of  an  invention,  lives  to  put  in  such  a  daim 
fifty-six  years  after  the  occurrences  to  whidi  the  claim  relates. 

We  shall  now  briefly  describe  the  operation  of  the  paper-machinei 
The  machine  is  constructed  in  such  a  manner  as  to  imitate,  and  in  some 
respects  to  improve,  the  processes  used  in  making  paper  by  hand ;  but 
its  chief  advantages  aro,  that  paper  can  be  made  of  any  size  that  can 
practically  be  required,  and  with  a  degree  of  rapidity  which  leaves  the 
other  mode  of  making  it  at  an  immeasurable  distanoe.  The  pulp  is 
first  made  to  flow  from  the  vat  upon  a  wire  frame,  or  sifter,  which 
moves  rapidly  up  and  down  so  as  to  force  the  fine  filaments  of  the  pulp 
through  the  wire,  whilst  it  retains  any  knots  or  other  unsuitable 
matter.  Having  passed  through  the  sifter,  the  pulp  flows  over  a  ledge 
in  a  regular  and  even  stream,  and  is  received  upon  an  endless  web  of 
wire-gauze,  which  presents  an  uninterrupted  sui^um  several  feet  long. 
The  wire-web  moves  forward  with  a  motion  so  rogulated  as,  taken  in 
connection  with  the  quantity  of  pulp  allowed  to  flow  upon  it,  to 
determine  the  thickness  of  the  paper.  At  the  same  time  a  shaking 
motion  is  given  trom  side  to  aide,  to  the  wire  web,  which  assists  in  spread- 
ing the  pulp  evenly,  and  also  in  facilitating  the  separation  of  the  water, 
which  passes  through  the  wire ;  by  this  means  the  pulp  solidifies  as  it 
advances,  and  is  at  the  same  time  prevented  from  flowing  over  the 
sides  by  straps  which  regulate  the  width  of  the  paper.  Before  the 
pulp,  now  no  loxiger  fluid,  quits  the  plane  of  wire,  it  is  pressed  by  a 
roller  covered  with  felt.  It  is  next  taken  up  by  an  endless  web  of 
felt,  which  f onus  an  inclined  plane,  and  gradually  moving  forward 
absorbs  a  further  portion  of  the  moisture.  The  pulp  is  now  seized  by 
a  pair  of  rollers,  between  which  it  Ib  pressed;  and  then  it  passes  upon 
another  inclined  {jLane  of  felt,  which  conducts  it  to  another  pair  of 
pressing  rollers.  The  pulp  is  at  length  paper,  and  onlv  requires  to  be 
made  dry  and  smooth.  To  ejQfect  these  objects,  the  machineiy  conducts 
it  over  the  polished  surface  of  a  large  cylmder  heated  by  steam.  From. 
this  cylinder  it  passes  to  a  second,  hrgeir  and  hotter,  and  then  to  a 
third,  which  ia  still  hotter  than  the  second.  After  this  it  is  subjected 
to  the  pressure  of  a  woollen  cloth,  which  confines  it  on  one  side  while 
the  cylinder  smooths  it  on  the  other.  It  is  then  conducted  by  another 
roller  to  a  reel,  on  which  it  is  wound,  perfectly  dry  and  smooth,  and 
ready  to  be  cut  into  sheets  for  use.  In  two  or  three  minutes  the  pulp, 
whidi  is  introduced  upon  the  wiro  web  at  one  extremity  of  the 
machine,  is  delivered  at  the  other  in  the  state  of  perfect  paper.  In 
printing-paper  the  size  is  commonly  added  to  the  pulp ;  but  vnriting- 
paper  is  sized  after  the  sheets  aro  cut,  as  in  hand-made  paper. 

In  most  of  the  paper-making  machines  a  partial  vacuum  is  produced 
under  the  endless  wire-web  by  means  of  lai^  air-pumps.  The  atmos- 
phero  is  thus  made  to  press  upon  the  pulp,  and  the  moisture  is  forced 
through  the  wire.    Owing,  however,  to  we  change  of  stroke  of  the 
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pifitons,  a  uniform  degree  of  vacuum  camiot  be  maintained,  so  that 
the  pulp  receives  various  degrees  of  pressure,  and  consequently  the 
paper  is  made  of  unequal  thickness.  To  remedy  this  defect,  by 
rendering  the  vacuum  as  uniform  as  possible,  two  patents  were 
taken  out  in  1839 ;  one  to  effect  the  purpose  by  substituting  a 
revolving  fan  for  the  air-pump,  and  the  other  by  using  hydraulic 
air-pumx»  working  on  the  principle  of  gas-holders,  instead  of  the 
common  ones. 

YariouB  patents  have  been  taken  out  for  improvements  in  parts  of 

the  machinery,  or  for  other  machinery  to  be  applied  in  various  stages 

of  the  process.     One  was  taken  out  by  Mr.  Dickinson  for  an  apparatus 

to  separate  the  knots  and  lumps  from  the  pulp,  by  making  the  pulp  pass 

through  the  periphery  of  a  revolving  ^linder  constructed  of  an  endless 

spiral  wire  attached  to  metal  bun.    Other  improved  processes  for  the 

same  purpose  have  been  invented.    A  patent  was  taken  out  by  Messrs. 

Towgood  and  Smith,  the  object  of  wmch  is  to  apply  the  size  to  the 

paper  as  it  oomes  in  a  continuous  sheet  upon  the  endless  wire-web. 

The  operation  in  this  apparatus  is  performed  by  rollers,  the  surCcuses 

of  which  are  supplied  with  size,  which  is  transfeired  from  them  to  the 

newly-made  paper  as  it  passes  between  the  rollers.     Mr.  Dickinson 

has  a  patent  for  imiting  two  layers  of  pulp  in  order  to  produce 

paper  of  an  extra  thickness.    The  combination  of  two  or  more  sheets 

uf  pulp  has  been  long  employed  in  the  making  of  thick  drawing-paper 

and  Bristol-board  by  the  process  called  couching ;  but  Mr.  Dickinson's 

contrivance  affords  the  means  of  doing  it  in  a  common  paper-making 

machine.     No  attempt,  however,  can  be  made  here  to  enumerate  in 

detail  the  steps  by  which  improvements  have  been  introduced  in  the 

paper-machine ;  uiey  are  too  numerous.    Foreign  inventors  have  done 

much  in  tM«  matter.    The  names  of  Robert  and  Didot  have  already 

been  mentioned;  and  we  may  also  noUoe  M.  Canson,  who  was  the 

first  to  apply  suction-pumps  to  the  machines ;  and  M.  Jequier,  who 

derised  a  mode  of  making  continuous  paper  with  wire  marks.    Among 

English  paper  makers  and  machinists,  the  names  of  Brown,  Crompton, 

Taylor,  Barrett,  Ibotson,  Wilks,  and  Hollingworth  may  be  mentioned 

as  the  introducers  of  valuable  improvements  in  the  continuous  paper 

making..    So  wonderfvJ  is  now  the  operation  of  the  machine,  that 

fine  writing-paper  can  be  made,  sized  with  gelatine,  dried,  and  cut 

into  edieets,  at  the  rate  of  60  feet  a  minute  in  length,  and  70  inches  in 

width. 

Ywrieties  of  Paper. — We  shall  now  notice  a  few  matters  connected 
with  the  differences  in  the  kinds  of  paper,  without  psrticular  reference 
to  the  fact  of  their  being  hand-made  or  machine-made. 

It  may  here  bo  observed,  that  various  wire-marks,  or  water-marks, 
as  they  are  called,  were  formerly  applied  to  paper  to  distinguish  it. 
On  the  paper  used  by  Carton  and  the  other  early  printers  these  marks 
consisted  of  an  ox-nead  and  star,  a  collared  dog's  head,  a  crown,  a 
shield,  a  jug,  &c.  A  head  with  a  fool's  cap  and  bdls  gave  name  to  the 
paper  called  foolscap ;  and  post  paper  seems  to  have  derived  its  name 
from  the  mark  of  a  horn,  which  was  formerly  csrried  by  the  postman, 
and  blown  to  announce  his  arrivaL  Hand-made  paper  is  now  commonly 
marked  with  the  name  of  the  maker,  and  the  date  of  the  year  when 
it  was  made. 

The  cutting  of  paper  into  sheets  of  any  desired  size  is  an  operation 
which  has  been  greatly  improved  within  the  last  few  years.    The  best 
paper  is  examined  when  made,  to  remove  knots  or  specks,  and  to  lay 
aside  damaged  sheets.    It  is  then  counted  into  qwirea  of  24  sheets, 
folded,  and  put  up  into  reanu  of  20  quires.  If  the  paper  is  for  printing, 
the  continuous  web  made  at  Ihe  machine  is  cut  into  sheets  of  a  certain 
size,  without  any  particular  rsg&rd  to  the  fineness  of  the  cut ;  but  in 
the  preparation  of  writing-paper,  whether  hand-made  or  machine-made, 
the  cutting  is  very  carefully  attended  to.    Hence  there  are  cutting- 
machines  of  two  different  classes,  one  to  sever  the  web  into  sheets,  and 
one  to  cut  well-squared  sheets  of  writing-paper.    Jn  the  first  of  these 
kinds  the  paper  ia  generally  coiled  round  a  cylinder  into  a  substantial 
loaas,  and  this  cylinder,  while  rotating,  is  brought  at  intervals  against 
a  cutting  edge  in  such  a  way  as  to  cut  through  the  paper.    In  the 
second  kind  much  ingenuity  has  been  shown;  and  it  is  certain  that 
the  remarkable  cheapening  of  writing-paper  since  the  introduction  of 
the  penny  post  has  been  greatly  due  to  the  adoption  of  machines, 
inst^d  of  hand-cutting,  for  the  severance  of  the  paper  into  sheets. 
In  Black's  paper-cutting  machine,  a  sharp  knife  fixed  to  a  rack  is  made 
^traverse  laterally  by  the  motion  of  the  rack.    The  paper  is  laid 
upon  a  bed,  and  is  adjusted  by  a  screw  spindle.  A  back-plate  is  hinged 
&t  its  lower  edge,  so  as  to  be  brought  bv  pinching-screws  to  a  proper 
position  for  the  paper  to  be  cut  rectangularly ;  and  there  is  a  screw  to 
^^  and  lower  the  knife.    Morgan's  cutting-machine  Ib  intended  to  do 
the  work  with  a  smaJl  expenditure  of  power ;  the  cutting-knife  rotates 
on  an  axis,  and  the  paper  advances  horizontally  to  meet  it,  like  tihe 
action  of  a  circular  saw  in  timber-cutting.    In  UUmer's  machine  there 
u  ft  contrivance  for  imparting  to  the  cutting-knife  a  diagonal  move- 
^^t,  80  as  to  enable  it  to  make  a  draw-cut  in  an  effective  manner, 
'^ere  are  many  otiier  paper-cutting  machines,  acting  on  similar  prin- 
wples,  but  differing  in  details. 

Mr.  Herring,  in  a  recent  work  on  the  paper  manufacture,  while 
giving  a  list  of  the  various  sizes  and  names  ot  paper,  puts  together  the 
writing,  drawing,  printing,  and  wrapping  papers,  and  then  separates 
^wn  simply  into  two  groups,  according  as  they  are  fine  or  coarse. 
^e  chief  names  and  sizes  mentioned  by  him  are  as  follow :— * 
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rot . 

Foolscap       •        •        • 
Post         ,        •        • 
Copy    .        .        •        . 
Large  post         • 
Mediam  post        •         . 
Shcet.and.third  foolscap 
Sheet-and-balf  foolscap 
Double  foolscap    •        . 
Double  pot        •        • 
Doable  post  •        •        • 
Double  crown  •        . 
Demy  .... 


Inches. 
.  15  b7l2| 

.  17    ,»  ISI 
.  18}  „  l&i 


:o 


16 


;  2o| ;;  lej 


ss 


..  18 
»  13i 
n   ISJ 


.  SS 
.  24^ 

.  27  „  17 
.  30  „  25 
.  30|  „  19 


.  30 
.  20 


f» 


20 
16J 


Printing  demy 
Medium       • 
Printing  medium 
Royal  . 

Printing  royal . 
Super  royal 
Printing  super  rornl 
Imperial      • 
Elephant .        • 
Atlas  . 
Columbia 
Double  elephant  ■ 
Antiquarian 


The  coarser  papers  present  the  following  group : — 


Kent  cap  • 
Bag  cap 
HsTon  cap 
Imperial  cap 
Double  3  lb. 
Double  4  lb. 
Double  6  lb. 
Middle  hand 
Lumber  hand 
Royal  hand  • 


Inches. 

.  21  by  18 

.  24  „  19i 

.  26  „  21 

.  20  „  23 

.  24  „  17 

.  SO  „  31 

.  28  „  19 

.  22  „  16 

.  29   ..  19i 
.  35   „  30 


Double  small-hand    • 
Copy  loaf,  S8  lb.   . 
Powder  loaf,  58  lb.    . 
Double  loaf,  48  lb. 
Smgio  loaf,  78  lb.      . 
Lump,  1001b.       • 
Hambro',  4  8  lb.         . 
Titles,  180  lb. 
Frossioa  lump,  300  lb. 


Inehes. 

.  39  by  19 
.  21 J  „  16| 
.  36    „  18 
.  2S    „  16) 

.  27  „  2ll 

.  3S  „  33 

.  2S  „  16| 

.  36  „  20 

.  43  „  S3 


65  grains. 

23  lbs. 

48       „ 

13    H 

130       „ 

42   „ 

143       „ 

tiO   „ 

217       „ 

55   ., 

113       „ 

88   .. 

95       „ 

70   „ 

135       „ 

64   M 

90       „ 

10   ,. 

So  numerous,  however,  are  the  sizes,  thicknesses,  and  qualities  of 
the  various  kinds  of  paper,  cardboard,  millboard,  ftc,  that  some  of  the 
largest  wholesale  dealers,  according  to  Mr.  Herring,  keep  in  stock  not 
much  less  than  two  thousand  different  kinds.  Placing  them  under  a 
few  headings,  without  regard  to  size,  papers  are  sometimes  designated 
thus: — TFnVftn^  paper,  five  kinds,  namely,  cream  wove,  yellow  wove, 
blue  wove,  cream  laid,  and  blue  laid;  printing  paper,  two  kinds^ 
namely,  laid  and  wove;  to}'a/>ptn^  paper,  four  kinds,  namely,  blue, 
purple,  brown,  and  whited-brown>  In  these  various  kinds  of  paper  it 
is  believed  that  England  takes  the  lead  of  the  Continent,  except  in 
two  particulars  :  that  thin  French  writing-paper  ia  better  than  English ; 
and  that  the  French  obtain  a  purer  surface  than  the  English,  who 
often  hide  a  dirty  white  by  blueing  it. 

A  few  years  ago  careful  experiments  were  made  to  determine  the 
relative  strengths  of  different  kinds  of  paper ;  and  the  result  was  given 
in  the  last  edition  of  the  '  EncydopexiiaBritanniGa.'  In  the  following 
table  the  first  column  shows  the  kinds  of  the  paper ;  the  second,  the 
weight  in  gndns  of  a  superficial  foot ;  and  the  third,  the  weight  in 
pounds  upheld  without  breaking  by  a  strip  two  inches  broad  : — 

Bank  post,  very  thin,  sized    .        • 

„         thinner,  unsized      .        . 
Thick  writing,  machine-made        • 

„  hand-made         .        • 

Drawing  paper,  machine-made      • 
Newspaper,  sized  at  machine    .        . 
Scotch  bank-note  paper         .        • 
Btrong  cartridge  paper     •        •        • 
Pink  blotting-paper      .        •        • 

Among  the  varietieB  in  paper-making  may  be  mentioned  Dickinson's 
double-faced  paper,  to  be  uwd  either  for  hthographic  or  copper-plate 
printing,  according  as  one  or  the  other  surface  is  selected ;  two  webs 
of  different  kinds  of  pulp  are  placed  one  on  another,  and  are  pressed  so 
as  to  unite  them  into  a  single  sheet.  Laeed  paper  is  now  very  much 
employed.  The  French  have  long  made  it,  and  applied  it  to  orna- 
menting fruit-baskets,  lamp-shades,  print-borders,  &o.  About  1880, 
M.  Rivi^,  a  Swiss  watchmaker  established  in  London,  obtained  a 
patent  for  perforating  thin  metal  plates ;  Messrs.  De  la  Rue  contrived 
a  modification  of  the  same  apparatus  for  perforating  pasteboard  and 
card ;  and  hence  has  arisen  an  extensive  branch  of  ornamental  paper- 
making,  especially  for  valentines,  the  production  of  which  is  enormous. 
Plain-surface  coloured  papers  are  now  largely  made,  for  the  use  of 
bookbinders,  printers,  button-makers,  confectioners,  &c.  The  colour  is 
applied  bv  means  of  brushes,  similar  to  those  employed  by  paper- 
stainers;  but  the  pigments  are  better,  and  more  care  is  taken  in 
laying  on,  smoothing,  and  finishing.  Qilt,  silvered,  and  coloured 
papers  are  prepared  for  decorative  s^itioneiy,  by  chromo-lithography, 
surfooe-printlng,  block-printing,  and  woven-wire  printing.  The  inge- 
nuity of  paper-makers  has  also  been  directed  to  the  production  of 
paper  covered  with  real  gold  and  siver;  paper  coated  with  bronze  or 
imitation  bronze;  paper  embosBed  and  grained  by  means  of  engraved 
rollers,  dies,  and  plates ;  paper  varnished  to  imitate  Morocco  leather ; 
paper  enamelled,  for  the  ground  of  fine  satin  paper-hangings,  and  for 
other  ornamental  purposes,  by  treating  the  surface  with  sulphate  of 
barytes — a  pigment  reduced  in  price  within  a  few  ^ears  from  21s.  to 
Qd.  per  lb.;  paper  extra-enamelled  with  Kremnits  white  lead,  for 
wedding-cards,  &c. ;  paper  with  an  opaline  iridescence,  prepared  by 
Messrs.  De  la  Rue ;  paper  to  which  a  kind  of  metallic  granular  surface 
has  been  given,  for  memorandum  books ;  Ac. 

Much  attention  has  boon  paid  to  the  mapu&cture  of  paper  which 
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may  frustrate  the  deaigna  of  foigers.  The  selection  of  a  device  or 
design  for  bank-notes,  cheques,  &c.,  the  mode  of  engravings  the  mode 
of  printing,  and  the  kind  of  ink,  all  bear  immediatdj  on  this  subject. 
;  The  principle  is  this — to  apply  to  the  paper  such  a  chemical  agent 
that,  if  the  ink  be  tampered  with,  the  paper  shall  become  discoloured 
and  the  attempt  at  fraud  revealed.  Mr.  Stone,  Mr.  Barclay,  Mr. 
Stevenson,  Mr.  Herapath,  and  other  persons,  have  directed  their 
attention  to  this  matter;  and  the  chemicals  suggested  for  application 
are  prussiate  of  potash,  iodide  and  ferrocyanide  of  the  same  alkali, 
salts  of  copper,  salts  of  manganese,  starch,  fto.  One  recipe  is,  for  a 
ream  of  post,  1  oz.  of  iodide  of  potash,  \  oz.  of  ferrocyanide  of  potash, 
and  1  lb.  of  starch.  Any  attempt  to  remove  writing  by  chemical 
agents  from  paper  thus  trotted  would  damage  the  colour  of  the  paper 
itsell  A  paper  has  been  read  and  a  discussion  has  taken  place  on  this 
subject  before  the  Society  of  Arts  during  the  present  year  (1860). 

Of  the  practical  applications  of  paper  little  need  be  said :  these  are 
for  the  most  part  sufficiently  obvious.  The  amateur  arts  of  papyro- 
graphy,  papyro-plastics,  potichomanie,  &c.,  are  little  more  than  inge- 
nious modes  of  cutting  out  sheets  of  paper.  We  may  mention, 
however,  the  bituminised  paper  tubes  made  by  M.  Jaloureau.  He 
finds  that  when  bitumen  is  mixed  wi^  chalk,  and  paper  tubes  are 
saturated  with  it,  the;^  become  remarkably  strong  and  durable,  and 
are  available  as  water-pipes. 

McUeriaU  for  Paper — ^A  little  attention  must  now  be  paid  to  the 
subject  of  the  mataxcda  for  paper,  concerning  which  the  manufacturers 
have  lately  had  many  discussions.  Repeated  attempts  have  been  made 
to  manufacture  paper  from  straw,  but  it  is  only  recently  that  any 
success  has  been  obtained.  One  rn{\\  in  the  United  States  now  makes 
30  tons  of  this  paper  weekly.  Wheat-straw  is  put  into  a  laige 
spherical  boiler,  and  there  boiled  for  24  hours  at  820°  Fahr.,  a 
temperature  obtained  under  great  pressura  The  straw  becomes  con- 
verted into  a  Mutinous  mass,  which  by  further  processes  is  available 
as  pulp  for  paper.  Dr.  Collyer,  in  Apnl,  1860,  communicate  to  the 
Society  of  Arts  the  result  of  an  elaborate  series  of  experiments  on 
the  manufacture  of  paper  from  straw.  He  was  led  by  his  researches 
to  recommend  the  following  processes: — ^The  straw  is  first  passed 
between  two  rollers  rotating  wiUi  different  velocities ;  this  produces  a 
tritmratoiy  action,  which  rubs  out  the  knots  and  ears,  and  at  the  same 
time  opens  the  straw  out  to  a  partially  fibrous  state.  The  straw  is 
then  exposed  to  the  action  of  water  heated  by  steam,  and  containing 
8  ozs.  of  caustic  alkali  to  the  gallon.  The  apparatus  is  so  arranged 
that  the  alkaline  liquor  can  act  over  and  over  again  upon  the  straw ; 
and  by  repeated  workings  after  this  steeping,  nearly  all  the  gluten  and 
silica  aro  removed  from  the  straw.  The  bleaching  is  effected  by 
chloride  of  hme,  with  superheated  steam.  The  making  into  pulp  then 
ensues,  and  the  mannfacture  proceeds  as  with  rags.  These  operations, 
however,  are  quite  tentative.  All  the  straw  ptper  hitherto  made  is 
unpleasantly  crisp  and  brittle ;  and  it  has  been  found  that  the  price  of 
straw  goes  up  considerably  whenever  the  paper-makers  create  a  demand 
for  it.  Nevertheless,  two  or  three  of  the  penny  daily  newspapers  aro 
printed  on  straw  paper,  and  the  experiment  is  felt  to  be  worthy  of 
further  investigation. 

Another  kind  of  paper  is  Schlesinger's,  manufacti^red  of  wood. 
Timber  is  cut  by  machinery  into  logs  about  eight  inches  in  length. 
These  logs  are  made  to  press  against  a  rotating  grindstone  made  of  very 
rough  stone,  and  well  moistened  with  water.  The  wood  is  rubbed  off 
in  a  state  of  fibrous  pulp,  which,  either  used  by  itself,  or  mixed  in 
certain  proportions  with  rags,  is  converted  into  paper.  A  null  for  the 
manufacture  of  paper  of  this  kind  was  opened  at  Bradford  in  1854,  the 
paper  produced  being  chieflv  wrapping,  packing,  cartridge,  and  other 
coarse  kinds.  The  wood  pulp  is  said  to  be  obtainable  at  about  Id, 
per  pound. 

The  increasing  importance  of  obtaining  a  supply  of  ngs  for  paper- 
making,  and  the  restrictions  placed  by  foreign  governments  on  the  sale 
of  such  rags  to  England,  have  lately  recalled  attention  to  projects  long 
ago  entertained.  It  is  said  that  no  less  than  45,000  tons  of  linen  nigs, 
all  collected  by  the  chiffoniera,  or  itinerant  ragmen,  were  used  in  France 
in  1859  in  paper-making ;  and  the  paper-manufacturers  of  that  country 
^nuoudy  oppose  any  plan  which  might  lead  to  an  increased  sale  to 
England.  Nearly  all  vc^^ble  fibrous  substances,  as  was  observed  in  a 
T"f  P^'^P^*  ca^  ^  converted  into  paper;  but  the  problem  is, 
whether  such  paper  would  be  fine  enough,  strong  enough,  and  cheap 
enough  to  compete  with  rag-paper.  The  so-called  Chinese  rice-papw 
oonsists  of  thin  fihns  cut  spiraUy  from  the  branches  of  a  particular 
tree,  the  (Eschynomene  palvdota.  There  is  in  the  British  Museum 
a  cunous  book,  nrepared  by  Jacob  Christian  Schaffer,  a  native  of 
Ratisbon,  about  the  year  1775.  It  describes  the  manufacture  of 
paper  from  different  substances,  and  the  sixty  leaves  of  which  the 
book  u  composed  are  made  of  sixty  different  kinds  of  paper.  The 
bark  of  the  wiUow,  beech,  aspen,  hawthorn,  linden,  and  mulberry ; 
the  down  of  the  catkins  of  the  black  poplar,  and  the  silky  down  of  the 
asclepias;  the  tendrils  of  the  vine,  the  stalks  of  nettle,  mugwort,  and 
^rs -weed;  various  kinds  of  leaf,  fibre,  and  stalk;  as  weU  as  straw, 
reeds,  moss,  lichens,  wood  shavings,  sawdust,  potatoes,  and  fir-cones— 
aU  were  wnidoyed.  The  paper  is  m  all  the  specimens  of  very  inferior 
quaUtjr,  both  ux  colour  and  texture;  but  unquestionably  the  same 
materials  would  yield  better  results,  if  treated  with  modem  bMU  and 
appliances.    In  1854  the  proprietors  of  one  of  our  great  newspapers 


offered  a  prize  of  lOOOA  to  the  discoverer  or  inventor  of  any  new 
kind  of  paper  which,  at  a  certain  wholesale  price,  should  -poa&eesi 
certain  list  of  good  qualities ;  but  the  desired  standard  has,  we  believe:, 
never  yet  been  reached.  In  the  same  year,  the  Treasury  drew  the 
attenUon  of  the  Board  of  Trade  to  the  scarcity  in  the  matexiaJs  for 
paper ;  and  suggested  that,  in  conjunction  with  the  Foreign  Office,  the 
Board  might  possibly  be  able  to  obtain  from  British  consuls  abroad, 
useful  information  concerning  vegetable  fibre  which  would  be  aTailalik 
for  this  manufacture.  It  was  mentioned  that  2d,  or  2\d.  per  pouni 
might  perhaps  be  the  price  which  paper  manufacturers  would  bo  willing 
to  give  for  such  materials.  r.  Lyon  Playfair,  on  the  part  of  the 
Board  of  Trade,  stated  that,  after  conferring  with  many  eminent 
manufacturers,  he  had  arrived  at  a  conclusion  that  any  new  materi^d 
must  be  obtainable  at  Id,  or  Hd.  per  pound,  in  order  &urly  to  meet 
all  the  requirements.  Much  valuable  information  has  sinoe  been 
obtained  from  British  consuls  abroad,  and  especially  from  Dr.  Forbes 
Boyle  and  Dr.  Hooker,  concerning  fibrous  plants  in  various  parts  of 
the  world;  and  there  is  reason  to  hope  that  these  researches  will 
ultimately  lead  to  beneficial  results.  In  1859  an  attempt  was  made 
to  establish  a  manufacture  of  paper  from  flax-straw  and  flax  refuse,  by 
means  of  a  joint  stock  company,  on  the  basis  of  a  patent  obtained 
by  Mr.  Houghton.  Whether  or  not  the  process  is  a  good  one,  the 
company  itsdf  has,  we  believe,  not  yet  actually  been  formed. 

Paper  trade  and  duty. — Until  18S7  the  duty  on  paper  was  chaiiged 
in  two  classes.  That  made  whole  out  of  old  tarred  rope,  withoot 
extracting  the  pitch  or  tar,  was  considered  as  second-daas  paper,  and 
paid  only  a  duty  of  1  ^d,  per  lb. ;  while  paper  made  of  any  other  materials 
was  considered  as  first-lass  paper,  and  was  chaiged  with  a  duty  of 
3d.  per  lb.  In  the  year  above  mentioned  this  distinction  was  aboliahed, 
and  the  duty  on  all  kinds  of  paper  was  fixed  at  H<L  per  lb.,  which 
gave  an  immediate  impulse  to  the  trade.  The  effldct  of  this  change 
in  augmenting  the  quantity  used  was  soon  shown.  In  round  numbers, 
the  quantity  made  in  1835  and  1836  averaged  78  million  Ibe.  a  year, 
whereas  in  1837  and  1838  it  averaged  91  xmllion  lbs.  Foreign  paper 
had  not  hitherto  competed  largely jwith  home-made,  because' a  Customs' 
duty  had  interfered  with  it.  In  1857  and  the  two  following  years,  the 
quantity  of  paper  made  in  the  United  Kingdom  was  about  198,  193, 
and  218  million  lbs.  respectively;  of  which  about  one-twelfth  was 
exported,  and  eleven-twelfths  used  at  home.  The  average  quantity 
made  at  each  null  may  be  inferred  from  the  following  table,  applicable 
to  the  year  1859  :— 

England        .  694 1  ,,,  SSS  1  ^        ^ 

S^land  .    .    7»}P*PJ'J?f^         ^Jwereatwork 
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Kent  is  the  heod-quaiten  of  the  manufacture ;  after  which  Hertford- 
ahira  and  the  neighbouring  counties,  Lancashire,  and  Devonshire.  In 
Scotland,  Lanark,  Midlothian,  and  Aberdeen  are  the  chief  paper-makiz^^ 
counties. 

Few  public  subjects  have  been  more  discussed  within  the  last  few 
years  than  the  propriety  of  removing  the  excise  duty  on  paper.  This 
duty,  of  Hd.  per  lb.  plus  5  per  cent.,  after  a  few  drawbacks  for 
exportation,  &&,  yielded  about  a  million  and  a  quarter  sterling  of  net 
revenue  annually  to  the  state;  and  ChsAcellors  of  the  Exchequer, 
however  favourable  to  the  diffusion  of  cheap  literature,  have  been 
unwilUng  to  part  with  this  easily  collected  tax.  In  1858,  the  Society 
of  Arts  drew  up  a  list  of  queries,  and  sent  them  to  paper-manufactuiers, 
wholesale  stationers,  manufacturers  of  paper  articles,  publishers,  news- 
paper proprietors,  and  authors,  solicitiug  opinions  as  to  the  modes  in 
which  the  paper  duty  afibcted  various  branches  of  the  public.  Some 
of  these  (Queries  were — ^Does  the  mode  in  which  the  duty  ia  collected 
interfere  mjuriously  with  the  process  of  manufacture,  and  m  what  way  I 
Does  it  afiect  the  quality  and  variety  of  the  article  manufactured! 
Does  it  limit  materially  the  quantity  of  the  supply  f  Do  the  excise 
regulations  interfere  with  the  rapid  execution  of  orders  f  Does  the 
mode  of  collection  prevent  the  use  of  new  materials  ?  Does  it  place 
the  manufacturer  at  a  disadvantage  in  the  market  ?  Much  valuable 
information  was  obtained  in  response  to  these  queries.  During  the 
subsequent  period  of  seven  years  (1854  to  1860  inclusive)  great 
activity  had  been  shown  in  the  advocacy  of  the  abolition  of  the  duty, 
by  various  bodies,  and  through  the  medium  of  various  publicatioEuL 
It  is  not  now  necessary  to  adduce  the  arguments  used ;  for  the  tax  is 
on  nearly  all  sides  admitted  to  be  a  bad  one.  In  the  session  of  1860, 
Mr.  Gladstone,  as  Chancellor  of  the  Exchequer,  moved  the  abolition 
of  the  duty,  in  connection  with  a  very  extensive  fin5mffTft.l  scheme, 
including  a  commercial  treaty  with  fVanoe,  and  a  removal  of  CustoiUA* 
duties  from  many  minor  articles.  The  bill  for  the  abolition  of  the 
paper  duty  was  passed  by  the  House  of  Conunons,  but  rejected  by  the 
House  of  Lords.  The  Customs*  duty  on  foreign  paper  of  2id.  per  lb., 
with  6  per  cent,  additional,  has,  however,  been  reduced  to  14(2. 
per  lb.  with  5  per  ceat,  additional,  the  same  rate  as  the  excise 
duty  on  the  home  manufacture,  so  that  the  importation  is  now 
imimpeded. 

PAPIER-MAchII,  the  French  term  for  a  prepuration  of  moistened 
paper,  of  which  many  articles  are  manufactured  in  England,  France, 
and  Germany.  Such  articles  have  been  made  in  France  for  more  than 
a  century.    In  1740  one  Martin,  a  Qerman  vamisher,  went  to  Paris 
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to  learn  this  manufacture  from  Lefevre.  On  returnisg  to  his  own 
country,  he  was  so  suocessful  in  his  exertions  that  his  paper  snuff- 
boxes were  called,  after  him,  "  Martins."  So  much  money  went  from 
Prussia  to  France  in  purchase  of  papier-mdch^  articles,  that  Frederic  II., 
in  1765,  established  a  manufactory  at  Berlin,  which  soon  became  very 
succeasfuL  Brunswick,  Kiimbeig,  Vienna,  and  other  German  towns, 
by  degrees  commenced  the  manufacture,  and  it  is  now  carried  on  to  a 
considerable  extent. 

Two  modes  are  adopted  of  making  articles  of  this  kind :  1,  By 
glueing  or  pasting  different  thicknesses  of  paper  together ;  2,  By  mixing 
the  substance  of  the  paper  into  a  pulp  and  pressing  it  into  moulds. 
The  first  mode  is  adopted  principally  for  those  articles,  such  as  trays, 
&c.,  in  which  a  tolerably  plain  and  flat  Bva&ce  is  to  be  produced. 
Common  millboard,  such  as  forms  the  covers  of  books,  may  convey 
some  idea  of  this  sort  of  manufacture.    Sheets  of  strong  paper  are 
glued   together,  and  then  so  powerfully  pressed  that  the  different 
8trata  of  paper  become  as  one.    Slight  curvatures  may  be  given  to 
such  pasteboard  when  damp,  by  the  use  of  presses  and  moulds.    Some 
of  the  snuflf-boxes  are  made  by  glueing  pieces  of  paper,  cut  to  the  sizes 
of  the  top,  bottom,  and  sides,  one  on  another,  round  a  frame  or  mould, 
which  is  afterwards  removed.    Articles  made  of  pasteboard  have  often 
a  fine  black  polish  imparted  to  them  in  the  following  manner :  After 
being   coated  with  a  mixture  of  size  and  lampbladE,  they  receive  a 
coating  of   a  peculiar  varnish.     Turpentine  is  boiled  down  till  it 
becomes  black,  and  three  times  as  much  amber  in  fine  powder  is 
sprinkled  into  it,  with  the  addition  of  a  little  spirit  or  oil  of  tur- 
pentine.    When  the  amber  is  melted,  some  sarcocolla  and  some  more 
spirit  of  turpentine  are  added,  and  the  whole  is  well  stirred.     After 
being  strained,  this  varnish  is  mixed  with  ivory-black,  and  applied  in 
a  hot  room  on  the  papier-mftch^  articles,  which  are  then  placed  in  a 
heated  oven.    Two  or  three  coatings  of  the  black  varnish  will  produce 
a  durable  and  glossy  surface  impervious  to  water.    Some  of  the  articles 
now  made  in  tiiis  way  have  their  surfaces  inlaid  with  mother-of-pearl ; 
the  shell  is  fastened  down  to  the  surface  as  a  veneer,  an  immense  body 
of  varnish  is  laid  on,  and  by  rubbing  the  superfluous  vamish  from  the 
pearl,  the  whole  is  brought  to  one  common  level,  presenting  a  brilliant 
if  not  always  tasteful  effect.    The  better  kind  of  tea-tra3rs  are  shaped 
in  or  rather  on  iron  moulds,  the  top  of  the  mould  giving  the  shape  of 
the  tray.     The  paper  employed  is  a  grayish,  thick,  granulated  kind, 
made  expressly  for  the  puipose.    The  mould  and  paper  are  taken  to  a 
heated  stove-room  to  ^y,  after  three  thicknesses  have  been  applied ; 
and  this  removal  is  repeated  from  ten  to  forty  times,  for  the  tniys  are 
made  of  thicknesses  of  paper  varying  from  thirty  to  a  hundred  and 
twenty.     The  surface  of  the  mould  is  greased  in  the  first  instance,  to 
ensure  the  easy  removal  of  the  papier-mi&ch^  when  of  the  proper  thick- 
ness.  A  patent  was  taken  out  a  few  years  ago  for  rwn^ViTig  papier-mftch^ 
panels  for  carriages,  and  considerable  skm  has  been  i^own  in  the 
manufacture ;  but  such  panels  are  not  much  used  in  England,  owing 
in  part  to  the  operation  of  the  paper-duty. 

The  second  kind  of  papier-mftchd  is,  however,  the  more  extensively 
made.     It  comprises  that  which  is  pressed  into  moulds  in  the  state  of 
a  pulp.     This  pulp  is  generally  made  of  cuttings  of  coarse  paper  boiled 
in  water,  and  beaten  in  a  mortar  till  they  assume  the  consistence  of  a 
paste,  which  is  boiled  in  a  solution  of  gtun-arabic  or  of  size  to  give  it 
tenacity.      The  moulds  are  carved  in  fiie  usual  way,  and  the  pulp 
poiu^  into  them,  a  counter-mould  being  employed  to  make  the  cast 
nothing  more  than  a  crust  or  shell,  as  in  plaster  casts.    In  some  manu- 
factories, instead  of  using  cuttings  of  niade  paper,  the  pulp  employed 
by  the  paper-maker  is,  after  some  further  treatment,  poured  into  the 
moulds  to  produce  papier-m&chd  ornaments.    The  use  of  ornaments 
made  in  the  way  just  described  ia  rapidly  increasing.    The  carved  and 
composition  ornaments  employed  to  decorate  picture-  and  looking- 
glass  frames  are  in  some  cases  superseded  by  those  of  papier-m&chd ; 
but  it  is  in  the  decoration  of  ceilings  and  walls  of  rooms  and  the 
interiors  of  public  buildings  that  papier-mAchd  is  found  most  valuable. 
Plaster  and  composition  ornaments  are  very  ponderous ;  carved  oi:na- 
ments  are  costly ;  but  those  of  paper  are  light  and  of  moderate  price. 
In  many  of  our  theatres,  in  the  House  of  Lords,  in  the  Pantheon 
Bazaa*,  in  the  saloons  of  some  of  the  splendid  steam-boats  recenUy 
built,  and  in  numerous  other  instances  where  internal  decorations  are 
required,  papier-m&chd  ornaments  have  been  largely  employed.   Maps 
in  relief  are  also  occasionally  made  of  papier-mftchd. 

A  remarkable  instance  of  the  employment  of  papier-m4chd  is  men- 
tioned in  Ersch  and  Griiber^s '  Allgemeine  Enqycloi)4die.'  Near  Beigen 
in  Norway  a  church  has  been  built  capable  of  holding  nearly  a  thousand 
persons.  This  building  is  octagonal  without,  but  perfectly  circular 
'^tbin.  The  interior  of  the  walls,  as  well  as  the  exterior  of  the 
Corinthian  columns,  is  covered  wil^  papier-mAch^.  The  roof,  the 
ceiling,  Che  statues  within  the  church,  and  the  basso-rilievis  on  the 
outside  of  Uie  walls,  are  also  made  of  this  substance.  The  papier- 
m&cbe  'Was  made  water-proof,  and  nearly  fire-proof,  by  an  application 
of  ritriol-water  and  lime  slaked  with  whey  and  white  of  egg. 

An  important  modification  'of  papier-mftchd  is  that  which  is  known 
by  the  name  of  carton  pierre,  or  stone  cardboard.  This  substance  has 
been  employed  for  half  a  century  in  France,  but  its  use  in  England  has 
been  much  more  recent.  It  is  a  mixture  of  paper  pulp,  whiting,  and 
glue.  The  mixture  is  pressed  into  moulds,  then  backed  with  paper, 
uid  removed  to  a  drying-room  to  harden.    The  substance,  when  dry, 


is  Ug^t,  strong,  and  facile  of  application  as  an  architectural  ornament. 
It  is  now  much  used  in  obtaining  casts  9f  statuettes,  busts,  dead 
game,  friezes,  pilasters,  foliage,  &c.  Messrs.  Jackson  and  Graham  have 
used  this  material  very  largely  in  the  Army  and  Navy  Club-house  and 
other  modem  buildings.  « 

Messrs.  Bielefeld,  among  other  inventions  relating  to  papier-mAch^, 
have  introduced  a  mode  of  grinding  fibrous  and  other  materials  into  a 
consistence  like  that  of  putty;  this  is  put  into  frames  of  a  proper  depth, 
roUed  and  compressed,  heated  and  oiled,  and  finished  by  painting  or 
varnishing.  One  among  various  compositions  proposed  is  the  follow- 
ing : — 82  lbs.  flour,  9  lbs.  alum,  and  1  lb.  copper  are  mixed  with  80  lbs. 
water  j  to  these  are  added  15  lbs.  resin,  1  lb.  hthaiig;e,  and  10  lbs.  boiled 
linseed  oil ;  the  whole  is  finally  ground  up  with  60  lbs.  rag-dust  or 
paper-makers'  half-stuft 

PAPIST,  an  appellation  derived  from  papa,  "  the  pope/'  and  which 
denotes  a  follower  of  the  Roman  Catholic  chiut^h.  That  church  calls 
itself  catholic,  which  means  "universal;"  but  as  other  Christian 
churches  also  style  themselves  **  catholic,"  a  distinction  seems  required 
to  avoid  confusion.  The  appellation  Roman  Catholic  is  generally  used 
all  over  Europe  to  denote  a  follower  of  the  church  of  Rome,  in  con- 
tradistinction to  the  followers  of  other  Christian  communions ;  but  in 
Great  Britain  the  words  Papist  and  Romanist  have  been  long  in 
common  use. 

PAPTRIN.  A  name  given  to  a  modification  of  cellulose  produced 
by  inunersing  blotting-paper  in  strong  sulphuric  add,  then  washing 
with  water,  and  finally  inmiendng  for  a  few  seconds  in  water  containing 
a  trace  of  ammonia.  The  paper  thus  acquires  physical  properties 
resembling  parchment.    [Pabchmekt,  Vegetablb.] 

PAPYRUS.  The  name  of  a  plant  and  die  material  made  from  it, 
especially  that  for  writing  used  by  the  nations  of  antiquity.  One  of 
its  names  in  the  ancient  Egyptian  was  P-apu  (Select  Papyri,  PL  xviii., 
1.  9.),  which  passed  into  Greek  and  Latin  under  the  form  papyrua  ;  by 
the  Hebrews  it  was  called  (^omf,  which  resembles  the  hieroglyphic 
giyma,  and  Coptic  gomi,  a  "  book,"  or  "  volume.**  (Lepsius,  Todt.,  Ixxii. 
162.  9.)  The  Greeks  also  called  it  Byblos  (Herod,  il  92.),  or  ddiM, 
from  the  Delta,  where  it  principally  grew,  and  gave  books  this  name 
(Winckelmann,  ii.  96,  226,  Dresd.).  The  term  biblion,  or  bible,  means 
in  fact,  a  book  or  roll  of  papyrus.  The  plant  itself,  the  paper  rush, 
or  Qyptmu  on/t^ttorum,  called  herd  by  the  modem  Egyptians,  dis- 
tingidshed  by  its  tall  prismatic,  or  triangular  and  tapering  stem, 
growing  to  the  height  of  about  10  feet,  surmounted  by  a  downy 
flower,  appears  to  have  been  abundant  in  Egypt  at  the  early  period  of 
the  4th  dynasty.  On  monuments  of  the  reign  of  Chephren,  and 
Cheops,  men  are  represented  bearing  bundles  of  this  plant  (Lepsius, 
Denkm.,  ii  9-11),  which  they  have  gathered,  or  forming  it  into  the 
light  boifkts  by  which  they  crossed  the  marshes  or  theNile  (Lepsius, 
Denkm.,  ii  12).  The  principal  site  of  its  cultivation  was  the  alluvial 
ponds  tfoJkA  (Lepsius,  Denkm.,  ii  74),  where  it  is  represented  reaching  the 
height  of  10  feet  in  the  Delta  (Lepsius,  Denkm.,  ii  106  a).  As  early  as 
the  5th  dynasty,  it  appears  in  the  hieroglyphics,  either  for  the  pre- 
paration of  a  colour  for  the  eyes  (Lepsius,  ii.  22),  or  as  designating  the 
land  of  northern  Egypt  or  the  Ddta,  where  it  particularly  grew  (Ibid, 
ii.  47) ;  but  as  the  plant  has  gradiially  disappeared  from  Egypt,  some 
naturalists  have  supposed  that  it  was  not  indigenous,  but  introduced 
from  the  Niger  or  Euphrates,  where  it  is  still  found  native,  and  that 
it  has  become  extinct  for  want  of  necessary  culture.  It  has,  however, 
been  seen  as  late  as  the  19th  oenturjr  on  the  borders  of  the  lake 
Menzaleh,  the  Phsetnitic  tJylarus,  in  Upper  Egypt  and  in  Abyssinia. 
Some  think  indeed,  that  the  term  papyrus  comprehended  two  or  three 
different  kinds  of  reeds,  such  as  the  Cyperun  dives,  which  is  still 
cultivated  in  Egypt,  and  that  the  disappearance  of  the  Cypenu  papyrus 
is  owing  to  the  monopoly  of  the  Roman  contractors  or  publicani,  who 
restricted  its  culture  to  a  few  localities.  (Strabo,  xvii  560  c.) 
According  to  Pliny,  it  grew  ten  feet  above,  and  two  in  the  water,  besides 
striking  deep  roots  into  the  Nilotic  mud,  in  the  pools  or  marshes  of  the 
Sebynnitic  and  Saitic  nomes. 

The  papyrus  was  one  of  those  plants  which  the  ancients  con- 
verted to  a  multitude  of  uses.  Its  elegant  and  light  flowers  were 
woven  into  crowns,  and  neither  the  Spartan  Agesilaus  nor  the  Mithra- 
dates  VL,  of  the  line  of  Pontus,  disdained  to  use  it  for  that  purpose, 
its  pith  or  pulp  was  boiled  and  eaten,  and  considefed  the  primitive 
food  of  Egypt,  the  root,  on  the  contrary,  was  dried  and  used  for  faely 
the  bark  was  manufactured  into  matting,  sails,  and  ropes,  bedding,  and 
clothes.  The  priest  used  it  only  for  sandals ;  and  sandals  of  it  remain 
to  the  present  day  in  the  [collections  of  the  British  Museum.  (Pliiiy, 
N.  H.  xiii.  11,  22 ;  Strabo,  xvii  799.  E).  Boxes  were  also  made  of  its 
stems,  trinmied  and  tied  at  the  ends  and  middle ;  and  ia  an  ark  or  box 
of  papyrus,  the  youthful  Moses  was  placed  amonqgst  the  standing  pools 
of  papyri  At  the  time  of  Homer,  it  was  used  by  the  Greeks  for 
rigging  (Odys.  xxi.  891),  and  Antigonus  used  for  the  cables  of  bik 
fleet,  papyrus  grown  in  Syria.  The  ancient  Greek  name  for  the  mate- 
rial was  ihuhl^,  but  it  was  not  applied  by  prose  writers  to  books 
(Lucan,  iii  222). 

The  invention  of  papyrus  for  boats  was  attributed  to  Isis,  who 
searched  for  her  husband  Osiris  in  a  bark  of  this  material,  which  was 
said  to  be  especially  shunned  by  crocodiles,  probably  the  reason  why 
Moses  was  exposed  in  an  ark  of  the  same  noaterial  by  his  mother, 
niese  boats  are  mentioned  by  Isaiah,  Theophrastus,  and  Pliny.    But 
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the  most  remarkable  uae  of  this  plant  waa  for  the  maniifactme  of  paper, 
tam$,  which  appears  in  the  hands  of  scribes  on  the  earliest  monuments 
(Lepsius,  Dei^m.,  ii.  6.  9. 11.)  in  square  sheets  or  long  scrolls,  ttaht. 
The  process  of  manufacture,  as  described  by  Pliny,  was  to  cut  off 
both  ends  of  the  plant,  the  portion  used  was  neither  the  outer  bark  nor 
the  inner  pith,  but  some  twenty  layers  or  pellicles  under  the  rind 
sunx>unding  the  triangular  stalk,  those  nearest  the  centre  being  the 
finest,  which  were  separated  by  a  needle.  These  were  laid  side  by 
side  upon  a  board,  and  other  layers,  philyrse,  were  placed  at  right 
angles  on  them,  so  as  to  cover  them,  aoid  the  whole  cemented  with 
Nile.vrater,  or  more  probably  a  fine  glue.  By  continuing  this  process, 
it  was  possible  to  make  the  piece  of  any  length  and  breadth  required ; 
and  the  whole  was  pressed,  beaten  with  a  hammer,  and  rubbed  with 
tooth  or  shell,  it  was  then  pared,  smoothed,  laid  in  the  sun,  bound 
together  and  rolled  out.  The  size  and  quality  of  this  paper  differs 
considerably,  the  greatest  breadth  being  1  foot  6  inches,  or  the  lesser 
cubit ;  but  some  are  not  mok*e  than  4  inches,  while  the  quality  varies 
from  a  coane  and  stringy  to  a  silky  material  remarkablv  &ie  and 
smooth.  The  length  was,  of  course,  quite  arbitrary,  tne  longest 
pieces,  such  as  the  hieroglyphical  ritual  at  Leyden,  measuring  60  feet, 
while  other  portions  do  not  exceed  a  few  inches.  The  papyrus  of  the 
18th  dynasty  is  generally  about  13  inches  wide,  and  of  a  pale  bi-ownish- 
white  colour;  that  of  the  19th  dynasty  measiu-es  9  and  11  inches, 
and  is  of  a  dark  colour,  those  of  the  20th  are  14],  11,  8,  and  5 
indies,  and  are  of  whito*  colour  and  stouter  texture;  in  the  2l8t, 
the  papyrus  is  84  and  5  inches  wide,  and  of  dark  colour.  Some  of  the 
papyri  of  the  subsequent  dynasties  are  1  foot  6  Inches,  or  1  foot,  or 
94  inches  wide,  of  whiter  colour  but  coarser  texture,  and  at  the  time 
of  the  26th  dynasty,  the  material  is  remarkably  fine  and  white,  but 
oc<^onally  as  narrow  as  6  inches.  The  demotic  contracts  under  the 
Ptolemierf  are  written  on  a  yellowish-brown  papyrus  of  tiie  average 
width  of  11  inches,  and  about  20  long,  while  tne  Greek  papyri,  unde 
the  Ptolemies  and  Romans,  measure  about  124 — ^^  inches  wide;  the 
rituals,  1  foot,  10  inches,  94  inches,  and  these,  as  well  as  the  Roman 
rituals,  from  1  foot  to  94  or  4  inches,  are  of  a  stout  and  whiter 
material,  not,  however,  so  &ie  as  those  of  the  26th  dynasty. 

The  darknfBS  of  colour  is  probably  owing  to  the  greater  age,  those  of 
the  oldest  period  being  generally  we  darkest  and  almost  of  a  sienna 
odour,  the  material  having  carbonised  witii  age,  while  the  later  are 
generally,  but  not  always,  white ;  but  there  can  be  no  doubt  that  the 
contact  of  the  rituals  with  the  hot  bitumen  of  the  mummies  has  in 
many  instanoes  rendered  the  colour  darker,  the  hieratic  historical 
papyri,  said  to  have  been  found  in  vases  are,  however,  extremely  darL 
Papyri  are  found  under  various  ciroumstanoes,  but  principally  in  con- 
nection  with  the  mummies,  as  in  their  huids,  under  tineir  arms,  between 
their  legs,  or  under  the  bandages  stretched  all  over  them  like  a  shroud. 
They  are  generally,  however,  of  a  cylindrical  form  rolled  upon  them- 
selves, the  first  page,  of  course,  being  outwards,  and  those  of  letters  are 
sealed  with  a  day  seaL  The  rituals  are  often  placed  in  wooden  cases, 
made  in  shape  of  Osiris,  or  Ptah  Socharis  Osiris,  hidden  in  niches 
made  for  that  purpose,  or  in  the  hdllowed  body  of  the  deity,  or  else  in 
a  niche  in  the  pedestal,  so  skilfully  covered,  jomed,  and  painted  as  to 
elude  detection  by  the  ey&  The  historic^  and  documentaiy  papyri 
are  said  to  be  found  in  vases,  boxes,  and  ooflfins. 

The  ink  with  which  the  £;gyptians  wrote  on  this  material  was  an 
animal  carbon,  apparentiy  mixed  with  oil ;  they  used  for  the  purpose  a 
^og  rectangular  palette  or  canon,  from  1  ft  8  to  9  inches  long,  and 
from  2  to  14  feet  in  width,  having  two  small  cells  or  hollows  which 
held  a  small  quantity  of  red  and  black  ink,  the  pens  used  were  a  thin, 
cyhndrical  and  fibrous  reed,  called  hath,  thc|  ends  of  which  when  split 
foim  a  kind  of  natural  brush.  The  writing  is  according  to  the  nature 
of  the  document,  the  hieroglyphical  in  vertical  lines  of  thin  linear 
hieroglyphs,  the  hieratic  and  demotic  in  broader  and  thicker  cha- 
rartera,  generally  about  10  lines  to  a  page  of  9  or  11  hidies  long,  and 
m  black  and  red  characters.  Compoations  of  the  nature  of  books,  are 
written  with  great  care  and  reguhirity,  official  documents  less  so,  and 
with  characters  of  larger  dimensions  at  the  commencement.  The 
religious  compositions  are  ornamented  with  pictures  or  vignettes, 
traced  with  great  delicacy,  and  sometimes  brilliantiy  coloured  with 
simple  colours,  and  even  g^ded. 

Couidered  as  the  books  and  documents  of  andent  Egypt,  the  papyri 
«re  of  the  greatest  importance  to  the  knowledge  of  the  history  wid 
Irterature.  Oliey  consist  of  Hermetic  writings,  religious  and  moral 
books,  cml  documents,  and  Uteraiy  compositions  in  three  kinds  of 
wntmfe  besides  mwiuscripts  in  Greek  of  the  hi^iest  Uterary  import- 
■?^i  J^S?  ™?«*  o^**"  repeated  and  extensivdy  found,  is  the  so^iued 
ntual  of  the  Dead,  a  copy  or  abridgment  of  which  in  one  of  tiie  three 
imtings  wu  aepositod  witii  every  mummy  of  consequence  from  tiie 
lotn  dynasty  to  the  Roman  epoch. 

#„^  ^^  ?^  I>epartupe  from  the  Day,  and  entrance  mto  the 
iS^J^  '  "  fu  ~"^P«^^o?  ^Wch  can  be  traced  as  early  as  tiie 
^^^^'-""I  .*^^^?y™"*^  bmlders,  copies  of  whidi,  morJ  or  less 
lo?^!tS«?"*i  ^  *  ^^  museums  of  Europe,  tiiere  being  probably 
mL^^nT^i^JS. '*  ."'.^'^S^-  One  5  tiie  copiesVLeydei 
«^!?^  w  ^*'  "^.*' i°  *^«  ?ritish  Museum  stiU  more ;  but  tiie 
^^^"t  1™?P^*  "*  *^*  ~:5^^  "*^  ot  Turin,  written  about  tiie 
fame  of  the  Ptolemies,  and  puhUshed  by  Lepdus  in  tiie '  Todtenbuch.' 
The  evhest  ezunplei are  of  tiie  age  of  the  18tii  dynasty^or  about 


B.a  1500,  with  large  curdve  hieroglyphs  written  in  retix^grade  lines ; 
there  are  several  of  the  age  of  the  19th  dynasty,  or  about  b.o.  1000,  and 
one  in  the  British  Museum  was  made  for  an  officer  of  the  court  of  Seti  L 
In  the  subsequent  dynasties  the  rituals  are  often  abridged,  a  few  of  the 
prindpd  chapters,  chiefiy  those  relating  to  the  heart  being  given,  and 
generally  in  tiie  bieratic  hand-writing  which  prevailed  in  the  26th,  or 
Sdte  dynasty,  which  dosed  B.c.  525,  when  the  hieroglyphs,  if  used,  are 
smaller,  but  still  neatly  written,  and  the  papyrus  remarkably  white 
and  fine.  Under  the  Ptolemies  and  Romans,  mere  extracts  or  short 
papyri  containing  excerpts  of  these  sacred  books  were  given;  and 
under  the  Roman  empire,  the  mummies  had  the  allowance  reduced  to 
a  single  chapter.  The  rituals  are  divided  into  books,  tkaa,  which  are 
again  subdivided  into  chapters,  zu,  and  the  whole  comprised  in  volumes, 
gama.  The  sheets  are  called  seiht,  perhaps  the  Roman  aeheda,  the 
pages  ioh,  the  pictures,  tkher.  These  vignettes,  one  of  which  accom- 
panies each  chapter,  are  placed  above  the  text,  and  represent  the 
principd  action  of  the  chapter,  the  subject  of  which  and  the  oom> 
mencement,  as  wdl  as  the  directions  and  especial  words  in  the  text  are 
written  in  red  ink,  and  are  called  akker  iethr,  or  "  rubric"  The  ritual 
was  an  inspired  book,  and  was  supposed  to  have  been  dictated  and 
written  by  tiie  god  Thoth  himself,  and  the  collection  of  which  it  was 
composed  assured  to  the  soul  a  transit  through  the  purgatory  and 
other  regions  of  the  dead,  the  immortality  of  the  future  life,  and  its 
union  with  the  body,  the  passage  to  the  future  judgment  and  acquittal, 
protection  against  decay  and  consequent  transmigration,  and  directions 
for  a  variety  of  spells  of  a  magicd  nature,  especially  for  the  preservation 
of  the  heart :  the  most  remarkable  part  of  the  doctrine  is  the  distinct 
enunciation  of  the  immortality  of  the  soul  at  the  remote  period  of 
B.O.  2000,  everywhere  spoken  of  as  the  acknowledged  dogma  of  Egyp- 
tian theosophy. 

The  first  sixteen  chapters  commence  with  the  invocation  of  Thoth  to 
Osiris,  and  contain  various  prayers,  and  a  formula  for  the  preparation 
of  the  sepulchral  work  or  littie  figures  so  often  found  in  the  tomb. 
The  17th  chapter  is  an  esoteric  interpretation  of  the  faith — ^the  18th  to 
the  21st  is  the  Crown  of  Justification,  in  which  Thoth  justifies  the  Osiris 
before  or  against  different  ddties,  in  certain  mystical  regions.  From  the 
22nd  to  the  26th  are  the  different  spells  and  incantations  for  the  pre- 
servation of  the  heart,  tongue,  and  other  parts  of  the  body.  The  27th 
to  the  42nd  are  destined  to  r^>el  the  various  Typhonian  animals  that 
seek  to  destroy  the  body.  The  43rd  to  the  63rd  refer  to  the  means 
for  escaping  decapitation  in  Hades,  corruption  and  pollution,  and  the 
passage  m  the  mctkken  or  mystical  boat  over  the  river  of  Hades. 
Subsequent  chapters  refer  to  the  exit  of  the  soul  from  earth,  its 
expedition  into  Elysium  and  passage  of  the  Gates  of  the  Sim.  The 
most  remarkable  of  these  was  found  in  the  days  of  king  Mencheres  by 
the  prince  Hartetaf ,  on  a  brick  under  the  statue  of  the  god  Thoth  in 
Hermopolis.  The  77th  to  the  87th  contain  the  transmigrations  or 
genesis  of  the  soul  under  various  types  in  the  future  state.  The  89th, 
the  union  of  the  soul  and  body.  Subsequent  chapters  refer  to  similar 
ideas.  FVom  98  to  102  is  a  group  referring  to  the  mystical  b<»t,  a 
kind  of  Ai^go,  the  parts  of  which  address  the  deceased,  and  require  him 
to  tell  their  names  before  it  will  move.  The  110th  is  the  Egyptian 
Aahlu  or  Elydum,  where  the  deceased  sows,  irrigates,  reaps,  and  eats  of 
the  divine  com  of  the  Heavenly  Egypt.  The  125th  contains  the 
"great  judgment,"  the  appearance  of  the  deceased  before  Osiris  and 
the  42  demons,  the  negative  confession  of  the  sins  he  has  not  com- 
mitted, the  justification  by  Thoth,  the  wdghing  of  his  heart  in  the 
balance  against  the  feather  of  Truth,  the  devourer  of  the  widced,  the 
new  birth,  and  metempsychosiB.  Each  part  of  the  Hall  calls  out  to 
him  to  tell  its  name  before  it  will  allow  him  to  proceed,  and  the 
deceased  then  escapes  the  pool  of  fire  or  Phlegethon,  tne  subject  of  the 
126th  chapter.  The  subsequent  chapters  refer  to  the  passage  of  the 
Empyred  gateway,  and  the  admisdon  into  the  boat  of  the  sun  in  which 
that  luminary  circulated  through  the  liquid  ether  or  Cdestid  Nile. 
Other  chapters  contain  miscellaneous  information ;  137  is  to  restore  the 
vitd  warmth ;  141, 142,  the  knowledge  of  the  names  of  the  gods ;  145, 
146,  the  passage  through  the  mystical  doorways  of  Osiris  guarded  by 
demons,  whose  names  the  deceased  has  to  declare.  In  tiie  152nd,  the 
deceased  enters  his  new  mansion  and  drinks  the  waters  of  Nu,  or  Ufe ; 
the  154th  is  to  preserve  the  soul  from  transmigration.  Seven  others 
give  instructions  for  the  amulets  placed  on  the  throat  of  the 
mummies ;  and  the  last,  162,  for  the  placing  of  the  coffin  of  the  dead 
so  as  to  be  blown  upon  1^  the  four  winds.  The  ritud  doees  here, 
but  at  the  time  of  the  Turin  ritud  three  supplementary  chapters,  163- 
165,  were  introduced,  of  mythicd  import,  referring  to  the  woxBhip  of 
Amen  Ra. 

Beddes  the  ritud  other  religious  papyri  are  known,  one  the  book 
of  the  Lamentations  of  Isis  over  her  brother  Osiiis,  the  other  the 
passage  of  the  sun  through  tJie  eleventh  hour  of  the  night,  chiefly 
found  with  the  mummies  of  the  priestesses  of  Amen  Ra  in  the 
age  of  the  XX  and  subsequent  dynasties  at  Thebes,  and  a  hymn  to 
the  Nile. 

The  hieratic  civil  and  literary  papyri  are  equdly  interesting  and 
important  for  the  knowledge  of  the  chronology  and  history  of  the 
country.  These  papyri  are  known  under  the  names  of  their  pos- 
sessors, as  the  Priase,  Sallier,  Anabtad,  D'Orbiney,  and  Abot  Papyri. 
Of  those  as  yet  publidied,  the  most  remarkable  are  the  Hieratic  canon 
of  the  kings  at  Turin,  unfortunately  much  mutilated,  which  originally 
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contained  a  list  of  kings  till  the  19th  dynasty,  with  the  dates  of  their 
leigDSy  and  a  chronological  introduction;  the  Prisse  Papyrus,  con- 
sisting  of  a  book  of  moral  instruction  written  by  Ptahhetp,  an  officer 
of  the  5th  dynasty,  and  the  oldest  known  papyrus;  the  I.  SaUier, 
oontaining  an  account  of  transactions  between  ^the  Hjkshos  king 
Apapus,  and  the  Egyptian  monarch  Taakan  of  the  17th  dynasty;  the 
XL  Saliier,  the  instructions  of  Amenemha  I.  of  the  11^  dynasty 
to  his  son  Usertesen  I.;  and  those  of  Sakarta  to  his  son  Papi 
on  his  return  from  the  college  at  Sikilis,  the  IV.  Sallier,  an  Almanac 
of  fasts  and  festivals,  with  the  religious  reasons  for  the  same,  and  the 
luck  or  misfortunes  of  each  day ;  the  D'Orbiney  Papyrus,  the  romance 
of  the  two  brothers  written  by  Enna  for  the  young  prince  Seti  II.  in 
the  reign  of  Merienptah,  a  kind  of  novel,  the  pk)t  turning  on  the 
misconduct  of  the  wife  of  the  eldest,  the  death  of  the  younger,  his 
revival  and  metamorphosiB  into  a  bull,  and  persea  trees;  the  IIL  Sallier, 
or  poem  of  Pentaur  celebrating  the  exploits  of  Rameses  II.,  against  the 
Xhita,  and  the  grand  triumph  of  Egypt  over  that  peofde.  Besides 
these  which  are  uteraiy,  sevraal  documentary  hieratic  papyri  remain, 
as  those  at  Turin,  dated  in  the  reign  of  Thothmes  IIL,  Aiuenophis  II., 
Bameees  IL,'  III.,  Y.,  V L,  the  contents  of  which  are  as  yet  impublished, 
and  the  Abot  papyrus  dated  in  the  16th  year  of  Rameses  IX.,  con- 
taining an  account  of  the  violation  of  certain  roya>  tomba  and  the 
examination  by  the  police.  The  Anast^  papyri  appear  to  be  copies 
of  correspondence  and  instructions  entered  on  the  S^gyptian  patent 
rolls.  In  Sallier  L  are  ten  letters  of  Ameneman,  and  one  of  Pentaur, 
about  agricultural  affairs,  the  advantages  of  learning,  and  instructions. 
L  Anaatasi  describes  a  joiuney  in  Palestine,  III.  AnastAsi  nusoel- 
laneous  matters  addressed  by  Amenemap  to  Pinebea,  giving  an  account 
of  a  military  life.  IV.  Anastasi  admonitions  and  oUier  affidrs,  Y.  YI. 
YIL  YIII.  of  the  same  series,  letters  and  nusoellaneous  entries  about 
judicial  and  other  matters.  A  series  of  papyri  at  Leyden  refer  to 
similar  matters,  or  magia  At  Berlin  a  papyrus  contains  the  receipts 
of  an  Egyptian  physicixm. 

The  demotic  or  enchorial  papyri  consist  principally  of  contracts  for 
the  sale  of  lands,  houses,  mummies,  and  tombs,  commencing  in  the 
rdgn  of  Psammetlchus  I.,  b.o.  850,  and  continuing  till  the  reign  of 
Kero ;  besides  which,  there  are  in  the  same  handwriting,  memoranda, 
accounts,  letters,  translations  of  fragments,  or  later  rituals  by  the 
Qnoetics,  Basilidians,  or  Yalentinians,  occasionally  accompanied  with 
valuable  interlinear  translations  and  words  in  Greek.  They  are  chiefly 
iiicmortant  for  the  light  they  throw  on  the  chronology  of  tiie  Persians 
and  Ptolemies,  and  on  the  changes  which  the  language  underwent  at  a 
later  period.  Two  Phoenician  papyri  have  also  been  found  in  a  tomb 
of  the  Thebaid. 

The  few  Coptic  papvri  consist  principally  of  portions  of  the  Old  and 
New  Testament,  religious  works,  deeds  and  donations  to  monasteries 
at  Gemi  in  the  Thebud.  There  are  no  early  Arabic  papyri,  but  this 
language  is  found  in  the  Neskhi  character,  probably  written  in  recent 
times  on  old  mateiiaL 

Nor  are  the  Greek  papyri  found  in  Egypt  less  important;  and  recent 
diKoveries  have  not  only  added  considerably  to  the  stock  of  Greek 
literature,  but  excited  hopes  of  finding  still  greater  treasures.  The 
150  papyri  found  in  the  vicinity  of  the  Serapeum  of  Memphis  have 
revealed  the  inner  life  and  government  of  that  temple— the  mode  of 
transacting  public  business,  the  administration  of  justice,  the  value  of 
commodities,  the  state  of  the  chancery  of  the  Ptolemies,  the  rules  of 
the  religious  orders,  and  many  other  curious  particulars  connected  with 
the  history  of  that  temple.  [SsRAyEUM.]  Thoee  exhumed  from  the 
ruins  of  Thebes  have  also  been  of  great  interest,  throwing  considerable 
light  upon  the  history  of  the  place,  especially  the  sale  of  the  mummies, 
liturgies,  and  houses,  the  q^uarrels  of  the  various  classes  of  undertaken 
and  others  in  that  declining  dty.  Besides  these,  letters  of  private 
individuals,  advertisements  for  runaway  slaves,  a  treatise  on  astronomy, 
a  horoscope,  and  a  treatise  on  grammar,  with  extracts  from  lost 
authors,  and  other  miscellaneous  writings  have  been  found.  The  dis- 
covery of  a  book  of  the  '  Iliad,'  and  of  two  lost  orations,  and  portions 
of  two  others  of  Hypereides,  have  proved  what  important  manuscripts 
in  tiiis  material  may  come  from  the  Theban  tombs.  The  Psalms  of 
David,  in  uncial  characters,  on  papyrus,  in  the  form  of  a  book,  have 
alio  been  found  in  Egypt 

Although  there  is  no  doubt  from  the  mention  of  papyrus,  either  in 
its  natural  or  manufactured  state,  by  Homer,  Alca3us,  JEschylus, 
Herodotus,  and  Plato,  that  the  Greeks  were  acquainted  with  its  use  at 
an  ttffly  period,  yet  it  is  doubtful  if  it  was  universally  employed,  not- 
withstimding  the  spurious  letter  of  Sarpedon,  said  to  nave  been  written 
^rom  that  monarch  when  at  Troy,  and  sent  to  Lycia.  It  appears  from 
ui  Athenian  inscription  that  a  sheet  of  papyrus,  charta,  in  tne  days  of 
Pericles,' cost  1  drachm  2  obols,  or  about  It.  Hd,,  which,  taking  the 
▼aloe  of  money  at  that  period  ss  four  times  greater  than  at  pre- 
sent, amounts  to  about  is,  6d.  [Rhangab^  '  Ant  HelL  I./  1842,  No. 
56—59;  Egger,  'Rev.  Contemp.'  1856,  p.  171.]  Probably  the  state- 
incnt  of  Yarro  is  substantially  correct,  and  it  was  not  much  in  use 
tin  the  time  of  Alexander  the  Great — ^bef  ore  which  period  the  Greeks 
UBed  palm-leaves,  linen,  lead,  or  wax.  Among 'the  Ionian  Greeks 
<Hp(Aer(r,  or  skins,  appear  to  have  been  anciently  employed,  for  they 
^e  this  name  to  papyri.  At  the  time  of  the  Ptolemies  papyri  and 
hooks  were  exported  trom  Egypt  but  the  trade  wss  stopped  by 
the  rivalry  of  the  kings  of  Egypt  and  Pergamus^Ptolemy  Epiphanes 


Y.  arid  Attains,  or  Eumenes  II.,  in  whose  reign  the  grammarian  Crates 
is  said  to  have  invented  pergamena,  or  parchment,  or  rather  to 
have  substituted  its  use,  this  material  having  already  existed  long 
before  in  Egypt— roUs  of  brown  leather  of  the  14th,  and  of  white 
leather  or  parchment  of  the  subsequent  dynasties  existing  in  the 
collections  of  the  British  Museum  of  nearly  1000  years  older  than  the 
parchments  of  the  kings  of  Pergamus. 

The  use  of  papyrus  in  Rome  dated  from  the  earliest  period,  the 
books  of  Numa  and  the  Sibyl  were  said  to  have  been  made  of  this 
material,  but  Yarro,  in  a  passage  controverted' by  Pliny,  states  that  the 
pajMsr  was  first  invented  long  after,  in  the  days  of  Alexander  the  Great 
It  is  clear,  however,  that  it  was  in  use  in  European  and  Asiatio 
Greece,  and  consequently  Magna  Greecia,  long  before.  According  to 
other  authorities  it  wss  raised  in  Apulia  and  CSidabria,  and  even  in  the 
marshes  of  the  Tiber,  in  the  vicinity  of  Rome ;  but  there  appears  to  be 
some  doubt  whether  the  Romans  manufactured  paper  at  Rome  or 
merely  improved  and  adapted  the  raw  papyri  exported  from  Egypt 
In  the  days  of  the  empire  various  kinds  of  papyri  then  in  use  were 
named  from  their  size  or  fineness.  The  Romans  prepared  their  paper 
with  greater  care,  and  sized  it  with  a  paste  of  fine  flour  stirred  in 
boiling  water  with  a  few  drops  of  vinegar,  and  some  leaven,  which  was 
filtered  and  kept  for  one  day ;  after  sizing  it  was  beaten  with  a  hammer 
and  sometimes  sized  a  second  time,  pressed  and  smoothed.  The  names 
of  the  principal  kinds  were  the  charta  Augmta,  12  inches  broad,  of  a 
fine  and  white  quality,  anciently  called  the  hUnUiea,  because  used  for 
religious  purposes,  rather  too  thm  for  books,  and  used  orlj  for  letters, 
hence  called  epUtolaru;  the  JAviana,  named  after  Livia,  was  the 
second  quality ;  the  third  quality  was  the  amphUheairica,  so  called 
from  being  made  near  some  amphitheatre,  of  9  inches  breadth,  being 
beaten  out  from  an  Egyptian  papyrus  of  8  inches;  an  improved  kind 
called  the  Fanniana,  was  prepared  by  the  grammarian  Rhemmius 
Fannius  Pahemon,  in  the  reign  of  Claudius  I.,  10  inches  in  width,  and 
very  fine,  and  capable  of  b^g  written  on  both  sides;  the  Claudia, 
invented  by  the  same  emperor,  was  18  inches  wide,  and  underlaid  with 
a  second  layer;  besides  which  there  were  the  empcretica,  or  warehouse 
paper,  tof  packing,  of  6  Inches;  the  taUica,  made  either  of  coarser  or 
old  matoial,  and  narrow ;  the  tamiotica,  very  coarse,  sold  by  weight ; 
and  other  qualities  and  kinds  as  the  Thebaiea,  Cariea,  Mtmphitica, 
named  from  the  places  where  produced ;  the  ComtUana,  said  to  have 
been  called  after  Cornelius  Gallus ;  the  rtgia,  or  royal,  finer,  but  not 
large ;  and  the  maeroeolhu,  larger  than  13  inches.  The  quire,  seapus, 
consisted  originally  of  twenty  dieets,  or  piaguUe,  but  was  afterwards 
reduced  to  ten.  The  defects  were  roughness,  spots,  and  gaps.  The 
length  of  the  writing  on  the  pages  was  narrow,  and  the  Hennilaneum 
papyri  do  not  exceed  4  inches ;  the  writer  used  an  ink  made  of  soot, 
of  pine-wood,  burnt  pitch,  and  resin,  and  special  writers,  called 
ckrytoffraphi,  wrote  gold  letters;  all  wrote  with  the  calamui,  a 
Canan  or  Enrptian  reed,  on  blind  lines,  aloket,  generally  on  one  side 
only,  the  back  being  generally  stained  with  saffron  or  cedar-oiL  The 
writings  or  books  were  rolled  up  upon  a  stick,  like  the  Egyptian,  into  a 
cylindrical  form— each  cylinder  was  called  volt*men;  snd  Uiose  of  Iler- 
adaneum  have  the  sUck,  baciUus,  or  the  wnbUicus,  concealed  in  the 
rolls:  at  each  end  was  a  projecting  knob,  ccrrm;  the  edges  were 
coloured  black.  Yolumes  were  often  placed  in  purple  leather  cases, 
called  sUtyba;  and  the  title  of  the  roll,  tUtUut,  was  written  on  a  small 
strip  of  papvrus  or  parchment,  lorum,  in  letters  of  a  light  red  colour, — 
besides  which,  a  portrait  of  the  author  was  sometimes  drawn  on  the  first 
page  of  the  roll.  The  titles  of  works  were  suspended  to  the  door-posts,  > 
eoUmna,  of  the  booksellers,  UbrwrH,  who  formed  an  important  class. 
Books  were  not  very  dear :  a  copy  of  the  first  book  of  Martial's  '  Epi- 
grams '  sold  for  5  denarii,  or  about  4«.,  in  the  author^s  lifetime.  The 
Alexandrian  trade  in  books  was  very  great;  and  nothing  astonished 
Hadrian  more  on  his  visit  to  that  city  than  the  activitv  of  the  paper 
manu&cture  at  Alexandria,  which  formed  one  of  the  staples  of  Egyptian 
commerce,  which  is  mentioned  by  Philostratus,  a.d.  244;  snd  the 
pretender  to  the  empire,  Flrmus,  a.d.  272,  boasted  that  he  could  feed 
hia  army  off  the  papyrus  and  glue  of  his  paper  manufactory.  The 
Alexandrian  papyrus  is  mentioned  by  St  Cynl,  a.d.  409,  and  a  Latin 
deed  of  sale  is  known  of  the  same  century,  found  at  Philso.  St  Jerome 
in  this  century  mentions  its  use  ss  universaL  The  use  of  this  material 
continued  to  be  universal  in  the  following  century,  and  there  remains 
of  tills  age  the  homilies  of  St  Avitus,  a.d.  525;  the  charters  of 
Ravenna,Sof  a.d.  552 ;  the  homilies  of  St  Augustine,  written  on  papyrus 
with  sheets  of  parchment  introduced;  and  fragments  of  Josephus. 
The  most  remarkable  event  of  this  age  is  the  abolition  of  the  paper 
duty^  bv  Theodoric,  recorded  in  the  pompous  and  flowery  panegyric  of 
Cassiodorus,  A.D.  562.  It  is  also  mentioned  in  this  century  in  the 
legend  of  St  Eugendus,  and  by  Gregory  of  Tours,  as  exported  from 
Alexandria.  The  Greek  charters  of  Mauridus  and  Heraclius,  a.d.  606- 
616,  and  the  Latin  of  Dagobert  I.,  Jl.j>.  690,  show  its  use  in  the  east 
and  west  in  the  7th  century ;  the  bull  of  Pope  John  YIII.,  a.d.  876, 
brings  its  use  down  to  the  9th ;  snd  in  Italy  it  continued  to  be  used 
till  the  11th  or  12th,  the  latest  known  document  being  the  bull  of 
Paschal  IL  in  favour  of  the  see  of  Ravenna,  but  Eustathius,  aj>.  1170, 
speaks  of  papyrus  as  extinct  in  hia  days ;  and  it  appears  to  have  been 
quite  superseded  by  the  use  of  cotton-paper,  Charta  £ombycina,  or 
^maaeena,  introduced  by  the  Arabs  from  Aisia,  of  which  they  obtained 
the  knowledge  in  aj>.  704,  according  to  some  authorities,  but  no 
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Arabic  paper  manuacript  bearing  a  date  older  than  about  A.D.  950  is 
known.  Some  indeed  assert  that  the  so-called  papyri  of  these  later 
centuries  are  really  made  of  bark,  and  are  a  kind  of  charta  oortioea* 

This  most  remarkable  of  the  Roman  papyri  are  the  1766  rolls,  and 
fragments  found  in  an  excayation  of  Herculaneum,  about  a.d.  1758,  in 
a  book  case  in  a  small  room  in  a  house,  utterly  reduced  to  carbon,  and 
twisted  so  as  to  reeemble  ram's  horns,  by  the  effects  of  the  eruption  of 
Vesuvius.  They  were  at  first  belieyed  to  be  mere  billets  of  carbon,  but 
letters  having  been  observed  on  some,  attempts  were  made  to  unrol  and 
decipher  them.  The  first  attempts  to  unroll  them  were  made  by 
Pademi,  who  in  1755  incised  them  to  the  centre  in  two  opposite 
places  of  the  cylinder  so  as  to  reveal  two  pages,  but  otherwise  to  spoil 
the  best  papyri.  The  first  succesful  attempts  were  made  by  Piaggi  in 
1758,  and  sinee  his  time  no  improvement  on  his  sjrstem  has  been 
made,  the  attempts  of  lApira,  Davy,  and  Sickler,  being  equally 
imsuccessfuL  The  process  of  Piaggi  still  practised  at  Naples,  is  to  lay 
the  papyrus  in  a  convex  trough  on  cotton  supported  by  two  uprights 
of  wood,  which  lower  at  the  pleasure  of  the  unroUer ;  the  trough  is 
suspended  by  a  band  passing  over  it  at  each  end,  and  attached 
above :  the  outer  portion  of  the  papyrus  is  slightly  saturated  with 
gum  or  glue,  and  the  layer  of  writing  detached  witii  a  needle,  and 
as  quickly  as  detached  fixed  by  the  back  on  a  layer  of  gold-beater^s 
skin  i^aced  vertically ;  a  third  band  passes  in  the  middle  between 
those  of  the  ends,  and  is  attached  to  the  gold-beater^s  skin  which  is 
drawn  up  with  the  pages  attached  as  the  operation  proceeds.  After  a 
few  pages  have  been  unrolled,  the  skin  is  cut  off  and  the  pages  handed 
to  the  artists  who  draw  and  engrave  them,  they  are  then  passed  to  the 
interpreters  who  collate  and  transcribe  them.  The  process  is  one 
requiring  the  greatest  care,  experience  and  patience,  and  the  progress 
is  necesauily  slow,  not  more  than  about  an  inch  can  be  unrolled  in 
four  or  five  hours,  and  it  took  four  years  to  unroll  thirty-nine  pages  of 
PhilodemuB  on  music,  and  one  year  and  a  half  to  perform  the  same 
operation  for  twenty-nine  pages  of  rhetoric.  "When  tmroUed  they  are 
framed  and  glazed,  and  published.  The  work  proceeds  but  slowlv, 
owing  to  the  irfere^t  taken  in  them  having  diminished  since  then: 
discovery,  and  the  contents  not  having  had  the  literary  importance 
that  was  expecUd.  The  rolls  were  in  the  library  of  an  epicurean,  and 
consist  of  philosophical  disquisitions,  chiefly  by  the  philosophers  of 
that  school;  there  is  one  treatise  by  Epicurus  himself  on  Nature, 
another  by  Chrynppus  on  Providence,  several  by  Philodemus  on 
Music,  Morals,  and  other  subjects,  and  others  by  Colotes,  Camiseus 
and  Polystratus.  The  papyri  with  latin  texts  are  differentiy  prepared, 
and  present  still  greater  difficulties  to  unroll.  Neither  the  dimen- 
sions nor  the  fabric  of  these  correspond  with  the  description  of  Pliny, 
and  it  may  be  generally  remarked  that  the  monuments  and  litenture 
of  the  ancients  rarely  agree.  The  breadth  of  the  papyri  at  Hercu- 
laneum  is  from  S^  to  12f  inches  for  that  of  the  Greek,  the  Latin  are 
wider ;  the  pages  are  quite  black,  and  the  letters  <mly  distinguishable 
in  a  favourable  light  bv  the  greater  intensity  of  colour,  or  bv  their 
polish.  From  the  similarity  of  the  letters  it  is  evident  the  rolls  were 
new.  The  space  occupied  by  ancient  libraries  of  these  rolls  appears  to 
have  been  considerable;  from  the  portion  of  the  'Qiad'  found  at 
Elephantine,  8  feet  long  and  10  inches  wide,  it  appears  that  a  copy  of 
the  works  of  Homer  would  require  41  such  rolls.  In  the  Alexandrian 
library,  a  separate  room  contained  his  works  and  those  of  his  commen- 
tators in  1000  rolls.  The  libraries  of  the  New  Museum  at  Alexandria, 
and  of  the  Serapeiun  have  been  estimated  at  from  54,000  to  700,000 
such  books  or  rolls.  At  Rome  liie  first  pjablic  library  was  that  of  Asinius 
Pollio,  in  the  time  of  Augustus ;  some  private  individuals  possessed 
magnificent  libraries,  and  that  of  Epaphroditus,  the  grammarian  of 
Chseronea,  who  Hved  from  the  reign  of  Nero  to  that  of  Nerva,  had 
80,000  rare  books  in  papyri  The  rooms  which  held  these  papyri  were 
probably  small,  and  when  required  for  reading,  a  few  were  carried  out 
in  cylindrical  boxes,  eistee,  of  bronze,  standing  on  three  legs  with  a 
vaulted  cover,  and  placed  on  the  floor  beside  the  reader.  The  roUs 
stood  vertical,  and  were  taken  out  of  the  box  by  a  strip  of  parchment 
attached.  The  reader  fixed  one  end  by  his  chin,  unrolled  as  far  as  he 
required,  and  then  held  the  roll  wiUi  both  luuids.  The  first  pages 
were  called  protoeoBa  or  protocols,  the  last  eskatocoUa.  So  important 
was  the  due  supply  of  paper  to  the  Roman  scribes  and  public,  that  a 
deficiency  in  the  reign  of  Tiberius  gave  rise  to  a  riot. 

The  manufacture,  for  the  sake  of  verifying  the  statements  of  Pliny, 
was  revived  in  the  last  century.  Its  existence  in  the  vicinity  of  Panor- 
mus  at  a  farm  called  the  Massa  Papyreti,  had  been  already  mentioned 
by  Gregory  and  by  Hugo  Falcandus,  at  a  place  caUed  Papero,  and  in 
the  pools  of  the  Liaae,  near  Syracuse,  where  it  was  discovered  by  the 
Cavalier  Landolina,  and  a  coarse  stout  papyrus,  inferior  to  the  ancient, 
produced  from  it,  small  quantities  for  curiosities  being  made  to  the 
present  day.  It  was  introduced  from  Egypt  under  the  reign  of  one  of 
the  later  tyrants  of  Syracuse. 

The  extreme  value  obtained  by  papyri,  some  extraordinary  manu- 
scripts having  fetched  from  90^  to  200/.,  and  all  of  them  being  a 
highly  prized  dass  of  antiquities,  menaces  these  andent  rolls  with 
destruction.  The  Arab  fellaheen,  who  dive  into  the  cemeteries  of 
Qizeh  and  Goumal,  tear  into  pieces  "  these  frail  nvalB  of  the  pyramids," 
as  they  have  been  called,  and  for  the  sake  of  obtaining  greater  sums 
from  the  ignorance  of  travellers,  are  accustomed  to  make  out  of  the 
unfortunate  fr-agments  fictitious  rolls  of  papyri.    They  make  a  core  or 


body  of  blank  papyri,  or  of  the  dried  stem  of  an  andent  plant  found 
in  the  sepulchre,  and  then  glue  over  this  cylindrical  mass  fragments 
of  one  or  more  broken  papyri,  the  writing  outwards  in  an  admired 
confusion,  tie  the  whole  with  a  strip,  and  seal  it  with  a  day  seal  bearing 
the  impression  of  a  scarabeeus.  It  is  painful  to  think  how  many  Egyptian 
and  Greek  manuscripts  of  the  highest  value  to  sdence  and  literature 
have  been  in  this  way  destroyed. 

The  extremdy  brittle  condition  in  which  Egyptian  papyri  are  found, 
renders  it  impossible  to  unroll  them  in  their  actual  con<tition  without 
injury,  but  they  regain  their  elastidty  by  the  application  of  cokl  or 
hot  water,  or  exposure  to  damp,  and  still  better  by  carefully  steaming 
them  in  a  covered  vessd ;  those  that  have  much  oil  or  bitumen  require 
the  application  of  alcohol  to  separate  them  more  easily :  they  should  then 
be  unrolled  and  laid  down,  if  only  written  on  one  dde,  on  drawing- 
paper,  and  fixed  with  a  paste  containing  alum  or  a  slight  quantity  of 
corrodve  sublimate  to  prevent  the  ravages  of  insects.  Formerly  they 
were  unrolled  on  a  gauze  and  glued  at  the  edges,  and  genti^pressed  with 
linen,  but  it  is  praferable  to  mount  them  as  prints.  When  they  are 
<nily  endorsed  in  a  few  places,  it  is  merely  necessary  to  leave  the 
endorsements  not  mounted,  and  place  over  them  goldbeater*s-8kin  or 
tracing-paper  for  protection.  At  Leyden,  the  papyri  are  fixed  on  tissue 
paper  inade  transparent  by  glue,  and  they  are  rolled  up;  those  in  the 
Vatican  are  pasted  on  pages  of  cloth ;  those  of  Paris  are  glased  or  fixed 
on  thin  but  compact  pasteboard;  tiiose  in  the  British  Museum  are 
mounted  in  frames,  or  in  separate  pages  of  pasteboard  and  glased. 
The  custom  of  rolUng  up  papyri  is  (^jectionable,  owing  to  the  fifareB 
splitting  with  the  tmrollmg  and  injuring  the  writing.  FacannileB  of 
lueroglyphlc  hieratic,  donotic,  Greek,  Latin,  and  other  papyri  have 
been  published  at  various  times,  exhibiting  the  palaeography,  textures, 
size,  and  other  peculiarities  of  these  rolls. 

(The  prindpal  works  to  be  consulted  are,  Guilardinus,  Prnptfrna, 
12mo,  Madrid,  1667 ;  Mabillon,  De  Re  DiplomtUica,  I  c.  8,  p.  88  and 
folL ;  Montfaucon,  PaUeographia  Qrceea  L  2,p.  18  and  folL ;  Gaylus,  mo- 
le  Papynu,  Mem.  iff  Acad,  xxvi,  p.  267;  Jomard,  JDeter.  de  CBgypU, 
iii,  p.  117-118 ;  Winckelmann,  ii,  Bd.  1. ;  Goodwin,  C.,W.,  CaiuSnidgt 
EttayBf  1858,  p.  226 ;  lAbrcary  of  Entertaining  Knowledge — Bgifptimi 
AnHquities,  il  c.  7 ;  De  Rougi^,  Bevue  Contemporaine,  xxviL,  p.  889 ; 
Chabas,  Revue  Archeologique,  1857;  Be  Roug^,  Rev,  ArdteoL,  1B52 ; 
Moniteur,  7  et  8  Mare,  1851 ;  Hincks'  Cat.  of  Eg.  Man.  Trin.  CM.  DM., 
8vo,  1848 ;  Goodwin,  Gneco-Egyptian  work  on  Magic,  8vo,  1852.) 

PAR  OF  EXCHANGE.    [Exchange.] 

PARA  (coin).    [Monbt.] 

PARA.  A  prefix  sometimes  used  in  chemistry  in  naming  com- 
pounds which  either  in  properties  or  composition  resemble  the  body 
to  which  it  is  attached,  but  differ  from  it  in  some  other  respects. 
Thus  paracyanogen  is  a  body  of  the  same  composition  as  cyanogen, 
but  differs  from  the  latter  in  properties.  Such  compounds  will 
generally  be  found  under  the  name  to  which  the  prefix  is  added. 

PARABANIC  ACID.    [Uric  Acid.] 

PARABLE  (irapa/BoX^, "  a  comparison  or  similitude  "),  is  defined  by 
Bishop  Lowth  as  *'  a  continued  narrative  of  a  fictitious  event,  applied 
by  way  of  simile  to  the  illustration  of  some  important  truth." 
('  Pnelect.,'  x.)  It  is  a  spedes  of  fable,  and  differs  from  the  apolqgue 
by  narrating  events  which,  though  fictitious,  are  not  impossible  to  have 
happened.  [Fable.]  This  mode  of  instruction  is  of  great  antiquity, 
especially  among  the  eastern  nations.  In  the  Old  Testament  we  have 
examples  of  it  in  the  parable  of  Nathan  to  David  (2  Sam.,  xiL  1-9),  in 
that  of  the  woman  of  Tekoah  (2  Sam.,  xiv.  1-18),  and  repeatedly  in  the 
writings  of  the  prophetB  (Is.,  v.  1-7 ;  Ezek.,  xv.,  xvi,  xix.,  xxxiii,  &c.). 
The  parable  of  Jotham,  which  is  often  spoken  of  as  the  most  andent 
parable  in  existence  (Judges,  ix.  7-15),  is  properly  an  apologue.  In 
the  New  Testament  parables  form  a  most  marked  feature  of  our 
Saviour^s  teaching.  (See  the  gospels  of  Matthew,  Mark,  and  Luka) 
Lowth  lays  down  as  the  essential  qualities  of  a  parable,  that  the 
image  muist  be  well  known  and  applicable  to  the  subject,  and  its 
meaning  clear  and  definite;  it  must  be  elegant  and  beautiful  in 
itself ;  all  its  parts  and  appendages  must  be  perspicuous  and  pertinent; 
and  the  literal  must  never  be  confounded  with  the  metajAiorical 
sense. 

Many  of  the  Scripture  parables  are  aooompanied  by  an  explanation, 
which,  of  course,  fixes  the  sense.  Where  this  is  not  the  case,  the 
intended  meaning  must  be  gathered  from  a  consideration  of  the  sub- 
ject-matter of  the  parable  itself,  the  context  in  which  it  occurs,  and 
the  circumstances  under  which  it  was  uttered. 

Besides  its  usual  signification,  this  word  is  employed  in  the  Scrip- 
tures in  the  following  senses : — a  proverb,  a  famous  saying,  a  thing 
darkly  or  figurativdy  expressed,  and  a  visible  type  or  emblem. 

PARA'BOLA.  The  probable  origin  of  this  name,  as  applied  to  one 
of  the  conic  sections,  may  be  seen  in  Rectanqle.  As  in  the  case 
of  the  other  Conic  Sections  [Ellipse  and  Htperbola],  we  shall  here 
give  a  small  collection  of  the  most  remarkable  properties  of  this 
curve. 

1.  Let  a  point  p  move  in  such  a  way  that  its  distance  s  p  from  a 
fixed  point  8  Ib  always  the  same  as  its  perpendicular  distance  rx 
from  a  given  line  hl.  Tlus  point  p  describes  what  is  called  a 
parabola. 

2.  The  line  lb, [perpendicular  to  Lie,  produced,  is  the  ax%$f  or 
prvn/eipcA  diameter;  and  any  line  pv  parallel  to  it  is  called  a  diamekr. 
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The  point  B  is  the  /ociu,  and  the  line  l  K  the  diteebrix.  The  ordinate 
B  K  drawn  through  the  focus  is  called  the  Mmt-^otuf-rectttm,  and  double 
of  it  ia  the  ItUua  rectum.  The  same  phrase  is  used  for  the  ordinate 
drawn  through  the  focus  of  an  ellipse  or  hyperbolic 


3.  6  A  is  equal  to  a  L ,  and  s  k  to  twice  a  8. 

4.  If  an  elHpae  be  described  with  the  Yertex  A  and  the  locus  B,  the 
farther  the  centre  is  from  the  point  s,  the  more  nearly  will  the  part  of 
the  ellipse  which  falls  within  any  given  ordinate  P  N  coincide  with  the 
corresponding  part  of  the  parabola :  and  the  same  of  an  hyperbola 
drawn  with  the  vertex  a  and  focus  s.  And  a  parabola  may  be  con- 
sidered as  an  ellipse  or  hyperbola  with  a  given  focal  distance  a  s,  and  a 
centre  at  an  infinite  distance. 

5.  The  tangent  p t  bisects  the  angle  MPS,  and  8 p  is  equal  to  a  T, 
and  AN  to  AT.  The  line  st  drawn  perpendicular  to  the  tangent 
from  the  focus  always  meets  pt  in  a  point  of  the  tangent  di^wn 
through  A. 

6.  If  the  normal  PQ  be  drawn  perpendicular  to  pt,  then  B  P  is  equal 
to  8  o,  and  n  a  is  always  equal  to  twice  a  8. 

7.  The  square  on  p  N  is  equal  to  four  times  the  rectangle  under  a  n 
and  AS. 

8.  The  area  an  pis  two-thirds  of  NZ,  the  rectangle  under  an  andNP. 

9.  If  Q  q'  be  drawn  parallel  to  pt  throuj^  any  point  v  of  the 
diameter  F  v,  Q  Q  is  bisectedin  y,  and  the  square  on  Q  v  is  equal  to  four 
times  the  rectangle  under  sp  and  py. 

10.  The  square  on  s  t  is  equal  to  the  rectangle  under  A  8  and  8  P. 

In  applied  mathematics  the  parabola  was  formerly  of  great  im- 
portance, both  as  being  the  curve  in  which  a  comet  was  suppoeed  to 
move,  and  as  that  in  which  a  cannon-ball  or  other  projectile  would 
move  were  it  not  for  the  resistance  of  the  air.  It  is  still  sometimes 
used  as  the  approximation  to  the  elongated  ellipse  in  which  a  comet 
moves.  For  the  more  accurate  investigations  which  deduce  the  real 
path  of  a  projectile,  see  Qunnebt. 

PARABOLIC  REFLECTOR.  It  is  well  known  in  CoNio  Skthonb 
that  lines  joining  the  foci  and  any  point  of  the  curve,  make  equal 
angles  with  the  tangent  at  that  point ;  hence  by  the  law  of  beplexion 
if  the  surface  of  a  mirror  be  formed  by  the  revolution  of  a  conic  sec- 
tion about  its  axis,  a  pencil  of  rays  incident  upon  its  surface  from 
either  focus  will,  after  reflexion,  converge  to  or  diveige  from  the 
other  focus.  Mirrors  in  the  form  of  a  parabola  are  used  in  reflecting 
telescopes,  and  in  light-houses;  but  in  the  former  the  incident  and  in 
the  latter  the  reflected  is  the  parallel  pencil  of  rays.  The  conjugate 
mirrors  used  for  illustrating  some  of  the  phenomena  of  radiant  H£at, 
are  of  this  kind,  and  such  mirrors  are  also  being  introduced  for  con- 
veying fog  and  other  signals  by  means  of  sound. 

PARABOLOID.  The  simplest  form  of  this  surface  is  the  para- 
boloid of  revolution,  made  by  the  revolution  of  a  parabola  about  its 
axis.  For  the  other  meanings  of  the  term,  see  Surfaces  of  the 
Second  Degree.  The  solidity  of  the  part  of  the  paraboloid  described 
by  the  revolution  of  apn  [Parabola]  is  always  half  that  of  the 
cylinder  described  by  azpn. 

PARACENTRIC,  or  *'  towards  the  centre,"  a  term  sometimes  used, 
as  in  paracentric  velocity,  which  means  the  rate  at  which  a  moving 
body  approaches  a  certain  centre  without  reference  to  the  rate  at 
which  it  moves  in  space. 

PARACHLOROBENZOIC  ACID.    [Benzoic  Acid.] 

PARACHUTE,  a  French  word,  signifying  a  means  of  preventing 
a  &U.  The  first  part  of  tiie  word,  para,  is  perhaps  of  Greek  origin ; 
the  second  part  is  the  French  wonl  ehule,  a  fall,  which  is  of  Latin 
origin. 

A  parachute  is  a  machine  attached  to  a  balloon,  and  is  intended  to 
convey  the  aeronaut  gentiy  to  the  earth,  in  case  of  an  accident  happen- 


ing to  the  balloon.  It  i^  in  shape  like  an  umbrella,  and  its  construction 
may  be  understood  by  supposing  the  umbrella  to  be  large  and  strong, 
to  be  provided  with  ropes  or  stays  fastened  to  the  extremities  of  the 
whalebones,  and  brought  down  to  the  handle,  where  they  must  be 
fixed,  so  as  to  prevent  the  umbrella  from  turning  inside  outwards. 
Instead  of  the  stick,  suppose  a  metal  tube  to  be  fixed  in  the  oentroj 
with  a  rope  pasdug  through  it,  attached  by  its  upper  extremity  to  the 
balloon,  uid  by  its  lower  end  to  a  tub  or  oar.  This  machine  is  a  para- 
chute :  while  ascending,  it  will  be  like  a  dosed  umbrella,  but  it  may  at 
any  moment  be  detached  from  the  baUoon  by  cutting  the  end  of 
the  rope  which  is  tied  to  the  car ;  the  resistance  of  the  air  will  then 
cause  it  to  expand,  and  will  at  the  same  time  retard  the  velocity  of 
descent 

The  idea  of  using  such  a  machine  to  break  the  fall  from  a  high  place 
is  not  new  :  it  has  been  frequently  experimented  with ;  has  been  found 
utterly  useless  for  any  desirable  purpose ;  and  has  caused  the  death  of 
many  who  have  attempted  tq  descend  by  its  means. 

Three  formulas  have  been  given  for  w^iftnia-fing  the  Telocity  of 
descent  of  a  parachute.    They  are — 

28-28  V-=» 

82-98  V-=*« 

in  which  w  is  the  weight  in  pounds  avoirdupois ;  d,  the  diameter  of  the 
parachute ;  v  the  number  of  feet  fall  per  second. 

According  to  the  first  of  these,  if  a  parachute  be  50  feet  in  diameter 
and  weigh  529  lbs.,  it  will  fall  11*96  feet  in  a  second;  according  to  the 
second,  the  fall  will  be  IS'Ol  feet;  according  to  the  third,  151 7  feet : 
the  truth  may  lie  between. 

In  these  tiu^e  cases,  the  shock  felt  on  land^  would  be  nearly  equal 
to  that  caused  by  a  leap  from  heights  represented  by  the  following 

three  fonrndas  respectively :— 10'5  ^, ;  12*4  ~ ;  16-9  —  ;  being,  under 

tt-  cf*  cP 

the  given  oircumstances,  something  less  than  2  feet  8  indies^  2  feet 
8  inches,  and  3  feet  7  inches :  a  fall,  therefore,  of  two  or  three  thousand 
feet  would  almost  certainly  be  fataL 

PARACHUTE  LIGHT  is  a  description  of  light-ball  invented  by 
Captain  Boxer,  R.  A.  It  consists  of  two  tin  hemispheres,  one  of  which 
is  filled  with  light  ball  composition,  and  has  a  lid  soldered  on  to  it,  and 
four  fuse  holes  made  in  the  convex  part  through  which  the  oomposition 
bums ;  and  the  other  hemisphere  contains  the  calico  parachute  folded 
up--the  calico  parachute  is  attached  by  wires  to  the  hemisphere  con- 
taining the  composition.  The  whole  is  placed  in  a  paper-shell  contain- 
ing enough  powder  to  burst  it,  and  is  fired  from  a  mortar.  The  fuse 
is  timed  to  burst  it  when  at  the  greatest  height.  The  parachute  being 
then  liberated  supports  the  hemisphere  oontaining  the  oomposition  in 
the  air,  which  burning  out  of  the  fuse-holes  throws  a  strong  light  on 
the  ground,  by  which  an  enemy's  working  parties  and  movements 
during  the  night  may  be  discovered. 

PARACYANOQEN.  When  cyanogen  is  obtained  by  heating 
bicyanide  of  mercury  in  a  retort,  there  remains  in  the  latter  a  dark- 
coloured  substance,  which  was  found  by  Professor  Johnston  to  be 
similar  in  composition  to  cyanogen,  that  is,  composed  of  2  equivalents 
of  carbon  12,  and  1  equivalent  of  nitrogen  14=26.  It  appears  there- 
fore that  it  is  a  bicarburet  of  nitrogen,  isomeric  with  cyanogen,  but 
differing  from  it  essentially  in  its  physical  and  chemical  properties,  the 
paracyanogen  being  solid  whilst  cyanogen  is  gaseous.  This  com- 
pound is  also  formed  when  meroury  is  kept  in  an  alcoholic  solution  of 
cyanogen. 

PARADE  is  an  aasemUage  of  troops  for  muster,  exercise,  inspection, 
&c.  The  word  also  signifies  the  ground  on  which  tiie  exeroise  and 
drill  are  performed.  ' 

PARADISE  (irapddcio-os)  is  a  word  of  Persian  origin,  signifying  a 
kind  ol  park  or  pleasure-ground  inclosed  with  walls,  and  well  watered 
and  planted,  and  stocked  with  animals  for  the  chase.  (Pollux,  ix.  18 ; 
Qellius,  ii  19.)  It  was  adopted  into  the  Qreek  language,  and  applied 
to  any  pleasant  place.  The  Septuagint  transbitors  use  tiiis  word  for 
]lV.'*)3r  ^®  gardm  of  JSden,  where  God  placed  the  first  man  upon 
his  creation.  (Gen.  ii.  8 ;  ilL  23.)  Respecting  the  situation  of  this 
place,  we  are  told,  in  Gen.  ii.  8-14,  that  it  lay  eastward  in  the  knd  of 
Eden,  and  that  it  was  watered  by  a  river,  which,  after  passing  through 
the  garden,  divided  into  four  streams,  of  which  the  first,  Pison,  com- 
passed the  land  of  Havilah,  where  there  was  gold,  bdellium  (either  the 
pearl  or  a  sort  of  gum  resin),  and  the  onyx  stone ;  the  second,  Gihon, 
conipassed  the  Lmd  of  Cush;  the  third  was  Hidd^el  (the  Tigris), 
which  went  towards  the  east  of  Assyria;  the  fourth  was  the  Euphrates. 
Many  attenipts  have  been  made  to  fix  the  position,  but  nothing  satis- 
factory has  been,  or  can  be,  ascertained,  as  it  is  clear  the  face  of  the 
earth,  and  probably  the  course  of  the  streams,  must  have  undeigone 
great  changes  since  the  period  of  its  existence. 

PARADOS  is  a  traverse  placed  in  fortifications  in  the  rear  of  a  work, 
to  cover  it  from  reverse  fire. 

PAR'ADOX  (from  Topdlio^cs,  '*  contrary  to  received  opinion  ")  is  a 
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term  applied  to  a  proposition  which  is  opposed  to  the  general  belief,  or 
to  one  which  appears  at  first  si^t  to  contradict  some  preyiously  ascer- 
tained truth.  The  nature  of  a  paradox  and  the  distinction  between  it 
and  a  contradiction  is  clearly  explained  in  the  following  sentence  from 
Bishop  Horaley's  19ih  Sermon : — "  When  two  distinct  propositionB  are 
separately  proved,  each  by  its  proper  eridenoe,  it  ia  not  a  reason  for 
denying  either,  l^t  the  human  mind,  upon  the  first  hasty  view, 
imagines  a  repugnance,  and  may  perhaps  find  a  difficulty  in  connecting 
them,  even  after  the  distinct  proof 'of  each  la  clearly  perceived  and 
understood.  There  is  a  wide  difference  between  a  paradox  and  a  con- 
tradiction. Both,  indeed,  consist  of  two  distinct  propositions,  and  so 
far  only  are  they  alike ;  for  of  the  two  parts  of  a  contradiction,  the  one 
or  the  other  must  necessarily  be  false  :  of  a  paradox,  both  are  often 
true,  and  yet,  when  proved  to  be  true,  may  continue  paradoxicaL 
This  is  the  necessary  consequence  of  our  partial  view  of  things.  An 
intellect  to  which  nothing  should  be  paradoxical  would  be  infinite. 
....  In  all  these  cases  there  is  genendly  in  the  nature  of  things  * 
limit  to  each  of  the  two  contrasted  propositions,  beyond  which  neither 
can  be  extended  without  implying  the  falsehood  of  the  other,  and 
changing  the  paradox  into  a  contradiction ;  and  the  whole  difficulty  of 
perceiving  the  connection  and  agreement  between  such  propositiona 
arises  from  th^  circumstance,  that  by  some  inattention  of  Uie  mind 
these  limits  are  overlooked." 

This  word  was  also  used  by  the  Greeks  for  a  remarkable  saying. 
Cicero,  in  his  work  entitled  '  Paradoxa,'  illustrates  six  of  these  para- 
doxes, borrowed  from  the  Greek  stoics.  These  propositions  are  the 
following : — 1.  The  honourable  is  the  only  good.  2.  Virtue  is  sufficient 
for  happiness.  3.  All  sins  and  right  actions  are  equal.  4.  Every  fool 
is  mad.  5.  The  wise  man  alone  is  free,  and  every  fool  .is  a  slave. 
6.  The  wise  man  alone  is  rich. 

PARAFFIN  (Cja^?).  A  white  crystalline  body  first  found  by 
Reichenbach  in  coal,  wood,  and  animal  tars.  He  found  that  the  lower 
the  temperature  at  which  the  tar  was  produced  the  lai^^  the  amoimt 
of  paraffin  formed.  It  is  now  obtained  in  lai^  quantities  by  distilling 
cannel  coal  at  the  lowest  temperature  practicable,  the  rectified  and 
purified  product  constitutes  the  basis  of  parajffln  oil.  The  tar  is  filled 
with  crystals  of  paraffin,  which  may  be  collected  nipon  a  strainer,  and 
purified  by  pressure  and  treatment  with  concentrated  sulphuric  acid 
and  caustic  soda  alternately. 

Paraffin  is  a  beautifully  white  trazuducent  body,  like  spermaceti,  and 
when  manufactured  into  candles  gives  a  clear  smokeless  light.  It 
fuses  at  110'  Fahr.,  and  is  remarkable  for  its  resistance  to  chemical 
action ;  hence  its  name  from  parum  af^nU, 

PARAFFIN,  is  one  of  the  numerous  substances  which  chemical 
discovery  has  added  to  the  list  of  liquid  fuels  for  lamps ;  its  nature 
may  in  some  degree  be  ^hown  by  the  proceedings  in  a  chancery  suit 
which  took  place  in  1854.  In  1850,  Mr.  Toung  had  taken  out  a 
patent  for  "  the  treatment  of  certain  bituminous  mineral  substances,  and 
in  obtaining  products  therefrom."  It  was  Paraffin  cnl,  obtained  from 
bituminous  coaL  The  coal  was  distilled  at  a  low  red  heat.  If  a 
higher  temperature  were  emploved,  the  elements  would  be  converted 
into  gas  and  naphthaline ;  but  the  lowness  of  the  heat  prevented  this, 
and  brought  over  the  product  as  an  oil  rich  in  paraffin ;  and  this  oil, 
when  punfied,  became  useful  as  a  fuel  and  a  lubricator.  On  the  other 
side,  it  appeared  that  the  Hydro  Carbon  Gas  Company  of  Manchester 
were  the  owners  of  two  patents,  obtained  by  Mr.  White,  for  inventions 
relating  to  the  gas  manufacture.  One  was  for  obtaining  a  compound  gas 
from  the  vapours  of  oU,  fat,  and  tar,  combined  with  hydrogen  obtained 
by  the  decomposition  of  water ;  while  the  other  was  for  using  resin, 
tar,  fat,  or  pit  coal  for  the  same  purpose,  but  at  a  whito  red  heai. 
The  defendants  sold  an  oil  which  they  called  Paraffin  oil,  and  which 
the  plaintiff  claimed  as  belonging  to  his  patent.  The  defendant 
pleaded  that  paraffin  is  not  a  new  substance,  it  having  been  pro- 
duced many  years  ago  by  Reichenbach,  who  showed  that  it  can  be 
obtained  from  wood-tar  and  coal-tar.  The  decision  was  in  fovour 
of  the  plaintiff,  as  having  adopted  a  low  temperature  for  obtaining 
paraffin,  on  finding  that  a  greater  heat  would  result  in  the  production 
of  naphthalin, 

PARAFFIN  OIL.    [Parapfin.] 

PARALLACTIC  ANGLE.  The  angle  which  measures  the  parallax 
of  a  celestial  body.    [Parallax.] 

PARALLACTIC  INSTRUMENT,  or  PloUmffB  RuUt,  the  name 
i$iven  to  an  instrument  invented  by  Ptolemy  for  determining  the 
moon's  parallax,  and  described  by  him,  'Almagest,'  b.  v.,  c.  12. 

AB,  B  c,Jig.  1,  are  two  stout  wooden  rods  turning  on  a  pin  or  centre 
atB;  Ba  =  bc;  Acisa  third  divided  rod,  also  turning  on  a  pin  at  a, 
and  passing  through  a  loop  or  bifurcation  of  the  rod  B o  at  o ;  PQ,  a 
plumb-line  by  which  ab  is  adjusted  vertically;  ef,  two  sighte  fixed 
on  c  B.  It  is  evident,  if  a  b  be  truly  perpendicular,  and  any  object  be 
seen  in  the  direction  b  f,  that  A  c  will  be  the  chord  of  the  angle  a  B  o, 
that  is,  of  the  zenith  distance  of  the  object,  a  o  may  be  dmded  as  a 
scale  of  equal  pferts,  and  the  angle  deduced  from  a  teble  of  chords,  or 
as  a  line  of  chords  to  radius  ab,  in  which  case  the  angle  may  be  read 
off  at  once.* 


A  figure  of  a  similar  instrument  may  be  found  in  Tycho  Bribe, 
'Astron.  Instaur.  Mochanica,'  sheet  a    We  have  thought  Ptolem^M 


Rda  worth  notice  chiefly  as  pointing  out  a  very  cheap  and  accurate 
instrument  for  obtaining  the  tmie  by  the  method  of  equal  altztudea. 
Let  AB  beared  turning  on  pivots  above  and  below, — ^for  instance, 
between  the  sill  and  architrave  of  a  window, — and  capihle  of  being  set 
perpendicular  by  a  plumb-line,  supposed  in  the  figure  to  hang  bd^d 
AB.  E  c,  a  stout  edge-bar  turning  round  a  pin  at  o,  and  fixable  in  any 
direction  by  two  laths,  E  x,  o  n.  On  e  o  a  telescope  is  lashed  (one 
sufficient  for  the  purpose  might  easily  be  made  of  a  tin  tube  and 
spectacle-glasses),  with  one  or  more  horizontal  wires  placed  in  the 
focus.  If  the  times  of  contact  of  the  sun's  limbs  with  the  hori- 
zontal wires  be  observed  in  the  forenoon  and  again  in  the  afternoon 
(the  axis  ab  being  in  both  cases  truly  adjusted,  and  the  instrument 
in  other  respecte  unchanged),  the  data  will  be  obtained  for  finding  the 
time  shown  by  the  watch  when  the  sim  is  on  the  meridian — that  is, 
apparent  noon — with  great  accuracy  and  very  little  calculation.  (See 
Schumacher's '  Hiilfirtafehi,'  p.  49,  &c. ;  BaUy's  '  Tables,'  pp.  92, 148, 
and  many  other  collections.)  The  determmation  of  Uie  error  of  the 
watch  by  equal  altitudes  of  the  same  star  is  even  more  simple,  as 
there  is  then  no  motion  in  declination  to  be  allowed  for,  and  the 
middle  time  by  the  wateh  of  similar  observations  is  the  time  whoi  the 
star  passes  the  meridian,  or  ite  right  ascension,  which  is  known  £rom 
the '  Nautical  Almanac,  or  from  well-known  catalogues.  The  observer 
must  be  very  careful  to  adjust  the  instrument  by  the  plumb-line  to 
the  same  position  in  both  observations,  and  he  must  have  a  watch 
which  will  keep  time  correctiy  for  the  intervaL 

Sometimes  the  word  paraUactiqvkt  is  used  to  signify  the  instrument 
known  to  us  by  the  name  of  Equatorial.  LtOande  (' Astronomie,' 
§  2278)  says  the  proper  word  is  paaraUatiqvbe,  or  that  which  follows  the 
paraUd  of  stare ;  he  reBervea  paraUacHque  for  PtoiUm^t  Ruki. 

PARALLAX  (vs^nUAoIh),  used  in  astronomy  generally  for  the 
angular  variation  in  the  position  of  an  object  caused  by  the  excentric 
situation  of  the  observer  with  respect  to  a  certain  point  of  reference. 
Thus  the  parallax  of  the  moon,  sun,  planeto,  comete,  is  the  difference 
between  die  position  of  any  of  those  bodies  as  seen  from  the  surface  of 
the  earth  and  thatv  in  which  they  would  be  seen  if  the  observer  were 
placed  at  the  earth's  centre.  The  parallax  of  the  fixed  stan  is  the 
difference  between  their  places  as  seen  from  the  earth  and  from  the 


sun,  which  is  for  these  observations  the  point  of  reference.  All  bodies 
within  the  solar  system  are  in  the  first  instance  referred  to  the  earth's 
centre ;  while  those  beyond  our  system,  as  the  fixed  stars,  are  referred 

*  Some  liberiSes  hare  been  taken  with  Ptolmy's  description,  and  sereral  horizontal  parallax  is  1°  26*,  and  the  distance  of  moon  from  the  earth  39*8  of 
omissions  made.  He  seems  to  hare  been  singularly  unlucky  as  an  observer,  for  the  earth's  radii.  He  has  drawn  the  latter  eonclnsUm,  but  fortottatdy  stems 
at  60'  65'  Appar.  Zen.  Dist.  he  found  the  moon's  parallax  r=  1°  7',  wbcnot!  the  I  not  to  hare  nscd  it  in  his  theory. 


^ 
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to  the  centre  of  the  sun,  and  the  change  ariaing  from  excentrio 
position  in  each  caae  is  called  parallax. 

From  the  effects  of  parallax  we  deriye  all  our  knowledge  of  the 
dlBtance  and  magnitude  of  the  bodies  which  are  Tisible  in  the 
heavens. 

Let  A  B  he  any  line  the  length  of  which  is  accurately  meaaured,  and 
let  the  angles  oab,  o  b  a,  be  observed,  then  the  distances  o  a  and  c  b 
can  be  computed.  In  this  way  trigonometrical  surveys  are  made,  with 
the  further  precaution  that  Uie  angle  a  0  B  is  observed  when  this  is 
possible,  and  o  Ib  to  be  fixed  with  great  nicety.  The  angle  a  o  b  is 
known,  since  it  =  180°~(BAO-f  ABo),  and  we  have  ab  :  bo  :  :  sin 
A  0 B  :  sin  CAB.  In  Uie  above  figure,  let  a  be  the  position  of  a  spec- 
tator on  the  earth's  surfiuse,  B  the  centre  of  the  earth,  o  the  moon,  and 
z  (in  B  A  produced)  the  geocentric  zenith.  Then  z  a  o  is  the  apparent 
geocentric  zenith  distance  at  a  ;  z  B  o  the  true  geocentric  zenith  dis- 
tance, that  is,  that  which  would  be  seen  from  the  centre  of  the  earth ; 
and  AOB  =  ZAO  — ZBO,  the  moon's  parallax  :  also 

sin  pftra'^Ux  ==  —  x  sin  Appt.  geocent.  zen.  dist. 
B  o 
When  A  0  is  at  right  angles  to  b  a,  this  sine  =  1,  and  the  moon  is  in 
the  horizon.     This  value  of  the  parallax  is   called  the  horizonttU 
paraUax ;  naming  this  P^  and  any  other  value  of  the  parallax  p,  we  have 

•     «       AB        J, 
am  F  =  — ,  and 

BO 

sin  j>  =  sin  F  X  sin  appt.  geocent.  zen.  dist. 

It  is  evident  that  if  p  can  be  measured,  the  distance  B  of  the  moon's 
centre  from  the  centre  of  the  earth  can  be  found,  for  the  other  quan- 
tity A  B  or  r  is  the  radius  of  the  earth  at  the  place  of  observation, 
which  is  known  from  terrestrial  measurement.  Now,  suppose  a  second 
spectator  on  the  same  meridian  at  a',  whose  geocentric  zenith  is  z',  and 
that  Uie  two  observers  each  observe  the  moon  upon  the  meridian  at 
the  same  moment :  then,  if  z  and  sf  be  two  observed  geocentric  zenitii 

distances,  and  j9  and  j?'  the  parallaxes,  f=  —  =  ~,  t^= — = -,  and 


BO      B 


BO 


ZABO=«— p 

Za'bo=2'— !>', 
andadding aba'=z+2'— (p+j)'),  where  aba'  is 
the  sum  or  difference  of  the  geocentric  latitudes  of  a  and  a',  and  z  and 
sfftire  known  by  observation;  hence  the  value  of  p-\-p*,  or  aoaIs 
found.    From  the  equations 

p4-p'=z-\-z'—ABA';  sin  t)=- sins:  sini)'=- sin  i': 
-^    ^  b  r 

it  is  easy  to  find  the  value  of  b. 

In  practice,  though  the  process  is  less  simple,  the  principle  remains 
the  same.  Two  distant  observatories  can  scarcely  be  found  exactly 
on  the  same  meridian ;  but  the  tables  of  the  moon  enable  us  to  reduce 
the  observation  at  one  of  the  observatories  to  exactly  what  it  would 
hent  fteeM  if  it  had  been  made  under  the  meridian  of  the  other.  When 
the  pftT^lU'T  ia  small,  it  is  advisable  to  compare  the  planet  by  the 
merwMUr  with  stars  which  are  nearly  in  its  pafallel.  When  the 
parallax,  and  consequently  the  distance,  for  any  given  time  is  known, 
the  distance  and  par^n^^Tf  for  any  other  time  can  be  found  from  theory. 
By  observations  of  this  kind,  combining  the  observations  of  La  Caille 
at  the  Cape  of  Qood  Hope  with  other  observations  made  in  Europe, 
the  parallax  of  the  moon  and  of  Mars  were  fixed  with  great  accuracy. 
The  late  Professor  Henderson  investigated  the  value  of  the  moon's 
pjifftlia-H^  from  a  comparison  of  his  own  observations  at  the  Cape  with 
those  made  at  Greenwich  and  Cambridge.  ('  Mem.  Ast  Soc.,'  vol.  x., 
p.  283.) 

It  will  be  seen  that  the  point  from  which  the  moon's  zenith 
distances  are  to  be  measured  is  in  the  prolongation  of  a  line  drawn 
from  the  centre  of  the  earth,  and  not  in  the  prolongation  of  a  line  in 
the  direction  of  gravity,  which  is  pointed  out  by  a  plumb-line.  The 
correction  which  is  to  be  applied  to  the  astronomicid  zenith,  in  order 
to  find  out  the  geocentric  zenith,  is  given  in  many  collections  of  tables 
for  a  certain  hypothesis  of  the  figure  of  the  earth.  The  horizontal 
parallax  given  m  the '  Nautical  Almanac '  is  that  which  belongs  to  the 
equator  where  the  earth's  radius  is  largest.  A  second  table  for 
reducing  this  equatorial  horizontal  parallax  to  the  parallax  proper  to 
the  place  of  observation  (namelv,  log.  rad.,  supposing  the  equatorial  rad. 
^1)  always  accompanies  that  above  referred  tx>. 

ParaUax  of  the  Sun. — ^The  first  attempt  to  determine  the  sun's 
distance  seems  to  be  due  to  Aristarchus  of  Samos,  and  presupposes  the 
knowledge  of  the  moon's  parallax.  On  drawing  a  figure,  it  wiU  imme- 
diately be  seen  that  when  the  moon  has  completed  her  first  quarter 
(she  IS  then  sud  to  be  dichotomized,  or  cut  exactly  in  two),  the  sun, 
moon,  and  spectator  form  a  triangle,  which  is  right-angled  at  the  moon. 
Now  the  ang^e  which  separates  the  sun  from  the  moon  can  be  observed 
at  the  same  instant :  suppose  it  s  B,  we  have 

Distance  earth  &  sun  »  distance  earth  k  moon  x  sec.  s. 

The  exact  moment  of  dtchatomy  cannot  be  noted  with  much  aocu- 
1^ ;  yet  repeated  observations  would  show  that  the  sun  was  far  more 
distant  than  the  moon.  The  ancient  astronomers  seem  to  have  esti- 
nuted  the  sun's  parallax  to  be  from  2^  to  Z',  which  suffered  a  gradual 
reduction  as  the  means  of  observation  improved.    The  parallax  of  the 
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sun  might  with  modem  instruments  be  measured  in  the  same  way  as 
that  of  the  moon  or  planets  above  described,  but  not  so  well,  as  a  longer 
time  must  elapse  between  tho  passage  of  the  sun  and  that  of  a  star 
nearly  in  the  same  parallel.  Ptolemy  says  that  Hipparchus  computed 
the  moon's  parallax  from  the  phenomena  of  solar  eclipses ;  that  is,  he 
deduced  the  value  of  the  moon's  parallax  from  the  phenomena  of  solar 
eclipses  on  two  suppositions  of  the  sun's  parallax :  namely,  that  it  was 
=  0 ;  and,  again,  umt  it  was  a  definite  small  quantity.  As  the  circum- 
stances of  a  solar  eclipse  vary  from  the  effects  of  parallax,  it  is  dear 
that  in  this  way  Hipparchus  would  get  something  like  equations  of 
condition  involving  tiie  parallaxes  of  the  sun  and  of  the  moon,  which 
could  be  solved  as  soon  as,  by  the  problem  of  Aristarchus  or  by  any 
other  method,  he  could  determine  the  relatbn  between  these  two 
quantities. 

We  have  thus  shown  that  an  approximate  knowledge  of  the  distances 
of  the  moon,  sun,  and  planets,  m  terms  of  the  magnitude  of  the  earth, 
requires  nothing  more  than  observation  and  the  solution  of  a  triangle 
one  side  of  which  and  the  two  including  angles  are  known.  The  magni- 
tudes of  these  bodies  can  be  inunediately  calculated  from  their  apparent 
diameters  and  true  distance ;  so  that  up  to  this  point  there  is  no  room 
for  scepticism,  if  it  be  granted  that  the  angles  of  a  triangle  equal  two 
right  angles. 

There  is  a  method  of  ascertaining  the  parallax  by  one  observer.  Let 
Mars  in  opposition  be  the  object,  and  compare  it  in  right  ascension 
with  a  neighbouring  star  in  the  same  parallel  on  the  meridian,  and  also 
several  hours  before  and  again  after  his  transit.  The  parallax,  being 
wholly  in  a  vertical  circle,  will  not  affect  the  right  ascension  in  the 
meridian :  hence  the  meridian  comparison  will  give  the  true  difference 
of  right  ascension  between  the  planet  and  star.  The  other  observations 
(after  correcting  the  place  of  Mars  by  his  hourly  motion,  which  is 
known  either  from  the  tables  or  from  observations  on  preceding  and 
succeeding  days)  present  right  ascensions  of  the  planet  affected  by 
parallax  in  different  ways,  and  from  these  effects  it  is  easy  to  compute 
the  actual  value  of  the  horizontal  parallax,  and  oonsequently  the 
distance  of  the  planet  in  terms  of  the  earth's  radius  at  the  place.  This 
method  has  recently  been  proposed  by  the  Astronomer-Royal,  as  well 
adapted  for  determining  the  parallax  of  the  star  from  obsOTvations 
made  during  the  oppositions  of  1862  and  1864. 

Kepler's  discoveries  * — ^that  the  planets  move  in  ellipses  round  the 
sun  in  the  focus ;  that  the  area  swept  by  each  radius  vector  in  a  given 
time  is  a  constant  quantity  for  the  same  planet ;  and  lastly,  that  the 
squares  of  the  periodic  times  are  as  the  cubes  of  the  mean  distance — 
have  supplied  means  for  a  much  moro  accurate  determination  of  the 
sun's  parallax.  AHSuming  these  laws,  the  forma  of  the  orbits  of  ibe 
earth  and  planets,  and  their  relative  distances,  can  be  determined  from 
observation  :  hence,  if  the  parallax  of  any  one  planet  can  be  found,  the 
parallaxes  of  the  sun  and  of  all  the  other  planets  can  be  computed. 
Observations  of  Mars,  for  instance,  at  his  opposition,  made  at  the  Cape 
of  Qood  Hope  and  at  Greenwich,  wUl  afford  a  very  tolerable  value  of 
his  parallax,  and  hence  of  his  distance.  Again,  as  the  proportion 
between  the  distances  of  Mars  and  the  earth  from  the  sun  at  any  time 
is  known  from  the  form  of  their  orbits  and  their  periodic  times,  and 
the  angle  between  the  sun  and  Mars  at  the  earth  can  be  observed,  the 
triangle  between  the  sun,  earth,  and  Mars  can  be  completely  solved* 
and  hence  the  distanoe  of  the  sun  and  his  parallax  be  computed. 
These  observations  can  be  ropeated  at  every  opposition  of  Mars ;  and 
if  Man  be  compared  by  the  micrometer  with  stars  near  the  same 
pandlel,  there  is  scarcely  a  limit  to  the  possible  accuracy  of  the 
observations. 

The  observation  however  by  which  the  parallax  of  the  sun  is 
determined  with  the  greatest  ^certainty,  is  that  of  the  passage  of  Venus 
over  the  sun's  disc,  commonly  called  the  trwHit  of  Venus.  [Tbansit 
OF  Vkmus.]  / 


In  the  figure  let  u  be  the  sun,  B0  the  earth,  and  ▼  and  y*  two 
positions  of  Venus,  which  Is  supposed  to  be  moving  in  the  direction 
y  y'.  To  make  the  figure  simple,  we  suppose  the  euth  to  be  at  rest, 
and  that  y  y'  represents  the  excess  of  the  ang^ular  motion  of  Venus 
above  that  of  the  earth.  A  spectator  at  b  wiU  see  the  commencement 
of  tiie  transit  when  Venus  is  at  ▼,  but  a  spectator  at  e  wUl  only 
begin  to  see  it  when  Venus  is  at  v'.    The  time  which  must  elapse 

*  Though  these  dlteoTeries  are  due  to  Kepler,  the  satisfiietorj  proof  of  theic 
truth  was  given  by  Newton* 
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between  these  two  moments  is  'equal  to  the  time  in  which  YenuB 
passes  from  v  to  v^,  or  in  which  she  describes  the  angle  ESe  round  the 
sun  with  her  relative  angular  motion.  But  the  angle  ESe  is  twice  the 
sun's  horizontal  parallax ;  hence,  since  the  time  elapsed  between  the 
ingress  at  the  two  places  is  known  from  observation  and  from  the 
difference  of  longitudes,  and  the  hourly  angular  motions  of  Venus  and 
the  earth  round  the  sun  are  known  from  the  tables,  and  consequently 
the  difference  of  these  motions,  the  horizontal  parallax  of  the  sun  can 
be  found.  It  is  evident  that  as  the  ingress  ia  accelerated  at  b  and 
retarded  at  e,  so  the  egress  will  be  accelerated  at  s  and  retarded  at  e, 
Venus  then  occupying  the  positions  t",  V^ 

Let  us  suppose  further  that  a  spectator  who  saw  the  ingress  at  b, 
and  therefore  as  early  aa  possible,  i&ould  by  the  rotation  of  the  earth 
be  carried  to  e,  where  he  would  see  the  egress  as  late  as  possible,  while 
the  spectator  of  the  late  ingress  at  e  ia  in  like  manner  carried  to  E, 
where  he  sees  the  earliest  egress.*  In  the  first  case  the  time  of  the 
transit  is  increased  as  much  as  possible  by  the  effect  of  parallax,  and  in 
the  latter  case  it  is  equally  diminished.  Now  suppose  the  parallax  of 
the  sun  to  have  a  certain  value,  the  parallax  of  Venus  and  the  effect  of 
these  parallaxes  in  increasing  or  dimimshing  the  duration  of  the  transit 
for  any  specified  places  of  observation  can  be  computed.  Hence  when 
the  durations  are  really  observed,  the  differences  between  the  observed 
duration  and  that  which  would  have  been  observed  if  the  spectator  had 
been  placed  at  the  centre  of  the  earth  will  fix  the  actual  amount  of  the 
parallax.  The  especial  excellence  of  this  method  consists  in  the 
nicety  t  with  which  a  particular  phenomenon  can  be  observed,  namely, 
the  first  streak  of  light  which  is  seen  after  the  interior  contact  at 
ingress  and  the  last  streak  before  the  interior  contact  at  egress.  Two 
points  on  the  earth  are  chosen  where  the  beginning  and  end  are  both 
visible,  in  one  of  which  the  duration  is  shortened  as  much  as  possible, 
while  it  is  increased  in  the  other.  Every  observation  of  either  ingress 
or  egress  can  in  fact  be  used  for  determining  the  parallax,  provided  the 
longitude  of  the  place  of  observation  and  the  time  be  sufficiently  well 
known;  but  where  both  the  ingress  and  egress  are  observed,  the 
duration  alone  requires  care.  Transits  of  Venus  were  observed  in  1761 
and  1769,  and  the  parallax  of  the  sun  deduced  by  various  geometers. 
(LagroDge, '  Mdmoires  de  Berlin,'  1766 ;  Encke, '  Der  Venus  Durch- 
gang/  Gotha,  1824.)  The  next  transits  will  take  place  in  1874 
and  1882. 

In  the  preceding  part  of  this  article  the  methods  of  determining  the 
parallaxes,  and  consequently  the  distances  of  the  bodies  composing  our 
system,  have  been  described,  and  we  will  now  point  out  the  way  in 
which  this  knowledge  ia  applied.  Every  observation  of  the  sun,  moon, 
or  planets  is  affected  by  parallax  and  must  be  corrected  for  this  pre- 
vious to  further  calculation.  All  celestial  bodies  are  apparently 
elevated  by  the  refraction  of  the  atmosphere,  and  those  of  our  system 
are  depressed  by  the  effect  of  parallax.  In  nautical  works  there  are 
tables  for  reducing  the  observed  altitude  of  anv  heavenly  body  to  its 
true  altitude,  namely,  to  that  which  it  would  have  if  there  were  no 
atmosphere  and  the  spectator  were  at  the  earth's  centre.  In  most  of 
the  problems  from  which  the  longitude  is  determined  astronomically, 
in  solar  eclipses,  occultationa,  and  lunar  distances  the  great  difficulty 
and  trouble  is  in  computing  the  effect  produced  by  the  moon's  parallax. 
Astronomers  have  invented  convenient  formula)  for  this  purpose, 
according  to  the  planes  to  which  the  bodies  are  referred.  Thus  in 
working  out  an  occultation,  the  moon  may  be  referred  to  the  plane 
of  the  horizon,  when  the  effects  of  parallax  in  altitude,  mmJ,  if  great 
accuracy  be  required,  in  azimuth,  must  be  computed ;  or  again,  to  the 
eqidnocHal,  when  the  parallax  in  right  ascension  and  declination  is  to 
hie  calculated ;  or  finally,  to  the  ecliptic,  when  the  parallaxes  in  longi- 
tude and  latitude  must  be  found.  The  rules  for  these  computations 
are  given  in  treatises  on  Astronomy. 

The  mean  equatorial  horizontal  parallax  of  the  sun,  according  to 
Encke,  =  8'  5776''.  Its  true  value  for  every  ten  days  is  given  in  the 
'  Naut.  Alman.'  at  the  end  of  the  ephemeris  of  the  sun  and  moon. 
The  equatorial  horizontal  parallax  of  the  moon  for  mean  noon  and 
midnight  is  at  page  III.  of  each  month,  and  the  parallaxes  of  the 
planets  are  in  the  last  column  of  the  planetary  meridian  ephemeris. 

One  effect  of  parallax  is,  that  the  moon  appears  under  a  laiger  angle 
when  near  the  zenith  than  when  near  the  horizon.  This  is  contrary 
to  common  opinion,  but  may  be  very  easily  proved  experimentally,  by 
any  one  who  can  handle  a  sextant  with  ordinary  care.  When  the 
moon  is  in  the  zenith,  the  horizontal  diameter  may  be  augmeiUed  from 
SO'' to  40".  There  is  a  table  for  this  augmentation  of  the  moon's 
semidiameter  in  most  nautical  works. 

Conttanf  of  Parallax  {la  congtante  de  la  paraUaxe)  is  the  angle 
imder  which  the  earth's  radius  would  be  seen  at  the  centre  of  the 
moon  when  she  is  at  her  mean  distance.  The  radius  chosen  by  La 
Place  is  that  which  belongs  to  a  latitude  of  which  the  square  of  the 
sine;  =  |. 

*  the  explanation  is  only  intended  to  exhibit  the  priMtph  on  whieh  this 
vary  important  problem  depends. 

t  This  obeerration  leenu  not  to  have  been  quite  as  definite  as  was  expeeted ; 
a  mue  confasion  was  remarked  at  the  point  of  interior  oontaet  before  the 
formation  of  the  thread  of  light,  a  sort  of  black  drop  (gutta  nigra).  Mr.  Baily 
saw  Mveral  black  threads  connecting  the  edges  of  the  son  and  moon  daring  the 
formation  and  breaking  up  of  the  annulue  in  the  eclipse  of  May  15, 1836  (*Menu 
ABt.  Soc,'  vol.  X.  p.  1),  which  seems  to  be  a  phenomenon  of  the  aame  kind. 


PAItALLAX,  ANNUALj  is  the  angle  under  which  the  earth's  orbit 
is  seen  by  a  superior  planet. 

PARALLAX  OF  THE  FIXED  STARS.  When  Copernicus  pro- 
posed  his  hypothesis  of  the  earth's  motion,  one  striking  aetronomictd 
objection  was,  that  the  enormous  displacement  of  the  spectator's  place 
which  his  system  supposed  vras  not  supported  by  a  corresponding 
change  in  the  positions  of  the  fixed  stias.  Every  improvement  in 
instruments,  in  the  art  of  observing,  or  in  the  science  of  computation, 
seemed  to  increase  the  distance  of  the  sun,  and  consequently  the  orbit 
of  the  earth,  and  still  no  sidereal  change  could  be  detected.  Hence, 
until  the  discoveries  of  Newton  brought  forward  physical  arguments, 
of  which,  however,  the  oondusiveness  is  not  immediately  visible,  the 
Copemican  hypothesis  was  embraced  on  the  grounds  of  its  i^ymmetiy 
and  simplicity  rather  than  on  demonstration.  Opponents  might 
always  ask  for  the  expcrimentum  crucis,  the  effects  of  the  eorUi's 
motion  in  the  apparent  displacement  of  the  fixed  stars,  and  this  could 
not  be  supplied. 

Many  attempts  were,  however,  made.  Hooke  erected  a  zenith  sector 
at  his  chambers  in  Qresham  College,  and  made  some  incomplete  obeer* 
vations  in  which  he  fancied  he  could  trace  the  effects  of  parallax. 
Flamsteed  found  variations  in  the  north  polar  distances  of  fixed  stars, 
which  he  attributed  to  parallax,  although,  as  was  shown  by  Casaini  and 
Roemer,  this  would  have  produced  results  with  a  totally  different  law. 
Roomer  himself,  after  many  efforts  to  deduce  parallax  from  observa- 
tions in  declination,  renounced  the  attempt,  on  account,  as  he  says,  of 
"  a  certain  variation  in  the  declinations  of  stars  which  con  neither  be 
attributed  to  refractions  nor  parallaxes,"  and  pursued  his  investigation 
by  observations  in  right  ascension,  in  which  it  seems  he  believed  him- 
self to  be  successful.  At  length  Bradley  commenced  the  research  with 
far  better  astronomical  means,  and  by  his  discoveries  of  aberration  and 
nutation,  fully  explained  the  phenomena  which  had  perplexed  his  pre- 
decessors. It  is  curious  that  Roemer,  who  had  discovered  the  gradual 
transmission  and  finite  velocity  of  light,  should  have  been  perplexed 
with  the  necessarv  results  of  ihis  very  property  in  another  shape ;  and 
that  Bradley,  whUe  pursuing  the  problem  of  parallax,  which  had  been 
originally  interesting  as  a  proof  of  the  earth's  change  of  place,  should 
have  hit  upon  phenomena  which  satisfactorily  proved  the  earth's 
motion,  and  so  confirmed  the  Copemican  hypothesis  by  evidence 
different  from  what  he  sought.  Bradley's  observations  further  showed 
that  the  effect  of  parallax  in  any  of  the  stars  observed  by  him  could 
not  amoimt  to  2"  and  probably  was  not  1".^ 

The  nature  of  the  changes  m  the  places  in  the  fixed  stars,  which  the 
change  of  position  in  the  earth  woiUd  produce,  may  be  seen  from  the 
following  figure.  Let  s  be  the  place  of  the  sun,  e  ,  ^ 
that  of  the  earth,  and  8  that  of  a  fixed  star.  Then  ^•>-- •. 
the  star  is  seen  from  the  earth  in  the  direction  Ef,  \ 
and  from  the  sun  in  the  direction  si;  the  difference  ^ 
in  these  two  directions  is  the  angle  Ess,  that  is,  the  \ 
angle  of  parallax.  If  s/,  sf',  be  drawn  pan^el  to 
E «,  E  8,  and  the  observations  made  from  the  earth 
be  referred,  as  observations  of  this  kind  ore  always 
supposed  to  be,  to  the  sun,  the  true  place  of  the 
star  is  at  8,  while  the  place  which  is  assigned  to  it 
by  observation  ia  s'.  At  the  end  of  half  a  year  the 
place  of  the  earth  vnll  be  at  e',  and  the  star  ia  seen 
in  the  direction  e'«.  Hence  it  is  referred  to  the 
position  <"  in  respect  of  s.  It  is  evident  that  the 
effect  of  pfi^rallax  is  to  cause  the  star  to  appear  to 
describe  an  orbit  round  its  true  place  in  a  plane 
parallel  to  the  ecliptic,  similar  and  equal  to  the 
earth's  orbit  round  the  sun;  and  further,  that 
parallax  is  always  in  a  plane  passing  through  the  star,  sun,  sad  earth* 
and  that  its  effect  is  to  dimmish  &e  angle  which  the  sun  and  star 
subtend  at  the  earth.  When  this  is  clearly  conceived,  it  wiH  also 
be  seen  that  this  ellipse,  which  is  similar  to  the  earth's  orbit,  will 
be  seen  obliquely  from  the  earth,  and  consequently  be  projected  into 
another  ellipse  with  altered  proportions.  The  same  figure  would  serve 
for  an  expluiation  of  aberration,  except  that  aberration  is  in  a  plane 
defined  by  the  star  and  the  direction  of  the  earth's  motion,  which 
direction  ia  at  right  angles  to  the  line  joining  the  earth  and  sun,  so 
that  the  phenomena  of  parallax  and  aberration  are  similar,  only  the 
effect  of  parallax  is  at  right  angles  to  the  effect  of  aberration.  This 
affords  a  convenient  mc^e  of  computing  the  coefficient  of  pftrallax 
when  that  of  aberration  is  known.* 

There  is  another  view  of  parallax.  Suppose  a  spectator  at  tiie 
star  8  ;  then  he  would  see  the  earth's  radius  vector  s  E  under  the  angle 
of  parallax.  The  earth's  orbit  may  be  considered  to  be  circular,  and 
as  the  plane  is  inclined  to  a  spectator  anywhere  except  in  the  pole  of 
the  ecliptic,  the  earth  will  appear  to  describe  an  ellipse  about  fl  as 

*  This  similarity  between  aberration  and  parallax  is  not  rigorous,  but  nearly 
so.  It  would  be  strictly  true  if  the  earth  moved  uniformly  in  a  circle.  There 
are  convenient  tables  for  computing  aberration  for  a  given  constant  of  aberration. 
Calculate  the  aberration  by  these  tables  for  Q  +  90%  0  being  the  son's  longi. 
tude  at  the  time,  divide  by  the  seeonds  of  the  oonatant  of  aberration,  and  you 
have  the  coefficient  of  parallax,  the  parallax  being  supposed  a  1".  Also  the 
times  when  the  parallax  in  right  ascension  or  deoUnation  is  the  greatest 
poasible  wiU  be  when  the  effect  of  aberration  in  those  directions  is  0,  and  vmw 
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centre.  The  nearer  the  star  s  is  to  the  eoliptio^  the  more  ezceniric  thia 
eUipee  will  he* but  in  all  casea  there  ia  a  diameter  of  the  earth's 
orbit,  namely,  that  which  ia  perpendicular  to  the  line  joining  B8, 
which  is  seen  in  its  true  proportions  without  foreshortening. 

Since  Boemer  and  Bradley,  many  astronomers  have  sought  for 
paiaUaz  by  observation  in  right  ascension  and  declination.  Bessel 
oould  find  no  eyidence  of  such  an'  effect  in  Bradley*a  transit  or  zenith 
distance  observations.  Piaad,  from  meridian  zenith  observations, 
concluded  that  Sirius  had  a  parallax  of  4"  and  Procyon  one  of  5"'7 ; 
CUandrelli  found  a  parallax  of  4''*4  in  a  Lyrsa.  But  the  most  per- 
severing  and  accurate  observations  for  deducing  the  value  of  parallax 
from  meridian  observations  were  prosecuted  by  Dr.  Brinkley  at  Dublin 
with  an  8-foot  circle  by  Bamsden,  and  by  Pond  at  Greenwich  with 
the  6-foot  mural-cirde  of  Troughton.  Dr.  Brinkley  conceived  that 
he  had  estabhahed  without  doubt  a  sensible  parallax  in  a  Lyrse,  a 
Cygni,  and  a  Aquilss,  while  Pond  maintained  that  no  sensible  parallax 
was  shown  in  any  of  those  stars,  from  observations  in  declination  and 
in  right  ascension.  He  further  corroborated  this  result  by  comparing 
two  stars,  a  C^gni  and  0  Aurigse,  which  have  nearly  the  same  declina- 
tion  and  opposite  right  ascension,  with  a  fixed  tube.  This  controversy 
continued  for  several  years,  and  though  there  can  be  no  doubt  now 
that  Dr.  Brinkley  was  mistaken,  and  tiiat  Pond  was  right  in  his  con- 
clusions, there  is  a  good  deal  of  interest  attached  to  the  discussion. 
Dr.  Brinkley's  last  memoir  is  in  the '  Transactions  of  the  Boyal  Irish 
Academy,'  voL  ziv.  Mr.  Pond's  paper  on  the  parallax  of  a  Lym  will 
be  found  in  the  '  Phil.  Trans.,'  1823,  part  i.,  p.  63. 

Sir  William  Herschel  first  pointed  out  the  mode  of  detecting 
panUlax  which  affords  a  probability  of  success,  namely,  that  which 
depends  upon  the  measurement  of  double  stars.  In  his  paper, '  Phil. 
Trans.,'  1782,  part  i.  p.  82,  he  showed  that  if  Uie  stars  which  compose 
a  double  star  be  at  different  distances  from  the  eartJi,  which  was  at 
that  time  supposed  to  be  the  chief  cause  of  differences  in  magnitude, 
they  must  be  differently  affected  by  parallax,  and  therefore  that  their 
apparent  distance  from  each  other  will  be  altered  by  a  change  of 
position  in  the  Bi)ectator.  Now  as  the  apparent  distance  of  two 
neighbouring  stars  can  be  measured  with  great  aocuracy,t  the  problem 
of  parallax  is  thus  reduced  to  that  of  finding  a  double  star  in  which  a 
variation  of  distance  ia  observable,  and  following  the  law  which  the 
earth's  change  of  place  requires.  It  was  in  this  inquiry  that  Sir 
William  Herschel  discovered  that  very  many  double  stars  have  a 
relative  motion  both  in  distance  and  angular  position,  which  proves 
them  to  be  a  connected  system,  and  that  unexpected  result,  which  he 
prosecuted  with  all  his  ardour  and  genius,  seems  to  have  led  him  from 
the  investigation  of  parallax  into  his  profound  and  original  researches. 
But  John  Herschel  (<  Phil.  Trans.,'  1826,  part  ilL,  p.  266,)  extended  his 
father's  proposal  for  the  discovery  of  parallax  l^  showing  that  the 
variation  produced  by  parallax  in  the  angle  of  position  of  two  stars  ia 
a  more  sensible  phenomenon  and  one  more  easily  measured  than  the 
variation  in  distance;  and  in  the  '  Phil.  Trans.,'  1827,  p.  126,  he  pub- 
lished a  considerable  list  of  stars  suitable  for  his  research,  with  the 
times  of  year  when  the  observations  would  e^ow  the  greatest  i^ect  of 
parallax. 

It  has  been  shown  that  the  earth's  change  of  place  in  its  orbit  causes 
each  star  to  have  an  apparent  motion  in  an  ellipse  of  which  the  major 
axis  is  parallel  to  the  ecliptic  and  equid  to  the  diameter  of  the  earth's 
orbit  as  seen  at  the  distance  of  the  star,  and  the  minor  axis  equal  to 
the  major  x  sine  *'s  latitude.  If  then  the  stars  be  a  connected  system, 
and  comparatively  near  each  other,  the  stars  wiU  appear  to  describe 
two  equal  and  similar  eUlipses,  and  the  line  joining  their  apparent 
places  will  be  equal  and  parallel  to  the  line  joining  their  true  positions. 
It  is  therefore  in  vain  to  look  for  any  effect  of  parallax  in  micro- 
metrical  or  relative  measures  of  distance  and  position  in  a  connected 
system.  But  if  one  of  the  stars  be  much  &rther  from  us  than  the 
other,  suppose  it  ten  times  farther  off,  then  the  apparent  ellipses  will 
continue  to  be  similar,  and  similarly  described,  ozdy  the  dimensions 
of  that  described  by  tiie  more  distant  star  will  be  1-lOth  of  that 
described  by  the  nearer  star,  which  comes  to  the  same  thing  as  supposing 
the  more  distant  star  to  be  fixed,  and  the  nearer  star  to  describe  round 
its  true  place  an  ellipee  of  9-lOths  the  actual  dimensions.  If  with  Sir 
William  Herschel  we  measure  the  apparent  disUmcea  of  the  two  stars, 
those  are  best  suited  to  the  purpose  in  which  the  line  joining  the  stars 
is  in  the  direction  of  the  major  axis  of  the  parallactic  ellipse,  that  is,  is 
parallel  to  the  ecliptic.  If  we  proceed  by  measures  of  position,  as 
recommended  by  Sir  John  Herschel,  those  stars  are  most  favourable  in 
which  the  line  joining  the  two  stars  is  perpendiculsjr  to  the  ecUptio. 
It  is  scarcely  necessary  to  say  that  these  conditions  are  not  rigorous, 
and  that  stars  tolerably  near  tiie  pole  of  the  ecliptic  are  equally  well 
suited  to  either  kind  of  measure,  as  the  apparent  eUipee  is  then  almost 
a  circle.  Since  the  application  of  clock-work  to  large  equatorials,  we 
think  that  the  measures  of  the  distance  of  double  stars  may  be  made 
nearly  as  accurately,  and  even  more  easily,  than  angles  of  position ;  and 
farther,  that  any  telescopes  which  have  yet  been  constructed  may  be 
mounted  equatorially  and  carried  by  clock-work.    Most  of  the  close 

*  The  temi-oxis  major  is  the  earth's  radios  vector,  and  the  semi-oziB  minor 
w  the  earth's  radins  vector  x  sin  of  ♦'s  latitude. 

+  It  ia  perhaps  more  easy  to  determine  the  distance  of  a  double  star  to  O'*! 
tnaa  to  fix  on  absolute  place  to  1"*0. 


double  stars  are  probably  oonnected,  and  are  theref ord  unfit  for  the 
detection  of  parallax. 

In  the  last-named  property,  that  of  measuring  considerable  angles, 
the  heliometer  is  unrivalled,  and  thus  we  see  its  especial  use  in  the 
researches  connected  with  parallax.  It  is  almost  hopeless  to  attack  the 
problem  by  any  other  means  at  present  known ;  and  the  divided  eye- 
piece, which  ia  found  very  useful  for  small  measures  of  distance,  ia, 
like  iJie  wire  micrometer,  limUed  to  this  object. 

For  his  researches  on  parallax,  Bessel  selected  the  double  star  61 
Cygni,  which  is  a  double  star  having  a  laige  proper  motion.  This 
property  leads  us  naturally  to  guess  that  it  is  a  comparatively  near 
star,  as  its  actual  velocity  would  otherwise  be  enormously  large.  Two 
stars  a  and  h  were  chosen,  b  in  the  direction  joining  the  component 
stars  of  61  Cygni,  and  a  at  right  angles  to  this  direction.  The  obser- 
vations of  b  are  made  by  bringing  it  into  the  middle  of  the  two  stars, 
those  of  a  by  placing  it  in  the  same  line  with  the  two  stars.  As  the 
two  stars  of  61  Cygni  are  nearly  of  the  same  brightness,  the  observation 
is  exceedingly  accurate.  These  measurements  were  continued  for 
fourteen  months  with  very  littie  interruption.  The  stars  a  and  b 
are  so  far  removed  from  61  Cygni  as  to  render  any  connection  highly 
improbable.  Variations  were  found  in  these  distances,  which,  being 
compared  with  the  effect  which  parallax  would  produce,  are  exactly 
accounted  for ;  therefore  this  variation  is  produced  by  parallax,  for  it 
can  be  shown  that  any  other  known  cause  of  disturbance  has  been  got 
rid  of  by  the  skill  of  the  observer.  The  result  is  that  the  parallax  of 
61  Cygni  is  0'''814 ;  whence  the  distance  of  61  Cygni  is  658,000  times 
the  distance  of  the  earth  from  the  sun^  and  light  &om  the  star  is  10^ 
years  in  reaching  us. 

This  result  has  received  a  most  satisfactory  confirmation  from  the 
researches  of  Professor  Peters,  and  those  of  the  late  Mr.  Johnson, 
director  of  the  Badcliffe  Observatory,  Oxford.  The  value  deduced  by 
the  former  of  these  astronomers,  namely,  0'''349,  was  founded  on 
observations  made  by  himself  vrith  a  vertical  circle  at  the  Imperial 
Observatory  of  Pulkowa.  In  1852-3  Mr.  Johnson  measured  the  dis- 
tance of  the  star  from  two  other  small  stars  in  its  vicinity  with  the 
Oxford  heliometer,  and  obtained  0'''384  for  the  value  of  its  parallax. 

The  parallax  of  a  Lyrse,  was  determined  by  M.  Struve,  in  the  year 
1835.  The  method  employed  by  him  consisted  in  measuring  with  a  wire 
micrometer  the  distance  of  the  star  from  another  bright  star  in  its 
vicinity.  In  this  way  he  found  the  parallax  of  a  Lyrse  to  be  0'''261. 
The  parallax  of  this  star  has  also  been  investigated  by  Professor  Peters, 
M.  Otto  Struve,  and  Mr.  Johnson.  M.  Otto  Struve,  by  combining  his 
own  value  of  the  parallax  of  the  star  with  the  values  obtained  by  his 
father  and  Professor  Peters,  obtained  0**1549  for  the  definitive  result. 
Mr.  Johnson  obtained  very  imperfect  evidence  in  favour  of  a  sensible 
parallax  of  the  star. 

The  late  Professor  Henderson,  of  Edinburgh,  determined  the  parallax 
of  the  bright  star  a  Centauri,  from  observations  made  by  himself  with 
the  mural  circle  at  the  Cape  of  Qood  Hope  in  the  years  1832-3.  In 
this  case,  the  resulting  parallax  was  laige,  amounting  to  1'''16.  Mr. 
Maclear,  from  observations  made  at  the  Cape  in  tiie  years  1839-40, 
found  the  parallax  of  the  same  star  to  be  0'''9128 ;  and  from  subse- 
quent observations  extending  down  to  1848,  he  deduced  0'''9187  as 
the  most  probable  value  of  the  parallax.  The  parallaxes  of  several 
other  stars  have  been  investigated  in  recent  times,  but  no  trust- 
worthy results  have  yet  been  arrived  at. 

PABALLAX,  in  practical  optics,  is  the  longitudinal  misplacement 
of  the  wires  in  a  telescope  or  microscope.  If  tiie  wires  are  not  at  a 
proper  distance  from  the  object-glass,  the  image  of  the  object  is 
not  seen  distinctly  when  the  wires  are  so  seen.  On  giving  a  little 
motion  to  the  eye,  the  object  will  seem  to  move  upon  the  wires.  If  it 
move  in  the  direction  of  the  eye,  the  cell  carrying  the  wires  must  be 
pushed  in,  and  vice  vend.  There  are  means  for  this  adjustment  in  all 
instruments  which  require  it,  and  it  is  a  point  to  which  the  attention 
of  observers  should  be  very  carefully  directed. 

PABALLEL.    [Paballkls.] 

PABALLEL  PBESSUBES.    [Pressure.] 

PABALLELOGBAM  (itapdKKii\6-yp<^ifia,  parallel-drawn  figure)  is 
the  mathematical  term  for  a  four-sided  figure  of  which  the  opposite 
sides  are  parallel.  Such  a  figure  may  be  obtained  from  any  four-sided 
figure  by  bisecting  the  four  sides  and  joining  the  adjacent  bisecting 
points.  When  aU  the  angles  of  a  parallelogram  are  equal,  they  are 
therefore  right  angles,  and  the  figure  is  called  a  Bectanole.  When 
the  sides  are  also  equal,  the  figm'e  is  a  Square  :  matters  of  more 
historical  interest  are  connected  with  either  of  these  terms  than 
with  the  generic  term  parallelogram.  Beferring  therefore  to  those 
articles,  we  shall  here  give  the  principal  properties  of  parallelograms 
in  general* 


Q  4  D 

1.  The  opposite  sides  are  equal,  as  ac  and  bd. 

2.  The  opposite  angles  are  equal,  sa  acd  and  abd,  and  adjacent 
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angles  (as  those  at  A  and  b)  are  together  equal  to  two  right  angles^  or 
are  supplements  of  each  other. 

8.  The  diagonals  (ad  and  bo)  bisect  one  another. 

4.  The  sum  of  the  squares  on  the  four  sides  is  equal  to  the  sum  of 
the  squares  on  the  diagonals. 

5.  The  area  of  a  parallelogram  depends  only  on  the  side  (as  od)  and 
the  perpendicular  distance  (pq)  between  that  and  the  opposite  side ;  so 
that  p^allelograms  on  equal  bases  and  between  the  same  parallels  are 
equal. 

6.  If  the  point  (5)  be  taken  on  a  diagonal  (c  b)  and  made  the  vertex 
of  a  pair  of  parallelograms  (a  153  and  d452)  lying  in  the  equal  tri- 
angular halves  of  the  parallelogram,  these  paiallelograms  will  be  equal 
to  one  another  in  area. 

PABALLELOPIPED  {irapaXXfi\-€irlirf^y,  parallel-plane  BoHd) 
more  correctly  written  pardlldepiped,  is  the  name  given  to  a  solid 
contained  by  six  parallelograms,  which  are  equal  and  parallel,  two  and 
two.    It  is  in  fiict  a  quadrangular  prism. 


When  all  the  parallelograms  are  rectangles,  we  have  one  of  the 
figures  to  which  our  eyes  are  most  accustomed,  as  in  the  case  of  a  die, 
a  box,  a  plank,  a  room,  &c.  &c.  Persons  not  acquainted  with  mathe- 
matics would  hardly  believe  that  English  mathematicians  seldom 
express  this  most  sim'^le  and  elementary  of  all  solids  in  less  than  ten 
syllables,  as  follows : — 

rect^n-gul-ar  par-all-el-o>pi-ped. 

A  more  simple  term  might  easily  be  obtained,  and  one  perfectly  con- 
sistent with  analogy,  namely  riyht  solid.  Thus  a  right  line  might  be 
conceived  as  generated  by  the  most  simple  motion  of  a  point;  a  right 
surface  (or  rectangle)  by  the  most  simple  motion  of  a  right  line ;  and  a 
right  solid  (or  rectangular  paraUelopiped)  by  the  most  simple  motion 
of  a  right  surface.  We  shall  consider  the  properties  of  a  right  solid 
in  the  article  Rectangle. 

When  the  adjacent  rectangles  of  a  right  solid  are  squares,  the  solid 
is  a  Cubb,  for  which  fortunately  there  is  a  shorter  term  than  equi- 
lateral rectangular  paraUelopiped. 

The  number  of  cubic  units  in  a  paraUelopiped  is  found  by  multiply- 
ing the  number  of  sc^uare  units  in  either  base  by  the  number  of  linear 
units  in  the  perpendicular  distance  between  that  base  and  the  opposite 
one.  The  diagonals  ao,  bh,  ce,  df,  meet  in  the  same  point,  which 
bisects  them  aU,  and  the  sum  of  their  squares  is  equal  to  the  sum 
of  the  squares  of  aU  the  twelve  sides  of  the  solid. 

^  PARALLELS  (irapdJOiriKa,  by  the  side  of  each  other),  the  name 
given  by  the  Greek  geometers  to  lines  in  the  same  plane  having  that 
relation  of  situation  of  which  it  is  one  of  the  most  obvious  pro- 
perties that  such  lines  never  meet,  however  far  they  may  be  produced 
or  lengthened. 

If  we  examine  the  properties  of  lines  experimentaUy,  it  will  be  easy 


to  satisfy  ourselves  of  the  existence  of  such  pairs  as  a  b,  OD,  which 
neither  diverge  nor  convei^,  and  to  which  common  perpendiculars,  such 
as  M  N  and  p  Q,  aU  of  the  same  length,  can  be  drawn  through  any  point 
of  either.  Moreover  the  angles  R  s  B  and  B  T  d  made  by  the  same  line 
with  both,  will  be  found  to  be  the  same.  If  then  we  take  the  notion 
of  permanence  of  direction,  which  always  accompanies  that  of  stiaight- 
ness  [Direction],  and  also  the  notion  of  differing  directions,  which  is 
suggested  by  two  lines  which  make  an  angle,  we  may  readily  see  that 
the  relation  of  situation  which,  adopting  EucUd's  term,  may  be  caUed 
paralicUsm,  is  reaUy  that  which  would  be  also  conveyed  by  the  words 
sameness  of  direction ;  so  that  if  two  lines  a  and  B  be  paraUel,  a  may 
be  substituted  for  B  or  b  for  a,  in  any  proposition  which  involves 
relations  of  direction  only,  without  afiTecting  the  truth  of  that  proposi- 
tion, if  true,  or  its  falsehood,  if  false. 

Geometry,  as  every  beginner  knows,  depends  upon  a  small  number 
of  self-evident  truths,  or  rather  of  propositions  the  truth  of  which 
(with  one  exception)  is  so  soon  and  so  ea^Uy  perceived,  that  no  one 
doubts  of  them  when  stated  with  ordinaiy  attention  to  clearness  of 
expression.  The  exception  alluded  to  appears  for  the  first  time  in 
Euclid,  and  has  been  the  occasion  of  a  controversy  which  has  lasted 
from  his  time  to  the  present. 

It  wiU  be  remarked  that  the  definition  of  parallel  lines  is  purely 
negative :  it  dewjribes  what  they  are  not,  not  wjiat  thoy  are  :  if  lines 


which  meet,  or  which  wiU  meet  if  produced,  be  called  interaeeton, 
paraUels  are  non-intersectors.  Those  who  woidd  found  geometry  upon 
definitions  entirely,  may  think  that  the  difficulty  of  the  theory  of 
paraUels  arises  from  insufficient  definition  :  but  those  who  believe  it  to 
be  deducible  from  real  and  positive  conceptions,  having  nothing  arbi- 
tary  about  them,  must  suspect  that,  in  this  purely  negative  definition 
of  parallels,  we  have  not  sufficiently  described  that  very  obvious 
relation  of  position  which  distinguishes  paraUelism  from  convergence, 
»— —  however  short  the  Unes  we  image  to  ourselves,  or  however  little 
'''*'*''^  we  think  of  what  wiU  take  plaoB  if  they  are  produced.  Euclidi 
proceeding  upon  axioms  the  admission  of  which  is  not  con- 
sidered to  be  a  question  connected  with  the  present  difficulty,  establidies 
the  foUowing  proposition : — If  the  two  lines  s  b  and  T  D  make  the  angles 
p  8  T  and  8  T  D  equal,  or  b  s  b  and  s  T  D  equal,  or  b  8  T  and  s  t  D  togetiier 
equal  to  two  right  angles  (aU  which  amount  to  the  same  thing),  then  s  b 
and  T  D  are  non-intersectors.  But  before  any  further  stop  can  be  made, 
it  must  either  be  proved  or  assumed  that  in  every  other  case  they  are 
intorsectors,  and  EucUd,  being  unable  to  prove  it,  assumes  it  directly. 
That  Ib  to  say,  he  requires  it  to  be  granted  that  if  b  s  T  and  s  T  d  b« 
together  less  than  two  right  angles,  s  B  and  T  D  wiU  meet,  if  produced, 
and  on  that  side  on  which  they  make  with  8  t  the  angles  leas  than  two 
right  angles.  The  last  clause  is  not  a  necessary  put  of  the  axiom, 
since  it  can  be  flhown,  independently  of  the  present  theoiy,  that  two 
lines  which  meet  must  make  angles  together  less  than  two  right 
angles  with  any  line  which  cuts  them  intemaUy  on  the  aide  of 
meeting. 

Euchd  obviously  puts  the  whole  difficulty  into  an  aasumption; 
which,  thou£^  the  most  direct  course,  is  not  that  which  is  best  calcu- 
lated to  give  the  highest  degree  of  evidence  to  geometrical  truths.  For 
it  is  a  more  obvious  proposition  that  two  lines  which  iatersect  one 
another  cannot  both  be  paraUel  to  a  third  line,  and  this  being  granted, 
EucUd's  axiom  readily  foUows.  If  it  should  be  objected  that  this  is 
merely  EucUd's  axiom  in  another  form,  it  is  repUed  that  the  form  is  a 
more  easy  one,  and  therefore  preferable :  just  as  it  would  be  wiser 
to  assume  "  Every  a  is  B  and  evety  B  is  a,"  than  the  identical  but  more 
compHcated  proposition  ''  Every  a  is  b,  and  everything  whi^  is  not  a 
'  is  not  B." 

It  is  known  then  that  the  difficulty  is  mtirely  removed  if  we  grant 
that ''  two  lines  which  intersect  are  not  both  paraUel  to  any  third  Une/' 
or,  which  is  the  same  thing,  that "  through  a  given  point  not  more 
than  one  line  can  be  drawn  paraUel  to  a  given  line."  The  theoiy  of 
EucUd  being  thus  improved  so  far  as  it  is  capable  of  being  done  by  a 
mere  difference  of  statement,  it  remains  to  ask,  1.  Whether  assump- 
tion can  be  dispensed  with  altogether,  and  a  direct  proof  of  EucUd's 
axiom,  or  something  equivalent  to  it,  given?  2.  If  the  preceding 
question  be  answered  in  the  negative,  can  any  more  simple  assumption 
be  made  the  foundation  of  the  theory  ? 

The  attempts  to  answer  one  or  the  other  question  in  the  affirmative 
have  been  veiy  numerous,  and  have  (without  any  exception  but  one  in 
which  new  axioms  of  another  sort  are  introduced)  tacitiy  contained  the 
defect  which  their  authors  were  desirous  of  avoiding.  The  autiior  of 
'  Geometry  without  Axioms'  (General  Perronet  Thompson)  has  coUected 
and  commented  on  thirty  instances,  of  which  we  here  make  a  brief 
abstract,  adding  one  or  two  more. 

1.  The  axiom  of  EucUd  in  question.  2.  Ptolemy;  his  proof 
assumes  the  symmetricaUty  of  paraUel  lines  on  one  side  and  the  other 
of  any  Une  which  cuts  both.  8.  Proclus  assumes  that  intersectora 
diverge  infinitely  from  the  point  of  intersection,  and  that  paraUels  do 
not.  4.  Clavius  assumes  that  a  line  which  is  everywhere  equidistant 
from  a  straight  Une,  is  itself  straight.  6  and  6.  Two  demonstrations 
of  Br.  Thomas  OUver  (1604)  assume  Clavius*s  axiom.  7.  Wolf, 
Boscovich,  T.  Simpson  (in  the  first  edition  of  his  Elements),  and 
Bonnycastle,  define  paraUel  lines  as  those  which  always  preaerve  the 
same  distance,  which  is  Clavius's  axiom  in  the  disguise  of  a  definition. 
8.  D'Alembert  would  define  paraUels  as  lines  one  of  which  has  two 
points  equidistant  from  the  other,  but  acknowledged  that  he  could  not 
complete  the  proof  of  the  axiom  of  Clavius.  9.  T.  Simpson  (Ele- 
ments, 2nd  edition)  proposed  to  assume  that  two  Unes,  one  of  which 
has  two  points  unequaUy  distant  from  the  other,  must  meet.  10. 
Robert  Simpson  proposed  to  assume  that  a  straight  line  cannot  first 
approach  to  and  then  recede  from  another,  without  cutting  it.  11. 
Varignon,  Bezout,  &c.,  would  define  paraUels  as  lines  which  make  the 
same  angle  with  a  third  line :  if  a  third  line  mean  some  one  third  line, 
the  difficulty  remains  just  as  before ;  if  any  third  Une,  the  difficulty  is 
tacitly  removed'  by  an  assumption.  12.  Ludlam,  Playfair,  &c., 
recommend  the  axiom  which  we  have  also  reoommended,  namely, 
that  two  intersecting  straight  lines  cannot  be  both  paraUel 
to  a  third.  13.  LesUe  proposes  to  attain  the  same  axiom  in  a  sort 
of  experimental  manner,  by  making  a  line  revolve  about  a  point. 
14.  Playfaif  (in  his  Notes)  proposes  to  assume  that  a  straight  Une 
which  turns  completely  roimd,  and  thus  regains  ito  first  position,  must 
turn  through  four  right  angles,  whether  it  constantly  revolves  about 
one  point,  or  whether  the  pivot  of  revolution  changes.  15  and  16. 
Franceschini  (1787)  proposes  to  assume  that  the  projections  of  a 
straight  line  on  a  Une  making  an  acute  angle  with  it,  increase  without 
Umit  with  the  projected  line.  17.  Some  have  proposed  to  define 
parallels  as  "  lines  having  the  same  direction,''  assuming  it  to  be  ob- 
viously contained  in  the  conception  of  direction,  that  two  simUar 
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directions  moke  the  same  angle  with  any  other  direction.  18.  Mr. 
Exley  (1818)  proposes  to  assume  that  if  four  equal  straight  lines,  each 
at  right  angles  to  the  preceding,  do  not  meet  and  enclose  a  space,  a 
fifth  such  Une  would  do  so.  19.  Dr.  Creswell  proposes  to  assume  that 
through  any  point  within  an  angle  less  than  two  right  angles,  a  straight 
line  may  be  supposed  to  be  drawn  cutting  the  two  straight  lines  which 
contain  the  angle.  20.  Professor  Thompson  makes  it  an  axiom  that 
"  if  a  triangle  be  moved  along  a  plane^  so  that  its  base  may  always  be 
on  the  same  straight  line,  its  vertex  describes  a  straight  line  eqiial  to 
that  described  by  either  extremity  of  the  base.  21.  M.  Legendre  (in 
the  earlier  editions  of  his  Elements)  makes  a  direct  appeal  to  the 
senses.  22.  In  the  seventh  edition  he  assumes  (as  in  instance  15)  that 
a  magnitude  increases  without  limit,  where  po-petual  increase  is  all 
that  is  demonstrable.  23.  In  the  twelfth  edition  he  fairly  brings  the 
disputed  proposition  to  rest  upon  the  axiom,  that  if  two  angles  of  a 
triangle  diminish  without  limit,  the  third  (whatever  the  base  may  be) 
approaches  without  limit  to  two  right  angles,  a  proposition  not  admis- 
sible when,  as  in  M.  L^endre's  final  construction,  tne  base  at  the  same 
time  increases  without  limit.  24.  In  a  note  to  the  same  edition,  he 
demands  as  an  axiom  that  no  straight  line  can  be  entirely  included 
between  two  straight  lines  which  miake  an  angle  less  than  two  right 
angles,  wliich  may  easily  be  shown  to  be  nothing  more  or  less  than 
Euclid's  axiom.  25.  He  attemps  a  proof  of  ^e  last,  which  fails.  26. 
M.  Legendre's  analytical  proof,  which  we  shall  presently  examine.  27. 
H.  Lacroiz  would  confine  the  assumption  of  Euclid  to  the  case  in  which 
one  of  the  internal  angles  is  a  right  angle  and  the  other  less.  28.  M. 
Bertrand  extends  the  use  of  the  term  equality ;  we  shall  afterwards 
examine  his  proof.  29.  Mr.  Ivory  assumes  a  right  to  construct  a 
series  of  triangles  in  a  manner  which  cannot  be  certainly  done  unless 
an  assumption  as  difficult  as  in  (20)  be  nude  :  and  30,  Professor  Toimg 
makes  a  modification  of  the  preceding,  which  does  not  remove  the 
difficidty. 

For  further  information  we  may  refer  to  the  work  from  which 
the  preceding  abstract  is  taken.  The  author  of  it  proposes  his  own 
system,  the  latent  assumption  of  which  is,  that  if  equal  straight  lines 
make  an  angle,  and  other  straight  lines  equal  to  them  be  attached  to 
their  extremities  at  the  same  angle,  the  remaining  extremities  of  the 
second  pair  of  straight  lines  will  not  *  always  meet 

The  same  author,  whose  erudition  on  thi^  subject  would  alone 
entitle  any  attempt  of  his  to  attention,  has  publi^ed  a  new  view  of 
the  subject,  in  which  he  proposes  to  deduce  the  properties  of  the 
equiangular  spiral,  and  to  make  them  the  foundation  of  a  proof  of 
Euclid's  axiom.  It  assimies  the  doctrine  of  limits,  and  the  theorem 
that  velocities  (in  one  case  at  least)  are  to  one  another  in  the  limiting 
ratio  of  spaces  described  in  the  same  times.  Whatever  may  be  thought 
of  this  method  as  evidence  for  producing  conviction,  we  cannot  take 
such  an  assumption  as  removing  the  geometrical  difficulty,  since,  by 
the  introduction  of  a  totally  new  line,  it  leaps  the  conventional  boun- 
daries of  geometry;  to  say  nothing  of  the  question  which  may  fairly 
arise,  as  to  whether  the  axioms  of  the  theory  of  limits  are  not  as  diffi- 
cult as  that  of  Euclid. 

Two  proofs  have  been  referred  to  as  requiring  further  explanation : 
those  of  MM.  Legendre  and  Bertrand.    We  take  them  successively. 

The  first  assumes  all  that  knowledge  which  is  derived  from  algebra 
and  the  theory  of  algebraical  operations.  We  premise  that  the  theory 
of  parallels  ma^  be  strictly  deduced,  though  not  without  some  trouble, 
if  it  can  previously  be  shown  that  the  three  angles  of  a  triangle  are 
equal  to  two  right  angles.  Let  there  be  a  trian^e  of  which  the  base 
contains  e  linear  units,  and  the  opposite  angle  o  angular  imits,  the 
other  angles  containing  a  and  b  units.  Then  it  can  be  easily  diown 
that  any  other  triangle  which  has  the  same  base  e  and  the  same  ad- 
jacent angles  a  and  b  must  be  in  all  respects  equal  to  the  first :  that 
is,  c,  A,  and  B  being  the  side  and  adjacent  angles  of  a  really  existing 
triangle,  o  is  given  when  c,  a,  and  b  are  given.  There  must  then  b« 
some  algebraical  mode  of  expressing  c  in  terms  of  c,  a,  and  b,  such  as 

o=^(c,a,b). 

From  such  an  equation,  if  it  exist,  e  can  be  found  in  tenns  of  a,  b, 
and  c,  that  is,  the  length  of  a  straight  line  can  be  expressed  by  means 
of  angles  only.  Now  it  is  known  that  no  equation  can  determine  a 
magnitude  by  means  of  magnitudes  no  one  of  which  is  of  the  same 
C  kind  with  it :  and  the  only  way  of  avoiding  this 

supposition  is  by  supposing  that  c  does  not  enter 
the  equation  at  ail,  or  that  c=^  (a,b),  so  that  the 
third  angle  of  a  triangle  is  given  when  the  other 
two  are  given,  whatever  the  side  may  be,  provided 
^  the  triangle  be  knoum  to  exitL  Let  there  be  a  right 
^^ed  triangle  acb,  and  let  CD  be  perpendicular  to  ab;  then  the 

*  In  the  edition  of  189S,  this  awomption  was  explicitly  mode.  A  writer  in 
the  *  Journal  of  Edncation »  (toI.  tU.  p.  105)  having  pointed  this  out,  the  words 
" prorided  the  straight  lines  do  not  meet"  were  added  (in  the  edition  of  1834) 
to  the  ennncistions  of  the  leading  propositions  of  the  proof.  This  certainly 
remoTcs  the  difficolty  from  the  propositions  themselres,  bnt  throws  it  upon 
their  consequences ;  and  the  final  result  only  remaittn  prored,  provided  those 
lines  do  not  always  meet :  that  is,  the  proposition  that  they  do  not  always  meet, 
ttill  remains  an  axiom.  The  work  is  well  worth  the  perusal  of  the  student, 
though  we  have  no  doubt  whateTcr  that  iu  respect  to  the  theory  of  pi^qUels  It  is 
so  amendment  of  Euclid. 


triangles  a  CB,  a  CD,  have  a  common  angle  at  a,  and  a  right  angle  In 
each  :  consequently  their  third  angles  are  equal,  or  a  c  D  =  A  B  o. 
Similarly  D  c  B = o  A  B ;  whence  the  angles  at  a  and  B  are  together  equal 
to  a  right  angle.  And  if  the  two  acute  angles  of  a  right  angled  triangle 
be  eqiud  to  one  right  angle,  it  is  readily  shown  that  all  the  three  an^es 
of  any  triangle  are  equal  to  two  right  angles. 

It  is  not  our  intention  to  go  fully  into  the  objections  which  have 
been  made  to  this  proof,  nor  into  Legendre's  answers ;  all  which  may 
be  found  in  the  notes  to  Sir  David  Brewster's  translation  of  Legendre. 
It  has  the  disadvantage  of  being  founded  upon  a  science  which  requires 
more  and  harder  axioms  than  geometry  itself,  and  of  which  the  par- 
ticular process  employed,  namely,  inversion  of  a  function,  is  in  many 
cases  full  of  unexplained  difficulties ;  while  it  has  the  advantage  of  not 
appealing  to  any  new  notions  of  space.  As  an  illustration  of  the  oon- 
nection  between  algebra  and  geometry,  it  must  always  be  valuable : 
but  we  suppose  no  one  would  think  of  making  it  the  foundation  of 
geometry.  Some  objectors  imagined  that  L^endre  would  infer  that 
a  base  0,  with  two  adjacent  angles  together  less  than  two  right  angles, 
must  be  the  base  of  a  triangle ;  or  that  because  the  formula  applies 
wherever  there  is  a  triangle,  that  there  must  be  a  triangle  wherever 
the  formula  applies.  If  this  were  the  case,  undoubtedly  they  were 
right  in  saying  that  Legendre  did  in  fact  assume  Euclid's  axiom :  but 
if,  as  we  apprehend,  he  would  have  applied  the  proposition  thus  proved 
of  existing  triangles,  to  the  proof  of  Euclid's  axiom,  he  should  certainly 
have  stated  his  intention  more  distinctly  in  his  reply.  It  seems  to  us 
that  he  took  it  as  admitted  on  all  sides  how  to  deduce  Euclid's  axiom, 
while  his  opponents  imagined  that  he  considered  himself  as  having 
proved  that  axiom. 

'  It  is  of  much  importance,  in  connection  with  Legendre's  view,  to 
remember  the  point  mentioned  at  the  end  of  Angle,  namely,  that 
angle,  of  all  magnitudes,  is  the  only  one  of  which  number  is  a  function, 
and  the  converse. 

The  proof  of  M.  Bertrand  is  as  follows :— Let  it  be  granted  that  two 
spaces,  whether  finite  or  infinite,  are  equal,*  when  one  can  be  plaoed 
upon  tiie  other  so  that  any  point  whatsoever  of  either  lies  upon  a  point 
of  the  other :  that  is,  let  it  be  legitimate  to  say,  of  the  word  equal  as 
thus  used,  that  spaces  which  are  equal  to  the  same  space  are  equal  to 
one  another.  Qranting  this,  it  is  easily  shown — 1,  that  the  infinite 
spaces  of  equal  angles  are  equal ;  2,  that  of  two  angles,  the  infinite 
space  contained  in  the  greater  is  greater  than  the  infinite  space  con- 
tained in  the  less. 

Let  there  be  two  lines,  of,  a o,  making  with  o  A  internal  angles 
F  o  A,  o  A  o,  equal  to  two  right  angles.    Then  o  F  and  a  Q  are  parallel. 


Take  ab,  b  c,  c D,  ftc.,  each  equal  to  0  a,  and  make  the  angles  H  B  o^ 
K c  D,  L D B,  &C.,  all  equal  to  foa  or  gab.  Let  all  lines  with  arrow- 
heads be  produced  without  limit  in  the  direction  to  which  the  arrow- 
head points.  Then  if  o  a  be  placed  on  a  b,  the  lines  o  F  and  a  o  will 
in  Uieir  new  positions  coincide  with  a  o  and  B  H,  or  the  infinite  space 
FOAO  is  equal  to  the  infinite  space  oabh  :  and  similarly  hbok, 
K  0  D  L,  &c.,  are  all  equal  to  one  another  and  to  F  o  A  g.  But  it  is 
obvious  that  no  number  of  these  spaces,  however  great,  will  fill  up  the 
infinite  space  of  the  angle  fob.  Now  let  a  line  o  1  be  drawn  in  such 
a  manner  that  1  o  a  and  o  a  o  are  together  less  than  two  right  angles ; 
whence  o  1  falls  nearer  to  o  e  than  does  of.  Take  f  o  2  double  of  F  o  1, 
F  o  3,  treble  of  f  0 1  and  so  on  :  whence,  since  of  two  quantities  which 
bear  a  ratio,  Uie  less  may  be  multiplied  so  as  to  exceed  the  greater, 
some  multiple  of  f o  1  must  be  greater  than  fob,  whence  some 
multiple  of  the  infinite  space  F  o  1  is  greater  than  the  infinite  space 
FOB.  But  no  multiple  of  F o  a o  will  be  so  great  as  F o E ;  whence  the 
infinite  space  F  o  1  must  exceed  the  infinite  spaoe  F  o  A  o.  Therefore 
o  1  produced  must  cut  a  o ;  for  if  not,  the  space  F  o  1  would  be 
entirely  contained  in  foao,  and  the  former  could  not  exceed  the 
latter. 

We  have  not  noticed  the  numerous  attempts  at  the  solution  of  the 
difficulty  which  proceed  by  tacit  assumption  or  illogical  process,  under 

*  The  author  of  *  Geometry  without  Axioms*  cites  Plato  for  the  axiom  that 
equality  is  only  to  be  predicated  of  finite  magnitudes.  But  withou  tlooking  at 
the  authority  of  Plato,  or  any  one  else,  it  is  for  the  reader  now  to  ask  himself 
whether  he  can,  by  comparing  the  infinite  spaces  contained  in  equal  and 
unequal  angles,  obtain  a  distinct  conception  of  equality,  of  greater,  and  of  less : 
if  so,  the  proof  of  31.  Bertrand  must  be  admitted  by  him ;  if  not,  no  one  has  a 
right  to  demand  his  acquiescence.  We  are  inclined  to  think  that  it  m  a  proof 
to  some,  but  not  to  others ;  to  us  it  certainly  i«  a  proof.  But  we  do  not  oontend 
for  the  odmission  of  considerations  respecting  infinity  into  elementary  geometry  : 
wo  should  hold  such  a  plan  altogether  opjiosed  to  every  principle  of  sound 
teaching. 
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ihe  pretence  of  avoiding  the  axiom  of  Euclid,  without  substitution  of 
any  other.  We  shall  conclude  this  article  with  an  account  of  a  result 
contained  in  a  paper,  by  Legendre,  in  the  12th  volume  of  the  '  Memoirs 
of  the  Institute/  being  his  latest  attempt  at  the  solution  of  the  problem. 
It  is  what  he  properly  styles  a  geometrical  translation  of  the  analytical 
proof  aheady  noticed,  and  its  chain  of  reasoning  proceeds  through 
three  propositions. 

1,  It  is  impossible  that  the  sum  of  the  angles  of  a  triangle  can  in  any 
case  exceed  two  right  angles. 

2.  If  there  be  any  one  triangle  which  has  angles  together  equal  to 
two  right  angles,  the  same  must  be  true  of  all  triangles. 

8.  If  the  angles  of  a  triangle  be  not  equal  to  two  right  angles,  then 
angles  alone  may  be  made  to  determine  a  straight  line. 

1.  If  it  be  possible,  let  there  be  a  triangle  B  a  c  having  its  angles 
together  greater  than  two  right  angles.  In  a  c  produced  take  o  s,  K  o, 
ai,&c.  each  equal  to  a  o,and  make  the  angles  d  o  e,  F  b  o,  &c.  each  equal 
to  B A c,  and  let  o D,  ef,  &c.  be  each  equal  to  ab.    Join  bd,  DF,  &o. 


B 


D 


which  are  not  known  to  be  in  the  same  straight  line,  though  they  are 
so.  Then  the  triangles  doe,  fbq,  &c.  are  severally  equal  in  all 
respects  to  b  a  o.  And  because  the  angles  at  a,  b,  o,  are  together 
(by  hyp.)  greater  than  two  right  angles,  and  two  of  Ihem  are  equal  to 
two  of  the  angles  at  o,  it  follows  that  the  angle  a  B  o  is  greater  than 
BCD,  whence  a  b  and  b  c  being  severally  equal  to  D  o  and  c  b,  it  follows 
that  A  c  is  greater  than  B  D.  Similarly  o  b  is  greater  than  D  f,  &c., 
whence  a  i  exceeds  b  D  f  h  K  by  as  many  times  the  excess  of  a  o  over 
B  D  as  A  c  is  contained  in  a  i.  Now  however  small  this  excess  may  bo, 
it  may  be  multiplied  until  the  multiple  exceeds  twice  a  B,  or  A  B  and 
Ki  together.  That  .is,  Ai,  one  side  of  a  figure,  may  be  made  greater 
than  AB,  B  D,  D F  . . . .  K I,  the  sum  of  all  the  other  sides ;  which  is 
absurd.  Hence,  it  is  not  true  that  the  angles  of  any  triangle  are 
together  greater  than  two  right  angles. 
2.  Let  there  be  any  one  triangle  ab  o  in  which  the  sum  of  all  the 


angles  is  two  right  angles.  Make  the  angle  b  o  D = a  B  o,  and  o  b  d = 
A  0  B,  whence  the  tnangle  b  d  c  is  in  all  respects  equal  to  a  B  c. 
Produce  a  b  and  a  o  each  to  double  of  its  length,  and  join  E,  D,  and 
D  F.  The  angle  c  B  E  being  equal  to  B  a  c  and  a  c  B  together,  and  o  b  D 
being=  B c A,  it  follows  that  £bd=bac;  whence  the  triangle  e b d  is 
in  all  respects  equal  to  b  a  c,  and  the  same,  for  similar  reasons,  is  D  c  f. 
Hence  the  three  angles  at  d  are  severally  equal  to  those  of  the  triangle 
AB  0,  or  to  two  right  angles ;  and  thus  e  d  f  is  a  straight  line,  and  a  £  f 
a  triangle  equiangular  with  a  b  o,  and  therefore  having  angles  equal  to 
two  right  angles.  Or,  if  there  be  any  such  triangle,  there  is  another  of 
the  same  sort  with  double  sides  and  the  same  angles ;  and  since  this 
process  of  doubling  the  sides  may  be  repeated  to  any  extent,  it  follows 
that,  if  there  be  any  other  given  triangle,  a  triangle  can  be  found 
with  longer  sides,  and  having  the  sum  of  its  angles  equal  to  two  right 
angles. 

Next,  any  triangle  a  if  N  which  has  the  angle  a,  must  have  the  sum 
of  all  its  angles  also  equal  to  two' right  angles.  Continue  the  preceding 
process  untH  the  triangle  a  K  n  is  completely  inclosed,  say  in  a  E  F,  and 
join  E,  N.  Then  all  the  angles  of  the  three  triangles  a  M  N,  h  N  E,  N  e  f, 
make  up  the  angles  at  a,  e,  f  (two  right  angles),  those  at  M  (two  right 
angles),  and  those  at  n  (two  right  angles);  six  right  angles  in  all. 
Consequently  each  set  of  angles,  in  each  triangle,  must  be  equal  to  two 
right  angles ;  for  all  three  sets  making  up  six  right  angles,  no  one  set 
can  fall  short  of  two  right  angles,  without  another  set  exceeding  it, 
which  has  been  shown  to  be  impossible. 

Lastly,  on  the  preceding  assumption  (namely,  that  there  is  one  such 
triangle),  every  triangle  has  the  sum  of  its  angles  equal  to  two  right 
angles.  Let  a  b  o  be  the  one  triangle,  as  before,  and  let  p  Q  B  be  any 
triangle  not  equiangular  with  a  B  o ;  one  of  its  angles  must  be  less  than 
one  of  the  angles  of  ab  c ;  for  if  not,  the  sum  of  the  angles  p,  Q,  R 
would  be  greater  than  that  of  a,  b,  o,  or  greater  than  two  right  angles. 
Let  it  be  that  p  is  less  than  a,  and  make  Q  p  z  equal  to  B  a  c,  con- 
structing, by  the  preceding  process  of  doubling  the  sides,  a  triangle 
7  p  w  containing  T  Q  b.    Then  since  pyx  has  an  angle  (at  v)  common 


with  P  ▼  w,  the  angles  of  p  y  x  are  together  equal  to  two  right  angles, 
and  because  pyx  has  an  angle  in  common  with  pqb,  the  angles  of 


p  Q  B  are  also  equal  to  two  right  angles.  Hence,  if  any  one  ^langle 
have  its  angles  equal  to  two  right  angles,  the  same  must  be  true  of  all 
trian^es  whatsoever. 

8.  If  then  we  deny  the  preceding  truth  in  the  case  of  any  one 
triangle,   we  must   deny  it  in  the  case  of   all.     Let  it    then  be 


tmiversallv  denied ;  and,  taking  any  triangle  ab  o,  take  a  point  D,  at 
which  make  the  angle  bi)E=bca.  Then  the  angle  bed  must  be 
greater  than  B  a  c ;  for  if  not,  d  E  a  and  e  a  c  are  at  least  equal  to  two 
right  angles,  and,  EDO  and  a  c  d  being  together  equal  to  two  right 
angles,  the  angles  of  the  triangles  e  d  a,  a  d  c,  are  together  at  least 
equal  to  four  right  angles,  which  is  denied.  For  it  is  denied  that 
either  set  is  equal  to  two  right  angles,  and  it  has  been  shown  that 
neither  set  can  be  greater.  In  like  manner  it  may  be  shown  that  if 
D  move  from  c  to  b  (the  angle  B  de  being  always^BC  a),  the  angle 
BED  must  continually  increase,  and  can  ti^erefore  only  have  a  given 
value  for  a  thereby  determined  value  of  B  d.  That  is,  by  assigning  the 
angles  B,  D,  e,  the  side  bd  can  be  absolutely  laid  down.  Now  since 
angles  might  be  given  in  numbers  (taking  the  right  angle,  which  is 
absolute,  as  a  unit),  it  therefore  follows  that  the  length  of  a  straight 
line  might  be  handed  down  from  generation  to  generation,  by  means 
of  numbers  only,  without  any  dependence  on  a  linear  unit.  This  is 
the  same  conclusion  as  follows  from  the  analytical  proof,  against  those 
who  would  deny  its  conclusions. 

We  consider  the  preceding  process  as  containing  the  most  remarkable 
addition  which  has  been  made  to  the  theory.  With  regard  to  the 
whole  question,  we  do  not  consider  the  difficulty  as  one  of  a  different 
kind  from  that  of  the  quadrature  of  the  circle  or  the  trisection  of  the 
angle.  In  the  earlier  stages  of  mathematical  investigation,  all  that  was 
not  evidently  impossible  was  attempted,  and  failure  was,  properly  and 
modestly,  attributed  to  the  want  of  sagacity  in  the  investigators.  In 
the  instance  before  us,  the  object  was  to  deduce  positive  properties 
from  a  purely  negative  definition,  involving,  be  it  observed,  tne  idea  of 
infinity.  For  if  we  say  that  parallels  are  lines  which  never  meet, 
however  far  produced,  we  must,  in  the  hypothesis  "  let  a  b  and  c  d  be 
two  parallel  lines,"  contemplate  every  point  of  both,  however  remote 
from  A  and  b.  The  demonstration  of  M.  Bertrand  appears  to  us  to 
assume  considerations  which  are  indispensable  to  the  direct  treatment 
of  this  negative  definition ;  nor  can  we  imagine  the  positive  deduction 
of  properties  from  the  assumption  of  lines  which  never  meet,  without 
maJdng  their  intervening  space,  as  compared  with  other  spaces,  an 
object  of  reasoning.  And  even  if  the  preceding  process  of  M.  Legendre 
should  be  allowed,  so  far  as  proving  that  one  triangle  only  need  be 
shown  to  have  the  sum  of  its  angles  equal  to  two  right  angles,  and 
should  the  final  theorem  be  ultimately  completed  by  a  less  objectionable 
third  process  (of  which  we  do  not  entirely  despair),  it  may  be  doubted 
whether  right  reasoning  will  be  promoted  by  the  arbitrary  rejection  of 
notions  intimately  connected  with  those  which  are  necessary  for  the 
perfect  conception  of  a  definition.  On  this  the  whole  question  must 
at  last  turn :  it  wiU  readily  be  granted  that  a  studied  exclusion  of  a 
particular  figure  (for  instance,  of  the  equilateral  triangle)  would  be  no 
real  gain  to  the  strictness  of  geometry,  even  though  it  should  be  shown 
that  the  whole  of  Euclid  might  be  established  without  it.  The  new 
considerations  brought  f  orwiutl  by  M.  Bertrand  have  not  yet  received 
the  degree  of  attention  which  we  will  venture  to  prophesy  must 
yet  be  given  to  them.  When  they  have  been  maturely  discussed, 
the  following  question  will  arise: — In  admitting  the  notion  and 
definition  of  parallels,  and  rejecting  the  comparison  of  their  intervening 
spaces  with  angular  spaces,  are  we,  or  are  we  not,  in  the  position  of 
those  who  admit  one  notion,  while  they  exclude  another  which  is  as 
much  of  kin  to  the  first  as  that  of  an  equilateral  triangle  to  any  other 
triangle  ?  We  should  be  sorry  to  see  this  question  settled  either  way 
without  such  an  examination  of  the  nature  of  our  ideas  of  magnitude, 
and  in  particular  of  the  connection  of  finite  and  infinite,  as  has  not  yet 
been  made.    But  even  if  our  question  should  be  resolved  in  the 
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affirmative^  it  does  not  follow  that  compariflons ,  of  infinites  can  be 
successfully  introduced  into  elementary  teaching. 

PARALLELS,  in  the  attack  or  siege  of  a  place  (Sieob),  are  wide 
trenches  affording  the  besieging  troops  a  free  covered  communication 
between  their  batteries  and  approaches,  and  a  protection  for  the  guard 
of  the  trenches  and  the  covering  parties  in  the  day  time.  What  were 
in  former  times  termed  lines  of  contravallation  are  now  termed 
parallels.  There  are  usually  three  or  four  parallels  made  in  the  attack 
of  a  place,  though  of  course  the  number  will  depend  wholly  on  the 
strength  of,  and  the  artillery  possessed  by,  the  garrison ;  the  saliency  of  its 
main  works,  and  of  its  outworks  and  detached  works,  should  it  possess 
any ;  the  vigour  of  the  defence  and  the  nature  of  the  grou2id  in  the 
neighbourhood,  whether  providing  good  natural  cover  for  bodies  of 
covering  troops  or  not.  Though  Uie  siege  of  different  places  will  vaiy 
much  according  to  these  points,  methods  of  attack  are  laid  down 
in  works  on  fortification  on  certain  assumptions,  in  order  to  give  an 
idea  of  the  general  method,  and  from  which  to  deduce  a  standard  of 
strength  of  different  systems.  In  these  there  are  generally  three 
parallels ;  the  first  at  600  yards  from  the  place,  another  at  about  800 
yards,  and  a  third  at  the  foot  of  the  glacis.  The  second  parallel  is  con- 
structed by  fiying  tap,  the  third  by  regular  sap,  whUe  the  first,  being 
supposed  out  of  the  range  of  musquelay,  grape-shot,  and  canister,  bv 
ordinary  trench- work.  These  distances  and  methods  may  be  much 
modified  in  practice,  especially  by  the  introduction  of  arms  of  pre- 
cision, but  as  an  assumption  either  for  instruction  or  for  comparing 
difTerent  systems  they  are  still  retained.  The  method  of  tracing,  &c., 
will  be  found  under  Sieoe. 

PARALYSIS  (a  Greek  word,  irop^vtris,  which  signifies  literally  a 
**  loosening"  or  "  relaxation")  is  the  diseased  condition  in  which  the 
natural  power  of  sensation  or  motion  is  lost  in  any  part  of  the  body. 

The  principal  forms  of  paralysis  are  dependent  on  the  fact  that 
although  most  of  the  nerves  distributed  through  the  various  parts  of 
the  body  contain  filaments  for  performing  the  functions  of  motion  and 
sensation  within  the  same  sheath,  yH  the  two  orders  of  filaments  are 
distinct  in  their  origins  and  arise  from  separate  portions  or  tracts  of 
the  brain  and  spinal  chord.  If  a  sensitive  nerve,  or  the  tract  of 
nervous  matter  from  which  the  sensitive  nerves  of  any  part  arise,  be 
destroyed  or  seriously  diseased,  there  will  be  a  loss  of  sensation  in  that 
part,  but  its  natural  power  of  motion  will  remain ;  if  the  same  injury 
befsd  a  motor  nerve,  or  a  centre  of  origin  for  motor  nerves,  the  part 
supplied  therefrom  will  lose  its  motion,  but  retain  its  sensibility ;  and 
if  a  mixed  nerve,  or  both  nervous  centres  simultaneously,  be  affected, 
there  will  be  a  loss  at  once  of  sensation  and  of  motion.  Hence  we 
have  two  distinct  kinds  of  paralysis — loss  of  sensation,  which  is  some- 
times called  an<Estkma,BXMd.  loss  of  motion,  to  which  the  term  paralysis, 
or  palsy,  is  by  some  exclusively  applied. 

£ach  of  these  varieties  of  paralysis  may  vary  in  its  degree  of  seve- 
rity, or  in  the  extent  of  the  part  of  the  body  which  it  affects.  For 
example,  either  kind  may  be  complete  or  incompldte :  in  the  former,  the 
sensation  or  loss  of  motion,  or  both,  are  completely  destroyed ;  in  the 
latter,  they  are  only  impaired.  In  its  varieties  of  extent,  paralysis  of 
sensation  may  affect  either  a  single  nerve,  as  in  loss  of  sight  when 
dependent  on  disease  of  the  optio  nerve  [Amaurosis]  ;  in  loss  of  smell, 
or  anosmia,  from  affection  of  the  olfactory  nerve ;  in  deafness,  from 
disease  of  the  auditory  nerve ;  and  loss  of  taste,  from  disease  of  the 
nerves  appropriated  to  that  function :  or  it  may  affect  the  sensitive 
nerves  of  a  limb  or  of  a  variable  portion  of  the  body.  In  like  manner 
paralysis  of  motion  may  affect  a  single  muscle,  as  in  ptons,  or  dropping 
of  the  eyelid,  from  disease  of  the  third  nerve ;  or  it  n>ay  occur  in  a 
part  of  the  musdes  of  the  face,  or  the  muscles  of  one  or  more  limbs,  or 
of  a  part  of  the  trunk  and  limbs.  Lastly,  whole  regions  of  the 
body  may  be  paralysed;  and  of  these  cases  the  chief  varieties  are, 
^en^ipUffia,  in  which  one  side — half  of  the  body — is  deprived  of  sensa- 
tion or  motion,  or  of  both ;  parapltgiafia  which  the  lower  part  of  the 
body  is  paralysed,  while  the  upper  retains  both  sensation  and  motion ; 
wd  general  paralysis,  in  which  the  loss  of  nervous  power  extends  over 
nearly  every  part  of  the  body. 

Other  varieties  of  paralysis  are  described  from  peculiar  circum- 
stances in  their  cause  or  symptoms ;  as  Uad-^hj,  wmch  is  produced 
by  the  influence  of  lead,  eiUier  locally  applied,  as  to  the  hands  of 
I»interB,  or  received  into  the  system  generally ;  crewnw^-palsy,  which, 
commencing  in  a  limited  part  of  the  body,  gradually  extends  over  a 
Vge  portion  of  it ;  s^Jbin^-p^dsy,  in  which  the  loss  of  motion  being 
incomplete,  any  attempt  at  its  exercise  is  effected  by  a  trembling 
unsteady  action,  like  that  of  a  feitigued  muscle. 

The  conditions  under  which  these  various  fonns  of  paralysis  arise 
are  numerous.  Its  most  common  and  general  causes  are  those  which 
mechanically  destroy  that  condition  which  is  essential  either  to  the 
conduction  of  sensitive  impressions  to  the  brain  and  to  their  percep- 
tion by  the  mind,  or  to  the  conveyance  of  the  stim\ilus  of  the  wUl 
through  the  nerves  of  motion  to  the  muscles.  Thus  pressure  on  the 
bram,  by  a  fracture  and  depression  of  the  skuU  [Hsad,  Injuries  of], 
or  by  a  large  effusion  of  blood  [Apoplext],  or  by  large  tumours,  or  an 
excessive  fulness  of  the  arterial  or  venous  system  of  the  brain  [Ence- 
phalitis ;  Meningitis]  may,  by  preventing  the  free  circulation  of  the 
blood  through  every  part  of  its  substance,  produce  general  paralysis. 
Disorganisation  of  the  brain  by  softening  or  other  excessive  change 
of  structure  has  the   same   effect,  but  often  in  a  less  degree,  pro- 


ducing not  a  complete  loss,  but  an  impairment  of  nervous  power. 
Injuries  of  the  same  kind  affecting  only  one  side  of  the  brain  produce 
hemiplegia,  the  loss  of  power  existing  on  the  side  of  the  body  opposite 
to  that  on  which  the  brain  is  compressed,  in  consequence  of  the 
decussation  of  the  nerves  which  takes  place  at  the  medulla  oblongata. 
[Brain,  Nat.  Hist.  Div.] 

In  like  manner  a  similar  compression  of  the  spinal  cord  in  any  part 
will  produce  a  paralysis  of  all  the  parts  of  the  body  whose  nerves  come 
off  below  the  level  of  the  injured  part ;  and  a  similar  obstruction 
applied  to  a  single  nerve  will  affect  only  that  x)art  which  it  supplies. 
The  effect  is  the  same,  whatever  be  the  nature  of  the  cause  preventing 
the  performance  of  the  functions  of  the  nerves  or  their  centres ;  the 
residts  of  each  differing  only  in  the  suddenness  or  slowness,  or  the 
degree  of  intensity  with  which  its  symptoms  are  produced. 

There  are  some  other  but  rarer  and  generally  less  serious  cases  of 
paralysis,  in  which  no  material  change  is  discoverable  in  the  structure 
of  the  nervous  system.  These  are  called  functional  or  idiopathic 
paralysis ;  but  it  may  be  reasonably  doubted  whether  they  do  not  all, 
or  for  the  most  part,  depend  on  some  alteration  not  yet  discovered, 
and  perhaps  inappredable  by  our  present  means  of  investigation.  Suc^ 
cases  occur  in  some  anomalous  forms  of  nervous  diseases,  as  in  hysteria, 
and  appear  to  be  connected  by  sympathy  with  disorder  of  the 
uterine  or  digestive  fimctions;  they  are  also  not  unfrequently  pro- 
duced by  the  introduction  of  poisons,  as  in  those  who  work  with 
lead  or  mercury. 

General  paralysis,  in  which  all  sensation  and  voluntary  motion  are 
unpaired  or  lost,  is  most  commonly  the  result  of  apoplexy,  or  of 
severe  injury  to  the  head,  producing  concussion  or  compression  of 
the  brain ;  and  indeed  it  may  be  said  to  exist  in  all  cases  of  complete 
coma,  or  insensibility.  More  rarely  it  is  produced  gradually;  the 
patient  losing  in  succession  the  power  of  motion  in  all  Us  muscles,  and 
at  last  existing  only  with  an  internal  life,  but  disabled  from  all  active 
communication  with  the  external  world.  This  state  is  usually  the 
result  of  disease  of  the  brain  or  spinal  cord  gradually  spreading 
through  their  substance ;  and  especially  of  disease  of  the  latter  spread- 
ing upwards.  It  not  unfrequently  comes  on  in  the  inmates  of  lunatic 
asylums. 

The  most  frequent  if  not  the  only  cause  of  paraplegia  is  injury  or 
disease  of  the  spinal  cord ;  and  this  may  originate  in  its  own  struc- 
ture, or  be  produced  by  injuries  or  diseases  of  the  vertebral  column  or 
other  parts  surrounding  it.  Paraplegia,  when  the  result  of  disease, 
commonly  affects  first  t£e  lower  extremities  and  the  parts  below  the 
level  of  the  haunches,  because  the  first  part  affected  in  the  greater 
number  of  diseases  is  the  lower  portion  of  the  spinal  cord,  from 
which  the  nerves  supplying  the  lower  extremities  and  pelvic  organs 
are  derived.  When  produced  by  injuries  of  the  vertebral  column 
however,  the  paraplegia  may  from  the  first  affect  the  body  to  a  much 
higher  level ;  its  extent  being  always  determined  by  the  height  in 
the  vertebral  column  at  which  the  injury  is  inflicted.  In  either  case 
the  disease,  whether  original  or  consequent  upon  injury,  tends  to 
spread  up  the  cord ;  and  with  a  corresponding  progress,  the  paralysis 
rises  up  the  trunk,  and  affects  successively  the  chest  and  arms,  termi- 
nating in  death  when  the  disease  has  reached  the  origin  of  the 
phrenic  nerves,  upon  which  the  movements  of  the  diaphragm 
depend. 

In  this  form  of  paralysis,  when  all  sensation  and  voluntary  motion 
are  destroyed,  involimtary  movements  are  produced  by  irritating  the 
skin  of  the  insensible  parts.  These  motions  depend  on  the  reflex  action 
of  the  spinal  cord  [Nervous  Ststem,  Nat.  Hist.  Div.]  ;  the  power 
of  conducting  impressions  to  and  from  the  brain  is  lost,  but  the  power 
which  the  cord  possesses  of  exciting  motions  when  impressions  are 
made  upon  it,  remains.  The  patient  thus  affected  is  indeed,  as  far  as 
his  nervous  system  is  concerned,  in  the  same  condition  as  a  beheaded 
animal ;  and  the  actions  produced  by  irritating  the  parts  below  the 
divided  or  injured  portion  of  the  cord  are  of  the  same  kind  as  those 
observed  after  decapitation. 

In  paraplegia  the  parts  deprived  of  nervous  connection  with  the 
brain  are,  even  more  than  in  any  other  form  of  paralysis,  liable  to 
mortification  when  long  subjected  to  pressure ;  and  hence  the  slough- 
ing of  the  back,  which  so  commonly  tends  to  shorten  the  patient's  life. 
The  sensibility  to  the  pain  produced  by  long-oontinued  pressure  being 
destroyed,  the  patient  would  not  be  inclined,  even  if  he  were  able,  to 
make  those  frequent  changes  of  position  by  which  a  healthy  person 
avoids  its  dangers. 

Hemiplegia,  in  which  the  paralysis  is  confined  to  one  side  of  the 
body,  usually  affects  (as  paraplegia  does)  the  sensitive  and  the  motor 
nerves  simultaneously.  This  is  by  far  the  most  frequent  form  of  para- 
lysis, and  is  that  by  which  those  popularly  called  paralytic  are  usually 
affected.  Hemiplegia  generally  occupies  exactly  one-half  of  the  body, 
the  middle  vertical  plane  separating  the  healthy  from  the  paralytlo 
portion.  It  is  at  once  easily  recognised  in  any  patient  by  the  flatness 
and  smoothness  of  the  affected  side  of  the  face,  by  the  angle  of  the 
mouth  being  drawn  over  towards  the  opposite  side,  and  by  a  general 
wry  position  of  the  features.  The  arm  hangs  powerless  by  the  side; 
and  in  walking,  the  patient  drags  the  affected  leg  after  him,  or, 
raising  it  from  the  ground  by  depressing  the  opposite  side  of  the 
pelvis,  lets  it  swing  forward  with  its  toe  pointed  towards  the  ground 
like  a  pendulum.    Hemiplegia  is  most  frequently  the  consequence  of 
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apoplexy  [Apoplexy],  remaining  after  the  patient  liaa  recovered  from 
the  complete  inaenBibility  or  general  paralyBis  by  which  the  seizure 
fraa  at  first  followed.  More  rarely  it  appears  to  rise  from  congestion 
or  disorganisation  of  the  brain,  and  is  not  preceded  by  any  fit,  but 
IS  developed  by  degrees  from  slight  to  perfect  loss  of  nervous 
power. 

The  varieties  of  paralysis,  in  which  single  and  small  portions  of  the 
body  are  affected,  do  not  in  general  continue  permanently  limited  to 
the  part  first  attacked,  but  are  often  precursors  of  the  more  general 
affections  akeady  described.  The  most  important  forms,  and  Ihose  in 
which  the  paralysis  most  frequently  remains  for  a  long  time  local,  are 
those  in  which  the  eyelids  or  muscles  of  the  eye,  and  those  in  which 
the  muscles  of  the  face,  are  affected. 

In  paralysiB  of  the  muscles  of  the  eye,  the  most  commonly  affected 
are  the  elevator  of  the  upper  eyelid  and  the  orbicular  muscle  of  both 
the  eyelids.  When  the  former  loses  its  power,  the  eyelid  drops,  and 
the  eye  is  constantly  more  or  less  closed ;  when  the  latter  is  affected, 
the  eye  cannot  be  shut,  and  remains  permanently  wide  open.  The 
dropping  of  the  upper  eyelid  (or  ptosis)  is  dependent  on  a  disease  or 
injury  of  the  third  pair  of  nerves,  and  la  usually  accompanied  by  a 
paralysis  of  some  of  the  muscles  of  the  eyeball  which  are  supplied  by 
the  same  nerve ;  so  that  the  position  of  the  eye  is  altered,  or  it  cannot 
be  freely  moved.  The  permanent  openness  of  the  eye  is  the  result  of 
disease  of  the  seventh  or  facial  nerve,  or  of  its  branch  supplying  the 
orbicular  muscle ;  sometimes  this  latter  branch  alone  is  implicated ; 
but  more  frequently  the  whole  trunk  is  affected,  and  there  is  coincident 
paralysis  of  all  the  muscles  of  the  face.  As  far  as  regards  their  influence 
on  vision,  both  cases  are  almost  equally  injurious ;  the  first  by  placing 
a  veil  constantly  over  the  front  of  the  eye ;  the  second  by  destroying 
the  power  by  which  particles  of  dust,  &c.,  are  removed  from  the  sur- 
face of  the  eye,  and  thus  leaving  it  exposed  to  the  dangers  of  constant 
irritation  and  inflammation. 

In  paralysis  of  the  face  many  different  conditions  are  observed, 
according  to  the  nerve  which  has  been  diseased  or  injured.  The 
sensation  of  the  face  dei)ends  entirely  on  the  sensitive  or  laiger  portion 
of  the  fifth  pair  of  nerves  [Bbaiv,  in  Nat.  Hist.  Biv],  the  motion  of 
its  muscles  on  the  seventh  or  facial  nerves,  and  the  motion  of  the 
muscles  of  mastication  on  the  motor  or  small  portion  of  the  fifth  pair. 
Kow  if  either  of  these  three  nerves  or  their  sources  in  the  brain  be 
separately  injured,  the  paralysis  will  be  limited  to  a  loss  of  sensation,  a 
loss  of  the  motion  of  the  muscles  of  the  face,  or  a  loss  of  the  motion  of 
those  of  the  jaw,  on  the  side  affected.  In  the  most  frequent  cases  of 
affection  of  the  fifth  nerve,  both  its  sensitive  and  motor  portion  are 
injured,  and  there  is  both  a  loss  of  motion  of  the  muscles  of  the  jaw 
and  a  loss  of  sensation  of  the  whole  of  the  skin  of  one  side  of  the  face. 

Lastly,  a  limb,  or  a  part  of  a  limb,  or  a  single  muscle  or  set  of 
muscles  in  any  ^ax%  of  the  body,  may  be  paralysed.  In  some  cases 
'such  an  affection  is  only  a  sign  of  disoraered  digestion,  and  thus  they 
'occur  chiefly  in  children ;  in  others  it  exists  in  what  is  called  general 
nervousness,  as  in  hysterical  women,  who,  with  many  other  strange 
disorders,  sometimes  lose  the  power  of  swallowing  or  speaking.  Most 
frequently,  however,  these  forms  of  local  paralysis  depend  on  injury  of 
the  nerves  of  the  part,  which  are  compressed  by  tumours  or  involved 
in  some  diffused  disease. 

An  important  class  of  local  paralytic  affections  includes  those  in 
which  recent  investigations  have  detected  the  sources  of  many  cases  of 
congenital  or  acquired  deformity,  such  as  dub-foot,  curvatiu*e  of  the 
spine,  squinting,  &c.  In  these,  one  or  more  muscles  of  a  limb  or  organ 
beiDg  from  birth  or  from  childhood  weak  or  powerless,  its  antagonist 
muscles  draw  the  part  into  an  unnatural  position,  and  hold  it  there 
firmly  and  permanently  fixed.  One  of  the  most  important  achieve- 
ments of  modem  surgery  is  the  cure  of  these  affections  by  the  division 
of  the  contracted  muscle  or  its  tendons.    [Contraction.] 

These,  however,  are  the  only  cases  in  which  general  rules  of  treat- 
ment can  be  laid  down.  The  varieties  of  causes  from  which  paralysis 
may  arise,  afford  sufficient  evidence  that  its  treatment  in  different  cases 
must  vary  greatly.  It  cannot  indeed  be  said  to  be  a  disease  of  itself, 
since  it  is  only  a  sign  of  some  disorder  of  the  nervous  system,  which  is 
often  seated  at  a  distance  from  the  part  whose  motion  or  sensation  is 
lost.  This  disorder,  also,  is  of  no  definite  kind,  but  may  be  the  result 
of  haemorrhage,  or  inflammation,  or  slow  structural  change  of  the 
nervous  substance ;  or  it  may  be  produced  by  the  pressure  of  fractured 
bones,  or  tumours,  &c.  In  each  case,  therefore,  the  cause  of  the  para- 
lysis must  be  treated  before  there  can  be  any  expectation  of  removing 
its  effects. 

PARA'METER.  This  term  was  first  used  in  reference  to  the  conic 
sections  only,  in  which  it  was  synonymous  with  latus  rectum ;  that  is, 
the  perpendicular  drawn  to  the  axis  through  a  focus,  terminated  both 
ways  by  the  curve,  was  the  parameter  of  the  curve.  It  was  afterwards 
used  to  denote  any  straight  line  or  even  numerical  co-efficient^  by  the 
▼due  of  which  one  individual  curve  of  a  species  may  be  distinguished 
from  the  rest.  Thus  the  curve  whose  equation  ib  y=ax+ha^haa  two 
parameters,  a  and  6.  This  last  phraseology  was  never  in  veiy  general 
use,  and  is  now  preserved  only  in  questions  in  which  what  is  called 
the  variation  of  parametere  is  to  be  employed.  Thus  when  in  the 
planetary  theory  the  motion  of  a  planet  is  ascertained  by  determmation 
of  the  variation  of  the  instantaneous  ellipse  [Gravitation  ;  Orbit], 
and  of  the  motion  in  that  ellipse,  in  contradistinction  to  determining 


the  motion  in  longitude  and  latitude  separately,  the  method  of  varia- 
tion of  parametera  was  said  to  have  been  employed.  But  the  paret- 
meters  of  the  orbits  are  now  generally  called  iheir  elements  ;  and  the 
first  term  is  little  used  in  astronomy,  though  it  occurs  frequently 
enough  in  works  on  the  differential  calculus  to  require  notice  in  a 
work  of  reference.  , 

PARAMIC  ACID.  This  name  has  been  g^ven  to  a  white  ciyatalline 
precipitate  obtained  by  dissolving  paramide  in  ammonia  and  then 
pouring  the  solution  into  hydrochloric  acid.  Its  composition  and  even 
its  existence  are  somewhat  doubtf  uL 

PARAMIDE  (C.HNOJ,  MelUmide,  is  formed  when  meUitate  of 
ammonia  is  heated  in  a  retort  to  about  320".  It  is  accompanied  by 
another  body  called  euchroic  acid,  Paramide  is  a  solid  yeUow  sub- 
stance, which  when  long  boiled  with  water  is  changed  into  a  bimellitate 
of  ammonia. 

PARAMORPHIA, /)aramor:pAine.    [Opiuv,  Alkaloids  or.] 

PARAMOUNT.    [Title.] 

PARAMUCIC  ACID.    [Mucio  Acid.] 

PARANAPHTHALIN.    [Naphthalio  Group.] 

PARAPET  (from  the  Italian  parapetto,  compounded  of  the  Greek 
preposition  "^apit,  "against/'  and  petto,  "breast;"  in  Gemoan,  bnui' 
toehr),  a  low  or  breast-high  wall  or  fence,  to  serve  as  a  protection  on 
bridges,  terraces,  platform  roofs,  &c.  In  Italian  architecture,  parapets 
are  generally  balustrades.  In  Gk>thic  architecture,  the  parapet  is  a 
continuation  of  the  wall  carried  up  above  the  edge  of  the  roof,  and 
finished  by  a  coping ;  unless  macMcolated,  in  which  case  it  projects 
and  overhangs  the  walls  below.  [Machicolation.]  In  the  Romanesque 
buildings  of  Italy  there  is  seldom  any  parapet,  uie  eaves  of  the  roof 
finiftliifig  the  elevation.  The  same  is  frequently  the  case  in  the 
Norman  style,  or  else  the  parapet  is  quite  plain ;  whereas  in  Pointed 
Gothic  it  is  commonly  embattled,  even  in  ecclesiastical  buildings,  and 
both  the  battlements  and  the  crenelles  or  spaces  between  them  have 
usually  moulded  copings.  In  the  Third  Pointed  or  Perpendicular 
style,  parapets  and  oattlements  are  either  pierced  or  enriched  with 
panels.  East  Basham  manor-house  is  a  fine  specimen  of  such  decoration 
in  domestic  architecture.  (Pugin's  'Goth.  Examples,'  voL  L)  The 
perforated  or  open-woi^  parapets  of  quatrefoil  ornaments  and  other 
carved  patterns  often  form  a  very  rich  feature  in  ecclesiastical  and 
collegiate  buildings  of  Third  Pointed  date.  At  a  later  period  instances 
occur  of  open-work  for  such  purpose,  forming  the  letters  of  some 
motto,  date,  or  inscription.  In  Elizabethan  buildings  open-work  para- 
pets, forming  various  fantastical  devices,  are  common. 

PARAPET,  in  Fortification,  is  generally  an  embankment  of  earth 
which  is  formed  either  on  the  natural  ground  or  on  the  upper  surface 
of  the  rampart  of  a  fortress  or  outwork.  In  the  latter  case  ^e  parapet 
rests  on  that  part  of  the  rampart  which  is  nearest  to  the  exterior  of 
the  work,  the  terreplein,  or  nearly  level  part  on  the  interior  side,  being 
occupied  by  the  artillery  or  left  free  for  the  movements  of  the 
defenders.  Parapets  of  brick  or  stone  are  sometimes  constructed  for 
works  which  are  masked  by  others  in  their  front,  or  on  heights,  or  on 
the  seaHX>a8ts ;  but  in  other  circumstances  they  wo\ild  be  improper, 
because  the  splinten  detached  from  such  materials  by  the  enemy's 
shot  are  dangerous  to  the  defenders,  whereas  the  shot  mnks  into  earth 
without  doing  further  mischiel 

The  height  of  a  parapet  above  the  ground,  or  above  the  terreplein  of 
a  rampart  which  it  surmounts,  is  about  7^  feet,  in  order  that  it  may 
effectually  cover  the  defenders  behind  it.  In  its  mass  are  cut  ^the 
embrasures  through  which  the  guns  are  fired ;  and  a  banquette,  or 
step»  about  3  feet  high  and  4  feet  broad  is  formed,  usually  of  earth,  at 
its  foot,  on  the  interior  side,  in  order  to  enable  men,  by  standing  on  it, 
to  fire  over  the  upper  surface.  The  form  of  a  transverse  section  of  a 
rampart,  surmpimted  by  a  parapet,  is  represented  in  fy,  2,  Bastion  ; 
the  parapet  wfth  its  banquette  being  that  which  occupies,  on  the  right 
hand  side  of  the  figure,  rather  less  than  the  upper  half  of  the  space 
between  the  dotted  fines. 

The  exterior  face  of  a  parapet  of  earth  is  generally  formed  in  a  plane 
making  an  angle  of  45  degrees  with  the  horizon,  in  order  that  the  earth 
may  stand  unsupported;  the  superior  surface,  which  varies  in  breadth 
from  8  feet  to  25  feet  according  to  the  nature  of  the  shot  which  it  is 
intended  to  resist  (from  musket  bullets  to  the  balls  discharged  from 
the  heaviest  ordnance),  has  its  exterior  crest  or  edge  lower  than  the 
other  by  about  one-sixth  of  the  breadth  of  that  emface.  It  is  recom- 
mended that  the  depression  of  the  slope  should  not  bear  a  greater 
proportion  to  the  bi^adth,  lest  the  upper  part  of  the  parapet  should 
by  its  acuteness  be  weakened ;  but  the  general  rule  is  that  the  plane 
of  the  superior  slope  should,  if  produced,  meet  the  counterscarp  line  of 
the  ditch  in  front>  in  order  that  the  enemy,  at  the  time  of  an  assault, 
and  when  detained  by  the  obstacles  there,  may  be  completely  exposed 
to  the  fire  of  musketry  from  the  parapet.  The  interior  face  of  the 
parapet  is  frequently  formed  in  a  plane  passing  through  the  crest,  and, 
at  the  terreplein  of  the  banquette,  or  at  the  foot  of  the  parapet  if  there 
is  no  banquette,  deviating  from  a  vertical  plane  passing  through  the 
same  crest  about  one-third  of  the  height  of  ^e  slope.  By  this  inclina- 
tion the  earth,  when  reveted  with  fascines  or  sods,  and  even  without 
any  revetment,  will  support  itself  for  a  time,  while  a  man,  by 
leaning  a  little  forward,  is  enabled  without  inconvenience  to  fire  over 
the  parapet. 

Occasionally  parapets  of  field-works  have  been  formed  with  the  earth 
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obtained  by  excavating  the  ground  in  the  interior ;  and^  in  this  case, 
the  crest  of  the  parapet  may  be  only  3  or  4  feet  above  the  exterior 
ground.  Such  a  conBtniction  is  admissible,  however,  only  when  the 
Bite  of  the  work  is  several  feet  higher  than  the  ground  which  the 
enemy  may  occupy,  since  otherwise  the  defenders,  except  when  close 
behind  the  parapet,  would  be  exposed  to  his  fire.  Again,  should  the 
ground  about  the  spot  to  be  fortified  be  higher  than  that  spot,  the  crest 
of  the  parapet  must  have  a  greater  height  than  7i  feet,  in  order  that 
the  defenders  may  be  sufficiently  covered  by  it :  but  in  general  the 
parapets  of  field-works  cannot  be  raised  more  than  14  feet  above 
the  ground;  since  a  man  can  scarcely  throw  earth  with  a  spade 
to  a  greater  height  than  7  feet,  and  a  greater  height  than  14  feet 
would  require,  above  ground,  more  than  two  rows  of  shovellers, 
one  row  7  feet  above  the  other,  besides  one  row,  or  two  rows,  at  an 
equal  interval  in  the  ditch;  and  it  is  seldom  that  the  numerical 
strength  of  a  working  party  is  sufficient  to  allow  such  a  diBposition  to 
be  made. 

The  earth  used  for  forming  the  parapets  should  be  as  free  as  possible 
from  stones  or  gravel,  or  these  should  be  put  into  the  centre  of  the 
mass,  in  order  to  avoid  the  accidents  which  might  arise  from  the  dis- 
persion of  the  stones  when  shot  or  shells  strike;  and  the  slopes,  as  well 
as  the  banquettes,  when  time  permits,  should  be  covered  with  turf. 

PARAPHERNA'LIA.  This  term  comprehends  the  dress  and  orna- 
ments of  a  wife  which  she  occasionally  wears,  and  which  she  is  entitled, 
under  some  limitations,  to  retain  i^ter  her  husband's  decease.  It 
cannot  be  accurately  stated  how  much  a  wife  may  claim  as  her  para- 
phernalia, for  this  will  depend  on  the  rank  and  fortune  of  the  husband 
and  wife.  A  widow  is  entitled  to  retain  as  paraphernalia  ornaments 
which  she  has  received  from  her  husband,  provided  she  has  worn  them 
occasionally.  The  wife  cannot  give  or  bequeath  such  paraphernalia 
during  her  husband's  life,  nor  can  her  husband  bequeath  such  para- 
phernalia so  as  to  deprive  her  of  them ;  but  he  can  sell  them  or  give 
them.  The  wife's  paraphernalia  are  liable  to  the  payment  of  the 
husband's  debts,  unless  the  articles  were  given  to  her  by  a  stranger 
before  marriage  or  after  marriage :  in  such  case  tiie  articles  are  con- 
sidered as  gifts  to  the  separate  use  of  the  wife,  and  are  accordingly 
neither  at  the  disposition  of  the  husband  nor  liable  to  the  claims  of  hu 
creditors ;  but  if  such  gifts  are  to  be  considered  as  the  separate  estate 
of  the  wife,  they  are  not  properly  paraphernalia. 

The  widow  is  entitled  to  her  paraphernalia  in  preference  to  any  claim 
of  legatees ;  and  if  specialty  creditors  of  her  husband  have  taken  her 
paraphernalia  for  payment  of  their  debts  after  the  personal  estate  is 
exhausted,  she  has  a  right  to  reimburse  herself  out  of  the  real  estate 
which  has  descended  to  the  heir. 

The  term  paraphernalia  is  derived  from  the  Greek  parapherna,  a 
term  which  the  Roman  lawyers  adopted  to  express  what  in  their  own 
language  could  not  be  expressed  by  a  single  word,  and  which  was 
expressed  by  the  periphrasis  of  prceter  or  extra  dotem.  The  paraphema 
comprised  the  things  which  the  wife  brought  to  the  husband's  house, 
and  which  were  not  part  of  her  das.  The  common  practice  at  Rome 
was  for  the  woman  to  make  out  a  list  of  such  things  as  she  used, 
clothing,  &c.,  which  list  was  signed  by  the  husband,  as  an  acknow- 
ledgment of  receiving  them,  or  at  least  of  receiving  them  into  his 
hou£e.  This  practice,  derived  from  the  Roman  law,  ia  still  in  use  in 
Bome  countries  of  Europe.  The  husband  did  not  obtain  the  owner- 
ship of  the  things  included  in  such  list,  and  in  case  of  a  separation, 
they  were  restored  to  the  wife :  if  they  were  not  restored,  she  could 
recover  them  by  an  action  framed  according  to  the  circumstances  of 
the  case.  ('  Dig.,'  28,  tit.,  3,  s.  9.)  It  must  be  remembered  that  the 
Roman  doa  is' a  different  tiling  from  the  English  dower,  though  some 
English  writers  on  law  have  confounded  them.  (Roper,  'Law  of 
Husband  and  Wife,' "  Paraphernalia."  )    [BIabriaob.] 

PARAPHRASE  (from  the  Greek  irapd(t>pa(ris),  A  paraphrase  par- 
takes of  the  nature  both  of  a  version,  if  the  work  paraphrased  be  in  a 
foreign  language,  and  of  a  commentary.  Its  object  is  to  express  the 
full  sense  contained  in  the  words  which  are  paraphrased,  by  the  intro- 
duction of  circumlocutions,  explanatory  clauses,  and  expansions  of  the 
author  B  meaning.  A  paraphrase,  if  well  and  honestly  executed,  is  an 
excellent  mode  of  giving  a  connected  interpretation  of  a  whole  work. 
The  faults  to  which  this  sort  of  commentary  is  most  liable  are  an 
alteration  of  the  author's  sense,  and  a  degree  of  weakness  and 
tediousness  resulting  from  the  use  of  unnecessary  words. 

PARAPLEGIA.    [Paralysis.] 

PARASANG  {6  vapaadyyni)*  &  Persian  measure  of  length,  which, 
accordmg  to  Herodotus  (iL  6 ;  v.  53 ;  vi.  42),  was  equal  to  80  stadia 
and  if  we  reckon  eight  stadia  as  equal  to  one  English  mile,  the  parasang 
was  consequently  equal  to  nearly  four  English  miles.  Hesychius  and 
Suidas  (dso  give  the  length  of  the  parasang  at  80  stadia ;  and  Xenophon 
must  have  <^culated  it  at  the  same  length,  as  he  says  ('  Anab.,'  ii.  2, 
s.  6)  that  16,060  stadia  are  equal  to  635  parasangs  (16,050-f-5d5  =  30). 
Pliny  ('  Hist.  Nat.,'  vi.  SO),  however,  informs  us  tihat  the  length  of  the 
parasang  was  reckoned  differently  by  different  authors;  and  Strabo 
states  (xi.,  p.  518,  Casaubon)  that  some  reckoned  it  at  60,  others  at  40, 
and  others  at  30  stadia.  The  Arabic  geographers  (see  Freytag, '  Lex 
Arab.,'  sub  Farsakh)  reckon  it  equal  to  three  miles.  The  Rev.  G. 
Rawlinson  remarks  (in  a  note  in  his  edition  of  Herodotus,  1859),  that 
the  parasang,  like  the  farsakh,  was  originally  a  measure  of  time,  not  of 
distance,  and  consequently  varied  according  to  the  nature  of  the 
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country  passed  over.  He  agrees,  however,  in  the  general  conclasion 
that  it  averaged  about  three  and  a  half  to  four  Engli^  miles. 

Parasang  is  a  Persian  word,  and  is  derived  from  the  ancient  farsang, 
which  is  pronounced  in  modem  Persian,  f erseng.  It  has  been  changed 
in  Arabic  into  farsakh.  Various  etymologies  of  this  word  have  been 
proposed.  The  latter  part  of  the  word  is  supposed  to  be  the  Persian 
tenfff  a  stone,  and  the  word  might  thus  be  derived  from  the  stones 
which  were  placed  to  mark  the  distances  in  the  road.  Bohlen  (quoted 
by  Rodiger)  supposes  the  first  part  of  the  word  to  be  the  preposition 
ferat  and  compares  the  word  with  the  Latin  ad  lapidenu 

PARATHERMIC  RATS.  Photographic  processes  are  considerably 
expedited  by  the  application  of  a  gentle  heat,  and  the  active  agent  is 
supposed  to  consist  of  rays  which  are  found  in  and  below  the  red  and 
orange  of  the  solar  spectrum,  and  which  are  emitted  by  bodies  heated 
just  below  redness.  These  parathermic  rays  probably  bear  the  same 
relation  to  the  true  calorific  rays  as  those  which  produce  chemical 
phenomena  do  to  the  luminous  rays. 

PARATHIONIC  ACID  (C^H,S,0,).  An  acid  of  little  importance, 
isomeric  with  sulphovinic  or  ethyl-sulphuric  acid.    [Ethtl.] 

PARATONNERRE.      The  French  term  for  a  Lightninq  Coi*- 

SUCTOR. 

PARC^  (Mdtptu),  the  Fates,  were  goddesses  who  were  supposed  to 
preside  over  the  destinies  of  man.  In  Homer  we  only  read  of  one  deity, 
MoifM  or  AJffa ;  but  in  Hesiod  and  all  succeeding  poets  we  read  of  three 
Fates:  Clothe  {KKa>e<&),  the  ''Spinster;"  Labhesis  (Aax^<ris),  the 
''  Distributor ;  "  and  Atropos  (^Arpwiros),  the  "  Unchangeable."  In  one 
passage  Hesiod  ('  Theog.,'  904)  calls  them  the  daughters  of  Zeus  and 
Themis;  and  in  another  ('Theog.,'  217),  the  daughters  of  Night,  which 
agrees  with  the  statement  of  Cicero  ('  De  Nat.  Deor.,'  iiL  17),  who 
makes  them  the  daughters  of  Night  and  Darkness  (Erebus).  This 
contradiction  seems  to  have  arisen  from  the  different  notions  enter- 
tained by  the  ancients  respecting  the  relative  power  of  Zeus  and  the 
Fates,  since  they  were  sometimes  represented  as  ruling  the  gods  and 
Zeus  himself,  and  at  other  times  as  merely  carrying  into  effect  the 
determinations  of  Zeus.  In  the  ancient  Greek  writers,  and  espe- 
cially the  tragic  poets,  the  gods  themselves  are  represented  as  subject 
to  the  decrees  of  fate ;  but  in  later  times  the  Fates  appear  to  have 
been  generally  regarded  as  subject  to  24eus.  Thus  we  learn  from 
Pausanias  (v.  15,  s.  4;  x.  24,  s.  4)  that  Zeus  was  worshipped  both  at 
Olympia  and  Delphi  imder  the  name  of  Moipayirris,  or  "  Leader  of  the 
Fates,"  which  title  was  also  applied  to  Apollo  at  DelphL  (Pans.,  x. 
24,  s.  4.)  Pausanias,  in  describing  (L  40,  s.  8)  a  celebrated  statue  of 
Zeus  at  Megara,  on  the  head  of  which  the  Fates  {Moiptu)  were  placed, 
remarks  that  this  was  done  because  destiny  (ri^y'  iretrpun^tniy)  is 
obedient  to  Zeus  alone. 

The  Fates  are  usually  spoken  of  by  the  Greek  and  Roman  poets  as 
spinning  the  destinies  of  men  ('IL,^xx.  128;  'Od.,'  viL  197);  and 
according  to  mythologists,  each  of  the  three  presided  over  different 
periods  of  human  life :  Clotho  over  the  beginning,  Atropos  the  end, 
and  Lachesis  the  general  course  of  the  life  of  each  individual.  Apu- 
leius  ('  De  Mundo/  p.  280,  Bipont),  whose  opinion  however  can  scarcely 
be  regarded  as  representing  the  popular  belief  upon  the  subject, 
assigns  a  different  office  to  each  of  the  Fates.  Atropos  he  regards  as 
the  Fate  of  past  time,  Lachesis  of  future,  and  Clotho  of  present  events. 
In  Greek  art  the  Fates  are  sometimes  represented  as  matrons  winged. 
In  some  instances  Atropos  has  a  style,  holds .  scales,  or  points  to  the 
hour  on  a  sun-dial,  or  is  cutting  the  thread  of  life  ;  Clotho  is  spinning; 
Lachesis  holds  a  roll,  or  is  writing. 

There  was  a  temple  at  Lacedasmon  sacred  to  the  Fates  (Pans.,  iii.  11, 
s.  8),  and  there  were  also  altars  sacred  to  them  in  the  neighbourhood  of 
Sicyon.  (Pans.  ii.  11,  s.  4.)  They  had  also  in  later  times  a  small 
temple  at  Rome  in  the  eleventh  district  (regie)  of  the  city  (Onuphr. 
Panvin.  apud  Rosin.,  i,  c.  13) ;  but  their  worship  seems  to  have  pre- 
vailed at  Rome  to  a  very  small  extent. 

PARCENERS,  or  COPARCENERS,  are  so  called  because  the  knds 
of  which  they  are  parceners  may  be  partitioned  or  divided  among  them. 
There  may  be  parceners  by  common  law  and  parceners  by  custom. 

As  to  parceners  by  conmion  law,  if  a  man  dies  intestate  seised  of 
lands  in  fee,  and  leaves  only  daughters,  the  lands  will  descend  equally 
to  all  the  daughters ;  or  if  he  has  no  daughters  and  no  brothers,  the 
lands  wiU  descend  equally  to  all  his  sisters,  if  he  has  any ;  and  if  l^ere 
are  no  nearer  heirs,  the  lands  will  descend  to  his  aunts.  The  descent 
is  the  same  if  a  man  dies  seised  of  lands  in  tail,  except  where  the  estate 
tail  was  limited  to  such  man  and  the  heirs  of  his  body,  for  in  that  case 
the  lands  can  only  descend  to  those  who  are  heirs  of  the  body.  In  all 
cases  where  several  females  take  one  inheritance  by  descent,  they  are 
called  parceners ;  and  all  lands  or  tenements,  including  a  rent  charge, 
may  descend  in  this  manner.  If  there  be  a  title  of  dignity  descendible 
to  heirs  of  the  body,  the  lands  and  tenements  belonging  to  it  may 
descend  to  parceners ;  but  the  dignity  itself  does  not  descend,  for  aU 
the  parceners  only  make  one  heir,  and  a  title  of  dignity  is  not  in  its 
nature  divisible.    The  dignity  therefore  will  be  in  abeyance.     [Barom.] 

The  descent  of  the  crown  is  an  exception  to  this  rule ;  for  if  there 
are  several  daughters,  &c.,  and  no  male  heir,  the  crown  with  all  its 
rights  descends  to  the  eldest  female.  In  the  case  of  the  high  cou- 
stableship  of  England,  if  there  were  parceners,  the  office  was  executed 
by  the  husband  of  the  eldest  daughter,  and,  before  her  marriage,  by 

deputy. 
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-  Parceners  resemble  joint  tenants  in  haying  a  unity  of  title  and  one 
entire  freehold ;  but  the  unity  of  title  can  only  be  by  descent,  and 
there  is  no  survivordiip  among  parceners ;  if  one  of  them  dies,  her 
heir  is  parcener  with  the  survivor  or  survivors.  Parceners  resemble 
tenants  in  common,  in  having  each  a  moiety  or  several  interest  in  the 
land  which  has  descended  to  them.  It  follows  from  the  nature  of  this 
interest,  that  one  parcener  may  either  enfeoff  another  parcener  of  her 
share,  or  release  her  share  to  such  parcener.  If  a  parcener  aliene  her 
undivided  share  before  partition,  the  alienee  is  tenant  in  common  with 
the  other  parceners. 

Parceners  may  voluntarily  make  partition  of  the  land  among  them ; 
or  any  one  might  formerly  compel  her  coparceners  to  nu^e  such 
division  by  a  writ  entitled  de  partitione  &ciendA,  which  was  also 
applicable  to  the  case  of  joint  tenants  and  tenants  in  common.  The 
Court  of  Chancery  in  course  of  time  acquired  a  jurisdiction  in  these 
matters,  and  a  biU  may  be  filed  in  chancery  by  a  parcener,  praying  for 
partition,  which  prayer  will  be  granted  on  the  parcener  making  out 
her  title.  The  partition  is  effected  by  issuing  a  commission  out  of 
chancery  to  commissioners,  who  set  out  and  divide  the  lands,  upon 
which  the  parties  execute  mutual  conveyances.  When  partition  is 
made,  the  several  parceners  hold  their  lands  as  several  and  distinct 
estates.  By  statute  8  &  9  Vict.,  c.  106,  a  deed  is  made  necessary  to  a 
partition.  It  might  previously  have  been  effected  by  a  writing  not 
imder  seal.  The  general  Inclosure  Act,  8  &  9  Vict.,  c.  118,  contains  a 
provision  by  which  the  Inclosure  Commissioners  are  enabled  to  effect 
partitions  in  a  more  compendious  mode  than  that  of  a  suit  in  chancery. 
(2  Blackst. '  Comm./  p.  820,  Mr.  Kerr's  ed.) 

Coparcenary  may  exist  among  males  and  females.  For  instance,  if  a 
man  has  two  daughters,  and  one  of  them  dies  in  his  life-time,  but 
leaving  a  son  and  daughters,  and  then  the  father  dies,  the  son  of  the 
deceased  daughter  will  be  coparcener  with  his  aunt ;  for  he  must  trace 
his  descent  through  lus  mother,  who,  if  she  had  survived  her  faUier, 
would  not  have  been  his  heir,  but  together  with  her  sister,  who  did 
survive  the  father,  would  have  made  his  heir. 

By  a  recent  Act  ( 8  &  4  Will.  IV.,  c.  27,  s.  12 )  it  is  declared  that 
when  a  parcener  has  been  in  possession  of  more  than  her  share  of  the 
land,  or  in  the  receipt  of  more  than  her  share  of  the  rent,  held  in 
coparcenary,  for  her  own  benefit  or  for  the  benefit  of  some  oUier 
persons  thku  her  coparceners,  such  possession  or  receipt  by  her  shall 
not  be  considered  the  possession  or  receipt  of  her  coparceners. 

When  all  the  sons  take  the  land  equally  among  them  by  descent, 
as  in  the  case  of  gavelkind  lands  in  Kent,  they  are  parceners  by 
custom. 

Coparcenary  is  not  very  common  at  present,  lands  being  generally 
so  settled  as  to  prevent  its  occurrence.  The  chief  rules  as  to  copar- 
cenary are  stated  in  Comyn's '  Digest,'  '  Parcener ; '  and  in  Littleton, 
b.  iii.,  **  Of  Parceners." 

PAJICHMENT  is  the  skin  of  an  animal  prepared  for  writing  upon. 
The  name  ia  a  corruption  of  the  Latin  Pergamena,  from  Pez^gamus, 
the  alleged  place  of  its  invention.  Parchment  is  said  to  have  been 
invented  by  Eumenes  II.,  king  of  Pergamus  (who  reigned  B.o.  197- 
159),  in  consequence  of  the  prohibition  of  the  en>ort  of  papyrus  from 
Egypt  by  Ptolemy  Epiphanes;  but  pardmaent  of  at  least  1000  yean 
earlier  date  is  in  the  collections  of  the  British  Museum.  [Papyrus.] 
The  probability  is,  that  some  improvement  was  made  in  the  manu- 
facture at  Pergamus.  The  word  Fer^|amena  was  not  used  until  several 
centuries  after  the  death  of  Eumenes.  Tatto,  a  monk  of  the  4th 
century,  is,  according  to  Mabillon,  the  first  writer  in  whose  works  it 
is  met  with.  Previous  to  his  time  the  usual  term  was  memJbrana, 
which  is  the  word  we  find  in  the  Qreek  Testament,  2  Timothy,  iv.  18. 

The  ancient  parchment  must  have  been  exceedingly  fine,  if  we  are 
to  believe  the  story  of  Cicero's  haviog  seen  the  '  lUad^  written  on  this 
material  enclosed  in  a  nut-shell ;  but  for  this  we  have  only  Pliny's 
authority.  ('  Hist.  Nat,'  vii.,  c.  21.)  The  parchment  of  the  7th  to  the 
10th  century  was  white  and  good;  and  at  the  earliest  of  these  periods  it 
appears  to  have  nearly  superseded  papyrus,  which  was  brittle  and  more 
perishable.  A  very  few  books  of  the  7th  century  have  leaves  of  parch- 
ment and  papyrus  mixed,  that  the  former  costly  material  might 
strengthen  and  support  the  friable  paper.  About  the  11th  century  it 
grew  worse.  This  may  possibly  have  arisen  from  the  circumstance, 
that  writers  of  this  time  prepared  their  own  parchment,  and  that 
they  were  probably  not  so  skilful  as  manufacturers;  and  a  dirty 
coloured  parchment  is  evidence  of  a  want  of  antiquity.  A  curious 
passage  from  a  sermon  of  Hildebert,  archbidiop  of  Tours,  who  was  bom 
in  1054,  is  a  voucher  for  this  fact.  The  sermon  is  on  the  '  Book  of  Life/ 
which  he  recommends  his  hearers  to  obtain.  "  Do  you  know  what  a  writer 
does  ?  He  first  cleanses  his  parchment  from  the  grease,  and  takes  off  the 
principal  ^art  of  the  dirt ;  then  he  entirely  rubs  off  the  hair  and  fibres 
with  pumice-stone ;  if  he  did  not  do  so,  the  letters  written  upon  it 
would  not  be  good,  nor  would  they  last  long.  He  then  rules  lines, 
that  the  writing  may  be  straight.  All  these  things  you  ought  to  do, 
if  you  wish  to  possess  the  book  which  I  have  been  displaying  to  you." 
(Sermon  xv.,  Paris,  1708,  fol.)  At  this  time  parchment  wasaveiy 
cosUy  material;  we  find  it  mentioned  that  Qui,  count  of  Nevers, 
havmg  sent  a  valuable  present  of  plate  to  the  Chartreux  of  Paris,  the 
unostentatious  monks  retmned  it  with  a  request  that  he  would  send 
them  parchment  instead.  It  had  long  been  customary  to  erase  ancient 
writing  from  parchment  by  rubbing  it  with  pumice-stone.    When  the 


custom  began  we  do  not  know ;  but  it  had  became  common  in  the 
9th  and  10th  centuries.  [Palimpsest.]  But  the  invention  of  linen 
paper  came  in  aid  to  the  uses  of  parchment ;  and  when  its  manu- 
facture became  cheap,  it  superseded  the  more  costly  article  for  all 
purposes  except  those  in  which  luxury  was  aimed  at  or  uncommon 
durability  required. 

Parchment  is  ordinarily  made  of  the  skin  of  sheep  or  lambs.  For 
drums  it  is  often  made  of  goat  or  wolf  skins ;  the  parchment  with 
which  church-books  are  covered  is  made  of  pigs'  skins.  Vellum  is  a 
finer,  smoother,  and  whiter  sort  of  parchment,  made  of  the  skins  of 
very  young  calves. 

Whatever  may  be  the  kuid  of  skin  used,  the  process  of  manufacturing 
is  the  same.  When  the  skin  is  divested  of  its  hair  or  wool,  it  is  placed 
for  some  time  in  a  lime-pit,  and  then  stretched  on  a  square  wooden 
frame  drawn  tight  by  pegs.  When  in  the  frame,  it  is  first  scraped  on 
the  flesh  side  with  a  blunt  iron,  then  wetted  with  a  moist  rag, 
covered  with  poxmded  chalk,  and  rubbed  well  with  pumice-stone; 
after  a  short  pause,  these  operations  are  repeated,  but  without 
chalk ;  the  skin  is  then  turned  and  scraped  on  the  hair  side  once  only; 
the  flesh  side  is  scraped  once  more,  and  again  rubbed  oyer  with  chalk, 
which  must  be  brushed  off  with  a  piece  of  lamb-skin  retaining  the 
wool.  All  this  is  done  by  the  skinner,  who  allows  the  skin  to  dry  in 
the  frame,  and  then  cuts  it  out  and  sends  it  to  the  parchment-maker, 
who  repeats  the  operations  with  a  sharper  tool,  using  a  sack  stuffed 
with  flocks  to  lay  tue  skin  upon  instead  of  stretching  it  in  a  frama 
One  of  the  largest  pieces  of  parchment  ever  prepared  forms  jMut  of  a 
drum  made  bv  Mr.  H.  Distin  for  the  Crystal  Palace,  and  first  used  in 
June,  1860 ;  it  is  7  feet  in  diameter. 

There  \b  a  kind  of  parchment  made  from  refuse  fish.  The  skin  and 
offal  being  removed,  all  the  rest  is  mixed  with  a  dilute  solution  of  soda 
ashes  or  carbonate  of  potash,  and  then  with  a  dilute  solution  of 
muriatic  acid.  The  mass  is  then  pulped,  washed  oyer  sieves  to  remove 
the  bones,  &c.,  drained  or  pressed,  and  saturated  with  a  dilute  solution 
of  bichloride  of  mercury.  *  When  washed  thoroughly,  the  pulp  ia 
formed  into  sheets  in  the  same  way  as  paper;  and  these  sheets 
are  finally  rolled  and  pressed  to  equalise  uie  surface^  The  sheets 
may  either  be  used  as  parchment  or  may  be  tanned  into  a  kind  of 
leather. 

PARCHMENT,  VEGETABLE,  is  a  substance  ktely  brought  into 
notice,  as  an  important  addition  to  the  materials  for  manufactures.  It 
is  in  fact,  paper,  but  paper  so  altered  as  to  poaaesa  many  of  the 
qualities  of  parchment.  Messrs.  Mongolfier,  of  i^aris,  have  a  mode  of 
so  preparing  paper  as  to  convert  it  into  a  kind  of  parchment,  applicable, 
among  other  purposes,  as  a  substitute  for  goldbeaters'-skin ;  but  Mr. 
Qaine's  vegelable  parchment  is  a  different  substance.  Aa  described 
before  the  Roysd  Institution,  in  1857,  it  appears  to  bepaper  altered  in 
its  textural  qualities  by  the  action  of  sulphuric  acid.  [Paftrin.]  Vexy 
little  more  is  required  than  dipping  a  sheet  of  paper  into  the  acid ;  but 
then  the  strength  of  the  acid  must  be  exactly  determined.  The  peculiar 
effects  of  acids  and  alkalies  on  paper  were  known  long  before — as  in 
Kuhlmann's  pyroxylised  texture,  Pelouze's  gun  paper,  and  Mercer's 
process  for  fibrous  textiles;  but  Mr.  Ghiine's  success  depends  mainly  on 
the  adoption  of  one  particular  strength  of  sulphuric  acid,  mixed  with 
half  its  bulk  of  water.  A  sheet  of  paper  being  dipped  in  this  liquid, 
it  is  almost  instantly  changed  in  character.  It  becomes  tough,  hard, 
and  fibrous,  vdthout  any  alteration  of  weight.  It  gives  a  writing  suiface 
far  better  than  that  of  animal  parchment.  It  receives  oils  and  varnishes 
freely.  It  bears  rubbing  better  than  any  kind  of  paper,  and  almost  as 
well  as  sheepskin.  It  will  serve  as  a  substitute  for  vellum  in  book- 
binding ;  as  a  material  for  policies,  certificates,  &c. ;  as  a  strong  paper 
for  school-books :  and  as  covering  for  jars  and  bottles  of  various  kinds. 
Ordinal^  paper,  even  after  beii^  printed  on^  can  be  converted  Into  this 
vegetable  parchment.  The  substance  la  so  strong,  that  a  ring  seven- 
eighths  of  an  inch  in  width,  and  weighing  only  23  grains,  ia  said  to 
bear  a  suspended  weight  of  92  lbs. 

Soon  after  Mr.  Gaine's  process  became  known,  and  commercially 
introduced  by  Messrs.  De  la  Rue,  Mr.  W.  Crookes  made  experiments 
to  determine  its  possible  or  practicable  relation  to  photography.  He 
passed  slips  of  paper-photographs  through  acid  of  the  required  strength, 
and  found  that  the  colours  and  tints,  even  in  the  delicate  half-tones, 
remaiaed  intact;  that  the  uniform  contraction  of  the  paper  added 
materially  to  the  sharpness  of  the  picture;  that  the  paper  became 
much  stronger  than  before ;  that  it  would  beieur  rough  handling  imme- 
diately, without  tearing ;  that  the  non-albumenised  photographs 
acquired  a  peculiar  glossy  appearance,  giving  a  rich  finish  without 
glu-e ;  and  that  the  picture  might  be  washed  with  soap  and  water,  and 
rubbed  with  a  cloth,  without  injury. 

Professor  Muschamp,  of  Wurtemberg,  has  devised  a  mode  of  making 
paper  waterproof,  without,  however,  giving  it  those  qualities  which 
belong  to  vegetable  parchment.  He  dissolves  24  ozs.  of  alum  and  4  ozs. 
of  white  soap  in  2  lbs.  of  water ;  also,  2  ozs.  of  gum  arabic,  and  6  ozs. 
of  glue,  in  2  lbs.  of  water ;  the  two  solutions  are  mixed,  and  the  sheets 
of  paper  dipped  into  the  mixture  while  warm.  The  sheets  are  himg 
up  tUl  dry,  and  sometimes  also  passed  between  rollers.  The  paper 
thus  prepared  is  intended  for  packages  exposed  to  the  weather. 

PARCLOSE,  or  PERCLOSE,  an  enclosure ;  in  Gothic  architecture 
the  screen  or  railing  which  encloses  anything,  or  separates  it  from 
the  main  body  of  the  church.    Thus  tiie  screen  or  railing  which 


208 


PABDON. 


PARENT  AND  CHILD. 


SOI 


dindes  the  choir  from  the  oave ;  shuts  off  a  mortuary  ohapel;  or 
gurrounds  a  tomb,  is  termed  a  parclose. 

PARDON.  According  to  the  laws  of  most  countries,  a  power  of 
pardoning,  or  remitting  the  penal  consequences  of  a  conviction  for 
crimes  before  the  judicial  tribunals,  is  vested  in  the  chief  magistrate  of 
the  state.  The  utility  of  such  a  power  has  been  doubted  by  judicial 
writers,  upon  the  ground  that  it  supposes  an  imperfect  system  of 
criminal  law,  and  that  every  instance  of  its  exercise  is  the  proclama- 
tion of  an  error  either  in  the  law  itself  or  in  the  administration  of 
jiuatice.  (  Beocaria,  chap.  46.)  There  Is  no  doubt  that  the  nearer  a 
penal  system  approaches  to  perfection,  the  fewer  will  be  the  occasions 
for  resorting  to  extrajudicial  remissions  of  the  execution  of  the  law : 
but  considering  the  numerous  causes  of  erroneous  decision,  arising  not 
only  from  the  imperfection  of  laws  themselves,  but  from  the  infinite 
sources  of  error  in  the  instruments  and  means  by  which  they  are 
administered,  it  seems  to  be  desirable  that  some  power  should  exist 
which  may  by  timely  interference  prevent  the  occurrence  of  irremedi- 
able wrong  in  cases  where  the  error  cannot  be  corrected  by  any  appel- 
late tribunaL  At  the  same  time  it  is  evident  that  such  a  power  should 
be  circumscribed  and  defined,  as  far  as  its  nature  will  admit,  and 
exercised  with  the  utmost  caution.  By  the  law  of  England,  besides 
pardons  by  act  of  parliament,  the  power  of  granting  pardons  for  crimes 
is  exclusively  vested  in  the  sovereign  as  a  branch  of  the  prerogative. 
Prsboqativb.] 

Formerly,  Counts  Palatine,  Lords  Marchers,  and  others  who  pos- 
aessed  jura  regalia,  had  authority  to  pardon  crimes ;  but  by  the  stat. 
27  Henry  YIII.,  c.  24,  this  power  was  entirely  abolished,  and  the  sole 
right  of  remitting  the  sentence  of  the  laws  was  permanently  vested  in 
the  crown.  The  power  of  pardoning  is  applicable  in  all  cases  in  which 
the  crown  is  either  concerned  in  interest  or  prosecutes  for  the  public ; 
the  only  exception  being  that  contained  in  the  Habeas  Coxpus  Act 
(31  Car.  II.,  c.  2,  s.  12),  by  which  persons  convicted  of  signing  conunit- 
ments  of  British  subjects  to  foreign  prisons,  are  declared  to  incur  the 
penalties  of  Aprcemunire  and  to  Im  "  incapable  of  any  pardon  from  the 
crown." 

The  crown  has,  moreover,  no  power  to  pardon  any  offence  in  the 
prosecution  of  which  a  subject  has  a  legal  interest,  or,  as  Bracton 
expresses  it,  "  nou  potest  rex  gratiam  facere  cum  injunA  et  danmo 
aliorum  "  (Ub.  iii.,  p.  132).  Thus  in  appeal  of  death,  robbery,  or  rape, 
the  king  could  not  pardon  the  defendant,  "  because,"  says  Sir  Edward 
Coke,  "  it  is  the  suit  of  the  party  to  have  revenge  by  death  "  (8  '  Inst.' 
237).  Upon  the  same  principle,  where  an  attaint  wss  brought  against 
a  jury  who  had  delivered  a  f^se  verdict,  and  the  party  in  whose  fiivour 
it  had  been  given  was  joined  in  the  attaint,  the  king  might  pardon  the 
jury,  if  convicted,  because  they  were  merely  subject  to  an  exemplary 
punishment;  but  he  could  not  pardon  the  party,  because  the  lattOT 
was  liable  to  make  restitution  to  the  plaintiff  who  prosecuted  the 
attaint.  So  also  in  informations  upon  pezial  statutes,  where  the  penalty 
or  any  part  of  it  goes  to  the  informer,  or  the  party  grieved,  the  crown 
cannot  pardon  the  offender.  Formerly,  the  crown  appears  to  have 
exercised  without  restriction  the  power  of  pardoning  offenders  im- 
peached by  the  Commons  in  parliament ;  but  the  lawfulness  of  the 
exercise  of  this  power  diuring  the  pendency  of  the  proceedings  was 
questioned  by  Uie  House  of  Commons  on  the  impeachment  of  the  Earl 
of  Danby  in  the  reign  of  Charles  II.  (Howell's  '  State  Trials,'  voL  ii., 
p.  724) ;  and  it  was  afterwards  enacted,  by  the  Act  of  Settlement, 
"  that  no  pardon  under  the  great  seal  of  England  shall  be  pleadable  to 
an  impeachment  by  the  Commons  in  Parliament."  This  statute  how- 
ever does  not  affect  the  power  of  the  crown  to  pardon  the  offender 
a^  he  has  been  found  guilty  upon  the  impeachment,  and  the  pro- 
ceedings are  determined. 

A  {^rdon  from  the  crown  to  be  effectual  must  apply  in  express 
terms  to  the  particular  offences  intended  to  be  pardoned ;  and  no  grant 
of  a  commission  or  protection  by  the  king  can  amount  by  implication 
to  a  pardon  of  any  offence  previously  committed. 

A  pardon  may  be  either  absolute  or  subject  to  any  condition  which 
the  crown  may  think  proper  to  annex  to  it ;  and  in  the  latter  case,  the 
validity  of  the  pardon  will  depend  upon  the  performance  of  the  condi- 
tion. Until  the  recent  improvements  in  the  criminal  law  of  England, 
ftUnost  all  felonies  were  nominally  capital ;  and  in  the  numerous  cases 
where  it  was  not  intended  that  the  sentence  of  death  should  be  exe- 
cuted, the  criminal  obtained  a  pardon  upon  condition  of  his  submitting 
to  transportation  or  some  other  puniwment.  At  the  present  day, 
where  the  crown  interferes  to  mitigate  or  commute  a  sentence,  the 
mode  by  which  it  is  effected  is  by  granting  a  conditional  pardon. 

It  was  formerly  necessary  that  a  pardon  should  be  under  the  great 
Mai;  but  by  stat.  7  ft  8  Geo.  IV.,  c.  28,  s.  13,  it  is  now  sufficient,  if 
under  the  sign  manual,  and  countersigned  by  one  of  the  secretaries  of 
state. 

The  effect  of  a  pardon  is  not  merely  to  prevent  the  infliction  of  the 
punishment  denotmced  by  the  sentence  upon  the  offender,  but  to  give 
him  a  new  capacity,  credit,  and  character.  A  man  attainted  of  felony 
ceases  to  be  probttt  et  legaMs  homo,  and  can  neither  bring  an  action  for 
<]^unage8  nor  be  a  witness  or  a  juror  in  any  legal  proceeding ;  but  upon 
receiving  a  pardon,  all  these  legal  disabilities  are  removed.  In  this 
respect  a  pai^on  by  the  law  of  England  differs  from  the  abolitio  of  the 
Roman  law,  to  which  in  other  points  it  bears  a  near  resemblance. 
According  to  the  latter,  '' Indulgentia,  quos  liberat,  notat;  neo  in* 


famiam  criminis  tollit,  sed  peense  gratiam  facit.**  ('  Cod.'  lib.  ix.,  tit. 
43.)  By  the  English  law  a  distinction  is  made  as  to  the  effect  of  a 
paidon  where  the  incapacity  is  part  of  the  legal  sentence,  and  not 
merely  a  consequence  of  attainder,  as  in  the  case  of  perjury  under  the 
statute  5  Elizabeth,  c.  9 ;  where  the  incapacity  or  infamy  is  part  of  a 
statutory  sentence,  a  pardon  from  the  crown  has  been  held  not  to 
restore  the  party,  and  in  such  a  case  nothing  less  than  an  act  of  parlia- 
ment will  have  that  effect.  Some  doubt  has  been  expressed,  and  the 
point  has  not  yet  received  a  judicial  determination,  whether  a  pardon 
will  f\iliy  restore  a  person  convicted  of  a  crime,  such  as  perjury,  which 
is  considered  infamous  at  the  common  law.  This  subject  is  elaborately 
discussed,  and  all  the  authorities  carefully  examined  in  Mr.  Hargrave's 
'  Argument  on  the  Effect  of  the  King's  Pardon  of  Perjury.' 

(Hargrave's  Juridical  ArffumenU,  vol.  ii.,  p.  221.) 

PARELLIC  ACID  {O.fifit  0,  PareUin,  One  of  the  substances 
produced  in  the  various  dyeing  lichens  of  commerce.  It  is  found  in 
company  with  lecanoric  acid.    [Liohknb,  Colourvng  matters  of.] 

PARELLIN.    [Parbllio  Acid.] 

PARENT  AND  CHILD.  This  relation  arises  only  from  a  legal 
marriage.  The  relation  between  parents  and  their  illegitimate  children 
is  considered  in  the  article  Bastard. 

Parents  are  bound  to  maintain  their  legitimate  children  who  are 
unable  to  maintain  themselves  owing  to  infancy  or  inability  to  work. 
This  obligation  extends  to  father  and  mother,  grandfather  and  grand- 
mother, S  they  are  able  to  perform  it  (43  Eliz.,  c.  2 ;  6  Geo.  I.,  c.  8). 
But  such  i>erBons  are  only  bound  to  furnish  the  children  with  the 
necessaries  of  life ;  and  the  penalty  incurred  in  case  of  refusal  is  only 
20<.  per  month.  A  husband  ia  also,  by  4  &  5  Will.  lY.,  c.  76,  liable 
to  maintain  the  children  of  his  wife,  bom  before  marriage,  whether 
they  are  legitimate  or  not,  until  they  are  of  the  age  of  sixteen,  or 
until  the  death  of  his  wife.  If  a  parent  deserts  his  children,  the 
churchwardens  and  overseers  may  seize  his  goods  and  chattels,  and 
receive  his  rents,  to  the  amoxmt  mentioned  in  the  justices'  warrant, 
which  must  be  obtained  before  such  seisure  is  made. 

Formerly,  if  a  Popish  parent  refused  to  allow  his  Protestant  child  a 
suitable  maintenance,  witii  the  view  of  compelling  him  to  come  over  to 
the  Roman  Catholic  religion,  the  lord  chancdlor  might  enforce  from  the 
parent  a  proper  allowance  (11  &  12  Will.  III.,  o.  4) ;  and  so  if  Jewish 
parents  refused  to  allow  their  Protestant  children  a  maintenance  suit- 
able to  the  parent's  fortune  and  the  age  and  education  of  the  children, 
the  lord  chancellor  might  make  such  order  as  he  thought  proper 
(1  Aime,  St.  i.  c.  30).  Both  statutes  were  repealed  by  9  &  10  Vict., 
c.  59. 

Parents  are  not  bound  to  make  any  provision  for  their  children  after 
their  death.  Every  man,  and  every  woman  who  is  capable  of  disposing 
of  her  property  by  will,  may  dispose  of  it  as  they  please ;  except  a 
freeman  of  London,  who  is  under  some  limitations  as  to  the  power  of 
disposing  of  his  personalty  by  will,  which  limitations  are  in  finvour  of 
his  wife  and  children.  A  parent  or  child  may  aid  each  other  in  a  law 
suit,  without  being  guilty  of  maintenance.  [Matntenancb.] 

Parents  are^not  legally  bound  to  give  any  education  to  their  children, 
nor  are  they  under  any  restrictions  as  to  the  kind  of  education  they 
may  give.  Certain  penalties  might  formerly  be  imposed  (1  Jao.  I., 
c.  4 ;  3  Jac.  I.,  c.  5)  on  a  person  who  sent  a  child  imder  his  government 
beyond  seas,  either  to  prevent  his  good  education  in  England  or  for  the 
purpose  of  placing  him  in  a  Popish  college,  or  being  instructed  in  the 
Popish  religion.  The  statute  8  Car.  I.,  o.  2,  extended  these  penalties, 
and  added  certain  disabilities.  It  seems  that  it  was  intended  to  repeal 
these  penal  and  disabling  statutes  bv  the  31  Geo.  III.,  a  32,  in  &vour 
of  any  Roman  Catholic  who  took  the  oath  therein  prescribed.  They 
are  now  repealed  by  2  &  8  WilL  lY.  o.  115. 

The  power  of  a  parent  over  his  childen  continues  until  the  age  of 
twenty-one,  when  they  are  emancipated ;  and  if  a  parent  die  leaving  a 
child  under  age,  he  may  appoint  a  guardian  to  such  child  till  the  age 
of  twenty-one.    A  mother  has  no  power  over  her  children. 

A  child  under  age  may  acquire  property  by  gift ;  and  if  a  father  is 
the  trustee  of  his  child's  estate,  he  must  account  to  the  child  when  he 
comes  of  age,  like  any  other  trustee.  So  long  as  a  child  who  is  under 
age  lives  with  and  is  supported  by  the  father,  the  father  is  entitied  to 
receive  the  reward  of  the  ohild's  labour.  When  a  child  has  a  fortune 
of  his  own,  and  the  &ther  is  not  able  to  maintain  him  suitably  to 
such  fortune,  a  court  of  equity  will  allow  the  father  a  competent 
sum  for  maintenance  out  of  the  child's  estate;  but  a  faAher  is  not 
entitied  to  any  miok  allowance  in  respect  of  costs  incurred  by  him 
for  his  child's  maintenance  before  he  obtains  such  order  of  court  for 
maintenance. 

A  parent  may  maintain  an  action  for  the  seduction  of  a  daughter 
on  the  ground  ca  loss  of  her  services,  if  there  is  evidence  of  her  acting 
in  the  capacity  of  servant,  or  living  with  the  parent  in  such  a  manner 
that  the  parent  had  a  right  to  her  services.  This  action  has  been  main- 
tained by  a  &kther  in  the  case  of  his  daughter,  a  married  woman  above 
age,  living  separate  from  her  husband,  and  with  the  father ;  and  by  an 
aunt  for  the  seduction  of  her  niece  living  with  her,  to  whom  she  stood 
in  the  relation  of  parent.  The  foundation  of  the  right  to  maintain 
such  an  action  is  the  loos  of  the  services  to  which  the  parent  is 
entitled. 

A  &kther  is  legallj^  entitied  to  the  care  and  custody  of  his  children^ 
but  he  may  be  deprived  of  the  care  of  them  by  the  court  of  ehanoeiy; 
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if  hill  conduct  is  siich  as,  in  the  opinion  of  the  courts  endangers  the 
morals  of  the  children.  Percy  Bysdie  Shelley  was,  among  other  thingB, 
restrained  by  an  order  of  the  court  of  chancery  from  taking  ponBeasion  of 
the  persons  of  his  infant  children,  on  the  ground  of  his  professing 
irreligious  and  immoral  principles  and  acting  on  them.  W.  P.  T.  L. 
Wellesley  was  also  restrained  by  a  like  order  &om  removing  his  children 
from  the  care  and  custody  of  their  aunts,  on  the  ground  of  his  immoral 
conduct,  and  directions  were  given  by  the  court  for  the  custody  and 
education  of  the  children.  But,  except  in  such  cases  as  these,  the 
children  cannot  be  taken  from  the  care  of  the  father  and  given  into 
the  custody  of  the  mother  or  any  other  person. 

Under  Talfourd's  act  (2  &  3  Vict,  c  54)  a  mother  may  obtain  access 
to  her  child  which  is  in  the  sole  custody  of  the  father,  or  of  any  person 
by  his  authority,  or  of  any  guardian  after  the  death  of  the  father, 
subject  to  such  regulations  as  the  court  of  chancery  may  think  con- 
venient and  just;  and  if  such  child  shall  be  within  the  age  of  seven 
years,  the  court  may  order  the  child  to  be  delivered  into  the  custody 
of  the  mother  until  the  child  attains  the  age  of  seven  years.  But  no 
mother  is  to  have  the  benefit  of  the  act  against  whom  adultery  has 
been  established  by  judgment  in  an  action  at  law,  or  by  the  sentence 
of  an  ecclesiastical  court. 

A  child  who  is  under  the  parental  power  owes  obedience  to  his  parent, 
which  the  parent  may  enforce  by  his  superior  strength,  provided  he 
uses  it  with  moderation.  He  may  beat  his  child  and  restrain  his  liberty, 
but  not  in  such  a  way  as  to  injure  his  health.  A  child  is  legally 
bound  to  maintain  his  indigent  &ther  and  grandfather,  mother  and 
grandmother,  if  he  is  able ;  the  penalty  in  case  of  refusal  is  20«.  per 
month. 

The  paternal  power  (patria  potestas)  among  the  Romans  was  a  i>eculiar 
feature  in  their  institutions.  It  was  founded  on  a  legal  marriage,  or  on 
a  legal  adoption :  the  children  of  such  marriage  and  such  adopted 
children  were  in  the  power  of  the  father;  the  mother  had  no  power 
over  them.  ^  It  followed  from  the  principle  of  ^e  patria  potestas,  whidi 
involved  a  right  of  property,  that  the  children  of  a  son,  not  emancipated, 
were  also  in  the  power  of  their  grandfather.  By  the  death  of  the  grand- 
father the  son  became  tut  juris,  and  his  children  and  grandchildren  fell 
into  his  power.  This  patria  potestas  could  be  dissolved  by  Emanoi- 
FATION.  Originally  the  father's  power  was  absolute  over  the  child, 
who  had  no  independent  poUtical  existence,  at  least  as  a  member  of 
his  father's  family.  He  was  a  Roman  citizen,  but  at  home  he  was 
subject  to  the  domestic  tribunaL  Within  the  family  the  father  had  a 
power  of  life  and  death,  and  could  sell  the  son  as  a  res  mancipi,  either 
by  way  of  punishment,  or  by  way  of  dissolving  the  family  connection. 
[Emancipation.]  The  father  also  originally  possessed  the  jus  noxae 
dandi  with  respect  to  his  son  as  well  as  a  slave,  a  power  wluch  was  a 
consequence  of  the  principle  of  the  father  being  answerable  for  the 
delicts  of  his  son,  and  continued  so  long  as  that  principle  was  in  full 
vigour.  The  son  who  was  in  the  power  of  his  £»ther  could  acquire  no 
property  for  himself ;  all  his  acquiBitionB,like  those  of  a  slave,  belonged 
to  his  father ;  but  at  the  death  of  the  father  they  might  become  his 
own  property,  a  circumstance  which  distinguished  the  acquisitions  of 
a  son  from  those  of  a  slave.  The  father  could  marry  his  children, 
divorce  them,  give  them  in  adoption,  and  emancipate  them  at 
pleasure. 

The  strict  notion  of  the  patria  potestas  lies  at  the  foundation  of  the 
Roman  polity.  Like  other  institutions,  however,  which  in  Hie  early 
history  of  a  state  form  its  essential  elements,  the  strict  character  of  the 
patria  potestas  became  gradually  relaxed  and  greatly  changed.  The 
history  of  such  changes  is  part  of  the  history  of  Rome. 

The  patria  potestas  might  be  dissolved  in  other  ways  besides  those 
mentioned.  If  a  father  or  son  lost  his  citizenship,  the  relation  between 
them  ceased,  for  this  relationship  could  only  exist  between  Roman 
citizens.  If  father  or  son  was  made  a  prisoner  by  an  enemy,  the 
relation  was  in  abeyance  (in  suspense),  but  was  not  extinct  If  the 
son  attained  certain  high  offices  in  the  state,  either  civil  or  religious, 
the  patria  potestas  was  thereupon  dissolved. 

(Qaius,  I  55,  97,  127,  &c. ;  Marezoll,  Lehrbuch  der  IntUt,  des 
Rdm.  Jlechtes,  1839  ;  Savigny,  System  des  hetUigen  Bi^m,  Bechis,  1840.) 

PARGETING,  or  PARGE- WORK,  the  old  English  term  for  plaster- 
work  in  building.  It  is  now  chiefly  applied  to  the  ornamental  plaster- 
work,  mostly  of  patterns  moulded  in  relief,  of  which  characteristic 
examples  are  seen  on  the  fronts  of  houses  of  the  reigns  of  Elizabeth  and 
James  I.,  some  of  which  are  very  picturesque.  By  workmen  the  term 
is  used  in  the  present  day  for  the  plastering  of  the  sides  of  chimney- 
places  and  other  coarse  work. 

PARHE'LION  (vofck,  by  the  side  of,l}Aio9,  the  sun),  a  name  given  to 
the  mock  suns,  as  they  have  been  called,  which  sometimes  appear  near 
the  Run ;  being,  as  is  supposed,  images  of  the  latter  formed  by  reflec- 
tion from  a  cloud. 

PARIAN  CHRONICLE  is  the  name  given  to  a  block  of  marble 
preserved  at  Oxford,  which  contained  in  its  perfect  state  a  chronological 
account  of  the  principal  events  in  Greek  history  during  a  period  of 
1318  yeare,  beginning  with  Cecrops,  B.o.  1682,  and  endmg  with  the 
archojiship  of  Diognetus,  at  Athens,  B.c.  264.  The  chronicle  of  the 
last  ninety  yeara  was  however  lost,  so  that  the  part  which  now  remains 
ends  at  the  archonship  of  Diotimus,  b.o.  364.  This  chronicle  was 
purchased  at  Smyrna,  together  with  seversd  other  relics  of  antiquity, 
by  Mr.  William  Petty,  who  was  employed  by  the  Earl  of  Arundel,  in 


the  year  1624,  for  the  purpose  of  making  collections  for  him  of  ancient 
works  of  art  in  Greece,  Asm  Minor,  and  the  islands  of  the  Archipelago. 
Gassendi  states  in  his '  Life  of  Peireso '  (lib.  iv.,  ed.  of  1629),  who  was 
counsellor  in  the  parliament  of  Provence,  and  a  munificent  patron  of 
arts  and  learning,  that  the  Parian  Chronicle  was  first  discovered  by 
means  of  Peireso,  and  was  purchased  for  him  by  one  Sampson,  hu 
a^nt  at  Smyrna,  for  fifty  pieces  of  gold,  but  that  when  it  was  ready 
to  be  sent  on  board,  Sampson  was  thrown  into  prison,  and  that  the 
Chronicle  was  afterwards  purchased  for  Lord  Arundel,  by  Mr.  Petty, 
at  a  much  higher  price.  Dr.  Hales,  in  his  'Analysis  of  Chronology' 
(vol.  i.  p.  103,  8vo.  edition),  brings  forward  several  reasons  to  show  the 
improbability  of  this  account ;  but  however  this  may  be,  the  Chronicle 
reached  London  in  1627,  and  was  examined,  at  the  suggestion  of  Sir 
Robert  Cotton,  with  great  care  by  the  learned  Selden,  in  conjunction 
with  Patrick  Toung,  librarian  to  James  I.  and  Charles  I.,  and  Richard 
James,  Fellow  of  Corpus  Christi  College,  Oxford.  "Many  of  the 
characters,"  says  Selden,  "  were  entirely  obliterated,  and  many  nearly 
BO ;  nevertheless,  by  the  assistance  of  glasses,  and  the  critical  sagacity 
of  my  very  kind  friend  Patrick  Toung,  after  a  great  many  repeated 
trials,  I  have  restored  them  as  well  as  I  could."  The  Chronide  was 
publijBhed  by  Selden,  together  with  other  inscriptions  which  were 
brought  to  England  by  Mr.  Petty  in  the  following  year  (1628),  under 
the  title  of '  Marmora  Arundelliana.' 

During  the  civil  war  in  the  reign  of  Charles  I.,  the  Earl  of  Arundel 
removed  to  Antwerp,  and  many  of  the  marbles,  which  were  deposited 
in  the  gardens  of  ijoindel  House,  were  defaced  and  broken,  or  used  to 
repair  tne  house.  The  latter  was  the  fate  of  the  Parian  Chronicle ; 
the  upper  part  of  it,  containing  at  least  half  the  inscription,  is  said  to 
have  been  worked  up  in  repairing  a  chimney  at  Arundel  House;  but 
fortunately  a  copy  of  it  was  preserved  in  Selden's  work. 

In  1667  the  Hon.  Henry  Howard,  grandson  of  the  Earl  of  Arundel 
who  obtained  the  Chronicle  from  Greece,  presented  it  to  the  University 
of  Oxford,  where  it  is  preserved,  together  with  other  antiquities 
collected  by  the  Earl  of  Arundel,  in  a  room  adjoining  to  the  public 
schools,  called  the  Musseum  Arundelianum.  The  Chronicle  was  pub- 
lished again  in  Prideaux's '  Marmora  Oxoniensia/  fol.  1676,  which  was 
reprinted  in  1732,  under  the  care  of  Michael  Maittaire,  and  again  in 
1791,  Oxford,  under  the  care  of  W.  Roberts.  In  Chandler's  '  Marmora 
Oxoniensia,'  which  was  published  in  1763,  great  pains  were  bestowed 
upon  the  Parian  Chronicle,  and  many  parts  in  which  the  inscription 
was  defaced  were  supplied  by  conjectures,  which  are  frequently  very 
ingenious  and  probable.  It  has  also  been  published,  with  an  English 
truislation,  in  the  works  of  Robertson,  Hewlett,  and  Hales,  which  are 
mentioned  in  the  course  of  this  article. 

The  authenticity  and  antiquity  of  this  Chronicle  was  never  called 
in  question  till  the  latter  end  of  the  last  century,  when  a  work  was 
published  by  the  Rev.  J.  Robertson  under  the  title  of  '  The  Parian 
Chronicle,  or  the  Chronicle  of  the  Arundelian  Marbles,  with  a  Disser- 
tation concerning  its  Authenticity,'  London,  1788,  in  which  it  is 
maintained  to  be  a  fabrication  of  modem  times.  The  principal  objec- 
tions brought  forward  by  Robertson  are  : — 1.  That  the  charactere  have 
no  certain  or  unequivo«d  marks  of  antiqvdty.  2.  It  is  not  probable 
that  the  Chronicle  was  engraved  for  private  use.  3.  It  does  not  appear 
to  have  been  engraved  by  public  authority.  4.  The  Greek  and  Roman 
writera  for  a  long  time  after  the  date  of  this  Chronicle  complain  that 
they  had  no  chroQologioal  account  of  the  affidra  of  ancient  Greece. 

5.  This  Chronicle  is  not  once  mentioned  by  any  writer  of  antiquity. 

6.  Some  of  the  facts  seem  to  be  taken  from  authors  of  a  later  date. 

7.  Parachronisms  appear  in  some  of  the  epochas,  which  we  can  hardly 
suppose  a  Greek  chironologer  in  the  129th  Olympiad  would  be  likely 
to  commit,  &c. 

The  objections  of  Robertson  were  replied  to  by  Mr.  Hewlett,  in  a 
work  entitied  'A  Vindication  of  the  Authenticity  of  the  Parian 
Chronicle,'  London,  1789  :  by  Mr.  Gough,  in  the  ninth  volume  of  the 
'  Archseologia ; '  and  by  Porson,  in  the  '  Monthly  Review,'  in  1789. 
His  objections  have  been  more  recently  noticed  in  the  first  volume  of 
Hales's  '  Chronology ; '  and  the  whole  subject  has  been  investigated 
with  great  accura^  by  Bockh,  in  the  second  volume  of  his  '  Corpus 
Inscriptionum.'  The  authenticity  of  the  Chronicle  has  been  also 
vindicated  by  Wagner,  Gott,  1790,  8vo.  The  result  of  these  inquiries 
can  leave  litue  doubt  respecting  the  authenticity  and  antiquity  of  the 
Chronicle ;  and  the  subsequent  silence  of  classical  writers  respecting 
it,  which  is  perhaps  the  strongest  argument  against  its  antiquity, 
may  be  accounted  for,  as  Dr.  Hales  has  remarked,  by  the  retirecl 
and  insular  situation  of  Pares.  It  is  written  in  pure  and  classical 
Greek;  the  charactera  bear  several  marks  of  antiquity;  and  nono 
of  the  passages  adduced  by  Robertson  to  prove  that  parts  of  it 
were  taken  from  writers  of  a  later  date  are  sufficient  to  estabUsh  the 
fact. 

The  marble  on  which  the  Chronicle  was  engraved  was  five  inches 
thick,  and  measured,  when  Selden  viewed  it,  3  feet  7  inches  by  2  feet 
7  inches ;  but  one  comer  had  been  broken  off.  It  contained  at  that 
time  93  lines,  reckoning  the  imperfect  ones,  and  might  originally 
perhaps  have  contained  a  hundred.  Upon  an  average  the  lines  consist 
of  130  lettera,  all  capitals,  in  close  continuation,  and  tmbroken  into 
words.  The  events  which  it  records  are  not  so  much  those  which 
relate  to  the  history  of  the  different  states  of  Greece,  but  rather  such 
as  serve  to  illustrate  the  history  of  the  civilisation  and  literature  of 
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Greece.  Thus  we  do  not  find  one  event  in  the  Peloponnesian  war 
either  mentioned  or  alluded  to,  but  we  have  an  account  of  the  esta- 
blishment of  the  principal  religious  festivalB,  of  the  introduction  of 
the  different  kinds  of  music  into  those  featiyals,  of  the  origin  of 
tragedy  and  comedy,  and  of  the  time  in  which  the  most  eminent  poets 
and  philosophers  lived. 

For  an  examination  of  the  dates  which  are  assigned  to  the  different 
events  it  records,  the  reader  is  referred  to  the  first  volume  of  Hales's 
'  Analysis  of  Chronology.' 

PARIDIN  (CxsH^qO^  ?).  A  crystalline,  colourless,  ox^ganic  substance 
found  in  the  leaves  of  the  Paru  quadrifolia.  It  is  coloured  red  by 
concentrated  phosphoric  or  sulphuric  acid. 

PABIETIN.  A  name  first  given  to  a  substance  extracted  from 
Parmdia  parieHna,  but  which  has  now  been  proved  to  be  identical  with 
usnio  acid.     fUsNio  Acid.] 

PARIGLIN.    [Smilacin.] 

PARING  AND  BURNING.  This  operation  consists  in  cutting  a 
thin  slice  from  the  siirface  of  land  wluch  is  overgrown  with  grass, 
heath,  fern,  or  any  other  plants  which  form  a  sward  by  the  matting 
together  of  their  roots.  The  sods  are  allowed  to  dry  in  the  sun  to  a 
certain  degree,  after  which  they  are  arranged  in  heaps,  and  burnt 
slowly,  without  flame  or  violent  heat.  The  result  is  a  mixture  of 
burnt  earth,  charred  vegetable  fibre,  and  the  ashes  of  that  part  which 
is  entirely  oonsimied. 

The  object  of  this  operation  is  twofold :  first,  to  kill  insects  and 
destroy  useless  or  noxious  weeds  completely ;  and  secondly,  to  obtain  a 
powerful  manure,  impregnated  with  alkaline  salts  and  carbonaceous 
matter,  which  experience  has  shown  to  be  a  very  powerful  promoter  of 
vegetation. 

The  instruments  by  which  this  is  effected  are,  either  a  common 
plough  with  a  very  flat  share,  which  may  be  used  when  the  surface  is 
very  level  without  being  encumbered  with  stones  or  largo  roots,  as  in 
low  moist  meadows,  or  in  most  other  cases  a  paring-iron  used  by  hand. 
Instead  of  the  common  plough,  Snowden's  or  Woofe's  paring  plough 
(Hancock,  Gloucester)  may  be  used.  It  is  a  very  effective  tool — self- 
cleaning  in  its  operation — and  capable  of  cutting  a  thinner  slice  than  can 
be  separated  by  the  common  plough.  The  hand-parer  is  a  most  ciunbrous 
tool,  and  in  its  use  the  power  of  the  workman  is  most  wastef ully 
exerted.  The  crossbar  of  the  instrument  is  held  with  both  hands ; 
and  the  upper  parts  of  the  thighs,  being  protected  by  two  small  slips 
of  board,  push  the  instrument  into  the  ground,  so  as  to  cut  a  sUce  of 
the  required  thickness,  which  is  then  turned  over  by  moving  the  cross- 
handle.  The  labour  is  severe,  and  a  good  workman  can  scarcely  pare 
more  than  one-sixth  of  an  acre  m  a  day.  The  price  of  this  work  is 
from  1  fit.  to  25s,  per  acre,  according  to  the  price  of  labour.  The 
drying,  burning,  and  spreading  of  the  ashes  are  contracted  for  at  from 
10&  to  15f.  more  :  thus  the  whole  cost  is  from  25«.  to  2/.  per  acre.  In 
France  it  is  done  by  a  cob,  which  is  like  a  shipwright's  adze,  and  the 
operation  is  called  Scobuer, 

Paring  and  burning  the  surface  is  an  almost  invariable  preliminary 
in  the  converting  of  waste  lands  to  tillage ;  and  where  these  lands  are 
in  a  state  of  nature,  overrun  with  wild  plants  which  cannot  be  easily 
brought  to  decay  by  simply  burying  them  in  the  ground,  burning  is 
the  readiest  and  most  effectual  mode  of  destroying  them.  In  this 
case  the  practice  is  imiveraally  recommended  and  approved  of. 

But  it  is  not  only  in  the  reclaiming  of  waste  lands,  and  bringing 
them  into  cultivation,  that  paring  and  burning  the  surface  is  practised. 
The  fertility  produced  by  the  ashes,  which  is  proved  by  the  luxuriance 
of  the  vegetation  in  the  first  crop,  has  induced  many  to  repeat  this 
process  so  often,  as  materially  to  exhaust  the  soil,  and  induce  partial 
sterility.  Hence  the  practice  has  been  recommended  on  the  one  hand, 
and  strongly  reprobated  on  the  other. 

When  we  come  to  apply  to  the  subject  the  test  of  experience,  and 
reason  correctly  on  the  facts  which  are  presented  to  us  by  the  abettors 
of  the  practice  and  its  adversaries,  we  shall  find  that  we  advantages 
and  disadvantages  arise  chiefly  from  the  drcimistances  under  which 
the  operation  is  carried  on.  But  it  may  be  necessary  to  an  impartial 
examination  of  the  subject,  to  inquire  into  the  changes  produced  on 
the  substances  subjected  to  the  process  of  burning,  when  it  is  done 
with  due  precautions. 

In  burning  vegetable  matter  in  an  open  fire,  the  whole  of  the  carbon 
is  converted  into  carbonic  acid  and  flies  off,  leaving  only  some  light 
ashes  containing  the  earthy  matter  and  the  salts  wMch  the  fire  could 
not  dissipate.  These  are  no  doubt  very  powerful  agents  in  promoting 
vegetation,  when  they  are  added  to  any  soil :  but  they  are  obtained  at 
a  very  great  expense  of  vegetable  matter,  which  by  its  decomposition 
in  the  earth,  might  also  have' afforded  food  for  vegetation.  If  the 
earth  which  is  burnt  with  the  sods  is  of  a  cold  clayey  nature,  the  fire 
will  change  it  into  a  kind  of  sand,  or  brick  dust,  which  is  insoluble  in 
water,  and  corrects  the  too  great  tenacity  of  clays,  by  converting  them 
more  or  less  into  loams.  This  is  so  well  known,  that  clay  is  often  dug 
out  of  the  subsoil  to  be  partially  burnt.  But  in  addition  to  the  many 
mechanical  effects  of  heat  on  clay,  there  are  certain  chemical  results  of 
great  advantage  to  fertility.  When  not  burned  to  excess  the  alkaline 
ingredients  of  clays  become  more  soluble  when  they  are  exposed  to 
heat,  and  no  doubt  some  of  the  beneficial  effects  of  clay  burning  are 
due  to  the  greater  quantity  of  soluble  alkaline  matter  which  is  then 
made  available :  and  on  stiff  clay  soils  therefore  there  is  a  double 


advantage  in  paring  and  burning,  that  of  the  vegetable  ashes  and  of 
the  burnt  clay. 

Burning  clay  soils  is  in  fact  something  analogous  to  liming.  Lime 
dissolves  the  vegetable  matter  and  sets  free  the  alkaUes,  and  it  enables 
the  detached  elements  to  enter  into  new  combinations ;  but  if  no  new 
vegetable  matter  be  added  to  restore  what  is  exhausted  by  vegetation, 
liming,  as  well  as  paring  and  burning,  is  detrimental  in  the  end. 
Many  experienced  farmers  pare  and  bum  the  soil  on  the  edges  of  their 
ditches  and  on  the  banks  on  which  the  hedges  grow,  because  they  thereby 
exterminate  many  rank  weeds ;  and  the  burnt  earth  mixed  with  farm- 
yard dung  makes  an  admirable  compost.  Here  the  burnt  earth  acts 
as  an  absorbent,  and  no  doubt  attracts  many  of  the  volatile  parts  of 
the  manure,  which  are  produced  by  the  decomposition  of  animal 
and  vegetable  matter  in  it.  Paring  and  burning  therefore  should  be 
joined  to  manuring,  if  a  powerf\id  and  immediate  effect  is  desired 
without  exhausting  the  sou ;  and  in  this  case  we  do  not  hesitate  to 
recommend  it  on  all  cold  clay  soils  where  rank  weeds  are  apt  to  spring  up, 
and  coarse  grasses  take  the  place  of  the  better  sorts  which  have  been 
sown.  The  proper  time  to  pare  and  bum  is  evidently  after  the  land 
has  lain  in  grass  for  several  years,  and  is  broken  up  for  tillage.  The 
surfiice  should  be  pared  thin;  about  two  inches  is  the  extreme 
thickness  allowable  for  the  sod  if  the  soil  is  very  stiff  and  poor,  and  as 
thin  as  possible  in  a  better  soil.  The  sods  should  be  moderatdy  dried, 
and  then  arranged  into  small  heaps  with  a  hollow  in  the  middle  to 
hold  heath  or  bushes  to  kindle  the  fire.  When  it  has  fairly  established 
itself,  all  the  apertures  should  be  carefully  closed.  Wherever  any 
fire  breaks  out,  a  fresh  sod  should  be  immediately  put  over  it ;  a  heap 
containing  a  small  cart-load  of  sods  should  be  smouldering  for  severu 
days  without  going  out,  even  if  it  ndns  hard.  If  the  fire  is  too  brisk, 
the  earth  will  form  hard  lumps,  and  even  vitrify ;  but  otherwise  it 
comes  out  in  the  form  of  a  fine  powder,  in  which  evident  marks  of 
charcoal  appear.  If  this  is  of  a  fiine  red  colour,  it  is  a  good  sign ;  for 
the  iron  in  the  earth  has  been  converted  into  a  peroxide,  which  is 
perfectly  innocent  in  its  effects  on  vegetation,  whereas  all  the  saline 
impregnations  of  iron  are  more  or  less  hurtful.  It  is  better  to  bum 
the  sods  in  large  thsm  in  small  heaps;  for  the  more  the  fire  is 
smothered,  the  better  the  ashes. 

So  great  a  quantity  of  ashes  is  sometimes  produced  as  to  admit  of  a 
portion  being  carried  off  on  grass-land,  or  us^  to  manure  another  field 
for  turnips.  As  this  is  evidently  robbing  the  field  where  the  operation 
has  been  carried  on,  an  equivalent  quantity  of  manure  should  be 
brought  in  exchange.  Perhaps  the  most  advantageous  mode  of  using 
the  ashes  is  to  spread  them  in  the  drills  where  the  tiumip-seed  is  to  be 
sown,  after  a  portion  of  dung  has  been  biu*ied  under  them.  In  this 
manner  the  ashes  from  one  acre  of  land  pared  and  burnt,  together 
with  ten  or  twelve  cart-loads  of  good  yard  dung,  and  a  half  dressing  of 
superphosphate  of  lime,  will  manure  two  acres,  and  all  the  manure  of  one 
acre,  in  the  ordinary  mode  of  raising  turnips  on  ridges,  will  be  saved. 
If  the  ashes  will  produce  as  good  turnips  with  half  the  usual  quantity 
of  dung,  the  expense  of  paring  and  burning  is  amply  repaid.  But 
experience  proves  that  the  earth  and  ashes  almost  eiuure  a  good  crop 
of  turnips  in  many  poor  stiff  soils  in  which  they  would  probably  not 
have  succeeded  if  sown  in  the  common  course  of  cultivation  without 
bones  or  ashes. 

When  a  considerable  extent  of  poor  land  is  brought  into  cultivation, 
and  there  is  no  sufficient  supply  of  manure  at  hand,  paring  and 
burning  a  portion  of  the  land  every  year,  by  which  a  crop  of  turnips  is 
obtain^,  ia  a  most  effectual  means  of  improvement.  Lime  may  be 
used  at  the  same  time  with  the  ashes,  and  will  increase  their  effect, 
provided  some  v^etable  undecayed  matter  remains  in  the  soil  after 
paring ;  but  lime  wiU  tend  to  exhaust  this ;  and  if,  in  consequence  of 
liming,  a  few  good  crops  of  com  are  obtained  at  first,  the  soU  wUl  be 
so  exhausted  as  to  be  of  little  value  afterwards.  This  is  the  abuse  of 
the  practice,  which  has  caused  it  to  come  into  disrepute.  It  would  be 
a  great  waste  to  bum  the  sur&M^  of  a  rich  piece  of  grass-land  where 
the  plants  growing  in  it  are  tender  and  succulent,  and  would  readily 
rot  on  being  ploughed  under ;  in  such  case  a  moderate  application  of 
lime  would  have  a  much  better  effect.  This  kind  of  land  will  produce 
good  crops  without  any  manure,  and  continue  fertile  for  many  years 
if  judiciously  cultivated.  To  pare  and  bum  rich  land  is  wasteful,  and 
can  never  be  recommended.  It  is  only  on  poor  land  which  has  not 
strength  to  produce  a  crop,  and  of  which  the  texture  requires  to  be 
improved  and  its  powers  stim\ilated,  that  paring  and  burmng  ia 
advantageous;  on  poor  thin  chalky  soils  which  have  been  laid  down 
with  sainfoin,  of  which  the  roots  and  stems  are  grown  coarse  and  hard, 
so  as  not  readily  to  rot  in  the  ground,  the  operation  is  proper  and 
advantageous.  The  turnips  produced  by  the  ashes,  with  or  without 
the  assistance  of  dung,  must  be  fed  off  by  sheep  folded  on  the  land, 
whose  dung  and  urine  will  enrich  it,  and  their  tread  consolidate  it.  By 
this  mode  of  proceeding  great  advantages  are  obtained  from  paring  and 
burning,  and  the  land,  so  far  from  being  deteriorated,  will  be  improved. 

Many  landlords  rigidly  forbid  their  tenants  to  pare  and  bum  any 
part  of  their  land,  from  an  idea  that  the  heart  of  it  is  destroyed  by  the 
burning.  But  in  the  hands  of  an  intelligent  tenant  the  practice  is 
perfectly  safe  and  even  beneficial,  for  he  knows  it  to  be  his  interest  to 
apply  a  certain  quantity  of  dung,  either  at  the  same  time  that  the  land 
is  thus  treated,  or  for  the  next  crop,  and  where  imder  ordinary  famung 
there  is  no  sowing  of  com  crops  except  after  turnips,  clover,  or  some 


299 


PAEIS  RED. 


PARISa 


800 


other  green  crop  consumed  on  the  farm,  there  could  be  little  danger  of 
any  detriment  to  the  land,  even  if  it  were  pared  and  burnt  once  in 
every  ten  or  twelve  years,  provided  it  were  judiciously  treated  in  the 
intervals.  The  farmer  would  be  benefited  in  many  situations,  and  the 
practice  would  tend  to  keep  up  the  value  of  the  farms. 

In  Devonshire,  where  the  land  has  been  pared  and  burnt  from  time 
immemorial,  even  where  the  soU  is  rich,  the  practice  has  been  often 
resorted  to  without  any  judgment.      Provided  a  crop  of  com  or 
potatoes  was  obtained  at  little  cost,  the  consequences  to  the  future 
state  of  the  land  were  not  heeded ;  and  landlords,  seeing  their  farms 
impoverished,  put  a  stop  to  the  practice.    Thus  many  useful  modes  of 
cultivation  have  been  reprobated  from  the  abuse  of  them,  which, 
properly  applied,  would  h&ve  been  advantageous  to  all  parties.    There 
is  no  maxim  more  true  than  this  :  that  whatever  injures  the  landlord, 
injures  the  farmer  who  is  not  desirous  of  removing,  and  vice  versd  ; 
and  all  positive  restrictions  on  cultivation,  however  necessary  when 
there  is  a  fear  of  dishonest  conduct,  diminish  the  value  of  a  farm  and 
lessen  the  rent  which  can  be  fairly  afforded  for  it.    Ignorance  is  often 
a  greater  destroyer  of  the  interest  of  both  landlord  and  tenant  than 
wilful  dishonesty ;  and  the  spreading  of  useful  information  amongst 
tenants,  so  that  they  may  see  their  own  advantage,  is  the  surest  means 
of  improving  landed  property.    Many  tracts  of  waste  land  might  be 
brought  into  cultivation  by  means  of  paring  and  burning,  which 
without  it  would  never  repay  the  labour  required.    Where  the  soil  is 
inclined  to  peat,  this  operation  and  abundant  liming  are  the  indis- 
pensable preliminaries  of  cultivation.    The  ashes  and  the  lime  will 
produce  vegetation  and  food  for  animals.    These  will  produce  dung 
to  supply  what  the  vegetation  abstracts,  uid  to   assist  also  in  the 
further  decomposition  of  the  peaty  matter,  converting  it  into  vegetable 
mould. 

The  first  crop  after  paring  and  burning,  as  was  observed  before, 
should,  if  possible,  be  turnips,  and  these  should  be  consimied  on  the 
spot;  but  there  are  exceptions  to  the  rule.  The  soil  may  be  a  stiff 
clay  of  a  considerable  degree  of  natural  fertility,  only  encumbered  with 
nuuL  weeds  and  grasses.  In  this  case  the  sur£u:e  is  burnt  to  destroy 
these,  and  a  crop  of  com  may  safely  be  taken  after  the  paring  and 
burning,  the  land  coming  into  a  regular  alternate  rotation  after  it. 
For  example,  the  next  crop  may  be  beans  or  tares,  with  a  good  pro- 
portion of  dung ;  or  clover  may  be  sown  with  the  first  crop,  if  the 
ground  appears  fit  for  it.  The  effect  of  the  ashes  will  be  readily  per- 
ceived in  the  luxuriance  of  the  clover.  Such  land  may  be  afterwards 
cultivated,  according  to  its  nature  and  quality,  with  the  rest  of  the 
farm;  or  laid  down  to  grass  after  a  course  of  cleansing  and  ameliorating 
crops.  Thus  old  wet  meadows,  after  having  been  well  underdrained, 
may  be  greatly  improved,  and  either  converted  into  arable  fields  or 
laid  down  again  with  choice  grasses. 

Old  rough  pastures  have  often  been  greatly  improved  by  a  very  thin 
paring  and  burning,  so  as  not  to  destroy  ah  the  roots  of  the  grass. 
When  the  ashes  are  spread  over  the  pareid  surface,  some  good  grass- 
seeds  are  sown  with  them.  The  whole  is  well  harrowed  or  scarified 
and  rolled,  and  the  grass  which  will  spring  up  after  this  will  be  greatly 
improved,  and  will  fully  repay  the  expense  of  this  simple  mode  of 
renovating  it.  This  is  the  cheapest  mode  of  improving  coarse  pastures 
that  we  know,  without  breaking  them  up. 

The  partial  paring  and  burning  of  the  headlands  of  fields,  for  the 
purpose  of  mixing  the  ashes  and  burnt  earth  with  dung  in  a  compost, 
is  a  most  excellent  practice,  and  often  superior  to  that  of  using  the 
sods  only,  without  burning  them.  These  sods  contain  innumerable 
seeds  of  weeds,  and  eggs  or  maggots  of  insects,  which  are  not  destroyed 
by  the  fermentation  of  the  heap,  but  on  the  contraxy,  are  brought  to 
life.  The  loss  of  a  portion  of  vegetable  matter  in  the  burning  is 
amply  compensated  by  the  destruction  of  these  enemies  of  the  future 
crops. 

It  now  only  remains  to  take  notice  of  the  soils  and  situations  where 
paring  and  burning  cannot  be  recommended.  Wherever  the  soil  is 
very  loose  from  a  great  proportion  of  silicious  sand  in  its  composition, 
and  is  held  together  chiefly  by  the  slender  roots  which  run  through  it, 
the  burning  would  destroy  the  whole  of  the  vegetable  matter;  and 
the  residue  would  be  a  mere  barren  silicious  sand,  much  worse  and 
more  porous  than  it  was  when  held  together  by  the  roots.  The  only 
way  to  bring  such  soils  into  cultivation  is  to  put  clay  or  marl  on  them, 
and  to  force  vegetation  by  means  of  liquid  and  other  manures,  con- 
solidating them  by  every  means  applicable,  so  that  they  may  retain 
moisture,  and  that  the  manure  may  not  be  washed  through  by  the 
rains.  Such  soils  may  be  improved,  but  they  are  the  most  ungrateful 
of  any ;  and  it  is  only  necessity  and  indefatigable  industry  which  can 
make  them  produce  any  crops. 

On  the  whole,  the  operation  of  paring  and  burning,  when  judiciously 
applied  and  properly  performed,  is  a  most  excellent  and  cheap  improve- 
ment of  dry  soils,  and  it  will  never  diminish  their  fertility,  if  they  are 
properly  cultivated  and  manured,  and  a  judicious  succession  of  crops 
IS  adopted ;  but  on  the  contrary  it  will  improve  their  quality  and  tex- 
ture, and  make  them  more  productive. 

PAltIS  KED.    [Colouring  Matters.] 

PARIS  YELLOW.    [Coloubino  Matters.] 

PARISH.  This  word  is  probably  derived  into  the  English  language 
from  the  French  parome,  and  the  Latin  parochia  or  paroeda,  and 
ultmiately  from  the  Greek  paroikia  {irttpouda).    At  the  present  day  it 


denotes  a  circumscribed  territory,  varying  in  extent  and  population, 
but  annexed  to  a  single  church,  whose  incumbent  or  minister  is  entitled 
by  law  to  the  tithes  and  spiritual  offerings  within  the  territory.    In 
the  early  ages  of  Christianity  the  term  appears  to  have  been  used  in 
some  pitta  of  Europe  to  signify  the  district  or  diocese  of  a  bishop,  as 
distinguished  from  the  '  provincia '  of  the  archbishop  or  melxopoUtan. 
(Du  Cange, '  Glon.,'  ad  verb.  '  Parochia ; '  Selden's  '  History  of  Tithes,' 
chap,  vi.,  sect.  3.)    These  large  ecclesiastical  provinces  were  gradually 
broken  down  into  subdivisions,  for  which  ministers  were  appointed, 
either  permanently  or  oocasioiisJly,  who  were  under  the  rule  of  the 
bishop,  were  paid  out  of  the  common  treasury  of  the  bishopric,  and 
had  no  particular  interest  in  the  oblations  or  profits  of  the  diurch  to 
which  their  ministry  applied.     This  was  the  state  of  things  in  the 
primitive  times,  which  probably  continued  till  towards  the  end  of  the 
3rd  century.    After  that  period  proprietors  of  lands  began,  with  the 
licence  of  the  higher  ecclesiastic^  authorities,  to  build  and  endow 
churches  in  their  own  possessions ;  and  in  such  cases  the  chaplain  or 
priest  was  not  paid  by  the  bishop,  but  was  permitted  to  receive  for 
his  maintenance  and  to  the  particiilar  use  of  his  own  churoh  the  profits 
or  the  proportion  of  the  profits  of  the  lands  with  which  the  founder 
had  endowed  it,  as  well  as  the  offerings  of  such  as  repaired  thither  for 
divine  service.    This  appears  to  be  a  probable  acooimt  of  the  origin 
and  gradual  formation  of  parochial  divisions  in  almost  all  countries 
where  Christianity  prevailed;  and  Selden  has  satisfactorily  shown  that 
the  history  of  parishes  in  England  has  followed  the  same  course. 
Soon  after  the  first  introduction  of  Christianity  into  this  country,  the 
heathen  temples  and  other  buildings  were  converted  into  churches  or 
places  of  assembly,  to  which  the  inhabitants  of  the  surrounding  dis- 
trict  came  to  receive  religious  instruction  from  the  minister,  and  to 
exercise  the  rites  of  Christian  worship.    As  the  members  of  the  new 
religion  increased,  a  single  or  occasional  minister  was  insufiicient  for 
the  purpose ;  and  a  bishop,  with  subordinate  priests,  bogan  to  reside 
in  the  immediate  neighbourhood  of  the  religious  houses,  having  the 
charge  of  districts  of  various  extent,  comprehending  several  towns  and 
villages,  and  assigned  principally  with  a  view  to  the  convenience  of 
the  inhabitants  in  assembling  together  at  the  church.    Within  theee 
districts,  or  circuits,  as  they  were  called,  which  were  precisely  analogous 
to  the  diocesan  parishes  in  other  parts  of  Europe,  the  ministering 
priests  itinerated  for  the  piurpose  of  exercising  their  shriving,  but  they 
always  resided  with  the  bishop.    By  degrees  other  churches  were  built 
to  meet  the  demands  for  public  worship,  but  still  at  first  wholly  de- 
pending upon  the  mother-church,  and  supplied  by  the  bishop  from  his 
family  of  clexgy  resident  at  the  bishopric  with  ministers  or  curates, 
who  were  supported  by  the  common  stock  of  the  diocese.    For  the 
fund  or  endowment  in  each  of  these  districts  was  common;  and  what- 
soever was  received  from  tithes  or  the  offerings  of  devotees  at  the 
different  altars,  or  by  any  other  means  given  for  religious  uses,  was 
made  into  a  general  treasure  or  stock  for  the  ecclesiastical  purposes  of 
the  whole  diocese ;  and  was  applied  by  the  bishop  in  the  fiirst  place  to 
the  maintenance  of  himself  and  the  college  of  priests  resident  with 
him  at  the  church,  and  afterwards  for  distribution  in  alms  among  the 
poor  and  for  the  reparation  of  churches. 

This  commimity  of  residence  and  interest  between  the  bishop  and 
his  attending  clei^,  who  are  often  termed  in  the  chronicles  of  those 
days  episcopi  clerus,  constituted  the  notion  of  cathedral  churches  and 
monasteries  in  their  simplest  form.  How  long  this  state  of  things 
continued  does  not  precisely  appear,  though  Selden  expresses  an 
opinion  that  it  was  in  existence  as  late  as  the  8th  century.  ('  History 
of  Tithes,'  chap,  ix.,  sect.  2.)  It  has  indeed  been  asserted  by  Camden 
('  Britannia,'  p.  160),  and  was  formerly  the  conunonly  received  opinion^ 
that  Honorius,  the  first  archbishop  of  Canterbury  after  Augustine, 
divided  his  province  into  parishes  about  the  year  630 ;  but  Selden  proves 
satisfactorily  that  Honorius  could  not  have  made  a  parochial  division 
in  the  sense  in  which  we  now  understand  the  term ;  and  that,  if  made 
at  all,  it  must  have  been  such  a  distribution  into  districts,  then  called 
parishes,  as  is  above  described,  and  which  was  so  iai  from  originating 
with  Honorius,  thatjt  must  have  been  nearly  as  ancient  as  bishoprics. 

It  seems  most  probable  that  the  creation  of  parishes  in  England 
was  not  a  simultaneous  act,  but  was  the  gradual  result  of  drcumstanoes, 
and  was  not  fully  effected  till  near  the  time  of  the  Conquest.  (Hallam's 
'  Middle  Ages,'  voL  iL,c.  7,  pt.  !•)  As  Christianity  became  the  universal 
religion,  and  as  population  increased,  the  means  of  divine  worship 
supplied  by  the  bishoprics  and  monasteries  became  inadequate  to  the 
wants  of  society,  and  lords  of  manors  began  to  build  upon  their  own 
demesnes  churches  and  oratories  for  the  religious  piuposes  of  their 
families  and  tenants.  Each  founder  assigned  a  definite  district^  within 
which  the  functions  of  the  minister  officiating  at  his  church  were  to  be 
exercised,  and  expressly  limited  the  burden  as  well  as  the  advantages 
of  his  ministry  to  the  inhabitants  of  that  district.  As  iheae  acts  of 
piety  tended  to  the  advancement  of  religion,  and  were  in  aid  of  the 
common  treasury  of  the  diocese,  they  were  encouraged  by  the  bishopsi 
who  readily  consecrated  the  places  of  worship  so  establiuied,  and  con- 
sented  that  the  minister  or  inciunbent  should  be  resident  at  his  church, 
and  receive  for  his  mtllntenance,  and  for  the  use  of  that  particular 
church,  the  tithes  and  offerings  of  the  inhabitants,  as  well  as  any 
endowment  or  salary  which  the  founder  annexed  to  it.  This  endow- 
ment or  salary  usually  consisted  of  a  glebe,  or  a  portion  of  land  appro- 
priated to  that  purpose,  which  was  indeed  the  oidy  means  of  providing 
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for  the  mamtenance  of  the  incumbent  at  a  time  when  almost  all  the 
wants  of  life  were  supplied  from  the  immediate  produce  of  the  earth, 
and,  together  with  the  right  of  receiving  the  other  ecclesiastical  profits 
which  arose  within  the  territory  limited  by  the  founder,  became  the 
settled  reyenue  of  the  church,  and  luonexed  to  it  in  perpetuity.  The 
last  concession  made  to  the  lay  founder  was  probably  the  patronage  or 
right  of  presenting  the  clerk  to  the  church,  which  by  the  primitive 
constitution,  belonged  exclusively  to  the  bishop ;  and  when  this  was 
obtained,  these  limited  territories  dififered  in  no  material  respect  from 
our  modem  parishes.'  Indeed  it  can  scarcely  admit  of  doubt  that  our 
parochial  divisions  arose  chiefly  from  these  lay-foundations,  the  differ- 
ences in  extent  being  accounted  for  by  the  varying  limits  appointed 
for  them  at  their  origin.  Their  names  were  derived  from  some 
favourite  saint,  from  the  site,  or  the  lordship  to  which  they  belonged, 
or  from  the  mere  fancy  of  the  respective  founders.  Such  appears  to 
have  been  the  origin  of  the  lay  parishes ;  and  it  is  reasonable  to  con- 
clude that  as  soon  as  this  practice  was  established,  the  bishops  and 
religious  houses,  in  the  districts  or  parishes  in  which  they  had  reserved 
to  ^emselves  the  right  of  presentation,  followed  the  same  course  by 
limiting  the  ecclesiastical  profits  of  each  church  to  the  particular  in- 
cumbent, and  restricting  the  devotions  as  well  as  the  offerings  of  the 
inhabitants  to  that  chiirch  only. 

The  earliest  notice  of  these  lay  foundations  of  parishes  is  by  Bede, 
about  the  year  700  ('  Hist.  EcoL'  lib.  v.,  c.  4  and  5).  By  the  end  of 
the  8th  century  they  had  become  frequent,  as  clearly  appears  from  the 
charters  of  confirmation  made  to  Croyland  Abbey,  by  Bertulph,  king 
of  Merda,  in  which  several  churches  of  lay-foundation  are  compre- 
hended. In  the  laws  of  king  Edgar  (a.d.  970)  there  is  an  express 
provision  that  every  man  shall  pay  his  tithes  to  the  most  ancient 
church  or  monastery  where  he  hears  Qod's  service ;  "  Which  I  under- 
stand not  otherwise,"  says  Selden,  "  than  any  church  or  monastery 
whither  usiiaUy,  in  respect  of  his  commorani^  or  his  parish,  he  re- 
paired :  that  is,  his  pansh  church  or  monastery."  ('  History  of  Tithes/ 
chap,  ix.,  1-4.) 

Although  the  origin  of  parishes  generally  in  England  is  pretty 
clearly  ascertained,  the  history  of  the  formation  of  particular  parishes 
is  almost  wholly  unknown.  As  these  divisions  originated  in  an  un- 
lettered period,  and  were  too  local  and  obscure  to  be  recorded  in  the 
chronicles  or  general  histories  of  the  times,  and  for  the  most  part  too 
ancient  to  be  preserved  in  any  episcopal  registers  now  existing,  it 
would  be  unreasonable  to  expect  any  satisfactory  evidence  of  &eir 
particular  origin ;  and  as  a  matter  of  fact,  no  evidence  whatever  can 
be  produced  on  the  subject. 

However  satisfactory  this  account  of  the  origin  of  parishes  may  be 
with  reference  to  country  parishes,  it  furnishes  no  explanation  of  the 
origin  of  parishes  in  towns — a  subject  which  is  involved  in  great  ob- 
scurity ;  and  indeed  the  changes  which  the  latter  may  be  shown  to 
have  undergone  within  time  of  memory  seem  to  point  to  a  different 
principle  of  formation. 

The  country  parishes  appear  to  be  nearly  the  same  in  name  and 
number  at  the  present  time  as  they  were  at  the  time  of  Pope  Nicholas's 
'  Taxation,'  compiled  in  the  reign  of  Edward  I.  (▲.D.  1288) ;  but  in 
some  of  the  large  towns  the  number  of  parishes  has  very  considerably 
decreased.  Thus,  in  the  city  of  London  there  are  at  present  108 
parishes,  though  at  the  time  of  the  '  Taxation '  the  number  was  140 ; 
in  like  manner  in  Norwich  the  number  has  been  reduced  from  70  in 
the  time  of  Edward  I.,  to  37  at  the  present  day.  In  other  ancient 
towns,  such  as  Bristol,  York,  and  Exeter,  the  number  does  not  appear 
to  -have  materially  changed,  but  the  names  have  been  often  altered. 
The  particular  causes  of  these  variations  it  would  be  difi&cult  to  trace ; 
but  greater  changes  might  reasonably  be  expected  in  towns  than  in 
the  country  parishes,  in  consequence  of  more  frequent  fluctuations  of 
wealth  and  population  in  the  former.  Where  a  decrease  has  taken 
place  in  the  number  of  town  parishes  in  the  three  last  centuries,  it  is 
probably  to  be  accounted  for  by  the  great  reduction  since  the  Reforma- 
tion in  the  amount  of  oblations  and  what  are  called  penondL  tithes, 
which  in  cities  were  almost  the  only  provision  for  the  parochial  clergy. 

The  size  of  English  parishes  varies  much  in  different  districts.  In 
the  northem  counties  they  are  extremely  large,  forty  square  mUes  being 
no  unusual  area  for  a  parish ;  and,  generally  speaking,  parishes  in  the 
north  are  said  to  average  seven  or  eight  times  the  area  of  those  in  the 
southern  counties.  The  botmdaries  of  parishes  in  former  times  appear 
to  have  been  often  ill-defined  and  uncertain ;  but  since  the  establish- 
ment of  a  compulsory  provision  for  the  poor  by  means  of  assessments 
of  the  inhabitants  of  parishes,  the  limits  have  in  general  been  ascer- 
tained with  suf&cient  precision. 

It  ia  not  easy  to  ascertain  the  exact  number  of  parishes  in  England 
and  Wales ;  for  although  they  have  been  enumerated  on  several  occa- 
sions, the  number  ascertained  has  usually  depended  upon  the  object 
and  purpose  of  the  particular  enimieration.  Thus  in  the  returns  under 
the  Poor  Law  Commission,  a  parish  is  generally  considered  as  a  place 
or  district  supporting  its  own  poor,  and  from  these  returns,  in  1854, 
it  appears  that  the  total  number  of  such  places  is  14,603,  and  the  num- 
ber  is  constantly  increasing  with  the  increase  of  population.  But  in  this 
number  are  induded  many  subdivisions  of  parishes,  such  as  the  town- 
ships in  the  northem  counties,  which  by  stat.  13  &  14  Car.  II.,  c.  12,  f.  21, 
are  permitted  to  maintain  their  own  poor,  and  also  oUier  places  which 
by  act  of  parliament,  though  not  parishes,  have  the  same  privil^e. 


Another  difficulty,  which  has  probably  aflfected  all  the  enumerations 
which  have  hitherto  been  made,  ia  the  large  number  of  doubtful 
parishes.  It  is  somewhat  imcertain  at  the  present  day  what  circum- 
stances constitute  a  parish  church.  In  the  Saxon  times,  and  for  some 
centuries  after  the  Conquest,  the  characteristics  which  distinguished  a 
parish  church  from  what  were  called  field  churches,  oratories,  and 
chapHBls,  were  the  rights  of  baptism  and  sepulture.  (Selden,  *  History 
of  Tithes,'  chap,  ix.,  4;  Degge's  '  Parsons*  Counsellor,'  part  i.,  chap,  xii.) 
But  in  modem  times  this  line  of  distinction  would  include  as  parish 
churches  almost  all  chapels-of-ease,  and  also  the  churches  and  parochial 
chapels  erected  under  the  stat.  58  Geo.  III.,  c.  45,  "  for  building  addi- 
tional churches  in  populous  places."  The  various  views  entertained  of 
the  constituents  of  a  parish  will  in  a  great  measure  account  for  the 
different  results  of  the  several  enumerations  which  have  been  made ; 
and  this  is  in  fact  one  of  the  reasons  assigned  by  Camden  for  the 
difference  between  the  number  of  the  parish  churches  in  England  and 
Wales  stated  to  Henry  VIII.  in  1520,  by  Cardinal  Wolsey,  and  that 
stated  about  a  century  after  to  James  I.,  the  former  being  9407,  and 
the  latter  9284.  (Camden's  '  Britannia,'  161-2.)  The  number  of  the 
parishes  mentioned  in  Pope  Nicholas's '  Taxation '  above  referred  to,  as 
nearly  as  can  be  ascertained,  appears  to  be  between  these  two  accounts. 
Blackstone  says,  that  the  number  of  parishes  in  England  and  Wales 
had  been  computed  at  10,000.  Perhaps  the  number  of  parishes  in 
England  and  Wales  (meaning  by  the  term  simply  a  district  annexed 
to  a  church  whose  incumbent  is  by  law  entitled  to  tithes  in  that 
district)  may  be  taken  to  be  about  11,000. 

(See  Holland's  '  Observations  on  the  Origin  of  Parishes,'  in  Heame's 
Diacownes,  vol.  i.  p.  194 ;  and  Whitaker's  Hutory  of  WhaUey,  book  ii. 
chap.  1.) 

PARK.  This  term,  in  its  legal  signification  as  a  privileged  enclo- 
sure for  beasts  of  the  forest  and  chace,  is  at  the  present  day  nearly 
obsolete.  Under  the  ancient  forest-laws,  the  franchise  of  the  highest 
degree  was  that  of  a  forest  which  was  nomen  genenUissimumf  and 
contained  within  it  the  franchisee  of  chace,  park,  and  warren.  The 
only  distinction  between  a  chace  and  a  park  was,  that  the  latter  was 
enclosed,  whereas  a  chace  was  always  open,  and  they  both  differed 
from  a  forest,  inasmuch  as  they  had  no  peculiar  courts  or  judicial 
officers,  nor  any  particular  laws,  being  subject  to  the  general  laws  of 
the  forest;  or  as  Sir  Edward  Coke  maintains,  to  the  common  law 
exclusive  of  the  forest-laws.  (4  'Inst,'  314.)  A  chace  and  a  park 
differed  from  a  forest  also  in  the  nature  of  the  wild  animals  to  the 
protection  of  which  each  was  applied.  The  beasts  of  the  forest,  or 
beasts  of  venery,  as  they  were  called,  were  tantHm  sUvestrtf,  that  is, 
as  Manwood  explains  the  phrase  ('  Forest  Laws,'  chap,  iv.,  sec.  4), 
animals  such  as  the  hart,  hind,  hare,  boar,  and  wolf,  which  "  do  keep 
the  coverts,  and  haunt  the  woods  more  than  the  plains."  On  the 
other  hand,  the  beasts  of  chace  or  park  were  ktntHm  campettre$,  that 
is  to  say,  they  haunted  the  plains  more  than  the  woods.  According  to 
the  strict  l^gal  meaning  of  the  term,  no  subject  can  set  up  a  park 
without  the  grant  of  the  Crown  or  immemorial  prescription,  which  is 
presumptive  evidence  of  such  a  grant.  In  modem  times  the  term  is 
little  known,  except  in  its  popular  acceptation  as  an  ornamental 
enclosure  for  the  real  or  ostensible  purpose  of  keeping  fallow  deer, 
interspersed  with  wood  and  pasture  for  their  protection  and  support. 
(Blackst. '  Comm.'  Mr.  Kerr's  ed.  vol.  ii) 

PARK  OP  ARTILLERY.    [Abtillery  Park.] 

PARK,  ENGINEER,  is  the  term  applied  to  the  whole  equipment  of 
stores,  intrenching  tools,  &c  belonging  to  the  engineer  department  in 
the  field,  and  to  the  depdt  where  these  are  stored,  and  where  the 
officers  and  men  of  this  branch  of  the  service  are  camped.  In  a  siege 
the  engineer  park  should  be  as  near  as  possible  to  the  siege  works,  but 
covered  from  the  enemy's  fire.  Natiuid  positions,  in  hollows  and 
behind  hUls,  affording  such  protection,  may  generally  be  found  within 
1000  yards  or  so  of  the  first  parallel. 

PARKS,  PUBLIC.    [Arboretum.] 

PARLIAMENT,  IMPERIAL,  the  legislature  of  the  United  King- 
dom of  Qreat  Britain  and  Ireland,  consisting  of  the  king  or  queen 
[KrNo],  the  lords  spiritual  and  temporal  [Lords,  House  of],  and  the 
knights,  citizens,  and  bui^gesses  [CoMitoirs,  House  of]  in  parliament 
assembled. 

The  word  is  generally  considered  to  be  derived  from  the  French 
parler,  to  speak.  "  It  was  first  applied,"  says  Blackstone,  "  to  general 
assemblies  of  the  states  under  Louis  VII.  in  France  about  the  middle 
of  the  12th  century."  The  earUest  mention  of  it  in  the  statutes  is  in 
the  preamble  to  ihe  statute  of  Westminster,  a.d.  1272. 

Origin  and  Antiquity  of  Parliament. 

The  origin  of  any  ancient  institution  must  be  difficult  to  trace, 
when  in  the  course  of  time  it  has  undergone  great  changes ;  and  few 
subjects  have  afforded  to  antiquaries  more  cause  for  learned  research 
and  ingenioTis  conjecture  than  the  growth  of  our  parliament  into  the 
form  which  it  had  assumed  when  authentic  records  of  its  existence  and 
constitution  are  to  be  f oxmd.  Qreat  councils  of  the  nation  existed  in 
England  both  under  the  Saxons  and  Normans,  and  appear  to  liave 
been  common  amongst  all  the  nations  of  the  north  of  Europe.  They 
were  called  by  the  Saxons  michel-synoth,  or  great  counol;  niichd- 
genwUf  or  great  meeting;  and  wUtena-gemotey  meeting  of  wise  men — ^by 
the  last  of  which  they  are  now  most  familiarly  known. 
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The  coDBtitution  of  these  counciLs  cannot  be  known  with  any 
certainty,  and  there  haa  been  much  controversy  on  the  subject,  and 
especially  as  to  the  share  of  authority  enjoyed  by  the^  people. 
Different  periods  have  been  assigned  for  their  admittance  into  the 
legislature.  Coke,  Spelman,  Camden,  and  Prynne  agree  that  the 
commons  formed  part  of  the  great  synods  or  councils  before  the 
Conquest;  but  how  they  were  summoned,  and  what  degree  of  power 
they  possessed,  is  a  matter  of  doubt  and  obscurity.  "  The  main  con- 
stitution of  parliament,  as  it  now  stands/' says  Blackstone,  "was  marked 
out  as  long  ago  as  the  seventeenth  year  of  King  John,  A.D.  1215,  in  the 
great  charter  granted  by  that  prince,  wherein  he  promises  to  summon 
all  archbishops,  bishops,  abbots,  earls,  and  greater  barons  [Barons] 
personally,  and  all  other  tenants  in  chief  under  the  crown  by  the 
sheriff  and  bailifib,  to  meet  at  a  certain  place,  with  forty  days*  notice^ 
to  assess  aids  and  scutages  when  necessary ;  and  this  constitution  has 
subsisted,  in  fact  at  least,  from  the  year  1266,  49  Hen.  III.,  there  being 
still  extant  writs  of  that  date,  issued  by  Simon  de  Montfort,  earl  of 
Leicester,  to  summon  knights,  citizens,  and  burgesses  to  parliament.** 
A  statute,  also,  passed  15  Edw.  II.  (1S22),  declares  that  "  the  matters 
to  be  established  for  the  estate  of  the  king  and  of  his  heirs,  and  for  the 
estate  of  the  realm  and  of  the  people,  should  be  treated,  accorded,  and 
established  in  parliament,  by  the  king  and  by  the  assent  of  the  pre- 
lates, earls,  and  barons,  and  the  commonwealth  of  the  realm,  according 
as  had  been  before  accuatomed"  In  reference  to  this  statute,  Mr. 
Hallam  observes,  "  that  it  not  only  establishes  by  a  legislative  decla- 
ration the  present  constitution  of  parliament,  but  recognises  it  as 
already  standing  upon  a  custom  of  some  length  of  time."  (1 '  Const. 
Hist.,'  6.) 

Constituent  Parts  op  Parliament. 

These  have  been  treated  of  in  separate  articles,  and  nothing  more 
wiU  be  attempted  in  this  place  than  a  brief  analysis,  which  wiU  bring 
the  whole  under  one  view.  Of  the  king  (or  queen),  the  first  in  rank, 
nothing  need  be  repeated. 

The  House  of  Lords  is  at  present  composed  of — 

Lords  Spiritual. 

2  archbishops  (York  and  Canterbury) 
24  English  bishops 
4  JnSi  representative  bishops 

Total,  30 

Lords  Temporal. 

8  princes  of  the  blood  royal 

20  dukes 

21  marquesses 
111  earls 

22  viscounts 
218  barons 

16  representative  peers  of  Scotland 
28  representative  peers  of  Ireland 

Total,  461 

The  number  has  been  greatly  augmented  from  time  to  time,  and 
there  is  no  limitation  of  the  power  of  the  crown  to  add  to  it  by 
further  creations.  The  titles  of  all  temporal  peers  are  now  hereditary ; 
since  the  decision  of  the  House  of  Lords  in  1856  (when  by  letters 
patent  Baron  Wensleydale  was  created  "for  and  during  his  natural 
life  "),  that  neither  such  letters  patent,  nor  the  writ  of  summons,  could 
enable  the  person  named  therein  to  sit  or  vote  in  parliament  The 
introduction  of  the  representative  peers  of  Scotland  and  Ireland  was 
effected  on  the  union  of  those  kingdoms  respectively  with  England. 
The  former  are  elected  by  the  herecUtary  peers  of  Scotland  descended 
from  Scottish  peers  at  the  time  of  the  Union,  and  sit  for  one  par- 
liament only ;  the  latter  are  chosen  for  life  by  the  peers  of  Ireland, 
whether  hereditary  or  created  since  the  Union.  The  power  of  the 
crown  to  create  Irish  peers  is  limited  by  the  Act  of  Union,  so  that 
one  only  can  be  created  when  three  of  the  peerages  of  Ireland  have 
become  extinct. 

The  House  of  Commons  properly  consists  of  658  members,  but 
St  Albans  and  Sudbury  having  been  disfnmchised,  and  not  having 
been  replaced  by  any  other  towns,  it  now  consists  of  654  only,  dis- 
tributed as  follows : — 

England  and  Wales. 

159  knights  of  shires 
337  citizens  and  bui^gesses 


Total,  496 


Scotland. 


80  knights  of  shires 

23  citizens  and  burgesses 


Total,   53 


Ireland. 

G4  knights  of  shires 

41  citizens  and  bui^gesses 

Total,  105 
Total  of  the  United  Kingdom,  654. 

An  account  of  the  changes  effected  in  the  parliamentary  consti- 
tuencies at  different  times,  more  particularly  by  the  Reform  Act,  and 
a  full  view  of  the  present  system  of  representation,  is  given  in  the 
article  Commons,  House  of. 

The  lords  and  commons  originally  were  one  assembly,  but  the  date 
of  their  separation  is  not  known.  Sir  Edward  Coke  states  tha>t  he  had 
seen  a  record,  30  Hen.  L  (1130),  of  their  degrees  and  seats  as  one 
body,  and  affirms  that  the  separation  took  place  at  the  desire  of  the 
commons.  (13  ^  State  Trials,'  1410.)  Elsynge  avers  that "  the  oonmions 
ever  had  a  place  for  their  consultation  apart  from  the  lords,  though 
they  did  often  meet  and  sit  together  in  one  room,"  and  gives  several 
precedents  in  support  of  his  position.  ('  Manner  of  Holding  Parlia- 
ments,' pp.  101-104, 155.) 

Power  and  Jurisdiction  of  Parliament. 

1.  Leoiblativb  Authoritt  collectivelt. — The  authority  of  par- 
liament extends  over  the  United  Kingdom  and  all  its  colonics  and 
foreign  possessions.  There  are  no  other  limits  to  its  power  of  making 
laws  for  the  whole  empire  than  those  which  are  common  to  it  and  to 
all  other  sovereign  authority,  the  willingness^  of  the  people  to  obey, 
or  their  power  to  resist  them.  It  has  power  to  alter  the  constitution 
of  the  country,  for  that  is  the  constitution  which  the  last  act  of 
parliament  has  made.  It  may  take  away  life  by  acts  of  attainder,  and 
make  an  alien  be  as  a  natural-bom  subject 

Parliament  does  not  in  the  ordinary  course  legislate  directly  for  the 
colonies.  For  some,  the  queen  in  coxmcil  legi^tes,  and  others  have 
legislatures  of  their  own,  and  propound  laws  for  their  internal  govern- 
ment, subject  to  the  approval  of  the  queen  in  council ;  but  these  may 
afterwards  be  repealed  or  amended  by  direct  statutes  from  thu 
country.  Their  legislatures  and  their  laws  are  both  subordinate  to  the 
mother  country. 

The  power  of  imposing  taxes  upon  colonies  for  the  support  of  the 
parent  state  was  attempted  to  be  exercised  by  parliament  upon  the 
provinces  of  North  America;  but  this  attempt  was  the  inmiediate 
occasion  of  the  severance  of  that  great  country  from  our  own.  The 
injustice  and  hardship  of  colonial  taxation  must  be  admitted ;  but  the 
legal  power  of  parliament  to  impose  such  taxes  can  only  be  restrained 
by  its  own  acts  conferring  constitutions  and  privile£;es  upon  the 
colonies,  which  are  all  subject  to  its  authority. 

There  are  some  subjects  indeed  upon  which  parliament,  in  familiar 
language,  is  said  to  have  no  right  to  legislate ;  such  for  instance  as  the 
Church ;  but  no  one  can  intend  more  by  that  expression  than  that  it 
is  inexpedient  to  make  laws  as  to  such  matters.  The  very  prayers 
and  services  of  the  Church  are  prescribed  by  statute.  ^arUainent  haa 
changed  the  professed  religion  of  the  country,  and  has  altered  the 
hereditary  succession  to  the  throne.  To  conclude,  in  the  words  of 
Sir  Edward  Coke,  the  power  of  parliament  "  is  so  transcendent  and 
absolute,  that  it  cannot  be  confined,  either  for  causes  or  persons, 
within  any  bounds." 

2.  Distribution  of  Powers  between  King,  Lords,  and  Commons. 
— Custom  and  convenience  have  assigned  to  different  branches  of  the 
legislature  peculiar  powers.  These  are  subject  to  any  limitation  or 
even  transference  which  parliament  may  think  fit.  The  king  swears 
at  the  coronation  to  govern  "according  to  the  statutes  in  parliament 
agreed  upon,"  and  these  of  course  may  be  altered.  Prerogatives  of  the 
crown  which  have  ever  been  enjoyed  might  yet  be  taken  away  by  the 
king,  with  the  consent  of  the  three  estates  of  the  realm.  The  king 
sends  and  receives  ambassadors,  enters  into  treaties  with  foreign 
powers,  and  declares  war  or  peace,  without  the  concurrence  of  lords 
and  commons ;  but  these  things  he  cannot  do  without  the  advice  of 
his  ministers,  who  are  responsible  to  parliament  Without  entering 
into  a  view  of  his  general  prerogatives,  which  are  treated  of  elsewhere 
[Kino],  it  will  be  necessary  to  advert  to  certain  parliamentary  functions 
exercised  by  him,  and  which  are  most  important  in  the  conduct  of 
legislation. 

SummoTia. — It  is  by  the  act  of  the  king  alone  that  parliament  can  be 
assembled.  There  have  been  only  two  instances  in  which  Mie  lords 
and  commons  have  met  of  their  own  authority,  namely,  previously  to 
the  restoration  of  King  Charles  II.  and  at  the  Revolution  in  1688. 

The  first  act  of  Charles  II.'s  reign  declared  thei  lords  and  commons 
to  be  the  two  houses  of  parliament,  notwithstanding  the  irregular 
manner  in  which  they  had  been  assembled,  and  all  their  acts  were 
confirmed  by  the  succeeding  parliament  summoned  by  the  king; 
which  however  qualified  the  confirmation  of  them  by  declaring  that 
"the  manner  of  the  assembling,  enforced  by  the  difficulties  and 
exigencies  which  then  lay  upon  the  nation,  is  not  to  be  drawn  into 
example."  In  the  same  manner  the  first  act  of  the  reign  of  William 
and  Mary  declared  the  convention  of  lords  and  commons  to  be  the 
two  houses  of  parliament,  as  if  they  had  been  summoned  according  to 
the  usual  form,  and  the  succeeding  parliament  recognised  the  legality 
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of  their  acts.  But  although  the  king  may  determine  the  period  for 
calling  parliaments,  his  prerogative  is  restrained  within  certun  limits  ; 
as  he  is  bound  by  statute  to  issue  writs  within  three  years  after  the 
determination  of  any  parliament;  while  the  practice  of  providing 
money  for  the  public  service  by  annual  enactments  renders  it  com- 
pulsory upon  him  to  meet  parliament  every  year. 

There  is  one  contingency  upon  which  the  parliament  may  meet 
without  summons,  under  the  authority  of  an  Act  of  parliament.  It 
was  provided  by  the  6  Anne,  c.  7,  that  "  in  case  there  should  be  no 
parliament  in  being  at  the  time  of  the  demise  of  the  crown,  then  the 
fast  preceding  parliament  should  immediate  convene  and  sit  at  West- 
minster, as  if  the  said  parliament  had  never  been  dissolved."  By  the 
37  G^.  III.,  c.  127,  a  parliament  so  revived  would  only  continue  in 
existence  for  six  months,  if  not  sooner  dissolved. 

As  the  king  appoints  the  time  and  place  of  meeting,  so  also  at  the 
commencement  of  every  session  he  declares  to  both  houses  the  cause 
of  summons  by  a  speech  delivered  to  them  in  the  House  of  Lords  by 
himself  in  person,  or  by  commissioners  appointed  by  him.  Until  he 
has  done  this,  neither  house  can  proceed  with  any  business. 

The  causes  of  summons  declared  do  not  make  it  necessary  for 
parliament  to  consider  them  only,  or  to  proceed  at  once  to  the  con- 
sideration of  any  of  them.  After  the  speech,  any  business  may  be 
commenced ;  and  the  commons,  in  order  to  prove  their  right  to  act 
without  reference  to  any  authority  but  their  own,  invariably  read  a 
bill  a  first  time  pro  formd  before  they  take  the  speech  into  considera- 
tion. Other  business  is  also  done  very  frequently  at  the  same  time. 
New  writs  are  issued  for  places  which  have  become  vacant  during  the 
recess,  returns  are  ordered,  and  even  addresses  are  presented  on 
matters  unconnected  with  the  speecK 

Prorogaticn  and  Adjournment, — Parliament,  it  has  been  seen,  can 
only  commence  its  deliberations  at  the  time  appointed  by  the  king; 
neither  can  it  continue  them  any  longer  than  he  pleases.  He  may 
prorogue  parliament  by  having  lus  command  signified  in  his  presence 
by  the  loni-chancellor  or  speaker  of  the  House  of  Lords  to  both  houses, 
or  by  writ  \mder  the  great  seal,  or  by  commission.  The  effect  of  a 
prorogation  is  at  once  to  suspend  all  business  imtil  parliament  may  be 
summoned  again.  Not  only  are  the  sittings  of  parliament  at  an  end, 
but  all  proceedings  pending  at  the  time,  except  impeachments  by  the 
commons,  are  quash^  A  bill  must  be  renewed  after  a  prorogation, 
as  if  it  had  never  been  introduced,  though  the  prorogation  be  for  no 
more  than  a  day.  William  III.  prorogued  parliament  from  the  21st 
October,  1689,  to  the  28rd,  in  order  to  renew  the  Bill  of  Rights,  con- 
cerning which  a  difference  had  arisen  between  the  two  houses  that  was 
fatal  to  it.  It  being  a  rule  that  a  bill  cannot  be  passed  in  either 
house  twice  in  the  same  session,  a  prorogation  has  becm  resorted  to  in 
other  cases  to  enable  a  second  bill  to  be  brought  in. 

Adjournment  is  solely  in  the  power  of  each  house  respectively.  It 
has  not  been  imcommon  indeed  for  the  king's  pleasure  to  be  signified, 
by  message  or  proclamation,  that  both  houses  should  adjourn.  Either 
of  them  however  may  decline  complying  with  what  can  be  considered 
as  no  more  than  a  request.  Business  has  frequently  been  transacted 
after  the  king's  desire  has  been  made  known,  and  the  question  for 
adjournment  put  in  the  ordinary  manner. 

Dinoht/tion, — The  king  may  also  put  an  end  to  the  existence  of 
parliament  by  a  dissolution.  He  is  not  however  entirely  free  to  define 
the  duration  of  a  parliament,  for  after  seven  years  it  ceases  to  exist 
under  the  statute  of  George  I.,  commonly  known  as  the  Septennial 
Act.  Before  the  Triennial  Act,  6  Wm.  ft  Mary,  there  was  no  limit  to 
the  continuance  of  parliament,  except  the  will  of  the  king.  Parlia- 
ment is  dissolved  by  proclamation,  after  having  been  prorogued  to  a 
certain  day.  This -practice,  according  to  Hatsell,  "which  has  now 
been  uniform  for  above  a  century,  has  probably  arisen  from  those 
motives  that  are  suggested  by  Charles  I.,  in  his  speech  in  1628, '  that 
it  should  be  a  general  maxim  with  kings  themselves  only  to  execute 
pleasing  things,  and  to  avoid  appearing  personally  in  matters  that  may 
seem  harsh  and  disagreeable.' " 

In  addition  to  these  several  powers  of  calling  a  parliament,  appoint- 
ing its  meeting,  directing  the  commencement  of  its  proceedings,  deter- 
mining them  for  an  indefinite  time  by  prorogation,  and  finally  of 
dissolving  it  altogether,  the  crown  has  the  creation  of  one  entire 
branch  of  the  legislature ;  together  with  other  parliamentary  powers, 
which  will  hereafter  be  noticed  in  treating  of  the  functions  of  the  two 
houses. 

The  judicial  functions  of  the  lords  and  their  right  to  pass  bills 
afiecting  the  peerage  which  the  commons  may  not  amend,  are  the  only 
properties  peculiar  to  them,  apart  from  their  personal  rights  and 
privileges. 

Taxaium, — ^The  chief  powers  vested  in  the  House  of  Commons  are 
those  of  imposing  taxes  and  voting  money  for  the  public  service. 
Bills  for  these  purposes  can  only  originate  in  that  house,  and  the  Lords 
may  not  make  any  alterations  in  Uiem,  except  for  the  correction  of 
clerical  errors.  On  the  opening  of  parliament,  the  king  directs  estimates 
to  be  laid  before  the  house,  but  the  amount  may  be  varied  by  the 
conunons  at  pleasure.  Orants  distinct  from  those  proposed  in  the 
estimates  cannot  be  made  without  the  king's  recommendation  being 
signified.  The  commons  will  not  allow  the  right  of  the  lords  to 
insert  in  a  bill  any  pecuniary  penalties  or  to  alter  the  amount  or 
application  of  any  penalty  imposed  by  themselves ;  but  the  rigid  asser- 
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tion  of  this  rule  was  found  to  be  attended  with  much  inconvenience, 
and  a  standing  order  was  made  in  1831,  directing  the  Speaker  in  each 
case  to  report  whether  the  object  of  the  lords  appears  to  be  "to 
impose,  vary,  or  take  away  any  pecuniary  charge  or  burthen  on  the 
subject,"  or  "  only  to  relate  to  liie  punishment  of  offences,  and  the 
house  shall  determine  whether  it  may  be  expedient  in  sudi  particular 
case  to  insist  upon  the  exercise  of  their  privilege." 

On  May  21,  1860,  the  bill  for  the  repeal  of  the  paper  duty  was 
thrown  out  by  Uie  House  of  Lords,  after  having  been  passed  by  the 
commons.  This  excited  much  attention,  as  it  was  contended  that  the 
power  of  refusing  to  repeal  a  tax  was  in  fact  equal  to  that  of  imposing 
one.  It  was,  however,  generally  agreed  that  the  lords  had  the  power 
of  refusing  to  pass  any  bill  of  which  they  disapproved.  On  JiUy  5,  the 
House  of  Commons,  on  the  motion  of  Lord  Palmerston,  unanimously 
resolved,  "  1.  That  the  right  of  granting  aids  and  supplies  to  the  crown 
is  in  the  commons  alone,  as  an  essential  part  of  their  constitution ;  and 
the  limitation  of  all  such  grants,  as  to  the  matter,  manner,  measure, 
and  time,  is  only  in  them.  2.  That  although  the  lords  have  exercised 
the  power  of  rejecting  bills  of  several  descriptions  relating  to  taxation, 
by  negativing  the  whole,  yet  the  exercise  of  that  power  by  them  has 
not  been  frequent,  and  is  justly  regarded  by  this  house  with  peculiar 
jealousy,  as  affecting  the  rights  of  the  commons  to  grant  the  supplies 
and  to  provide  the  ways  and  means  for  the  service  of  the  year.  3.  That 
to  guard  for  the  future  against  an  imdue  exercise  of  that  power  by  tha 
Lords,  and  to  secure  to  the  commons  their  rightful  con^l  over  tax- 
ation and  supply,  this  house  has  in  its  own  hands  the  power  so  to  impose 
and  remit  taxes,  and  to  frame  bills  of  supply,  that  the  right  of  the 
commons  as  to  the  matter,  manner,  measure,  and  time,  may  be 
maintained  inviolate." 

Bight  of  determining  Elections. — Another  important  power  peculiar 
to  the  commons  is  that  of  determining  all  matters  touching  the 
election  of  their  own  members,  and  involving  therein  the  rights  of 
the  electors.  Upon  the  latter  portion  of  this  right  a  memorable  contest 
arose  between  the  Lords  and  Commons  in  1704.  Ashby,  a  buigess  of 
Aylesbuij,  brought  an  action  at  common  law  against  the  returning- 
officers  01  that  town  for  having  refused  to  permit  him  to  give  his  vote 
at  an  election.  A  verdict  was  obtained  by  him,  but  a  judgment  was 
given  against  him  in  the  Queen's  Bench,  which  was  reversed  by  the 
House  of  Lords  upon  a  writ  of  error.  The  commons  declared  that 
"  the  determination  of  the  right  of  election  of  members  to  serve  in 
parliament  \a  the  proper  business  of  the  House  of  Conunons,  which 
they  would  always  be  very  jealous  of,  and  this  jurisdiction  of  thein  is 
uncontested ;  that  they  exercise  a  great  power  in  that  matter,  for  they 
oblige  the  officer  to  alter  his  return  according  to  their  judgment ;  and 
that  they  cannot  judge  of  the  right  of  election  without  determining 
the  right  of  the  electors,  and  if  electors  were  at  liberty  to  prosecute 
suits  touching  their  right  of  giving  voices  in  other  courts,  there  might 
be  different  voices  in  other  courts,  which  would  make  confusion,  and  be 
dishonourable  to  the  House  of  Conunons ;  and  therefore  such  an  action 
was  a  breach  of  privilege."  In  addition  to  the  ordinary  exerdse  of 
their  jurisdiction  as  r^arded  the  right  of  elections,  the  conmioni 
relied  upon  an  Act  of  the  7  Will.  III.,  c.  7,  by  which  it  had  been 
declared,  that  "  the  last  determination  of  the  House  of  Commons  con- 
cerning the  right  of  elections  is  to  be  pursued."  On  the  other  hand, 
it  was  objected  that  **  there  is  a  great  difference  between  the  right  of 
the  electors  and  the  right  of  the  elected :  the  one  is  a  temporary  right 
to  a  place  in  parliament  jpro  kdc  vice  ;  the  other  is  a  freehold  or  fran- 
chise. Who  has  a  right  to  sit  in  the  Hous^  of  Commons,  may  be 
properly  cognizable  there ;  but  who  has  a  right  to  choose,  is  a  matter 
originally  established,  even  before  there  is  a  parliament.  A  man  has  a 
right  to  his  freehold  by  the  conmion  law,  and  the  law  having  annexed 
his  right  of  voting  to  his  freehold,  it  is  of  the  nature  of  his  freehold, 
and  must  depend  upon  it.  The  same  law  that  gives  him  his  right 
must  defend  it  for  him,  and  any  other  power  that  will  pretend  to  take 
away  his  right  of  voting,  may  as  well  pretend  to  takeaway  the  freehold 
upon  which  it  depends."  These  extracts  from  the  Report  of  a  Lords' 
Committee,  27th  March,  1704,  upon  the  conferences  and  other  pro- 
ceedings in  thk  case  of  AJshby  and  White,  give  an  epitome  of  the  main 
arguments  upon  which  each  party  in  the  contest  relied.  The  whole  of 
this  Report,  together  with  another  of  the  18th  March,  noay  be  read 
with  great  interest. 

Encouraged  by  the  decision  of  the  House  of  Lords,  five  other 
burgesses  of  Aylesbury,  now  familiarly  known  as  "the  Aylesbury 
men,"  commenced  actions  against  the  constables  of  their  town,  and 
were  committed  to  Newgate  by  the  House  of  Commons  for  a  contempt 
of  their  jurisdiction.  They  endeavoured  to  obtain  their  discharge  on 
writs  of  Kabeoi  corput,  but  did  not  succeed.  The  commons  declared 
their  counsel,  agents,  and  solicitors  gtiilty  of  a  breach  of  privilege,  and 
committed  them  also.  Resolutions  condemning  these  proceedings 
were  passed  by  the  lords ;  conferences  were  held,  and  addrelses  pre- 
sented to  the  queen.  At  length  the  queen  came  down  and  prorogued 
parliament,  and  thus  put  an  end  to  the  contest  and  to  the  imprison- 
ment of  the  Aylesbury  men  and  their  counsel. 

The  question  which  was  agitated  at  that  time  has  never  since  arisen. 
The  commons  have  continued  to  exercise  the  sole  right  of  determining 
whether  electors  have  had  the  right  to  vote  while  inquiring  into  the 
conflicting  claims  of  candidates  for  seats  in  parliament,  and  specific 
modes  for  trying  the  right  of  election  by  the  house  have  been  pre- ' 
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Bcribed  by  statutes,  and  its  determination  declared  to  be  "  final  and 
coHcluBive  in  all  subsequent  elections,  and  to  all  intents  and  purposes 
whatsoerer." 

Connected  with  tli6  right  of  the  commons  to  adjudicate  upon  all 
matters  relating  to  elections,  may  be  mentioned  then*  power  over  the 
eligibility  of  candidates.  Johti  Wilkes  was  expelled,  in  1764,  for  being 
the  author  of  a  seditioxis  libeL  In  the  next  parliament  (February  8, 
1769)  he  was  again  expelled  for  another  libel ;  a  new  writ  was  ordered 
for  the  county  of  Middlesex,  which  he  represented,  and  he  waa  re- 
elected without  a  contest;  itpon  which  it  was  resolved,  on  the  17th  of 
February,  "that  having  been  in  this  session  of  parliament  expelled 
this  house,  he  was  and  is  incapable  of  being  elected  a  member  to  serve 
i^l  this  present  parliament."  The  election  was  declared  void,  but  Mr. 
Wilkes  was  again  elected,  and  his  election  was  once  more  declared  void, 
and  another  writ  issued.  A  new  expedient  was  now  tried,  Mr.  Lut- 
trell,  then  a  member,  accepted  the  Chiltem  Hundreds,  and  stood 
a^nst  Mr.  Wilkes  at  the  election,  and,  being  defeated,  petitioned  the 
house  against  the  return  of  his  opponent.  The  house  resolved  that 
although  a  majority  of  the  electors  had  voted  for  Mr.  Wilkes,  Mr. 
Ltittrell  ought  to  have  been  returned,  and  they  amended  the  return 
accordingly.  Against  this  proceeding  the  electors  of  Middlesex  pre- 
sented a  petition,  without  effect,  as  the  house  declared  that  Mr.  Luttrell 
was  duly  elected.  The  whole  of  these  proceedings  were  severely  con- 
demned, and  on  the  3rd  of  May,  1782,  the  resolution  of  the  17th  of 
Februaly,  1769,  was  ordered  to  be  expunged  from  thto  journals  aa 
"  subversive  of  the  rights  of  the  whole  body  of  electors  of  this  king- 
dtmi."  A  resolution  similar  to  that  expunged  had  been  passed  in  the 
base  of  the  unfortunate  Hall,  in  1680,  as  part  of  the  many  punishments 
inflicted  upon  him,  which  wo  shall  have  occasion  to  mention. 

Oaths.— The  power  of  administering  oaths  exercised  by  the  lords  is 
not  claimed  by  the  House  of  Commons.  They  formerly  endeavoured 
tb  littain  the  end  supposed  to  be  secuted  by  the  administration  of  an 
oath,  by  resorting  to  the  authority  of  justices  of  the  peace  who  hap- 
pened to  be  members  of  their  own  body;  but  all  such  expedients 
nave  long  since  been  abandoned,  and  witnesses  guilty  of  falsehood  are 
ptmished  by  the  house  for  a  breach  of  privilege,  not  being  amenable 
to  the  laws  regarding  perjury.  Election  committees  have  power  by 
statute  to  [administer  oaths,  and  witnesses  giving  false  evidence  are 
guilty  of  perjury. 

8.  Privileges. — Both  houses  of  parliament  possess  various  rights 
and  privileges  for  the  maintenance  of  their  collective  authority,  and 
for  the  protection,  convenience,  and  dignity  of  individual  members. 
At  the  commencement  of  each  parliament,  the  Speaker,  on  behalf  of 
the  commons,  has  "  laid  claim  to  them  of  the  king  "  since  the  reign  of 
Henr^  VIII.,  but  they  appear  to  have  been  always  enjoyed  with  equal 
certahity  before  that  time.  Some  of  them  have  been  subsequently 
confirmed,  modified,  and  even  aboliahed  by  acts  of  parliament,  but  the 
petition  of  the  Speaker  remains  tmchanged,  and  prays  for  some  whidi 
have  befen  disallowed  by  law  since  the  original  form  was  adopted. 

Onrtmitment  and  Fines.— The  power  of  commitment  for  contempt 
has  always  been  exercised  by  both  houses.  It  has  been  repeatedly 
brought  under  the  cognisance  of  the  courts,  and  allowed  without 
question.  Mr.  Wynn,  in  his  '  Argument/  states  that  there  are  up- 
wards of  one  thousand  cases  of  commitment  by  the  House  of  Commons 
to  be  found  in  their  Journals  since  1547.  Breaches  of  privilege  com- 
mitted in  one  session  may  be  pimishcd  by  commitment  in  another,  as 
In  the  well-known  case  of  Murray,  in  1761-2,  who  was  imprisoned  in 
Kewgate  for  a  libel  until  the  end  of  the  session,  and  on  the  next  meet- 
ing of  parliament  was  again  ordered  to  be  committed;  but  he  had 
absconded  in  the  meanwhile.  Contempts  of  a  former  parliament  may 
also  be  punished.  The  lords  may  commit  for  a  definite  period  beyond 
the  duration  of  the  session  of  parliament ;  but  a  commitment  by  the 
commons  holdii  good  only  tmtil  the  close  of  the  session. 

The  House  of  Lords,  in  addition  to  the  power  of  committhent,  may 
impose  fines.  This  privilege  is  not  exercised  by  the  commons,  although 
there  is  a  case  in  D'Ewes's  '  Journal  of  Queen  Elizabeth,'  in  which  Mr. 
Hall,  a  member  who  had  incurred  their  displeasure,  by  publishing  a 
Work  "  very  slandetous  and  derogatoir  to  the  general  authority,  power, 
and  state  of  the  house,  and  prejudicial  to  the  vdidity  of  its  proceedings 
in  making  and  establishing  laws,"  waa  cnxlered  to  "  pay  a  fine  to  the 
queen  of  five  himdred  marks."  The  house  at  the  same  time  assumed 
a  power  not  found  to  have  been  exercised  in  other  cases.  It  committed 
Mr.  Hall  to  the  Tower,  and  ordered  that  he  should  remain  there  for 
"  six  months,  and  until  he  should  made  retraction  of  the  book."  This 
ptmishment  was  commitment  for  a  time  ceHain  without  reference  to 
the  continuance  of  the  session,  and,  in  the  event  of  a  refusal  to  retract 
the  book,  amoimted  to  perpetual  imprisonment.  A  practice  still  exists 
which  partakes  of  the  nature  of  a  fine.  There  are  certain  fees  payable 
by  persons  committed  to  the  custody  of  the  serjeant-at-arms,  and  it  is 
usual  on  discharging  them  out  of  custody  to  attach  the  condition  of 
the  *'  payment  of  the  fees."  These  fees  are  occasionally  remitted  under 
particular  circumstances— hi  one  case,  on  account  of  the  poverty  of  the 
prisoner. 

Freedom  of  Speech.— Freedom  of  speech  is  one  of  the  privileges 
claimed  by  the  Speaker  on  behalf  of  the  commons,  but  it  has  long 
smce  been  confirmed  as  the  right  of  both  houses  of  parliament  by 
statutes.  It  waB  acknowledged  by  an  act  in  the  reign  of  Henry  VIII., 
by  which  the  proceedings  of  the  stannary  court  with  respect  to  Richard 


Strode,  a  member,  who  Was  fined  and  imprisoned  by  that  eourt  for 
having  proposed  a  bill  to  regulate  the  tinners  in  Cornwall,  were  de- 
clared ille^l,  and  the  repetition  of  similar  encroachments  upon  the 
|>rivilege  of  parliament  provided  against  The  language  however  was 
thought  ambiguous,  and  it  was  by  limiting  its  operation  to  the  case  of 
Strode,  that  a  judgment  was  obtsdned  In  the  King's  Bench  against  Sir 
John  Elliot,  Denzil  Hollis,  and  Valentine,  in  the  reign  of  Charles  L 
A  true  interpretation  of  the  law  was  subsequently  eetablished  by 
resolutions  of  both  hottses  of  parliament,  and  by  a  formal  reversal  of 
this  judgment  by  the  house  of  lords.  The  most  solemn  recognilaon  of 
the  privilege  is  contained  in  the  Bill  of  Rights,  which  decUures  "  that 
the  freedom  of  speech  and  debates  and  proceedings  in  parliament 
ought  not  to  be  impeached  or  questioned  in  any  court  or  plaee  out  of 
parliament." 

There  are  however  certain  legal  incidents  to  this  privilege,  which  it 
is  necessaiy  to  notice.  The  law  presumes  that  everything  said  in 
parliament  is  with  the  view  to  the  public  good  and  necessary  for  the 
conduct  of  public  business ;  but  shbuld  the  member  publish  his  speech, 
he  is  viewed  as  an  author  only,  and  if  it  contain  UtoIIous  matter,  he 
will  not  be  protected  by  the  privilege  of  parliauient  In  1796,  an 
information  was  filed  against  Lord  Abingdon  for  libel.  His  lordship 
had  accused  his  attorney,  iU  parliament,  of  improper  conduct  in  his 
professioU.  He  afterwards  published  his  speech  in  several  neW8pax>eT^ 
at  hu)  own  expense.  His  lordship  pleaded  his  own  cause,  and  con- 
tended that  he  had  a  right  to  print  what  he  had,  by  the  law  of  parlia- 
ment, a  right  to  speak ;  but  Lord  Kenyon  said,  "  that  a  member  of 
parliaUient  had  certainly  a  right  to  publish  his  speech,  but  that  speedi 
should  hot  be  made  a  vehicle  of  slander  against  any  individual ;  if  it 
was,  it  was  a  libel."  In  1813,  a  much  stronger  cal»  of  tile  same  kind 
occurred.  Mr.  Creevey,  a  member,  had  made  a  charge  against  an 
individual  in  the  House  of  Commons,  and  incorrect  reports  of  his 
speech  having  appeared  in  several  newspapers,  Mr.  Creevey  ftent  m 
correct  report  to  an  editor,  requesting  him  to  publish  it  in  his  news- 
paper. A  jury  found  Mr.  Creevey  guilty  of  libel,  and  the  couH  of 
King's  Bench  refused  an  application  for  a  new  trial ;  on  which  occasion 
Lord  EUenborough  said,  "  a  member  of  that  house  has  spoken  what  he 
thought  material  and  what  he  was  at  Uberty  to  speak,  in  his  character 
aH  a  member  of  that  house.  So  far  he  is  privileged :  but  he  has  not 
stopped  there ;  but,  unauthorised  by  the  house,  has  chosen  to  publish 
an  account  of  that  speech  in  what  he  has  pleased  to  call  a  corrected 
form,  and  in  that  publication  has  thrown  out  reflectionB  injurious  to 
the  character  of  an  individual." 

Freedom  from  ArresL — The  Speaker's  petition  prays  on  behalf  of  the 
commons, "  that  their  persons,  their  estates,  and  servants,  may  be  free 
from  arrests  and  all  molestations."  These  word«i  are  not  more  exten- 
sive than  the  privilege  as  formerly  enjoyed,  and  instances  in  which  it 
has  been  enforced  may  be  found  in  nearly  every  page  of  the  earlier 
volumes  of  the  Journals.  This  privilege  has  however  been  limited  by 
statutes,  the  last  of  which  (10  Geo.  Ill,,  c.  60)  states  in  the  preamble 
that  the  previous  laws  were  insufficient  to  obviate  the  inconveniences 
arising  from  the  delay  of  suits  by  reason  of  privilege  of  parliament,  and 
enacts  that "  any  person  may  at  any  time  commence  and  prosecute  any 
action  or  suit,  &c.,  against  any  peer  or  lord  of  parliament,  or  against 
any  of  the  knights,  citizens,  or  burgesses  for  the  time  being,  or  against 
any  of  their  menial  or  any  other  servants,  or  any  other  person  entitled 
to  the  privilege  of  parliament,  and  no  such  action  shall  be  impeached, 
stayed,  or  delayed  bv  or  under  colour  or  pretence  of  any  privilege  of 
parliament."  Obedience  to  any  rule  of  the  courts  at  Westminster 
may  be  enforced  by  distress  infinite,  in  case  any  person  entitied  to  the 
benefit  of  such  rule  shall  choose  to  proceed  iU  that  Way. 

The  persons  of  members  ate  still  free  from  arrest  or  imprisonment 
in  civil  actions,  but  their  property  id  as  liable  to  the  legal  claimd  of  all 
other  persons  as  that  of  any  private  individual  Their  servants  do  not 
enjoy  any  privilege  or  immunity  whatever. 

The  privilege  of  freedom  from  arrest  has  always  been  subject  to  the 
exception  of  cases  of  "  treason,  felony,  and  Surety  of  the  peace ; "  and 
though  in  other  criminal  chains  each  house  may,  if  it  see  fit,  prevent 
the  abstraction  of  a  inetnber  from  his  parliamentary  duties,  the  case  of 
Lord  Cochrane,  in  1816,  will  show  how  little  protection  the  House  of 
Commons  extends  to  its  members  in  such  cases.  Lord  Cochrane, 
havilig  been  indicted  and  convicted  for  a  conspiracy,  was  committed  to 
the  King's  Bench  prisoh.  He  afterwards  escaped,  and  was  arrested  by 
the  marshal  while  sitting  on  the  privy  counsellor's  bench  in  the  House 
of  Commons,  on  the  right  hand  of  the  chair,  at  which  time  there  was 
no  member  present,  prayers  not  having  been  read.  The  committee  of 
privileges  declared  that  by  this  proceeding  of  the  marshal  of  the  King's 
Bench  "the  privileges  of  parliament  did  not  appear  to  have  been 
violated  so  as  to  call  for  the  interposition  of  the  house." 

Courts  of  justice  have  committed  privileged  persons  for  contempt, 
and  parliament  has  refused  to  protect  them.  By  a  standing  order  of 
the  House  of  Lords,  8th  June,  1767,  it  was  declared  "  that  no  peer  or 
lohl  of  parliament  hath  privilege  of  peer^e  or  of 'parHament  against 
being  compelled  by  process  of  the  courts  of  Westminster-hall  to  pay 
obedience  to  a  writ  of  habeas  corpus  directed  to  him ; "  and  in  the  case 
of  Earl  Ferrers,  it  was  decided  that  an  attachment  may  be  granted  if  a 
peer  refuses  obedience  to  the  writ  of  habeas  corpus.  There  have  been 
two  more  recent  cases,  that  of  Mr.  Long  Wellesley  in  1831,  and  that  of 
Mr.  Lechmere  Charlton  in  1887>  in  which  members  committed  by  the 
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Lord-Chancellor  for  contempt  have  laid  claiiuB  to  privilege,  which  were 
not  admitted  by  the  House  of  Commons. 

Peers  are  always  free  from  arrest;  and  as  regards  the  commons, 
their  privilege  is  supposed  to  exist  for  40  days  after  every  prorogation, 
i^id  40  days  before  the  next  appointed  meeting. 

Jurisdiction  of  Courts  of  Law  in  McUters  of  Privilege. — In  connection 
with  the  exercise  of  privilege,  an  important  point  of  law  arises  as  to 
the  jurisdiction  of  courts  of  justice.  Each  house  of  parliament  is 
acknowledged  to  be  the  judge  of  its  own  privileges.  Sir  Edward  Coke 
afi&rms,  **  whatever  matter  arises  concerning  either  house  of  parliament, 
ought  to  be  examined,  discussed,  and  adjudged  in  that  house  to  which 
it  relates,  and  not  elsewhere."  (4  '  Inst.')  But  again,  in  the  disputes 
in  Uie  case  of  the  Aylesbury  men,  which  has  been  already  referred  to, 
the  lords  communicated  to  the  commons  at  a  conference  a  resolution 
"  that  neither  house  of  parliament  have  power  by  any  vote  or  declara- 
tion to  create  to  themselves  new  privileges  not  warranted  by  the  known 
laws  and  customs  of  parliament,"  which  was  assented  to  by  the 
commons.  (14 '  Commons'  Journals,'  BBS,  560.)  The  degree  of  juris- 
diction to  be  exercised  by  the  courts,  and  tlie  proper  mode  of  dealing 
with  actions  involving  matters  of  privilege,  it  would  indeed  be  difficult 
to  determine,  after  the  inconsistencies  which  have  been  shown  in 
practice  and  the  great  variety  of  opinions  expressed  by  learned  men. 
Kg  more  than  a  concise  statement  of  a  few  esses  will  be  needed  to 
show  the  difficulties  in  which  the  question  is  involved. 

First,  as  to  the  right  of  courts  to  inquire  into  the  existence  and 
nature  of  privileges  claimed  by  either  house  of  parliament.  Coke  lays 
it  down  that  **  judges  ought  not  to  give  any  opinion  of  a  matter  of 
parliament,  because  it  is  not  to  be  decided  by  the  common  laws,  but 
Becundum  leges  ei  consuetvdinetn  parliamenti;  and  so  the  judges  in 
divers  parliaments  have  confessed."  (4 '  Inst,'  16.)  When  Paty,  pne 
of  the  Aylesbury  men,  was  brought  before  the  Queen's  Bench  on  a 
writ  of  habeas  corpus,  Mr.  Justioe  Powell  said  "  this  court  may  judge 
of  privilege,  but  not  contrary  to  the  judgment  of  the  House  of  Com- 
mons : "  and  again,  "  this  court  judges  of  j^rivilege  only  incidentally : 
for  when  an  action  is  brought  in  this  court,  it  must  be  given  one  way 
or  other."  (2  Lord  Raymond,  1105.)  The  opinions  of  other  judges  to 
the  same  effect,  expressed  at  different  times,  might  also  be  given.  The 
words  contained  in  the  Bill  of  Rights,  that  tho  "  debate  and  proceedings 
in  parliament  ought  not  to  be  impeached  or  questioned  in  any  court  or 
place  out  of  parliament,"  are  generally  relied  upon  in  confirmation  of 
this  doctrine.  If  this  view  were  always  taken  of  the  question,  little 
difference  between  parliament  and  the  courts  of  law  would  arise.  The 
coarse  would  be  simple.  Whatever  action  might  be  brought  would  be 
detennined  in  a  manner  agreeable  to  the  house  whose  privileges  were 
questioned ;  and  if  the  lords,  in  case  of  appeal,  were  to  abide  by  the 
some  rule,  there  would  be  no  dissensions.  But  as  such  unanimity  of 
opinion  has  not  always  existed,  there  has  been  a  clashing  of  juris- 
dictions which  nothing  probably  but  a  statute  can  prevent  for  the 
future. 

A  judgment  was  obtained  against  Sir  W.  Williams,  the  Speaker  of 
the  House  of  Commons,  in  the  second  year  of  James  II.,  for  having 
caused  a  paper  entitled  *  Dangerfield's  Narrative'  to  be  printed  by  order 
of  the  house.  This  the  house  declared  to  be  ''  an  illegal  judgment," 
and  against  the  freedom  of  parliament.  A  bill  was  also  brought  in  to 
•reverse  the  judgment,  but  it  miscarried  in  three  different  sessions. 
(10  '  Commons'  Journals/  177>  205.) 

The  denial  of  the  exclusive  jurisdiction  claimed  by  the  commons  in 
1704,  in  respect  of  the  right  of  elections,  as  stated  above,  is  another 
important  occasion  in  which  the  privilege  of  the  commons  has  clashed 
with  the  judgments  of  legal  tribunals. 

The  only  other  case  which  need  be  mentioned  in  this  place  is  that 
of  Stockdale  v.  Hansard.  Li  this  case  an  action  was  brought  against 
the  printers  for  a  libel  published  in  the  papers  printed  by  the  order  of 
the  house.  The  litigation  was  long  and  intricate.  The  house  passed 
certain  resolutions,  declaring  that  no  court  of  law  had  power  to  decide 
as  to  tiieir  privileges,  but  the  courts  did  not  hold  themselves  bound  by 
resolutions  only.  At  length  a  bill  was  brought  in  and  passed,  by  which 
proceodings,  criminal  or  civil,  against  persons  for  publication  ci  papers 
printed  by  order  of  either  house  of  parliament,  are  to  be  stayed  by  Uie 
courts,  upon  delivery  of  the  certificate  and  affidavit  to  the  effect  that 
inch  publication  is  by  order  of  parliament. 

Fo^us  OF  Pbocedurb. 

Meeting  of  Parliament :  Prdiminary  Proceedings, — On  the  meeting 
of  a  new  parliament  it  is  the  practice  for  the  lord  chancellor,  with  other 
peeiB  appointed  by  commission  under  the  great  seal  for  that  purpose, 
to  open  the  parliament  by  stating  "  that  her  Majesty  will,  as  soon  as 
the  members  of  both  houses  shall  be  sworn,  declare  uie  causes  of  her 
calling  this  parliament ;  and  it  being  necessary  a  Speaker  of  the  House 
of  Commons  should  be  first  chosen,  that  you,  gentlemen  of  the  House 
of  Commons,  repair  to  the  place  where  you  are  to  sit,  and  there 
proceed  to  the  appointment  of  some  proper  person  to  be  your  Speaker ; 
and  that  you  present  sach  person  whom  ^you  shall  so  choose  here 
to-morrow  (at  an  hour  stated)  for  her  Majesty's  royal  approbation." 
llie  commons  then  proceed  at  once  to  the  election  of  their  Speaker. 
If  any  debate  arises,  the  clerk  at  the  table  acts  as  Speaker,  and  standing 
up,  points  to  the  members  as  they  rise.  He  also  puts  the  question. 
When  the  Speaker  is  chosen,  his  proposer  and  seconder  conduct  him 


to  the  chair,  where,  standing  on  the  upper  step,  he  thanks  the  house 
and  takes  his  seat.  It  is  usual  for  some  members  to  congratulate  him 
when  he  has  taken  the  chair.  As  yet  ho  is  only  Speaker  elect,  and  as 
such  presents  himself  on  the  following  day,  in  the  House  of  Lords,  and 
acquaints  the  lords  commissioners  that  the  choice  of  the  commons  has 
**  haXien.  upon  him,"  that  he  feels  the  difficulties  of  his  high  and  arduous 
office,  and  that,  **  if  it  should  bo  her  Majesty's  pleasure  to  disapprove  of 
this  choice,  her  Majesty's  faithful  commons  will  at  once  select  same 
other  member  of  their  house  better  qualified  to  fill  the  station  than 
himself."  It  is  stated  by  Hatsell,  that  there  have  been  only  two  in- 
stances "  in  which  neither  this  form,  of  having  the  royal  pennission  to 
proceed  to  the  election  of  a  Speaker,  nor  the  other,  of  Uxe  king's  appro- 
bation of  the  person  elected,  have  been  observed.  The  first  is  tiie 
election  of  Sir  Harbottle  Grimstone,  on  the  25th  of  April,  1660,  to  be 
Speaker  of  the  Convention  Parliament  which  met  at  the  Restoration ; 
the  other,  is  the  election  of  Mr.  Powie,  22nd  January,  1688-9,  in  the 
Convention  Parliament  at  the  Revolution."  The  only  instance  of  the 
royal  approbation  being  refused  is  in  the  case  of  Sir  Edward  Seymour, 
in  1678.  Sir  John  Topham  indeed  was  chosen  Speaker  in  1450,  but 
his  excuse  was  admitted  by  the  king,  and  another  was  chosen  by  the 
commons  in  his  place.  In  order  to  avoid  a  similar  proceeding  on  the 
part  of  the  king,  Sir  Edward  Seymour,  who  knew  that  it  had  been 
determined  to  accept  his  excuse,  omitted  the  usual  form. 

When  the  Speaker  has  been  approved,  he  lays  claim  on  behalf  of  the 
commons,  "by  humble  petition,  to  all  their  ancient  and  undoubted 
rights  and  privileges,"  which  being  confirmed,>the  Speaker  with  the 
commons  retires  from  the  bar  of  the  House  of  Lords. 

Both  houses  then  proceed  to  take  the  oatha  required  by  law.  In 
the  commons  the  Speaker  takes  them  before  any  other  men^ber. 
Three  or  four  days  are  usually  occupied  in  this  duty  before  the 
sovereign  declares  to  both  houses,  in  person  or  by  commission,  the 
causes  of  calling  the  parliament.  From  this  time  business  proceeds 
regularly.  The  first  thing  usually  done  in  both  houses  is  to  vote  an 
address  in  answer  to  the  speech  from  the  throne. 

Before  any  business  is  undertaken,  prayers  are  read ;  in  the  House 
of  Lords  by  a  bishop,  and  in  the  Commons  by  their  chaplain. 

Chnd^d  of  Business,  Divisions,  <t'C. — In  the  Hous^  of  Lords  business 
may  proceed  when  three  peers  are  present.  In  the  House  of  Commons 
forty  members  are  required  to  assist  in  the  deliberations.  If  that 
number  be  not  present  at  four  o'clock  in  the  afternoon,  or  if  notice  be 
taken,  or  if  it  appear  on  a  division  that  less  than  that  number  are 
present,  the  Speaker  adjourns  the  house  until  the  next  sitting  day ; 
but  at  the  morning  sittings,  which  are  held  en  Wednesday  for  private 
business,  petitions,  ftc,  twenty  members  are  sufficient,  and  they  sit 
from  twelve  at  noon  till  six,  unless  previously  adjourned.  Towards 
the  end  of  a  session  morning  sittings  are  held  on  other  days.  The 
house  then  meets  at  twelve,  and  precisely  at  six  the  Speaker  adjourns 
the  house,  without  putting  the  question,  and  the  business  in  hand 
stands  as  orders  of  the  day  for  the  next  sitting.  Except  on  Wednesday 
or  Saturday,  on  which  days  there  is  generally  no  evening  sitting,  after 
the  adjournment  the  house  resumes  at  six  o'clock.  In  both  houses  all 
questions  are  decided  by  a  majority,  and  none  may  vote  but  those  pre- 
sent in  the  house  when  the  question  is  put,  though  in  the  lords  proxies 
are  counted  if  held  by  a  lord  who  is  present.  When  any  question  arises 
upon  which  a  difference  of  opinion  is  expressed,  it  becomes  necessary 
to  ascertain  the  numbers  on  each  side.  In  the  lords,  Uie  party  in 
favour  of  the  question  are  called  ''  content,"  and  that  opposed  to  it, 
"non-content"  In  the  commons  these  parties  are  described  as  the 
"  ayes  "  and  "  noes."  When  the  Speaker  cannot  decide  by  the  voices 
which  party  has  the  majority,  or  when  his  decision  is  disputed,  a 
division  takes  place.  This  is  effected  now  (since  1836  in  the  commons 
and  1857  in  the  lords)  by  one  party  being  sent  to  each  of  the  two  lobbies 
attached  to  either  house.  All  within  the  house  when  the  question  is 
put  must  vote.  Two  clerks  are  stationed  at  each  of  the  entrances  to 
the  house,  holding  lists  of  the  members  in  alphabetical  order  printed 
upon  laige  sheets  of  thick  pasteboard  so  as  to  avoid  the  trouble  and 
delay  of  turning  over  pages.  While  the  members  are  passing  into  the 
house  again,  the  clerks  place  a  mark  against  each  of  their  names,  and 
the  tellers  count  the  number.  This  plan  has  been  quite  successful ; 
the  names  are  taken  down  with  great  accuracy,  and  very  little  delay  is 
occasioned  by  the  process. 

In  committees  of  the  whole  house,  divisions  are  taken  by  the 
members  of  each  party  crossing  over  to  the  opposite  side  of  the  house, 
unless  five  memb^  require  that  the  names  shall  be  noted  in  the  usual 
manner. 

In  addition  to  the  power  of  expressing  assent  or  dissent  by  a  vote, 
peers  may  record  their  opinion  and  the  groimds  of  it  by  a  '*'  protest," 
which  is  entered  in  the  Journals,  together  with  the  names  of  all  the 
peers  who  concur  in  it. 

When  matters  of  great  interest  are  to  be  debated  in  the  upper  house, 
the  lords  are  "summoned; "  and  in  the  House  of  Commons  an  order 
is  occasionally  made  that  the  house  be  called  over,  and  members  not 
attending  when  their  names  are  called,  are  reported  as  defaulters,  and 
ordered  to  attend  on  another  day,  when,  if  they  are  still  absent  and  no 
excuse  be  offered,  they  are  sometimes  committed  to  the  custody  of  the 
aeneant-at-arms. 

The  business  which  occuf  ies  nearly  the  whole  attention  of  both 
houses  (if  we  except  the  hearing  of  appeals  by  the  lords  and  the  trial 
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of  controverted  elections  by  the  commons)  is  the  passing  of  bills ;  and 
the  mode  of  proceeding  with  respect  to  them  may  be  briefly  described 
in  the  first  place. 

Bills,  Public  and  Private. 

Bills  are  divided  into  two  classes — such  as  are  of  a  public  nature 
affecting  the  genecral  interests  of  the  state,  and  such  as  relate  only  to 
local  or  private  matters.  The  former  are  introduced  directly  by  the 
motions  of  members ;  the  latter  are  brought  in  upon  petitions  iroui  the 
parties  interested,  after  the  necessary  notices  have  been  given  and 
all  forms  required  by  the  standing  orders  have  been  complied  with. 

With  few  exceptions,  public  bills  may  originate  in  either  house, 
unless  they  be  for  granting  supplies  of  any  kind,  or  involve  directly  or 
indirectly  the  levying  or  appropriation  of  any  tax  or  fine  upon  the 
people.  The  exclusive  right  of  the  commons  to  deal  with  all  legisla- 
tion of  this  nature  affects  very  extensivelv  the  practice  of  introducing 
private  bills  into  either  house.  Thus,  all  those  which  authorise  the 
levying  of  local  tolls  or  rates  are  brought  in  upon  petition  to  the  lower 
house.  These  compose  by  far  the  greater  part  of  all  private  bills.  AU 
measures  of  local  improvement,  whether  for  enclosing  lands,  lighting, 
watching,  and  improving  towns,  establishing  police,  or  making  roads, 
bridges,  railways,  canals,  or  other  public  works,  originate  in  the 
uonunons;  though  in  the  session  of  1860,  in  consequence  of  the 
pressure  of  business,  many  bills  of  this  kind  were  first  introduced  in 
the  House  of  Lords.  On  the  other  hand,  many  bills  of  a  personal 
nature  are  always  sent  down  from  the  lords,  such  as  bills  affecting 
private  estates,  divorce  bills,  and  bills  for  the  naturalisation  of  aliens. 
Bills  affecting  the  peerage  must  originate  in  the  lords,  and  acts  of  grace 
with  the  crown,  where  the  prerogative  of  mercy  is  vested. 

Proyrett  of  BUit :  PuUie  Bills. — Motions  for  leave  to  bring  in  bills 
.  of  a  public  nature  are  not  very  frequently  refused.  The  more  usual 
time  lor  opposing  any  measure  in  its  progress  is  on  the  second  reading, 
when  all  the  provisions  are  known,  and  the  general  principle  and  effect 
of  them  may  be  considered.  When  leave  is  given  to  bring  in  a  bill, 
certain  members  are  ordered  to  prepare  it,  being  the  proposer  and 
seconder  of  the  motion,  to  whom  others  are  sometimes  added.  It  is 
then  brought  in  and  read  a  first  time,  and  a  day  is  fixed  for  the  second 
reading,  which  generally  leaves  a  sufficient  interval  for  the  printing  and 
circulation  of  the  bill. 

It  has  been  already  said  that  the  second  reading  is  the  occasion  on 
which  a  bill  is  more  partictdarly  canvassed.  Its  principle  is  at  that 
time  made  the  subject  of  discussion,  and  if  it  meet  with  approval,  the 
bill  is  committed,  either  to  a  committee  of  the  whole  house  or  to  a 
select  committee,  to  consider  its  several  provisions  in  detail.  A  com- 
mittee of  the  whole  house  is  in  i&ct  the  house  itself,  in  the  absence  of 
the  Speaker  from  the  chair ;  but  the  rule  which  allows  members  to 
speak  as  often  as  they  think  fit,  instead  of  restricting  them  to  a  single 
speech,  as  at  other  times,  affords  great  facilities  for  the  careful  examina- 
tion and  full  discussion  of  details.  The  practice  of  referring  bills  of 
an  intricate  and  technical  description  to  select  committees  has  become 
very  prevalent  of  late  years,  and  might  be  extended  with  advantage. 
Many  bills  are  understood  by  a  few  members  only,  whose  observations 
are  listened  to  with  impatience,  and  thus  valuable  suggestions  are  often 
withheld  in  the  house,  which  in  a  committee  might  be  embodied  in 
the  bill.  By  leaving  such  bills  to  a  select  committee,  the  house  is 
enabled  to  attend  to  measures  more  generally  interesting,  while  other 
business,  of  perhaps  equal  importance,  is  proceeding  at  the  same  time ; 
and  it  has  always  the  opportunity  of  revising  amendments  introduced 
by  the  committee. 

Before  a  bill  goes  into  committee  there  are  certain  blanks  for  dates, 
amount  of  penalties,  &c.,  which  are  filled  up  in  this  stage.  Bills  of 
importance  are  often  reconmiitted,  or  in  other  words,  pass  twice,  and 
even  in  some  instances  three  or  four  times  through  the  committee. 
When  the  proceedings  in  committee  are  terminated,  the  bill  is  reported 
with  the  amendments  to  the  house,  on  which  ^occasion  they  are  agreed 
to,  amended,  or  disagreed  to,  as  the  case  may  be.  If  many  amend- 
ments have  been  made,  it  is  a  common  and  very  useful  practice  to 
reprint  the  bill  before  the  report  is  tdcen  into  consideration.  After 
the  report  has  been  agreed  to,  the  bill  with  the  amendments  is  ordered 
to  be  engrossed  previous  to  the  third  reading.  A  proposition  was 
made  not  long  since,  but  without  success,  for  diroontinuing  the  custom 
of  engrossment  upon  parchment,  and  for  using  an  examined  copy  of 
the  printed  bill,  signed  by  the  clerk  of  the  house,  for  all  ihe  purposes 
for  which  the  engrossed  copy  is  now  required. 

The  third  reading  is  a  stage  of  great  importance,  on  which  the 
entire  measure  is  reviewed,  and  the  house  determines  whether,  after 
the  amendments  that  have  been  made  on  previous  stages,  it  is  fit  on 
the  whole  to  pass  and  become  law.  The  question,  "  that  this  bill  do 
pass,"  which  immediately  succeeds  the  third  reading,  is  usually  no 
more  than  a  form,  but  tiiere  have  been  occasions  on  which  that 
question  has  been  opposed,  and  even  negatived.  The  title  of  the  bill 
is  settled  kst  of  all. 

An  interval  of  some  days  usually  elapses  between  each  of  the  prin- 
cipal stages  of  a  bill ;  but  when  there  is  any  particular  cause  for  hast«, 
and  there  is  no  opposition,  these  delays  are  dispensed  with,  and  the 
bill  is  allowed  to  pass  through  several  sl^es,  and  occasionally  through 
all,  on  the  same  day. 

This  statement  of  the  progress  of  bills  applies  equally  to  both 


houses  of  parliament.  There  is,  however,  a  slight  distinction  in  the 
title  of  a  bill  while  pending  in  the  lords,  which  is  always  '*  intituled 
an  act,"  whether  it  has  originated  in  the  lords  or  has  been  brought  up 
from  the  commons. 

When  the  commons  have  passed  a  bill,  they  send  it  to  the  lords  by 
one  of  their  own  members,  who  is  usually  accompanied  by  others. 
The  lords  send  down  bills  by  two  masters  in  chancery ;  unless  they 
relate  to  tlie  crown  or  the  royal  family,  in  which  case  they  are  generally 
sent  by  two  judges. 

Private  Bills. — In  deliberating  upon  private  bills  parliament  may  be 
considered  as  acting  judiciallv.  The  conflicting  interests  of  private 
parties,  the  rights  of  individuals,  and  the  protection  of  the  public,  hAve 
to  be  reconciled.  Care  must  be  taken,  in  furthering  an  apparently 
useful  object,  that  injustice  be  not  done  to  individuals,  although  the 
public  may  derive  advantage  from  it.  Vigilance  and  caution  e^ould 
be  exeroised  lest  parties  professing  to  have  the  public  intexesta  in  view 
should  be  establishing,  tmder  the  protection  of  a  statute,  an  injurious 
monopoly.  The  rights  of  landowners  amongst  themselves,  and  of  the 
pppr,  must  be  scrutinised  in  passing  an  enclosure  bilL  Every  descrip- 
tion of  interest  is  affected  by  the  nuiking  of  a  railway. 

The  inquiries  that  are  necessary  to  be  conducted  in  order  to  deter- 
mine upon  the  merits  of  private  bills  are  too  extensive  for  the  house 
to  undertake,  and  it  has  therefore  been  usual  to  del^ate  them  to  com- 
mittees. To  prevent  parties  from  being  taken  by  surprise,  the  stand- 
ing orders  require  certain  notices  to  be  given  (to  the  public  by  adver- 
tisement, and  to  parties  interested  by  personal  service)  of  the  intention 
to  petition  parliament.  The  first  thing  which  is  done  on  receiving  the 
petition  therefore,  is  to  inquire  whether  these  notices  hAve  been 
properly  given,  and  if  all  other  forms  prescribed  by  the  standing  orders 
have  been  observed.  This  inquiry  is  confided  to  the  exanuners  of 
private  bills,  two  officers  who  act  for  both  houses,  who  report  their 
determination  to  the  house.  When  a  private  bill  has  been  read  a 
second  time,  it  is  commmitted,  according  to  its  character,  to  the  com* 
mittee  of  selection,  to  the  general  committee  on  railway  and  canal 
bills,  or  to  the  select  committee  on  divorce  bills.  The  committee  of 
selection  consistB  of  the  chairman  of  the  standing  orders  committee  and 
five  other  members  nominated  by  the  house,  of  whom  three  area 
quorum.  This  committee  classifies  the  bills,  and  nominates  the  chair- 
man  and  members  of  the  committee  for  each.  The  railway  and  divorce 
committees  proceed  in  the  like  manner.  For  every  opposed  railway, 
canal,  or  road  bill,  the  committee  consists  of  five  members  not 
interested  in  the  bill  in  progress.  Unopposed  bills  are  referred  to  Uie 
chairman  of  the  committee  of  ways  and  means  and  two  other  members. 
The  committees  on  opposed  bills  may  hear  counsel  and  examine 
witnesses, — divisions  amongst  the  committee  are  decided  by  a  majority, 
and  the  result  of  their  labours  is  reported  to  the  house. 

Public  bills  are  occasionally  referred  to  select  committees ;  these, 
however,  must  also  pass  through  a  committee  of  the  whole  house. 

It  will  not  be  necessary  to  pursue  any  further  the  progress  of  private 
bills,  which  differs  only  from  that  already  described  in  respect  of  bills 
of  a  public  nature,  in  the  necessity  for  certain  specified  intervals 
between  each  stage,  and  for  notices  in  the  private  bill  office. 

In  the  House  of  Lords,  when  a  private  bill  is  imopposed,  it  is  com- 
mitted to  the  permanent  chairman  of  committees,  and  any  other  peers 
may  attend ;  but  when  a  bill  is  to  be  opposed,  the  committee  on  stand- 
ing orders  inquires  whether  the  standing  orders  have  been  complied 
with,  and  if  so,  the  bill  is  referred  to  a  committee  of  five,  and  a  similar 
course  is  followed  to  that  of  the  lower  house. 

In  order  to  ensure  a  proper  acquaintance  with  the  provisions  of 
private  bills,  some  of  which  are  very  voluminous,  the  House  of 
Commons  have  adopted  a  rule  requiring  breviates  of  the  bills  to 
be  laid  before  them  six  days  before  the  second  reading,  and  breviates 
of  the  amendments  made  by  the  committee,  before  the  house  take  the 
report  into  consideration. 

Conferences  between  the  two  Houses. — ^The  progress  of  bills  in  each 
house  of  parliament  having  been  detailed,  it  still  remains  to  describe 
the  subsequent  proceedings  in  case  of  difference  between  them.  When 
a  bill  has  been  returned  by  either  house  to  the  other,  with  amendments 
which  are  disagreed  to,  a  conference  is  desired  by  the  house  which 
disagrees  to  the  amendments,  to  acquaint  the  other  with  reasons  for 
such  disagreement ;  in  order,  to  use  the  words  of  Hatsell, "  that  after 
considering  those  reasons,  the  house  may  be  induced,  either  not  to 
insist  upon  their  amendments,  or  may,  in  their  turn,  assign  such 
arguments  for  having  made  them,  as  may  prevail  upon  the  other  house 
to  agree  to  them.  If  the  house  which  amend  the  bill  are  not  satisfied 
and  convinced  by  the  reasons  urged  for  disagreeing  to  the  amendmenta, 
but  persevere  in  insisting  upon  their  amendments,  the  form  is  to 
desire  another  conference ;  at  which,  in  their  turn,  they  state  their 
oi-guments  in  favour  of  the  amendments,  and  the  reasons  why  they 
cannot  depart  from  them ;  and  if,  after  such  second  conference,  the 
house  resolve  to  insist  upon  disagreeing  to  the  amendments,  they 
ought  then  to  demand  a  '  free  conference,'  at  which  the  ailments  on 
both  sides  may  be  more  amply  and  freely  discussed.  If  this  measure 
should  prove  ineffectual,  and  if,  after  several  free  conferences,  neither 
house  can  be  induced  to  depart  from  the  point  they  originally 
insisted  upon,  nothing  further  can  be  done,  and  the  bUl  must  be  lost." 

Whether  the  conference  be  desired  by  the  lords  or  by  the  commons, 
the  former  have  the  sole  right  of  appointing  the  time  and  place  of 
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meeting.  The  house  that  seeks  the  conference  must  clearly  express 
in  their  message  the  subject  upon  whick  it  is  desired,  and  it  is  not 
granted  as  a  matter  of  course.  There  are  many  instances  to  be  found 
in  the  Journals  in  which  a  conference  has  been  refused,  but  not  of 
late  years.  The  reasons  that  are  to  be  offered  to  the  other  house  are 
prepared  by  a  committee  appointed  for  that  purpose,  who  report  them 
for  the  approval  of  the  house.  These  reasons  are  geneirally  very  short, 
but  in  some  cases  arguments  have  been  entered  into  at  considerable 
length.  The  conference  is  conducted  by  "  managers  **  for  both  houses, 
who,  on  the  part  of  the  house  desiring  tne  conference,  are  the  members 
of  the  committee  who  have  drawn  up  the  reasons,  to  whom  others  are 
occasionally  added.  Their  duty  is  to  read  and  deliver  in  the  reasons 
with  which  they  are  entrusted  to  the  managers  of  the  other  house, 
who  report  them  to  the  house  which  they  represent.  At  a  free  con- 
ference  the  managers  on  either  side  have  more  discretion  vested  in 
them,  and  may  urge  whatever  arguments  they  think  fit  A  debate 
arose  in  a  free  conference,  which  was  held  in  1836,  in  reference  to 
amendments  made  by  the  lords  to  a  bill  for  amending  the  Act  for 
regulating  Municipal  Corporations,  and  the  speeches  of  the  managers 
were  taken  in  short-hand  and  printed.  While  the  conference  is  being 
held,  the  business  of  both  houses  is  suspended  until  the  return  of  the 
managers. 

Amendments  made  to  bills  by  either  house  are  not  the  only  occa- 
sions upon  which  conferences  are  demanded.  Resolutions  of  import- 
ance, in  which  the  concurrence  of  the  other  house  is  desired,  are 
communicated4n  this  manner.  Reports  of  committees  have  also  been 
communicated  by  means  of  a  conference.  In  1829  a  conference  was 
demanded  by  the  commons  to  request  an  explanation  of  the  circum- 
stances under  which  a  bill  that  had  been  amended  by  the  lords  had 
received  the  royal  assent  without  being  returned  to  the  commons 
for  their  concurrence.  The  lords  expressed  their  regret  at  the  mis- 
take, and  stated  that  they  had  themselves  been  prepared  to  desire  a 
conference  upon  the  subject,  when  they  received  the  message  from  the 
commons. 

Conferences  were  formerly  held  in  the  Painted  Chamber,  hut  since 
the  rebuilding  of  the  Houses  of  Parliament  after  the  fire  in  1834,  they 
have  been  held  in  one  of  the  lords'  committee  rooms. 

Royal  Auent  to  Bills  has  been  described  under  Assent,  Rotal. 

Committees, — Committees  are  either  "  of  the  whole  house,"  or 
"  select."  The  former  are,  in  fact,  the  house  itself,  with  a  chairman 
inst^  of  the  Lord  Chancellor  or  Speaker  presiding.  There  is  a  more 
free  and  unlimited  power  of  debate  when  the  house  is  in  committee, 
as  members  may  speak  any  number  of  times  upon  the  same  question, 
from  which  they  are  restrained  on  other  occasions.  Select  committees 
are  specially  appointed,  generally  for  inquiring  into  particular  subjects 
connected  vrith.  legislation.  It  is  usual  to  give  them  the  "  power  to 
send  for  persons,  papers,  and  records  ;"  but  in  case  of  any  disobedience 
to  their  orders,  they  have  no  direct  means  of  enforcing  compliance, 
but  must  report  the  circumstance  to  the  house,  which  will  imme- 
diately interfere. 

In  case  of  an  equality  of  voices,  the  chairman,  who  is  chosen  by  the 
committee  out  of  its  own  members,  gives  the  casting  vote.  Some 
misconception  appears  to  have  existed  as  to  the  precise  nature  of  the 
chairman's  right  of  voting.  In  1886,  the  House  of  Commons  was 
informed  that  the  chairman  of  a  select  committee  had  first  claimed  the 
privilege  to  vote  as  a  member  of  the  committee,  and  afterwards,  when 
the  voices  were  equal,  of  giving  a  casting  vote  as  chairman,  and  that 
such  practice  had  of  late  years  prevailed  in  some  select  committees ; 
when  it  was  declared  by  the  house  that,  according  to  the  established 
rules  of  parliament,  the  chairman  of  a  select  conmaittee  can  only  vote 
when  there  is  an  equality  of  voices.  (91  '  Commons'  Journals,'  p.  214.) 
This  error  was  very  probably  occasioned  by  the  practice  of  election 
committees,  which  was  however  confined  to  them,  and  only  existed 
under  the  provisions  of  Acts  of  parliament. 

In  1837  some  regulations  were  made  by  the  House  of  Commons  for 
rendering  select  committees  more  efficient  and  responsible.  The  num- 
ber of  members  on  a  committee  was  limited  to  fifteen.  Lists  of  their 
names  are  to  be  fixed  in  some  conspicuous  place  in  the  committee-derk's 
office  and  the  lobby.  Members  moving  for  the  conmiittee  are  to  ascer- 
tain whether  the  gentlemen  they  propose  to  name  will  attend.  To 
every  question  askeid  of  a  witness,  the  name  of  the  member  who  asked 
it  is  prefixed  in  the  minutes  of  evidence  laid  before  the  house ;  and 
the  names  of  the  members  present  at  each  sitting,  and,  in  the  event  of 
any  division,  the  question  proposed,  the  name  of  the  proposer,  and  the 
votes  of  each  member,  are  entered  on  the  minutes  and  reported  to  the 
house.    [Committees.] 

It  is  not  intended  to  touch  upon  the  elective  franchise,  or  upon  the 
proceedings  at  elections ;  but  the  mode  of  trying  election  petitions  will 
require  a  notice  in  this  place. 

Trial  of  Election  Petitions. — Before  the  year  1770,  controverted 
elections  were  tried  and  determined  by  the  whole  House  of  Conunons, 
as  mere  party  questions,  upon  which  the  strength  of  contending 
factions  might  be  tested.  In  1741,  Sir  Robert  Walpole,  after  repeated 
attacks  upon  his  government,  was  at  last  driven  from  office  by  a  vote 
upon  the  Chippenham  election  petition.  "  Instead  of  trusting  to  the 
merits  of  their  respective  causes,"  said  Mr.  Grenville,  in  proposing  the 
measure  which  has  since  borne  his  name, "  the  principal  dependence  of 
both  parties  is  their  private  interest  among  us,  and  it  is  scandalously 


I  notorious  that  we  are  as  earnestly  canvassed  to  attend  in  favour  of  the 
opposite  sides,  as  if  we  were  wholly  self -elective  and  not  bound  to  act 
by  the  principles  of  justice,  but  by  the  dis(»«tionary  impulse  of  our 
inclinations ;  nay,  it  is  well  known  that  in  every  contested  election, 
niany  members  of  this  house,  who  are  ultimately  to  judge  in  a  kind  of 
judicial  capacity  between  the  competitors,  enlist  themselves  as  parties 
in  the  contention,  and  take  upon  themselves  the  partial  management 
of  the  very  business  upon  which  they  should  determine  with  the 
strictest  impartiality."  The  principle  of  the  Orenville  Act,  and  of 
others  which  were  passed  at  different  times  since  1770,  was  to  select 
committees  for  the  trial  of  election  petitions  by  lot.  By  the  last  of 
these  (9  Geo.  IV.,  cap.  22),  thirty-three  names  were  balloted  from  the 
members  present  at  the  time,  and  each  of  the  parties  to  the  election 
was  entitled  to  strike  off  eleven  names,  and  thus  reduce  the  number  of 
the  committee  to  eleven.  Whichever  party  attended  on  the  day 
appointed  for  a  ballot  in  the  greatest  force,  was  likely  to  have  a  pre- 
ponderance in  the  committee,  and  the  expedient  of  chance  did  not 
therefore  operate  as  a  sufficipnt  check  to  party  spirit  in  the  appoint- 
ment of  election  committees.  Partiality  or  incompetence  was  very 
generally  complained  of  in  the  deciaions  of  committees  appointed  in 
this  manner,  and  in  1839  an  Act  passed  establishing  a  new  system, 
upon  different  principles,  increasing  the  responsibility  of  individual 
members,  and  leaving  scarcely  anything  to  the  operation  of  chance. 

The  following  is  an  outline  of  the  present  mode  of  selecting  members 
for  the  trial  of  election  petitions : — At  the  beginning  of  a  session  the 
Speaker  appoints  a  general  committee  of  six  members,  to  any  or  all  of 
whom  the  house  may  object,  in  which  case  the  Speaker  is  bound  to 
appoint  others.  If  by  irreconcileable  disagreement  of  opinion,  or  by 
the  continued  absence  of  more  than  two  members,  the  committee, 
when  appointed,  should  be  unable  to  proceed  in  the  discharge  of  its 
duties,  or  if  the  house  should  determine  that  it  shall  be  dissolved,  its 
functions  are  to  cease.  To  this  general  committee  all  election  petitions 
are  referred.  The  names  of  all  the  members  of  the  house  are  put  into 
an  alphabetical  list  and  called  over,  when  certain  excuses  are  allowed 
to  be  made ;  but  all  who  do  not  then  excuse  themselves  from  serving 
are  bound  to  act  as  members  of  election  committees  when  hereafter 
chosen.  This  list  is  taken  by  the  general  committee,  from  which  are 
elected  six,  eight,  ten,  or  twelve  members,  but  in  no  case  to  exceed 
eighteen,  who,  on  signifying  their  willingness  to  serve,  are  formed  into 
"  the  chairman's  paneL"  The  list  is  then  divided  into  five  panels  by 
the  general  committee,  exclusive  of  the  chairman,  the  order  of  whicn 
is  decided  by  lot,  and  a  number  attached  to  each  in  the  order  in  which 
it  is  drawn.  These  panels  are  to  be  corrected  from  time  to  time  by 
the  general  committee,  according  to  circumstances.  The  general  com- 
mittee gives  three  weeks'  notice  to  the  parties  before  it  proceeds  to 
appoint  a  committee  for  the  trial  of  an  election  petition.  At  the 
expiration  of  that  time  it  chooses,  from  the  panel  standing  first  in 
order  of  service,  four  members,  whose  names  are  read  to  the  parties, 
who  have  power  to  object  to  any  of  them  on  grounds  of  disqualification 
specified  in  the  Act.  When  the  four  members  are  finally  chosen,  the 
chairman's  panel  appoint  one  of  their  own  body  to  act  as  chairman, 
who  is  added  accordingly  to  the  general  committee.  The  committee, 
when  thus  completed,  is  sworn,  and  proceeds  to  business.  All  questions 
are  decided  by  a  majority. 

As  witnesses  giving  false  evidence  before  an  election  committee  are 
guilty  of  perjury,  it  is  usual  for  the  house,  when  acquainted  with  such 
misconduct,  to  instruct  the  attorney-general  to  prosecute  the  parties. 
The  same  course  has  also  been  pursued  with  respect  to  persons  proved 
to  have  been  concerned  in  bribery. 

The  determinations  of  election  committees  are  final,  and  are  imme- 
diately carried  into  effect  by  the  house.  If  an  election  be  reported 
void,  a  new  writ  is  issued ;  if  it  be  decided  that  a  member  has  not 
been  duly  elected,  and  that  another  candidate  should  have  been 
returned,  the  deputy  clerk  of  the  crown  is  ordered  to  attend  and 
amend  the  return,  after  which  the  new  member  is  sworn,  and  takes  his 
seat;  and  if  a  petition  or  the  opposition  to  it  be  held  by  the  committee 
to  have  been  Mvolous  and  vexatious,  the  petitioner  or  sitting  member, 
as  the  case  may  be,  is  liable  to  the  payment  of  all  the  costs. 

The  last  proceeding  in  parliament  which  we  shall  describe  is  that  of 

Impeachment, — Impeachment  by  the  commons  is  a  proceeding  of 
great  importance,  involving  the  exercise  of  the  highest  judicial  powers 
by  parliament;  and  though  in  modem  times  it  has  rarely  been  resorted 
to,  in  former  periods  of  our  history  it  was  of  frequent  occurrence.  The 
earliest  instance  of  impeachment  by  the  commons  at  the  bar  of  the 
House  of  Lords  was  in  the  reign  of  Edward  IIL  (1376).  Before  that 
time  the  lords  appear  to  have  tried  both  peers  and  commoners  for 
great  public  offences,  but  not  upon  complaints  addressed  to  them  by 
the  commons.  During  the  next  four  reigns,  cases  of  regular  impeach- 
ment were  frequent ;  but  no  instances  occurred  in  the  reigns  of 
Edward  IV.,  Henry  VII.,  Henry  VIIL,  Edward  VL,  Queen  Mary,  or 
Queen  Elizabeth.  The  constitution  "  had  fallen  into  disuse,"  says  Mr. 
Hallam,  "  partly  from  the  loss  of  that  control  which  the  commons  had 
obtained  under  Richard  II.  and  the  Lancastrian  kings,  and  partly  from 
the  preference  the  Tudor  princes  had  given  to  bills  of  attainder  or  of 
pains  and  penalties,  when  &ey  wished  to  turn  the  arm  of  parliament 
against  an  obnoxious  subject."  Prosecutions  also  in  the  Star-Chamber 
during  that  time  were  perpetually  resorted  to  by  the  crown  for  the 
punishment  of  state  offenders.    In  the  reign  of  James  I.,  the  practica 
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of  impeachment  was  revivedj  and  vfaB  used  with  great  energy  by  the 
commons,  both  as  an  instrument  of  popular  power  and  for  the  further- 
ance of  public  justice.  Between  the  year  1620,  when  Sir  Oiles 
lionti^ssor  and  Lord  Bacon  were  impeached,  and  the  Bevolution  in 
1688,  there  were  about  forty  cases  of  impeachment.  In  the  reigns  of 
William  III.,  Anne,  and  George  I.,  there  were  fifteen ;  and  in 
Qeoige  11.  only  one  (that  of  Lord  Lovat,  in  1746,  for  high  treason). 
The  last  memorable  cases  are  those  of  Wairen  Hastings,  in  1788,  and 
Lord  KelviUe,  in  1805. 

An  outline  of  the  forms  observed  in  the  condupt  of  impeachments 
may  be  briefly  given.  A  member  of  the  House  of  Commons  charges 
the  accused  of  certain  high  crimes  and  misdemeanors,  and  moves  that 
he  be  impeached.  If  the  house  agree  to  it,  the  member  is  ordered  to 
go  to  the  lords,  and  at  their  bar,  in  the  name  of  the  House  of  Com- 
mons and  of  all  the  commons  of  the  United  Kingdom,  to  impeach 
tiie  accused.  A  committee  is  then  ordered  to  draw  up  articles  of 
impeachment,  which  are  reported  to  the  house,  and,  having  been  dis- 
cussed and  agreed  upon,  are  engrossed  and  delivered  to  the  lords. 
Further  articles  may  be  delivered  from  time  to  time.  In  the  case  of 
Warren  Hastings,  the  articles  had  been  prepared  before  his  impeach- 
ment at  the  bar  of  the  House  of  Lords.  The  accused  sends  answers  to 
sach  article,  which  are  communicated  to  the  commons  by  the  lords ; 
to  these,  replications  are  returned  if  necessary.  After  these  prelimi- 
naries, the  lords  appoint  a  day  for  the  trial.  The  commons  desire 
the  lords  to  summon  the  witnesses  required  to  prove  their  charges 
and  appoint  managers  to  conduct  the  proceedings.  Westminster  Hall 
has  been  usually  fitted  up  as  the  court,  which  is  presided  over  by  the 
lord  hig^  steward.  The  commons  attend  with  the  managers  as  a  com- 
mittee of  the  whole  house.  The  accused  remains  in  the  custody  of 
the  usher  of  the  black  rod,  to  whom  he  is  delivered,  if  a  commoner,  by 
the  serjeant-at-arms  attending  the  House  of  Commons.  The  managers 
should  confine  themselves  to  chai^^es  contained  in  the  articles  of 
impeachment.  Mr.  Warren  Hastings  complained  of  matters  having 
been  introduced  which  had  not  been  originally  laid  to  his  charge,  and 
the  house  resolved  that  certain  words  ought  not  to  have  been  spoken 
by  Mr.  Burke.  Persons  impeached  of  high  treason  are  entitled,  by 
statute  20  Qeo.  II.  c.  30,  to  make  their  full  defence  by  counsel,  a 
privilege  which  is  not  denied  to  persons  charged  with  high  crimes  and 
misdemeanors. 

When  the  managers  have  made  their  charges  and  adduced  evidence 
in  support  of  them,  the  accused  answers  them,  and  the  managers  have 
a  right  to  reply.  The  lords  then  proceed  to  judgment  in  this  manner : 
The  lord  high  steward  puts  to  each  peer,  beginning  with  the  junior 
baron,  the  question  upon  ^e  first  article,  whether  the  acousiBd  be 
guilty  of  the  crimes  charged  therein.  The  peers  in  succession  rise  in 
their  places  when  the  question  is  put,  and,  standing  uncovered,  and 
laying  their  right  hands  upon  their  breast,  answer  ^*  guilty,"  or  "  not 
guilty,"  as  the  case  may  be,  "  upon  my  honour."  Each  article  is  pro- 
ceeded with  separately  in  the  same  manner,  the  lord  high  steward 
giving  his  own  opinion  the  last.  The  numbers  are  then  cast  up,  andi 
being  ascertained,  are  declared  by  the  lord  high  steward  to  the  lords, 
and  the  accused  is  acquainted  with  the  result. 

(A  Treatite  on  the  Law,  Privileges,  ProceedingM,  and  U$age%  of  ParUa- 
ment,  by  T.  E.  May,  Esq.,  fourth  edit.,  1859.) 

PARLIAMENT  OF  IRELAND.  In  Ireland,  as  in  England,  from 
the  conquest  of  the  country  by  Henry  II.  in  the  latter  part  of  the 
12Ui  century,  meetings  of  the  barons  were  occasionally  summoned  to 
consult  on  public  a&irs,  to  which  the  old  historians  sometimes  give 
the  name  of  parliaments.  But  parliaments,  in  the  modem  sense, 
caimot  be  traced  back  in  Ireland  farther  than  to  the  latter  end  of  the 
13th  century,  or  to  a  date  about  thirty  years  subsequent  to  that  of 
the  earUest  parliament  which  is  ascertained  to  have  consisted  both  of 
lords  and  commons  in  England.  Simon  de  Montfort's  celebrated 
parliament,  the  first  for  which  writs  are  extant  summoning  repre- 
sentatives of  the  counties  and  boroughs,  met  at  Westminster  in  1265 ; 
and  the  first  Irish  parliament  to  which,  as  far  as  is  known,  the  sheriffii 
were  directed  to  return  two  representatives  for  each  county  was  held 
in  1295.  Representatives  of  boroughs  in  Ireland  cannot  be  traced 
much  higher  than  to  the  middle  of  the  14th  century.  They  first 
make  their  appearance  in  1341,  and  in  an  act  or  ordinance  of  1859 
they  are  spoken  of  as  forming  an  essential  part  of  the  parliament. 

At  this  time,  however,  and  down  to  a  much  later  date,  it  was  only 
the  small  portion  of  Ireland  occupied  by  the  English  settlers  that  was 
represented  in  the  legislature.  Even  in  the  reign  of  Edward  III.  only 
the  province  of  Munster  and  a  part  of  Leinsterwere  considered  as 
shire-land :  they  were  divided  into  twelve  counties.  But  in  the  course 
of  the  16th  century  much  the  greater  part  of  these  districts  had 
become  to  all  intents  and  purposes  independent  of  the  English  crown ; 
and  in  the  reign  of  Henry  VII.  the  English  dominion  and  the  par- 
liamentary representation  were  alike  confined  to  the  counties  com- 
posing what  was  called  the  Pale,  that  is,  to  those  of  Dublin,  Louth, 
Kildare,  and  Meath  (then  comprehending  both  East  and  West  Meath), 
with  a  very  few  seaports  beyond  these  limita.  The  vigorous  measures 
taken  under  Henry  VIII.  and  succeeding  kings  however  gradually 
extended  the  authority  of  the  English  institutions  and  laws.  The 
possessors  of  some  of  the  original  Irish  peerages,  after  maintaining  for 
centuries  an  independence  as  complete  as  that  of  the  native  chieftains 
themselves,  were  induced  to  give  their  attendance  in  the  House  of 


Lords,  and  many  new  peerages  were  conferred,  some  on  Englishmen 
or  persons  of  English  descent,  some  on  the  heads  of  the  old  IrUh 
families.  The  twelve  ancient  counties  were  all  reclaimed  in  the  r&igu 
of  Henry  VIII.,  and  others  were  added  by  Mary,  Elizabeth,  and  James, 
till,  in  the  time  of  the  last-mentioned  king,  the  whole  island  vatj 
divided  into  thirty-two  counties,  as  at  present,  each  returning  two 
representatives.  Of  these  thirty-two  counties  however  it  is  said  there 
were  seventeen  in  which  there  was  not  a  single  parliamentary  borough, 
while  in  the  remaining  fifteen  there  were  only  about  thirty.  But 
either  this  account  must  be  wrong  or  the  common  statement  tkii 
James  added  only  forty  new  boroughs  tnust  be  an  under  atatement, 
if,  as  appears,  the  entire  number  of  the  Irish  commons  in  1613  was 
232.  In  this  number  however  would  be  included  the  two  repre- 
sentatives of  Trinity  College,  Dublin.  Subsequent  new  charters  to 
boroughs  augmented  the  house  by  the  year  1692  to  300,  at  which 
number  it  remained  stationary.  In  1634  the  number  of  peers  was 
122,  and  more  than  500  Irish  peerages  were  created  between  that  date 
and  the  Union.    Of  course  however  some  also  became  extinct. 

It  was  only  for  a  very  short  period  of  its  existence  that  the  Irish 
parliament  was  held  to  be  a  supreme  legislature.  Ireland  being 
regarded  as  a  conquered  dependency,  it  was  maintained  that  ita  par- 
liament was  in  all  respects  subordinate  to  that  of  England,  and 
subsequently  to  that  of  Qreat  Britain,  whi(^  might  make  laws  to  bind 
the  people  of  the  one  country  as  well  as  of  the  other.  The  received 
legal  doctrine  used  to  be,  that  King  John,  in  the  12th  year  of  hi« 
reign  (a.d.  1210),  ordained  by  letters-patent,  in  right  of  dominion  of 
conquest,  that  Ireland  should  be  governed  by  the  laws  of  England ;  in 
consequence  of  which  both  the  cocomon  law  of  England  and  all 
Engliui  statutes  enacted  prior  to  that  date  were  held  to  be  of  the 
same  authority  in  Ireland  as  in  England.  With  regard  to  English  acts 
passed  subsequently  to  that  date,  it  was  also  held,  in  the  firvat  place, 
that  Ireland  was  bound  by  all  of  them  in  which  it  was  either  speciaUy 
named  or  included  under  general  words.  But  further,  inasmuch  as 
one  of  the  Irish  acts  called  Poyning's  Laws,  passed  in  the  tenth  year 
of  Henry  VII.  (▲.d.  1495),  in  the  lord-lieutenancy  of  Sir  Edward 
Poyning,  or  Poynings,  declared  that  all  statutes  "lately'*  made  in 
England  should  be  deemed  also  good  and  effectual  in  Ireland,  it  was 
held  that  this  established  the  authority  in  Ireland  of  all  preceding 
English  statutes  whatsoever;  making  those  of  the  12th  of  John  of 
the  same  force  with  those  enacted  before  that  date.  This  however 
was  admitted  to  be  the  last  general  imposition  of  the  laws  of  England 
upon  Ireland.  Of  the  English  statutes  passed  since  the  lOih.  of 
Henry  VII.,  it  was  allowed  that  those  only  were  binding  upon  Ireland 
in  which  that  country  was  specially  named  or  included  under  general 
words. 

But  the  above-mentioned  was  oidy  one  of  Poyning's  laws.  Othera 
provided,  as  their  substance  is  given  by  Blackstone  (1 '  Com.'  102} : 
"  1.  That  before  any  (Iriah)  parliament  be  summoned  or  holdeu,  the 
chief  governor  and  council  of  Ireland  shall  certify  to  the  king,  under 
the  great  seal  of  Ireland,  the  considerations  and  causes  thereof,  and 
the  goticles  of  the  acts  proposed  to  be  passed  therein.  2.  That  after 
the  king,  in  his  council  of  England,  shall  have  considered,  approved,  or 
altered  the  said  acts,  or  any  of  them,  and  certified  them  back  under 
the  great  seal  of  England,  and  shall  have  given  licence  to  summon  and 
hold  a  parliament,  then  the  same  shall  be  summoned  and  held ;  and 
therein  the  said  acts  so  certified,  and  no  other,  shall  be  proposed, 
received,  or  rejected."  It  was  found,  however,  in  the  course  of  time, 
that  many  inconveniences  were  occasioned  by  these  severely  restricUve 
regulations,  which  prevented  any  laws  from  being  proposed,  except 
only  such  as  were  drawn  up  before  the  parliament  which  should  pass 
them  was  in  being ;  and  therefore,  by  the  3  &  4  Ph.  and  M.,  c.  4.,  it 
was  provided  that  any  new  propositions  might  be  certified  in  England 
for  approval,  even  after  the  simimons  and  during  ihe  session  of  par- 
liament. Still  this  left  to  the  parliament  of  Ireland  nothing  more 
than  merely  the  power  of  rejecting  any  law  proposed  to  it ;  it  could 
neither  initiate  a  new  law  nor  repeal  an  old  one,  nor  even  amend  or 
alter  that  which  was  offered  for  its  acceptance.  In  practice,  however, 
the  letter  of  the  statute  was  somewhat  relaxed.  Blackstone  goes  on  to 
state  that  the  practice  in  his  day  (some  years  after  the  middle  of  the 
last  century)  was,  "  that  bills  are  often  framed  in  either  house,  under 
the  denomination  of '  heads  for  a  bill  or  bills/  and  in  that  shape  they 
are  offered  to  the  consideration  of  the  lord-lieutenant  and  privy- 
council,  who,  upon  such  parliamentary  intimation,  or  otherwise  upon 
the  application  of  private  persons,  receive  and  transmit  such  heads,  or 
reject  them  without  any  transmission,  to  Enj^d.**  These  heads  of 
bills  however  really  differed  in  nothing  from  bills  or  acts  of  parliament, 
except  that,  instead  of  the  words  ''  Be  it  enacted,"  the  formal  com- 
mencement of  each  paragraph  or  clause  was, "  We  pray  that  it  may  be 
enacted ;"  and  the  motion  for  presenting  them  scarcely  differed,  except 
in  form,  from  the  motion  in  the  English  House  of  Commons  for  leave 
to  bring  in  a  bill,  a  motion  necessary  in  all  cases  to  b^  assented  to  or 
carried  in  the  affirmative  before  the  actual  bringing  in  of  any  bill. 
And  as  for  the  consent  of  the  crown  or  the  government,  which  it  was 
necessary  to  obtain  before  either  house  of  the  Irish  parliament  could 
take  up  the  consideration  of  any  proposed  law,  with  a  view  to  its 
enactment,  that  would  in  practice  probably  be  found  to  operate  much 
in  the  same  way  with  the  assent  of  ^e  crown,  which  even  in  England 
was  necessary  to  give  validity  to  any  bill  after  it  had  passed  both 
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houses.  In  the  Irish  as  well  u  in  the  English  parliament  there  was  in 
fact  an  opportunity  of  discussing  the  proposition  without  the  per« 
mission  oi  the  crown.  An  English  as  well  as  an  Irish  bill  required 
the  assent  of  the  crown  before  it  could  become  law.  This  view  of  the 
nvitter  has  scarcely  been  sufficiently  attended  to  in  comparing  the  cir- 
cumstances of  the  two  legislatures.  The  practice  of  presenting  heads 
of  bills  however  was  not  introduced  into  the  Irish  parliament  till  after 
the  Revolution.  In  the  reign  of  Charles  II.,  according  to  Lord 
Mountmorres,  **  the  council  framed  bills  altogether ;  a  negative  alone 
on  them  and  their  several  provisos  was  left  to  parliament;  only  a 
ge.ierol  proposition  for  a  bill,  by  way  of  address  to  the  lord-lieutenant 
and  council,  came  from  parliament :"  that  is  to  say,  aU  that  the  par- 
liiment  was  sufiered  to  do  was  simply  to  request  that  some  measure 
might  be  brought  in  for  effecting  a  particular  object.  The  object 
might  be  specified,  but  the  meaus  by  which  it  was  to  be  attained  or 
attempted,  in  other  words,  the  details  and  whole  character  of  the 
measure,  were  to  be  left  to  the  government.  With  regard  to  these, 
the  parliament  had  only  the  power  of  accepting  or  rejecting  them  in 
the  mass. 

But  the  dependence  of  Ireland  upon  the  English  crown,  and  the 
consequent  subordination  of  the  Irish  legislature,  were  held  to  go  still 
farther  than  to  the  establishment  of  the  principle  that  laws  might  be 
mode  by  the  parliament  of  England  to  bind  Ireland.  The  Irish 
House  of  Lords  had  entertained  writs  of  error  upon  judgments  in  the 
courts  of  common  law  from  the  reign  of  Charles  I.,  and  appeals  in 
equity  from  the  Restoration.  Nevertheless,  in  the  year  1719,  a  judg- 
ment in  the  Coturt  of  Exchequer  having  been  reversed  by  the  House 
of  Lords,  the  question  was  carried  to  the  House  of  Lords  of  Great 
Britain,  by  which  the  judgment  of  the  Court  of  Exchequer  was 
affirmed.  On  this  the  Irish  House  of  Lords  resolved  that  no  appeal 
lay  from  the  Court  of  Exchequer  in  Ireland  to  the  parliament  of  Great 
Britain.  But  this  resolution  was  Immediately  met  by  an  act  of  the 
British  parliament,  the  5  Geo.  I.  c.  1,  declaring  that  "the  king's 
majesty,  by  and  with  the  advice  and  consent  of  the  lords  spiritual 
and  temporal  of  Great  Britain  in  parliament  assembled,  had,  hath,  and 
of  right  ought  to  have  full  power  and  authority  to  make  laws  and 
statutes  of  sufficient  force  and  validity  to  bind  the  people  oud  the 
kingdom  of  Ireland ;  and  that  the  House  of  Lords  of  Ireland  have  not 
nor  of  right  ought  to  have  any  juris<liction  to  judge  of,  reverse,  or 
affirm  any  judgment,  sentence,  or  decree  given  or  made  in  anv  court 
within  the  said  kingdom;  and  that  all  proceedings  before  the  said 
House  of  Lords  upon  any  such  judgment,  sentence,  or  decree  are 
and  are  hereby  declared  to  be  utterly  null  and  void  to  all  intents  and 
purposes  whatsoever." 

In  this  state  the  law  remained  till  the  year  1782.  In  that  year  the 
statute  5  Geo.  I.  c.  1,  was  repealed  by  the  22  Geo.  III.  c.  63 ;  and  the 
following  year  the  23  Geo.  III.  c.  28,  declared  the  exclusive  right  and 
atithority  of  the  Irish  parliament  and  courts  of  justice  in  all  matters 
of  legislation  and  judicattu*e  for  Ireland.  Finally,  in  1800,  by  the  Act 
of  Union,  the  89  &  40  Geo.  III.  c.  67,  the  Irish  parliament  was 
extinguished,  and  It  was  enacted  that  the  United  Kingdom  should  be 
represented  in  one  and  the  same  parliament,  to  be  called  the  parliament 
of  the  United  Kingdom  of  Great  Britain  and  Ireland. 

The  earliest  Irish  statutes  on  record  ore  of  the  year  1810 ;  but  from 
that  date  there  are  none  till  the  year  1129,  from  which  time  there  is 
a  regular  series.  The  whole  have  been  printed,  and  there  are  also 
abridgments  by  BuUingbroke  and  Belcher,  Hunt,  and  others. 

(Wakefield's  Account  of  Ireland  ;  HoUam's  Com(ituti<m(U  History  of 
England.) 
PAROCHIAL  REGISTERS.  [Registration  op  Births,  &c.] 
PARODY  (from  the  Greek  iropySfo,  and  that  from  yS^,  on  ode).  A 
parody  is  a  pleasantry,  which  consists  in  tinning  what  is  Intended  as  a 
serious  composition  into  ridicule,  by  adapting  it  to  some  new  purpose, 
or  by  the  afi'ected  imitation  of  its  x>eculiarities.  It  had  its  origin  among 
the  Greeks,  from  whose  language  the  name  is  derived.  It  seems  to  be 
synonymous  with  the  French  travestie.  Its  most  common  form  is  that 
in  which  a  performance,  while  its  principal  features  are  retained,  is,  by 
a  slight  change,  diverted  from  its  proper  design,  and  made  to  bear  a 
ludicrous  signification.  Sometimes  the  alteration  of  a  single  word,  or 
even  a  single  letter,  is  sufficient  for  the  accomplishment  of  this. 
Another  form  of  parody  is  that  in  which,  without  any  change  in  the 
original,  it  receives  a  ludicrous  character  by  its  application  to  some 
object  quite  foreign  to  the  original  intention  of  the  author.  A  tliird 
kind  consists  in  choosing  a  mean  and  ridiculous  subject,  and  treating 
it  in  the  style  and  manner  of  approved  writers;  and  a  fourth,  in 
exemplifying,  in  the  illustration  of  any  subject,  the  defects  and 
absurdities  of  writers  held  in  little  esteem.  Of  the  lost  two  sor^  of 
parody,  more  successful  specimens  will  scarcely  be  foimd  anywhere 
than  those  which  occur  in  the  work  entitled  'Rejected  Addresses.' 
The  rules  of  parody  have  respect  to  the  choice  of  the  subject  and  the 
mode  of  handling  it.  It  is  necessary  that  the  subject  should  be 
celebrated,  or  at  least  well  known,  and  that  in  treating  it  there  should 
be  no  departure  from  the  requirements  of  good  humour. 

The  term  parody  is  also  employed  in  music,  and  is  given  by  the 
French  writers  to  those  pieces  in  which  the  words  have  been  composed 
for  the  music  and  not  the  music  for  the  words. 

PAROL.  This  term,  which  signifies  **  a  word,"  has  been  adopted 
from  the  Norman-French  aa  a  term  of  art  in  English  law,  to  denote 


verbal  or  oral  proceedings,  as  disiinguished  fi*om  matters  which  hav6 
been  recorded  in  public  tribunals  or  otherwise  reduced  to  writing. 
Thtia  a  parol  contract  is  an  agreement  by  word  of  mouth,  as  opposed 
to  a  contract  by  deed.  Parol  evidence  is  t^e  testimony  of  witnesses 
given  orally,  as  opposed  to  records  or  written  instruments.  This  is 
the  popular  acceptation  of  parol;  but,  strictly  speaking,  everything, 
even  in  writing,  is  parol  which  is  not  under  seal 

The  formal  allegations  of  the  parties  to  a  suit  in  the  common  law 
courts,  called  pleadings,  which  are  now  made  in  writing,  were  formerly 
conducted  orally  at  the  bar,  and  in  the  year-books  are  commonly 
denominated  the  parol  Hence  in  certain  actions  brought  by  or  against 
an  infant,  either  party  may  suggest  the  fact  of  the  infancy,  and  pray 
that  the  proceedings  may  be  staved ;  and  where  such  a  suggestion  was 
complied  with,  the  technical  phrase  was  that  the  Parol  demurred 
(demoratus),  that  is,  the  pleadings  were  suspended  until  the  in&nt  had 
attained  his  full  age. 

PAROLE,  the  countersign,  the  pass  word,  or  watch-word,  given  to 
guards  and  sentries  in  camp  and  garrison,  and  demanded  by  them 
of  all  who  approach  their  posts,  and  on  giving  which  alone  they  permit 
them  to  pass ;  also  the  promise,  on  honour,  to  reappear  when  called 
upon,  given  by  a  prisoner  of  war  when  allowed  to  go  at  large. 

PARSLEY.  The  garden  parsley  {PetroscHnum  sativum)  is  a  hardy 
biennial,  a  native  of  Sardinia,  introduced  into  this  countiy  about  the 
middle  of  the  16th  century.  There  are  three  varieties,  two  of  which 
are  well  known,  and  commonly  used  as  pot-herbs,  and  for  garnishing, 
namely :  the  common  or  plain-leaved  ;  the  cttrled  ;  and  the  ffamburg, 
large  or  carrot-rooted,  which  last  is  cultivated  only  for  its  roots, 
occasionally  used  as  young  carrots.  The  curled  variety  is  by  far  the 
most  useful,  and  from  its  beautiful  curled  foliage  it  cannot  be  mistaken 
for  the  ^thuta  Oynapinm,  or  fool's  parsley,  a  poisonous  plant  some- 
what resembling  the  plain-leaved  ponley.  [^thusa,  in  Nat.  Hist. 
Div.] 

The  cultivation  is  simply  that  of  sowing,  usually  in  spring,  in 
shallow  drills  about  a  foot  apart ;  or  in  single  rows  along  the  borders 
of  a  kitchen-garden.  The  Hamburg  requires  to  be  sown  in  light  and 
moist  soil,  such  as  would  suit  the  carrot,  like  which  it  requires  in  all 
respects  to  be  treated. 

PARSNIP.  The  cultivated  parsnip  {Pastinaca  sativa)  is  a  native  of 
England,  and  ranks  amongst  the  hardiest  of  kitchen-garden  produc- 
tions, as  is  proved  by  the  fact  of  its  having  withstood  the  intense  frost 
of  1838,  in  the  open  ground.  There  are  four  varieties,  namely,  the 
Common,  Ouemsey,  JfoUow-croicned,  and  Round  or  Turnip-rooted.  The 
HoUow-crowned  has  been  found  the  best.  The  mode  of  culture  is  very 
simple.  The  soil  ought  to  be  deep  and  rather  light,  but  by  no  means 
adhesive ;  and  it  should  be  trenched  to  the  depth  of  at  least  two  feet. 
In  order  that  the  roots  may  be  clean  and  sound,  fresh  manure  should 
not  be  applied ;  indeed  if  the  soil  be  in  tolerably  good  condition,  no 
mantire  is  required ;  and  on  the  contrary,  if  it  be  poor,  a  more  liberal 
supply  should  be  given  in  the  previous  season,  so  that  any  immediate 
application  along  with  the  parsnip  crop  is  not  requisite. 

The  seed  should  be  sown  in  March,  and  aa  early  in  that  month  as 
the  weather  and  state  of  the  soil  will  permit,  in  shallow  drills  eighteen 
inches  apart,  the  plants  being  afterwards  thinned  to  from  8  inches  to 
a  foot  asunder  in  the  rows.  The  roots  are  not  in  perfection  for 
culinary  purposes  till  their  first  season's  growth  is  completed,  which  is 
indicated  by  the  decay  of  the  greater  part  of  the  leaves. 

Some  may  be  then  taken  up,  their  tops  cut  ofi*,  but  not  too  closely, 
and  the  roots  stored  in  sand  in  a  cool  place,  so  as  to  guard  against  the 
stimuli  of  light  and  heat  as  much  as  possible.  This  precaution  of 
storing  in  the  early  part  of  winter  is  only  necessary  in  case  of  frost 
becoming  so  severe  aji  to  render  the  operation  of  removal  difficult ; 
but  the  whole  of  the  crop  should  be  taken  out  of  the  ground  before 
vegetation  recommences  in  the  spring,  and  treated  as  above. 

Besides  the  use  of  the  roots  for  the  kitchen,  a  wine  is  sometimes 
prepared  from  them.  Abounding  in  saccharine  matter,  they  afibrd  b^ 
distillation  an  ardent  spirit,  the  process  of  fermentation  being  facUi- 
tated  by  the  addition  of  a  small  portion  of  malt  Uquor. 

The  large  Guernsey  parsnip  will  yield  under  good  cultivation  10  or 
12  tons  per  acre  of  a  most  nutritive  food  for  cows  and  pigs,  for  which 
the  roots  should  be  steamed  or  boiled. 

PARSON.    [Benefice.] 

PARTHENON.    [Athens,  in  Geoo.  Div.] 

PARTICIPLE  (in  Grammar),  the  name  of  one  of  the  parts  of 
speech  into  which  grammarians  have  distributed  the  words  of  a 
language.  The  word  "  participle"  comes  from  the  Latin  word  "  parti- 
cipium,"  which  is  formed  on  the  same  analogy  as  "  manciplum"  and 
"  principium,"  and  means  literally  "  part-taking."  It  is  said,  according 
to  the  old  grammarians,  to  have  obtained  this  name  in  consequence  of 
its  partaking  of  the  nature  both  of  the  verb  and  the  noun.  Home 
Tooke  defines  a  participle  to  be  a ''  verb  adjective/  which  la  perhaps  aa 
good  a  definition  as  can  be  given. 

The  English  language  has  only  two  participles,  which  are  usually 
called  present  and  past.  The  present  participle  in  ing,  is  a  corruption 
of  a  fuller  form  which  had  a  prefixed  a  ;  and  this  a  was  in  truth  an 
abbreviation  of  the  old  preposition  an,  signifying  in  or  on.  Thus,  "  he 
was  a-walking"  contains  the  same  element  as  "  he  was  a-bed ;''  and  the 
word  wdhing  is  merely  one  of  the  &imiliar  substantives  in  ing.  The 
Keltic  languages  form  their  participle  in  a  way  precisely  similar ;  and 
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the  French  too  has  inherited  from  this  source  the  idiom  en  dtaant 
The  term  present  participle  is  however  not  very  correct^  as  it  often 
denotes  the  continuation  of  an  action  or  a  state  of  being  independent 
of  the  notion  of  time.  A  better  phrase  is  imperfect  participle.  This 
participle  is  called  by  some  grammarians  the  active  participle,  but  it  is 
also  passive ;  thus  in  the  expression  "  he  was  building  the  house,**  the 
participle  is  active ;  but  when  we  say  "  the  house  was  building/'  it 
must  be  regarded  as  a  passive.  In  such  sentences  as  the  preceding 
there  is  no  ambiguity,  but  when  we  say  **  the  man  was  killing/'  the 
knowledge  of  the  subject  can  alone  enable  us  to  determine  whether  the 
man  was  active  or  passive.  This  ambiguity  in  the  use  of  the  partici- 
ple in  ing  has  led  to  the  modem  practice,  which  is  gaining  ground,  of 
expressing  the  notion  of  a  passive  participle  by  means  of  the  present 
participle  of  the  verb  "  to  be"  and  the  past  tense  of  the  verb  which 
is  to  be  employed,  as  "  being  loved/' "  being  praised,"  &c,  which 
exinressions  are  certainly  very  awkward  and  unwarranted  by  the  usage 
of  our  best  writers,  if  they  are  not  absolutely  wrong. 

The  other  participle  in  English  is  used  to  denote  past  time,  and  is 
generally  formed  by  adding  en  or  ed  and  d,  as  hrok-en,  praiae-df  &c. 

PARTICLE,  which  is  derived  from  a  Latin  word  {particula)  mean- 
ing a  small  port,  is  a  term  employed  in  grammar,  but  with  rather  an 
uncertain  signification.  Some  of  the  old  grammarians  included  tmder 
this  name  all  the  parts  of  speech  except  the  verb  and  the  noun, 
namely,  prepositions,  adverbs,  conjunctions,  and  interjections.  Words 
of  this  class  are  included  under  the  term  of  ''  particles"  by  the  Arabic 
granunarians.  According  to  this  definition,  such  words  as  "vehe- 
menter,"  "  unexpectedly,"  &c.,  would  be  considered  particles ;  which  is 
certainly  contrary  to  the  common  notion  which  we  attach  to  a 
particle.  In  fact  we  seem  to  regard  as  particles  all  those  small  words 
which  serve  to  make  the  sense  of  a  proposition  more  clear  and  precise, 
though  the}r  might  sometimes  be  omitted  without  rendering  the  mean- 
ing unintelligible.  To  this  class  of  words  belong  the  Qreek  yt,  apOf 
rot,  ^Tif  yv¥.  &c.,  the  English  toA^n,  yet,  in,  and,  then,  now,  &c. 

PARTITION.    [Parceners.] 

PARTITION  TREATIES.  [Treaties,  Chronological  Table  of.] 

PARTNERSHIP  may  be  defined  to  be  a  contract  between  two  or 
more  persons  for  joining  together  their  money,  goods,  labour,  and 
skill,  or  any  or  all  of  them,  upon  an  agreement  that  the  gain  or  loss 
shall  be  divided  between  them ;  and  its  object  must  be  some  legal 
trade  or  transaction.  The  English  law  of  partnership  is  founded  on 
the  common  law,  the  so-called  law  of  merchants,  and  the  Roman  law. 
By  the  common  law,  a  partner  has  no  power  to  bind  his  co-partner  by 
deed.  By  the  law  of  merchants,  he  has  power  to  bind  his  co-partner 
by  a  bill  of  exchange,  and  there  is  no  survivorship  in  the  partnership 
stock.  From  the  Roman  law  is  derived  the  principle  that  a  partner- 
ship is  terminated  by  the  death  of  a  partner.    (Gkuus,  iii.  155.) 

If  the  judges  have  any  doubt  about  the  custom  of  merchants,  they 
Dia^  send  to  them  to  know  their  custom,  as  they  may  send  for  the 
oivilians  to  know  their  law;  but  the  judges  only  recognise  those 
customs  of  merchants  that  are  general,  not  tiiose  that  are  particular 
usages. 

We  have  here  to  speak  of  private  unincorporated  partnerships,  to 
constitute  which  no  writing  is  necessary.  The  acts  of  the  parties,  when 
there  is  no  partnership  contract  in  writing,  are  the  evidence  of  the 
sontract.  Partners  may  be  either  ostensible,  nominal,  or  dormant. 
He  whose  name  appears  to  the  world  as  a  partner  is  an  ostensible  part- 
ner. An  ostensible  putner  may  or  may  not  have  an  interest  in  the 
concern ;  if  he  has  no  interest  in  ^Uie  concern,  but  allows  his  name  to 
ippear  us  one  of  the  firm,  he  is  a  nominal  partner ;  if  his  name  and 
transactions  as  a  partner  are  purposely  concealed  from  the  world,  he  is 
a  dormant  partner ;  but  if  his  name  and  transactions  are  actually 
unknown  to  the  world,  he  is  more  properly  term^  a  secret  partner. 
Generally  speaking,  any  number  of  persons  may  be  partners ;  but  there 
ve  some  exceptions,  for  which  see  the  article  on  Joint  Stock 
Companies. 

Any  person  of  sound  mind  and  not  under  any  l^gal  disability  may 
be  a  partner.    An  infant  may  enter  into  this,  as  into  any  other  trading 
contract  which  may  possibly  turn  out  to  his  advantage.    It  may,  how- 
ever, be  avoided  by  him  on  coming  of  age,  tiiough  the  person  with 
whom  he  contracts  will  be  bound.    An  alien  friend  may  be  a  trader 
and  sue  in  personal  actions,  and  may  therefore  be  a  partner.    But  an 
Englishman  domiciled  in  a  foreign  country  at  war  with  England,  or  an 
alien  enemy,  cannot  be  a  partner  with  a  person  in  this  country ;  at 
least  he  cannot  sue  in  this  country  for  a  debt  due  to  the  firm.   Married 
women  are  legally  incapacitated  from  entermg  into  the  contract  of 
partnership ;  and  although  they  are  sometimes,  under  positive  cove- 
nants, entitled  to  shares  in  banking-houses   and    other  mercantile 
concerns,  yet  in  these  cases  their  husbands  are  entitled  to  such  shares, 
and  become  partners.    If  parties  share  in  the  profit  and  loss  they  are 
partners,  although  one  may  bring  into  the  trade  money,  another  goods, 
and  athird  labour  and  skill,  which  was  also  the  rule  of  the  Roman 
law  (Gaius,  uL  149) ;  and  where  one  party  is  sole  owner  of  goods  and 
another  sole  disposer  or  manager  of  them,  if  they  share  the  profits,  they 
we  partners  in  those  profits.   Every  man  who  has  a  share  of  the  profits 
of  a  trade  must  also  bear  his  share  of  the  loss ;  for  a  right  to  a  share  of 
the  profit  legally  implies  a  liability  to  bear  a  share  of  the  loss.     Yet  it 
u  not  necessary  to  the  partnership  contract  that  every  party  should 
undertake  to  share  the  loss,  for  one  may  stipulate  to  be  free  from  all 


liability  to  loss,  and  such  stipulation  will  hold  good  as  between  himself 
and  his  co-contractors,  which  was  also  the  rule  of  the  Roman  law,  thou^ 
he  will  still  be  liable  to  all  those  who  have  dealt  with  the  firm  of  which 
he  is  a  member.  Persons  who  jointly  purchase  goods  are  not  partners 
unless  they  are  jointly  concerned  in  the  profit  or  the  produce  arising 
from  the  i^e  of  them.  It  is  not  necessary  that  the  division  of  profit 
and  loss  among  partners  should  be  equal :  it  is  sufficient  that  the 
parties  share  Uie  profits,  in  order  to  render  them  partners.  If  Uiey 
share  the  profits,  they  are  by  consequence  bound  to  share  the  losaea. 
But  to  constitute  a  man  a  partner  on  the  ground  of  sharing  profits,  he 
must  have  an  interest  in  the  profits,  as  a  principal  in  the  firm ;  if  he 
only  receive  a  portion  of  the  profits,  by  way  of  payment  for  his  labour, 
trouble,  or  skill  as  a  servant  or  agent  of  the  concern,  he  is  not  a  partner. 
Factors  and  brokers  who  receive  a  conunission  out  of  the  profits  of 
goods  sold  by  them  are  not  on  that  account  partners  with  their  prin- 
cipals ;  nor  are  persons  who  receive  a  certain  share  of  the  profits  of  an 
adventure,  as  payment  in  lieu  of  wages  for  acting  as  servants,  partners 
in  the  adventure;  nor  even  are  persons  who  receive  wages  in  proportion 
to  the  profits  of  the  imdertaking  considered  as  partners.  If  a  person 
lend  money  to  a  firm,  and  receives  an  annuity  or  interest,  certain  as  to 
amount  and  duration,  he  is  not  a  partner ;  but  if  he  were  to  receive  an 
annuity  in  lieu  of  the  profits  of  the  trade,  and  determinable  on  the 
event  of  the  trade  ceasing,  it  seems  that  he  would  be  considered  as  a 
partner  with  the  grantor  of  the  annuity ;  or  if  he  received  an  annuity 
varying  in  amount  with  the  profits,  he  would  be  clearly  a  partner  in 
the  concern. 

The  contract  of  partnership  must  be  formed  for  the  purpose. of  some 
lawful  trade,  business,  or  adventure.  If  the  subject  of  the  contract  be 
illegal,  there  can  be  no  partnership  founded  upon  it,  so  as  to  give 
the  contractors  a  remedy  against  each  other,  or  against  third  persons, 
at  law  or  in  equity ;  and  if  there  be  an  illegal  contract  of  partnership 
which  is  not  executed,  but  executory  only,  none  who  are  parties  to  it 
can  by  action  or  suit  recover  the  money  advanced  for  the  purpose  of 
establishing  the  partnership.  A  contract  originally  entered  into  for 
the  purpose  of  evading  the  usury  laws,  and  not  bond  fide  with  the  view 
of  partnership,  could  not,  while  those  laws  existed,  be  supported  aa  a 
legal  contract ;  nor  can  a  partnership  between  attorneys,  where  one  of 
them  is  not  duly  qualified,  be  sustained. 

A  person  may  stipulate  not  to  be  a  partner,  but  if  he  shares  the 
profit  with  those  with  whom  he  stipulates,  he  becomes  a  partner  so  far 
as  relates  to  his  liability  to  a  third  party.  And  if  persons  be  known  to 
share  the  profits  of  a  trade,  it  is  presumed  that  they  are  partners,  and 
as  such  liable  to  all  who  deal  with  the  firm,  whatever  be  the  private 
agreement  among  themselves.  But  they  may  repel  the  presumption 
of  partnership  by  showing  that  the  legal  relation  of  partnership  among 
themselves  does  not  exist.  If  a  person  allow  his  name  to  be  used  in  a 
business,  or  in  any  other  way  consent  to  appear  as  a  partner,  he  will 
be  so  considered  with  respect  to  other  penons,  whatever  may  be  his 
agreement  with  the  firm ;  and  he  will  be  equally  responsible  to  third 
parties  with  the  other  partnera,  although  he  may  not  receive  or  be 
entitied  to  receive  any  of  the  profits.  The  ground  of  this  rule  of  law 
is  clear  and  reasonable :  a  person  must  be  considered  bound  by  a  con- 
tract, if  he  act  in  such  a  way  as  to  make  other  contracting  parties 
believe  that  he  is  a  party  to  the  contract;  and  such  is  the  case  with  a 
man  who  allows  his  name  to  appear  as  a  member  of  a  firm,  as  to  all 
contracts  and  dealings  which  are  necessary  for  canying  on  the  business 
of  the  firm. 

A  partnership  at  will  is  one  which  continues  as  long  as  the  parties 
live  and  are  able  and  willing  to  continue  it :  a  partnerahip  for  a  fixed 
term  continues  for  the  term  if  the  parties  live  and  are  of  l^;al  capacity 
to  continue  it.  A  partnership  at  will  may  be  dissolved  at  any  time  by 
the  express  will  of  anv  member  of  it,  a  rule  which  is  derived  from  the 
Roman  law,  and  whicn  is  a  necessary  consequence  of  the  nature  of  the 
partnerahip  contract.  In  such  case  the  partnerahip  is  dissolved  imme- 
diately upon  notice  given  by  any  of  the  partners.  The  effect  of  such 
dissolution  is  to  stop  all  new  partnership  dealings  or  contracts ;  but 
the  partnerahip  still  continues  for  the  pmpose  of  completing  all  con- 
tracts already  made,  and  all  dealings  or  undertakings  already  com- 
menced. On  such  dissolution,  any  partner  is  entitled  to  have  the 
whole  partnership  stock,  and  the  interest  in  the  premises  on  which  the 
business  is  carried  on,  converted  into  money,  and  to  receive  his  share 
of  the  produce.  In  all  cases,  by  the  natural  death  of  a  partner,  the 
partnerahip  is  dissolved,  a  rule  also  derived  from  the  Roman  law,  as 
already  stated :  it  is  also  dissolved  by  a  partner's  civil  death'  as  his 
outlawry,  or  attainder  for  treason  or  felony ;  for  an  outlaw,  being  dead 
in  law,  incapable  of  entering  into  any  contract,  bringing  any  suit,  or 
holding  any  property,  a  partnership  in  which  he  is  engaged  is  therefore 
dissolved ;  and,  strictJy  speaking,  the  whole  property  is  forfeited  to  liie 
crown;  for  as  the  king  never  becomes  joint  tenant,  or  tenant  in 
common  with  the  other  partner,  the  crown  takes  the  whole ;  but  this 
right  is  seldom  enforced  against  creditora  or  innocent  partners.  A 
marriage  of  a  feme-sole  trader  is  also  a  dissolution  of  a  partnership 
at  wiQ.  A  partnerahip  for  a  term  may  be  dissolved  before  its  expira- 
tion by  the  mutual  consent  of  the  pEirties,  by  the  decree  of  a  court 
of  equity,  or  by  the  bankruptcy,  outlawry,  or  felony  of  any  of 
the  partnera.  A  court  of  equity  will  in  some  cases  dissolve  a  partner- 
ship on  the  ground  of  incurable  insanity  in  one  of  the  partnership.  A 
partner  may  agree  that  upon  his  death  the  business  may  be  carried  on 


821 


PABTNERSHIP 


PARTNERSHIP. 


aza 


beyond  the  legal  period  of  dissolution  in  the  hands  of  his  children  or 
other  third  parties;  but  this  is  properly  an  agreement  for  a  new 
partnership.  Partners  cannot  be  relieved  from  future  liabilities  to 
third  parties  without  notice  to  them  and  to  the  world  in  general  that 
the  ptutnerahip  has  ceased ;  but  in  the  case  of  a  dormant  partner,  if 
none  of  the  creditors  know  that  he  is  a  partner,  no  notice  of  nis  retire- 
ment from  the  firm  is  necessary ;  kad  if  it  be  Imown  to  some,  notioe  to 
such  only  will  be  sufficient.  On  the  death  of  a  partner^  notice  of  the 
dissolution  to  third  parties  is  unnecessary. 

Partners  are  joint  tenants  in  the  stock  and  all  effects;  yet  there  is 
no  survivorship  in  equity,  or,  as  it  has  been  said,  at  law,  in  such  part 
of  the  stock  as  is  moveable.  Upon  the  decease  of  a  partner,  his  per- 
sonal representativee  become  entitled  to  his  share  of  the  moveable  stock 
and  effects,  and  they  thereupon  become  in  equity,  and,  as  it  has  been 
said,  at  law,  tenants  in  common  with  the  surviving  partners.  If ,  as  is 
generally  th«  case  in  the  purchase  of  lands  for  the  purposes  of  a  partner- 
ship, they  are  conveyed  to  the  partners  as  tenants  in  common,  and  one 
of  the  partners  should  die  intestate,  the  legid  estate  in  his  share  will 
descend  to  his  heir,  who  will  be  temmt  in  common  with  the  other 
partners.  If  the  lands  were  conveyed  to  them  as  joint  tenants,  there 
will  be  no  survivorship  in  equity ;  and  it  becomes  then  a  question 
whether,  upon  the  death  of  a  joint  tcader,  who,  with  his  partners,  has 
BO  purchased  lands  for  the  purpose  of  the  trade,  his  shsfe  will  descend 
for  the  benefit  of  his  heir  or  his  next  of  kin ;  and  the  better  opinion 
seems  to  be  (see  Darby  v.  Darby,  3  Drew,  499),  that  althoi^h 
the  legal  estate  in  freehold  proper^  purchased  by  partners  for  the 
purposes  of  their 'trade  will  go  in  the  ordinary  course  of  descent,  yet 
the  equitable  interest  will  be  held  to  be  part  of  the  partnership  stock, 
and  distributable  as  personal  estate.  It  is  scarcely  necessary  to  observe, 
that  upon  the  purchase  of  lands,  they  may  be  erpresaly  conveyed  so  as 
to  be  always  held  as  real  estate,  and  descend  to  the  heirs  of  the  several 
partners. 

It  sometimes  happens  that  one  person  supplies  goods  for  an  adveu" 
tore,  and  another  only  hitf  time,  trouble,  and  cradit;  yet  if  in  the 
agreement  between  the  parties  there  are  words  which  imply  a  joint 
undertaking,  those  words  are  evidence  of  an  intention  to  share  jomtly 
the  goods  and  also  the  profits  of  them. 

There  is  an  implied  obligation,  in  the  absence  of  express  stipulation, 
among  partners  to  use  thej  property  for  the  benefit  of  all  of  them : 
and  any  fraud  on  the  part  of  one  partner,  either  by  misapplication  of 
the  partnership  fund  or  in  any  other  way,  is  a  matter  of  which  a 
court  of  equity  will  take  cognisance.  No  partner  has  a  right  to  engage 
in  any  business  or  speculation  which  must  necessarily  deprive  the 
partnership  of  his  time,  skill,  and  l&bour,  because  it  is  the  duty  of 
each  to  devote  himself  to  the  interest  of  the  firm.  It  is  the  duty  of  each 
partner  to  keep  precise  accounts,  and  to  have  them  always  ready  for  the 
inspection  of  his  co-partner.  Each  partner  is  liable  to  the  performance 
of  all  contracts  of  Ms  co-partners,  in  the  same  manner  as  if  entered 
into  personally  by  himself,  provided  they  relate  to  matters  which  are 
withm  the  objects  and  purposes  of  the  partnership.  If  the  parties  to 
the  contract  of  partneiBhip  do  not  regulate  it  by  express  stipulation 
amongst  themselves,  the  contract,  with  its  duties  and  obligations,  will 
be  implied  and  enforced  by  the  rules  of  law  applicable  to  persons  in 
such  relative  situations ;  and  where  the  contract  does  not  reach  all  the 
duties  and  obligations,  such  omissions  will  be  supplied  by  the  same 
rules  of  law.  ^ough  partners  may  have  entered  into  a  written  agree- 
ment which  specifies  the  terms  on  which  the  joint  concern  is  to  be 
carried  on,  yet,  if  there  be  such  a  course  of  dealing  as  leads  to  the 
conclusion  that  they  have  agreed  to  change  the  terms  of  the  original 
written  agreement,  they  will  be  considered  to  have  done  so.  For 
instance,  it  the  agreement  be  that  no  partner  shall  draw  or  accept  a  biU 
of  exchange  in  his  own  name,  without  the  concurrence  of  all  the  others, 
yet,  if  they  afterwards  adopt  a  practice  of  permitting  one  of  them  to 
draw  or  accept  bills  without  the  concurrence  of  the  others  it  will  be 
held  that  they  hav^  so  far  varied  the  terms  of  the  original  agreement. 
The  transactions  of  partners  are  always  to  be  looked  to  in  order  to 
determine  between  them,  even  against  the  written  articles,  what 
clauses  in  those  articles  will  not  biod  them.  It  is  impossible  to  state 
all  the  varieties  of  stipulation  which  are  introduced  into  partnership 
articles ;  it  will  [be  sufficient  to  repeat  that  within  the  limits  before 
laid  down,  the  parties  may  enter  mid  such  stipulations  as  they  please. 

One  putner  may  maintain  an  action  of  covenant  against  his  co- 
partner, whether  the  covenant  be  for  the  payment  of  money  or  Hie 
performance  of  any  act  for  commencing  or  establishing  the  partner- 
ship, or  for  the  performance  of  any  of  the  articles  after  the  partnership 
has  commenced ;  and  if  adequate  compensation  for  the  breach  cannot 
be  had  at  law,  a  court  of  equity  will  enforce  a  specific  performance  of 
the  covenant  itself.  Courts  of  law  do  not  allow  actions  of  debt  by  one 
partner  against  another  for  money  due  upon  simple  contract,  as  for 
money  laid  out  by  one  partner  for  the  purposes  of  the  partnership. 
The  pa^er  who  is  aggrieved  must  therefore  enforce  his  remedy  by 
action  of  accoimt,  or  by  an  application  to  a  court  of  equity,  by  filing  a 
bill  for  an  account  and  a  dissolution  of  the  partnership.  A  partner 
cannot  maintain  an  action  of  debt  against  his  co-partner  for  work  and 
labour  performed,  or  money  expended  on  account  of  the  partnership ; 
if  therefore  he  has  a  daim  upon  his  co-partner  for  a  sum  of  money 
due  on  account  of  the  partneFship,  but  not  constituting  the  balance 
of  a  separate  account,  or  a  general  balance  of  all  accounts,  his  only 
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mode  of  recovering  the  amount  is  by  an  action  of  account,  or  by  a 
bill  in.  a  court  of  equity  praying  for  an  account,  and  usiially  also 
for  a  dissolution.  If  it  turn  out  that  an  \mdertaking  is  impracti- 
cable, as  if  a  machine,  for  the  working  of  which  the  partnership  was 
entered  into,  wUl  not  answer  the  purposes  intended,  and  so  the 
object  of  the  parties  is  frustrated,  or  if  either  party  commit  fraud,  or 
gross  acts  of  carelefisness  or  waste  in  the  administration  of  the  part- 
nership, the  party  aggrieved  has  a  right  to  a  dissolution,  and  the  same 
will  be  decree4  ui  equity.  A  partner  is  also  entitled  to  an  account 
of  the  partnership  assets  against  his  co-partner,  but  it  was  formerly 
held  that  he  could  not  have  it  pending  tiie  partnership.  If  therefore 
he  filed  his  bill  for  an  account,  it  was  also  neoessaiy  to  pray  for  a 
dissolution.  It  is  now  oonsiderepL  that  a  partner  may  have  such  an 
account  on  stating  a  proper  case,  without  asking  for  a  dissolution; 
but  oonsidering  the  circumstances  under  which  a  partner  files  a  bill  for 
an  account  of  partnership  dealings,  it  will  seldom  happen  that  it  will  be 
his  interest  not  to  pray  for  a  dissolution  of  the  partnership.  Where 
one  partner  has  committed  such  breaches  of  duty  as  would  warrant  a 
decree  for  a  dissolution,  a  court  of  equity  will  interfere  summarily  by 
injunction:  as  where  one  partner  has  involved  the  partnership  in 
debt,  or  has  himself  become  insolvent,  the  court  will  restrain  nim 
from  drawing,  accepting,  or  indorsing  bills  in  the  name  of  the 
firm,  from  receiving  the  partnership  debts,  and  from  continuing  to 
carry  on  the  business  by  entering  into  new  conttaots.  It  wiH  also 
restrain  an  action  brought  by  one  partner  against  his  co-partner  on  a 
separate  and  private  account,  upon  payment  by  the  latter  of  the  money 
into  court.  So  it  will  restrain  the  application  of  the  partnership  pro- 
perty to  a  use  not  warranted  by  the  articles;  or  an  execution  against 
the  partnership  property  for  the  separate  debt  of  one  partner.  A 
court  of  equity  will  appoint  a  receiver  where  one  partner  exdudes 
another  from  taking  sucQi  part  in  the  concern  as  he  is  entitled  to  take, 
and  will  do  this  even  with  a  view  to  the  continuation  of  the  co- 
partnership, if  it  is  for  the  benefit  of  the  complaininf  partner,  alihou^^ 
such  a  step  is  usually  taken  with  a  view  to  a  diasoTution  and  winding 
up  of  Uie  partneruiip  affiiirs.  Whether  the  party  appl^ring  for  a 
receiver  wish  a  continuance  or  dissolution  of  the  partnership,  he  must 
make  out  such  a  case  to  induce  the  court  to  interfere,  as  would 
authorise  a  decree  for  a  dissolution. 

Qcoierally  spealdng  one  partner  has  an  implied  authority  to  bind  the 
firm  by  contracts  relating  to  the  partnership,  and  he  can  do  this  by 
mere  verbal  or  vmtten  agreements,  or  by  negotiable  securities  such  as 
bills  of  exchange  and  promissory  notes.  One  partner  may  pledge  the 
credit  of  the  firm  to  any  amount ;  but  there  are  some  exceptions  to 
this  rule.  A  dormant  partner  is  in  all  cases  liable  for  the  contracts  <^ 
the  firm  during  the  time  that  he  is  actually  a  partner ;  and  a  nominal 
partner  is  in  the  same  manner  liable  during  thd  time  that  he  holds 
himself  out  to  the  world  as  a  partner.  Partners  can  make  110  arrange- 
ments among  themselves  which  will  limit  or  prevent  their  ordinary 
responsibilities  to  third  parties.  The  power  oi  one  partner,  above 
alluded  to,  to  bind  his  co-partner,  is  implied  in  law,  no  express 
authority  from  the  latter  bein^  necessary  for  that  purpose ;  and  in  the 
case  of  bUls  of  exchange,  it  exists  by  custom  which  has  been  judicially 
recognised.  One  partner  may  give  a  guarantee  for  himself  and  hia 
partners,  and  the  firm  will  be  bound  by  it,  if  it  be  made  in  a  matter 
relating  to  the  partnership.  The  act  and  assurance  of  one  partner, 
made  with  reference  to  business  transacted  by  the  firm,  will  bind  all 
the  partners.  A  partner  will  also  be  liable  in  respect  of  a  fraud  com- 
mitted by  his  co-partner,  if  committed  in  the  capacity  of  partner,  in 
contracts  relating  to  the  co-partnership,  made  with  innocent  third 
persons.  Thus,  if  a  ^partner  purchase  goods  such  as  are  used  in  the 
business,  and  fraudulently  convert  them  to  Ms  own  use,  the  innocent 
partner,  provided  there  be  no  collusion  between  the  seller  and  the 
buyer,  is  liable  for  the  price  of  the  articles.  But  partners  are  not 
liable  for  the  vrrongs  of  each  other,  excepting  where  one  partner  acts 
as  the  servant  of  the  rest,  in  which  case  the  whole  of  the  partners  are 
liable  to  the  consequences  of  any  wrong  he  may  do ;  and  they  may  be 
proceeded  against  altogether,  or  one  may  be  sued  alone  for  uie  whole 
of  the  dunage  done.  One  partner  has  no  implied  authority  to  bind 
his  co-partner  by  deed,  yet  if  he  execute  a  deed  on  behalf  of  the 
firm,  in  the  presence  of  and  with  the  consent  of  his  co-partnen^ 
it  mil  bind  the  firm.  It  seems  tiiat  a  release  by  one  of  sevend 
partners  to  a  debtor  of  the  firm  binds  the  firm ;  but  if  such  release 
be  fraudulent,  it  will  be  set  aside  by  a  court  of  equity ;  and  even  a 
court  of  law  will  interfere  to  prevent  a  fraudulent  release  from  being 
pleaded. 

Where  no  time  is  mentioned  in  the  deed  of  partoership  for  its  com- 
mencement, the  liabilities  of  the  firm  wUl  commence  from  the  date  of 
the  deed;  but  in  adventures,  unless  the  parties  have  previously  held 
themselves  out  as  partners,  the  liabilitiis  commence  from  the  time 
fixed  by  the  contract.  An  in-coming  partner  ii  not  liable  for  debts 
contracted  before  he  joined  the  firm,  but  if  he  pay  any  of  the  old 
debts  or  interest  upon  them,  or  does  other  special  acts,  he  may  render 
himself  liable  in  equity.  In  an  adventure  an  in-coming  partner  is  not 
liable  for  the  price  of  the  goods.  When  an  infant  par&er  oomes^  of 
age,  and  does  not  diss^ffirm  the  partnership,  if  he  wuui  to  avoid  being 
liable  for  the  future  debts,  he  must  give  the  creditors  notioe  of  his 
diaaffirmance :  but  for  the  past  contracts  he  cannot  be  sued  unless  he 
I  promise  to  pay,  or  his  ratification  of  the  debts  contracted  in  infancy 
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be  made  in  writixig.  On  the  retirement  of  an  ostensible  partner, 
notice  of  his  retirement  must  be  given,  or  he  will  be  liable  to  the 
creditors  of  the  contintung  firm  for  subsequent  contracts  made  by 
them,  and  such  notice  is  usually  given  in  the  Ghizette ;  but  notice  in 
the  Gazette  will  not  bind  creditors  who  are  not  shown  to  have  seen 
the  notice.  Third  persons  have  a  claim  against  a  dormant  partner  for 
oontraotfl  entered  into  by  the  firm  while  he  was  a  partner.  This  claim 
is  founded  on  such  dormant  partner  being  actually  a  partner :  and 
therefore  it  is  unnecessary,  on  the  diaselution  of  a  partnership 
between  an  ostendble  and  a  dormant  partner,  to  give  notice  of  the 
dissolution  to  the  creditors,  in  order  to  protect  the  latter  from 
subsequent  contracts ;  for  when  the  dormant  partner  has  ceased  to  be 
a  partner,  he  is  relieved  from  all  future  liability. 

It  is  collected  from  the  majority  of  cases  that  a  partnership  oontraot 
is  joint  (not  joint  and  several)  both  at  law  and  in  equity.  Upon  the 
d^ith  of  a  partner  therefore  the  legal  remedy  against  him  in  respect  to 
the  joint  contract  is  extinguished,  and  the  creditors  can  ma-mtam  an 
action  against  the  surviving  partners  only.  But  the  rule  of  equity  as 
applicable  to  partners  with  respect  to  third  parties  was  considered  to 
be  that  the  joint  debts  should  be  satisfied  out  of  the  joint  estate ;  if 
that  were  insufficient,  then  subject  to  the  claims  of  their  separate 
creditors  out  of  their  separate  estates  proportionally ;  and  if  any  of 
them  were  insolvent,  then  out  of  the  remaining  separate  estates  into- 
portionally.  But  the  case  of  Devaynes  v.  Noble  (1  Mer.,  529),  ainee 
affirmed  on  appeal  by  lord  Brougham  (2  R  ft  M.  495),  has  established 
the  principle  that  a  partnership  oontract  is  several  as  well  as  joint; 
and  that  a  partnership  creditor  may  have  recourse  for  full  payment  to 
the  estate  of  a  deceased  partner.  And  the  same  judge  (Sir  W.  Qtant) 
who  decided  that  case,  declared  that  a  partnership  debt  has  been 
treated  in  equity  as  the  several  debt  of  each  partner,  though  at  law  it 
is  only  the  joint  debt  of  all. 

It  has  been  before  said  that  notice  of  the  decease  of  a  partner  to  the 
oreditors  of  the  firm  is  not  necessary  to  free  his  estate  from  future 
liability;  but  it  is  otherwise  if  one  of  the  surviving  partners  be 
executor  of  the  deceased.  A  deceased  partner  sometimes  directs  his 
executors  to  continue  the  trade ;  in  that  case  his  estate  will  be  liable 
to  the  extent  to  which  he  directs  his  assets  to  be  employed.  If 
the  executor  exceed  that  limit,  he  becomes  personally  responsible. 

In  actions  by  partners,  aU  the  partners  may,  ana  all  ostensible 
partners  must,  join  as  plaintiffs,  unless  the  oontnuct  upon  which  the 
action  is  brought  be  in  writing  under  seal,  when  only  those  partners 
who  are  included  can  sue  thereon.  But  if  a  contract  not  under  seal  be 
made  by  some,  for  the  benefit  of  themselves  and  others,  those  for 
whose  benefit  it  is  made,  as  well  as  those  whose  names  appear  on  the 
oontnust,  may  sue.  Parties  to  a  l^gal  partnership  cannot  recover  upon 
an  illegal  contract,  although  its  ille^ty,  at  the  time  it  was  made, 
were  only  known  to  one  of  the  mexm>eni  of  the  firm.  Persons  who 
may  legally  be  partners  in  foreign  countries,  as  husband  and  wife, 
eannot  sue  here  as  partners,  for  by  the  law  of  England  husband  and 
wife  are  not  permitted  to  sue  as  partners.  On  the  other  hand,  partners 
trading  abroad  in  such  a  manner  as  to  make  a  partnership  here,  may 
sue  as  partners  for  consignments  sent  to  this  conntay,  though  they 
oamiot  sue  as  partners  at  the  place  of  trading  by  reason  of  the 
particular  law  of  that  place.  The  construction  of  contracts  is  governed 
by  the  laws  of  the  country  in  which  they  are  made ;  but  remedies 
must  be  pursued  by  the  means  pointed  out  by  the  law  of  the  country 
whose  tribimals  are  appealed  to.  The  laws  of  the  country  where  the 
oontraot  was  made  can  only  have  a  reference  to  the  nature  of  the 
oontraot,  not  to  the  mode  of  enforcing  it.  If  partners  have  occasion  to 
prefer  an  indichnent  relating  to  the  purtnership  property,  such  property 
may  be  stated  in  the  indictment  as  belonging  to  one  of  them  by  name, 
and  to  another  or  others,  as  the  case  may  be.  But  though  it  is  not 
necessary  to  name  all  the  partners,  yet  where  there  are  other  partners, 
that  fact  should  appear  in  the  indictment,  or  the  prisoner  must  be 
acquitted. 

A  whole  firm  may  become  bankrupt,  or  some  or  one  only  of  the 
partners  may  become  so,  whilst  the  remaining  members  may  be  solvent ; 
but  those  only  of  the  partners  who  have 'committed  acts  of  bankruptcy 
are  to  be  deemed  bankrupts ;  and  to  constitute  two  or  more  bankrupts 
under  a  single  adjudication,  there  must  be  evidence  of  joint  trading. 
Upon  the  bankruptcy,  the  whole  of  the  bankrupt's  prop«rty  vests 
atMolutely  in  the  assignees,  who  have  the  same  remedy  by  action  for 
the  recovery  of  the  debts  due  to  the  bankrupt,  and  for  the  redress  of 
all  civil  injuries  with  respect  to  the  property  paasmg  to  them  under 
the  adjudication,  as  the  bankrupt  would  have  had  if  none  had  been, 
made:  Accocdingly,  when  the  bankruptcy  is  separate,  the  solvent 
puiners  join  with  the  assignees  in  an  action  for  the  recovery  of  the 
jomt  debts.  On  the  bankruptcy  of  one  partner,  the  solvent  partners 
become  tenants  in  common  mth  the  assignees  of  all  the  partnership 
aflfects.  Upon  the  bankruptcy  of  one  partner,  under  a  separate  adju- 
dication made  against  him,  his  assignees  take  all  his  septtate  property 
and  aU  his  interest  in  the  joint  property;  and  if  a  jomt  adjudication 
jssue  against  all,  flie  assignees  take  all  the  joint  property,  and  all  the 
separate  property  of  each  individual  partner.  Joint  estate  is  that  m 
which  tiie  partners  are  jointly  interested  for  the  purposes  of  the 
prtnership  at  the  time  of  the  bankruptcy.  Separate  estate  is  that 
m  which  the  partners  are  each  separately  interested  at  that  time. 
Jomt  debts  are  those  for  which  an  action,  if  brought,  must  be  brou^t 


against  aU  the  partners  constituting  the  firm ;  in  all  cases  therefore 
when  a  partner  becomes  liable  for  a  debt  contracted  by  hii  co-partaen, 
a  joint  debt  is  created,  and  the  creditor  is  a  joint  creditor  of  the  firm. 
Separate  debts  are  those  for  which  the  creditor  can  have  his  remedy  ti 
law  against  that  partner  only  who  contracted  them. 

The  rules  reusing  to  joint-stock  companies,  banks  and  minixte 
adventures  not  regi^ted  by  charters  of  incorporation  or  speou 
custom  were  formerly  exactly  the  same  as  those  of  any  other  kind  U 
partnerships.  But  recent  legislation  has  oondderably  modified  the 
position  of  these  associations,!^  introducing  under  certain  rastrictioiu, 
the  principle  of  Umiied  liabiUti/.  The  stat.  19  k  20  Viet  c  47  (1856) 
amended  by  some  subsequent  acts,  .now  regulates  most  joint-stod 
oompanies.  The  stat  20  fr  21  Vict  c.  40  (1857),  and  21  &  22  Vict  c 
91  (1858)  apply  to  joint-Btook  banking  companies,  the  latter  statote 
enabling  these  bodies  to  avail  themselves  if  they  please  of  the 
principle  of  limited  liability.  For  more  detailed  infonnation  the 
reader  is  referred  to  the  article  Joimt-Stook  Gompanibs. 

A  bill  for  consolidating  the  enactments  on  this  subject  was  introduced 
in  the  late  session  of  parliament  (1860),  but  did  not  pass  into  law. 

The  legal  condition  of  part-owners  of  ships  is  considered  uader 
Setif. 

The  chief  rules  of  Roman  law  as  to  partnership  may  be  eolleeted 
from  Gains,  iiL  148-164;  'Dig.,'  xviL,  tit.  2;  Cicero,  'Pro  PnUk) 
Quintio.' 

(Collyer  'On  Partnership,'  and  Blaokst.  Comm.,  ▼.  il,  Pi  626,  Mi. 
Ecnys  edition.) 

PARTY  WALLS.    [Buildino  Aots.] 

PARVISE  {parvla,  Sn  French),  an  old  term  lor  an  opes  ffw  or 
porch  before  the  principal  entrance  of  a  church.  It  appears  to  have 
been  used  only  or  chiefly  with  reference  to  a  cathedral  or  otlur  Uige 
ehureh.  The  older  French  writers  term  the  pronaoe  <rf  the  iV- 
thenon,  or  the  outer  cirouit  -of  the  temple  at  Jerusalem,  a  ptrvia  By 
modem  English  writers  on  Gothic  aretuteoture,  the  room  eooetifflee 
seen  over  a  churoh  pordi  is  called  a  parvise.  These  rooiw,  which  are 
often  of  later  date  than  the  porohes,  are  supposed  to  have  ■fi"'^^ 
the  private  oratories  of  chantiy  priests,  or  as  some  think,  to  have  been 
occupied  by  anchorites  or  recluses.  Examples  of  these  parrisee  oomr 
at  Fotheringhay ,  Northamptonshire ;  Sherborne,  DorsetsUre ;  Hairow- 
oU'the-Hill,  Middlesex,  &c. 

PARVOLINB  {C,ja.^).  An  or^e  alkaloid  found  inDonehhw 
shale-tar.    It  is  isomeric  with  cumidme.  . 

PA'SHA  or  BASHA,  a  Turkish  appellation  for  a  man  in  W 
command,  such  as  the  great  officers  of  the  Forte,  the  govenonof 
provinces,  and  the  high  admkal,  who  is  called  Capitan  ^^^J^ 
provinces  administered  by  Pftshas  are  oalled  Pashaliks.  TbeTorts 
often  write  the  word  Fashah  with  an  h  at  the  end,  as  if  it  were  •  <»b- 
traction  or  corruption  of  the  Pendanword  Padishah,  which  is  a  c^* 
pound  of  Pad,  ^aguardian,"  and  Shah,  "akang,"  andwhichbw 
titie  assumed  by  tiie  Ottoman  Sultan,  the  king  of  Persia,  the  Mop 
and  other  great  Eastern  potentates.  (Herbelot,  '  BibHoth^e  One&^ 
tale.*)  Some  derive  Pasha  from  the  Persian  Pi^  Shah,  "the foot tf 
the  kmg.''becanse  those  officers  tread  in  the  steps  of  the  BOTereignf°^ 
stand  hi  his  place.*  ('  Ckmtinuation'  to  D'Herbelot,  voL  iv.,4to.edibon, 
1779.) 

PASQUIN,  the  name  given  to  a  mutilated  ancient  statae  vhi^ 
stood  at  the  corner  of  the  palace  Santobuono,  in  a  small  open  pbce  m 
the  city  of  Rome,  near  the  Piaeza  Navona.  It  repreeents  a  wamorni 
the  attitude  of  defence.  The  subject  of  the  statue  is  not  Jmow^ 
Pasquino  was  the  name  of  a  tailor  who  ]lived  in  that  neighboarnooa 
"  many  yeare  suxce,"  says  Parisio,  in  his '  Antiquities  of  ^^jjr^ 
lished  A.D.  1600.  The  shop  of  Pasqumo  was  a  sort  of  place  of  nwetang 
for  the  people  of  the  district,  who  came  there  to  tell  or  hear  the  ne^ 
of  the  day,  as  is  stiU  the  custom  in  the  apothecaries'  shops  ^^^^ 
vincial  towns  of  Italy.  The  tailor  was  a  facetious  man,  and  his  wiw^ 
sayings  were  styled  «  Pasquinate,"  which  afterwards  became  a  ea^^ 
appelmtion  for  humourous  epigrams  and  sarcastic  lampoons,  a  '^^ 
composition  for  which  the  modem  Romans  are  noted.  *"**^-,. 
poons,  whidi  often  attacked  people  in  high  stations  and  the  Sp, 
ment  itself,  were  fixed  in  the  night  on  or  near  the  statue  auww^ 
mentioned;  and  thus  the  statue  itself  came  to  be  called  ^^^'^ 
being  the  representative  of  the  witty  tailor  of  that  name.  ^^^^^ 
of  these  epigrams  have  been  made,  and  some  of  them  are  veiy  j> 
though  often  scurrilous  and  coarse. 

PASSENGERS.    [Sairs.] 

PASSIVE  VOICE.    (Middle  Voiob.]  , 

PASSOVER  (nCD,  a  paadng  over,  or  tpori^g,  Htff7(9)>  ^ 

the  feast  of  unleavened  bread,  one  of  the  three  great  annual  '^^^^ 
tiie  Jews,  was  established  to  oonunemorate  God's  P'^^^'^^^^f  the 
houses  of  the  Israelites  in  Egypt  when  he  slew  the  first-born 
Egyptians  (Exod.  xu.  27).  It  was  first  observed  in  Egyp*  ?^7*<,f  5tf 
before  the  Exodus.  It  began  on  the  evening  after  the  14th  W 
month  Abib,  or  Nisan.  which  was  t^^e  first  month  of  the  »|^j|i  ^ 
and  lasted  seven  days,  the  first  and  last  of  which  were  ^"^^p  of 
especially  holy  by  abstinence  from  all  labour,  and  by  a  ^'J^^^i^  in 
the  people  for  worship.  After  the  settiement  of  *he  ^^^rp^^9 
Palestine,  it  was  incumbent  on  all  their  males  to  go  up  to  toe  ^  ^ 
to  keep  this  feast.    The  following  were  the  ceremonies  obserr 
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oelebration : — ^A  lamb,  or  kid,  a  male  of  the  first  year,  without  blemish, 
wae  selected  by  each  household  (or  if  the  households  were  small,  by 
two  con  jointly)  on  the  10th  day  of  the  month,  and  it  was  kept  till  the 
14th  day  of  Uie  month,  when  it  was  killed  in  the  evening  (literally, 
"  between  the  two  evenings,"  an  expression  which  is  variously  inter- 
preted), and  roasted,  and  eaten  with  unleavened  bread  and  bitter  herbs. 
None  of  it  was  to  be  left  till  the  next  day :  all  that  was  not  eaten  was 
to  be  burnt.  They  were  to  eat  it  in  haste,  standing,  with  their  loins 
girt,  their  shoes  on  their  feet,  and  their  staves  in  their  hands,  as  those 
prepared  for  a  journey.  None,  whether  InraeUtes  or  strangers,  were  to 
partake  of  it  unless  they  had  been  circmncised.  Not  a  bone  of  the 
paschal  Iamb  was  to  be  broken,  and  all  of  it  was  to  be  eaten  in  the  same 
house.  When  the  lamb  was  killed,  its  blood  was  sprinkled  with  a 
bunch  of  hyssop  on  the  lintel  and  door-posts  of  the  houses,  whioh  was 
intended,  in  the  original  institution  of  the  feast,  as  a  sign  to  distinguish 
the  houses  of  the  Israelites  from  those  of  the  Egyptians;  and  no  one 
was  to  go  out  of  doors  till  the  morning. 

Dining  the  seven  days  for  whioh  the  feast  lasted  none  but  unleavened 
bread  was  to  be  eaten,  on  penalty  of  being  cat  off  from  the  people. 
Sacrifices  were  appointed  to  be  offered  on  each  of  the  seven  days 
(Numb,  zzviii  17-25).  On  the  seeond  day  of  the  feast  a  sheaf  of  com 
was  to  be  brought,  as  the  first-fruits  of  the  harvest,  and  the  priest  was 
to  wikve  it.  before  the  Lord.  (L^t.  xzlit  10 ;  Joseph.,  '  Ant./  iii 
10, 5). 

The  word  possover  is  used  not  only  for  the  feast,  bat  also  repeitedly 
for  the  paschal  lamb  itself. 

This  institution  was  typical  of  the  death  of  Christ  for  the  salvation 
of  his  people  (1  Cor.  v.  7) ;  and*  it  was  at  the  passover  that  the  Lord's 
sapper  was  instituted. 

(Winer's  BibUaeha  HecdwMerbudi,  undar  'FAseha;'  LightfootTs 
Tmpk  Serviee,  o.  12.) 

PASSPORT,  a  printed  permission  signed  by  the  seeretary  of  state 
of  the  home  department  of  a  country,  or  some  other  constituted 
authority,  which  allows  a  subject  of  that  country  to  leave  it  and  go 
ftbroad.  When  he  has  obtained  this,  the  bearer  must  have  his  psasport 
signed  by  the  minister  or  a^nt  of  the  state  to  whioh  he  intends  to 
proceed.  A  foreigner  who  wishes  to  leave  a  country  where  he  has  been 
residing,  generally  obtains  his  passport  from  the  minister  or  agent  or 
consul  of  his  own  state.  Such  a  document  states  the  name,  sumame, 
age,  and  profession  of  the  bearer,  and  serves  as>  voucher  at  his  char 
rftcter  and  nation,  and  entitles  him  to  the  protection  of  the  authorities 
of  other  countries  through  which  he  may  pass,  and  which  are  at  peace 
with  his  own.  On  arriving  at  the  out{K)rts  or  frontier  towns  of  a 
foreign  state,  every  traveller  is  obliged  to  show  his  passport,  which  is 
examined  by  the  proper  authorities  and  signed,  or  visdd,  before  he  is 
allowed  to  proceed  on  his  journey.  This  ceremonv  is  sometimes  re- 
peated at  every  gaxnson  town  which  he  passes  on  we  road.  Even  the 
natives  of  most  Eur(n)ean  states  cannot  travel  twenty  miles  through 
their  own  country  wiwout  being  furnished  with  a  passport  In  Great 
Britain  passports  to  foreign  countries  are  granted  by  the  secretary  of 
state  for  Foreign  Affiiin,  by  whom  also  agents. are  appointed  at  manv 
of  the  British  ports,  who  are  authorised  to  grant  passports  to  British 
sabjects. 

The  system  of  passports  is  old.  The  onlv  civilised  countries  in 
which  passports  are  not  requrred  are  the  British  Islands  and  the  United 
States  of  r^orth  America;  and  the  natives  of  those  two  cotmtries, 
accustomed  to  the  freedom  of  unobstructed  locomotion,  find  the  regu- 
lations as  to  passports  when  they  travel  on  the  continent  of  Europe  to 
be  rather  irksome.  The  practice  has  been  defended  on  the  plea  that 
it  prevents  improper  and  dangerous  persons  from  introducing  or  con- 
cealing themselves ;  but  ntunerous  instances  have  proved  that  ^persons, 
however  obnoxious,  who  have  money  and  friends,  can  evade  such 
restrictions.  That  every  state  may  admit  or  refuse  admittance  to 
foreignera,  as  it  thinks  fit,  cannot  be  questioned;  and  in  times  of  war 
especially,  some  sort  of  restriction  may  be  required  for  the  safety  of 
the  countiy ;  but  the  present  system  of  passports,  as  enforced  in  many 
European  states  in  time  of  profo\md  peace,  is  both  Illiberal  and  puerile. 
It  is  a  check  upon  travellera,  to  whom  it  causes  much  trouble  and  loss 
of  time,  while  the  advantages  supposed  to  result  from  it  are  at  least 
very  dubious.  It  has  been  compared  to  spidere'  webs,  in  which  flies 
ue  caught,  but  which  larger  insects  or  birds  easily  carry  off  along  with 
them.    In  Turkey  a  passport  is  called  a  FiBtfAN. 

PASTES.    TGlass.] 

PA'STORAL  (from  the  Latin  potior,  a  shepherd  or  herdsman),  is 
the  name  given  to  poems  which  are  descriptive  of  the  purauits  of 
country  Uf  e,  or  to  dramas  In  which  the  characters  represent  shepherds 
or  other  country-people.    [Bucolics;  Idyll.] 

Pastoral  lettera  are  circulars  addressed  by  a  bishop  to  his  diocesans 
for  purposes  of  religious  instruction  or  admonition  in  matten  of  dis- 
ciplme.  This  name  also  is  derived  from  **  pastor,"  the  bishop  being 
styled  the  shepherd  of  his  spiritual  flock. 

PASTURE,  COMMON  OF.    [Commons.] 

PASTURE  LAND.  There  are  tribes  which  have  no  other  occu- 
pation than  that  of  pasturing  domestic  animals,  and  immense  tracts  of 
fertile  soil  are  still  unappropriated  to  any  definite  owner.  Where  the 
climate  is  genial,  and  the  extremes  of  heat  and  cold  are  unknown, 
cattle  are  f ^  aU  the  year  round  by  moving  from  one  place  to  another. 
I&  such  a  state  are  some  of  the  wandering  tribes  of  Asia,  who  have  no 


fixed  habitations,  but  pitch  their  tents  wherever  pasture  is  abundant^ 
and  move  them  to  another  spot  as  soon  as  it  is  consumed  where  they 
are.  In  civilised  coimtries,  where  the  land  is  divided  and  appropriated, 
such  a  system  cannot  exist ;  though  there  are  still  traces  of  it  in  this 
oountiy,  as  we  see  in  the  few  remaining  waste  lands,  on  which  there  is 
a  right  of  common. 

The  pasturage  of  cattle  is  now  a  pert  of  regular  husbandry;  the 
land  whioh  affords  the  herbage  for  cattle  forms  part  of  private 
possessions,  and  a  rent  is  paid  for  its  use.  This  has  introduced  a  new 
system.  Pastures  are  now  fenced  aud  protected,  and  pains  are  taken 
to  improve  them,  so  as  to  maintain  many  more  cattle  or  sheep  than 
they  would  in  their  natural  state.  We  shall  not  here  speak  of  rich 
grass  lands,  in  which  bullocks  and  she^  are  fatted,  and  which  are 
commonly  called  grazing  land ;  nor  of  artificial  pastures,  which  form 
portions  of  arable  farms,  and  have  been  depastured  only  to  enrich 
them  and  make  them  more  fit  to  produce  oom  when  again  submitted 
to  the  plough.  But  we  shall  consider  those  tracts  of  land  which,  from 
situation,  climate,  or  other  causes,  althbugh  they  are  portions  of 
certain  estates  and  the  property  of  individuals,  lie  nearly  in  a  state  of 
nature,  and  produoe  a  revenue  or  profit  only  according  to  the  number 
of  cattie  and  sheep  which  can  be  reared  or  maintained  in  them.  Such 
are  the  rich  pastures  on  the  Jura,  the  Alps,  and  Pyrenees,  too  high 
and  exposed  to  allow  of  cultivation  or  permanent  habitation,  but 
producing  abundant  food  for  cattle  in  particular  seasons  of  the  year. 
The  Jura  and  the  Alps,  whioh  are  best  xnown  to  Kngliah  traveuen, 
contam  very  rich  pastures  for  cows,  and  give  a  considerable  return  in 
butter  and  cheese.  The  s&ow  which  oovera  these  mountains  for  a 
considerable  part  of  the  year,  protects  the  herbage ;  and  the  moisture 
which  prevails  in  the  summer  by  the  continual  passage  of  clouds, 
which  appear  in  the  fonn  of  heavy  f oi^  to  those  who  are  enveloped 
in  theih,  keeps  \xp  a  luxuriant  vegetation  of  the  small  Alpine  phoits 
which  form  tne  richest  pasture. 

Whenever  pastures  are  hired,  the  rent  is  always  reckoned,  not  by 
the  extent  of  surface,  but  by  the  stock  which  can  be  maintained  upon 
it.  Thus,  in  Switzerland,  the  mountain  pastures  are  divided  into 
portions  of  twenty,  forty,  or  more  cows.  This  mode  of  reckoning  is 
much  fairer  than  by  mere  extent  of  surface.  In  many  places  pasturing 
has  been  found  much  more  productive  than  cultivation;  and  some 
laige  proprietors  have  converted  great  tracts  of  land  from  arable  into 
pasture  farms.  But  this  can  only  be  doxie  where  the  population  is 
verv  scanty,  and  where  the  soil  and  climate  do  not  tonpt  men  of 
capital  to  settle. 

Considerable  improvements  have  been  made  in  natural  pastures, 
not  only  by  the  raising  of  banks  and  stone  walls  as  shelter  agiunst  the 
winter's  storms,  but  also  by  extensive  draining  and  clearing  the 
surfiice  of  wild  plants  and  shrubs,  which  prevent  the  herbage  from 
springing  up,  and  greatly  diminiBh  the  feed.  On  the  sides  of  steep 
lulls,  where  springs  are  apt  to  break  out  and  produce  bogs  and  swamps, 
drains  judiciously  made  have  carried  off  the  water  and  laid  dry  tne 
pastures  below  them ;  while  reservoira  have  been  constructed  in  many 
places  to  receive  the  water  and  to  supply  the  stock  in  dry  weather. 
On  peaty  moon  the  application  of  lime  to  the  surface  has  often  pro- 
duced wonderful  effects,  and  made  various  kinds  of  clover  and  grasses 
spring  up  which  were  never  seen  on  the  spot  before. 

Those  who  ore  possessed  of  extensive  pastures  often  look  upon  them 
as  of  too  little  value  to  lay  out  any  money  in  their  improvement ;  and 
unless  when  an  attempt  is  made  to  bring  them  into  regular  cultivation, 
which  often  falls  after  a  great  outlay  of  money,  they  are  not  thought 
worth  any  attention.  Yet  many  rough  hilly  pastures  might  be 
doubled  and  tripled  in  value  merely  by  clearing  tiie  surface,  burning 
coarse  grasses,  rushes,  ferns,  and  furae ;  and  sowing  a  few  seeds  where 
the  ashes  have  been  spread.  The  additional  number  of  cattle  or  sheep 
which  can  be  maintamed  by  this  means,  would  surprise  anv  one  who 
had  not  had  experience  of  such  improvements.  The  forming  of  con- 
venient channels  for  the  water  to  run  off  is  another  important  object, 
which  can  often  be  efibcted  at  a  trifling  expense ;  and  a  loose  surface 
laid  dry  by  this  <  means  may  be  much  improved,  by  merely  burning 
the  heath  which  grows  upon  it.  After  the  fire  has  scorched  the 
groimd,  grasses  wm  spring  up  spontaneously;  and,  at  a  very  small 
expense,  a  considerable  tract  of  mountain  pasture  may  be  converted 
from  the  state  of  a  brown  heath  or  moor  to  that  of  a  fine  green  sward. 

Wherever  there  are  large  pastures,  proper  and  suitable  bmldinga 
made  of  substantial  materials  should  be  erected.  The  cattle  should 
have  numerous  sheds  for  refuse  in  bad  weather,  and  sheep  especially 
should  have  protection  and  belter.  Warmth  is  in  some  cases  of  as 
much  importimce  as  food;  and  an  animal  exposed  to  all  the  severities 
of  a  northern  climate  requires  more  food  to  keep  him  alive,  than  when 
he  is  ke|>t  warm  and  protected  from  the  immediate  influence  of 
cutting  wmds. 

There  is  'another  kind  of  pasture  in  England  on  the  chalky  hills 
which  are  called  downs,  where  useful  and  hardy  sheep  are  reared. 
Here  the  exposure  is  less,  and  the  proximity  to  the  plains  gives 
frequent  opportunity  of  driving  the  sheep  to  sheltered  situations* 
The  grass  on  the  chalk  hills  is  in  general  very  fine  and  short,  and  the 
quality  is  very  good.  The  soil  is  only  a  few  inches  deep,  and  has 
be^n  robbed  for  generations  by  the  pasturage  of  sheep  during  day^ 
which  at  night  are  folded  on  arable  land  in  tiieir  neighbourhood  for 
the  sake  of  the  manure  which  they  drop,  nevertheless  it  annually 
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produces  a  crop  of  cloee  Rood  piusturage.  Attempts  are  made  occa- 
sionally to  convert  some  pOTtions  of  these  pastures  to  tillage :  but  it  is 
not  often  an  advantageous  speculation.  A  few  crops  may  be  obtained 
at  first ;  but  the  thin  layer  of  rich  earth,  which  is  at  its  surface,  is 
soon  exhausted,  and  noUung  remains  but  barren  chalk.  No  art  can 
restore  the  fine  turf  which  had  been  produced  by  ages  of  pasturage. 

Veiy  poor  pasture  on  sandy  or  gravelly  loams  is  of  very  little  value 
to  the  proprietor.  Where  the  situation  allows  of  such  laod  being 
converted  into  plantations,  it  will  generally  be  found  most  advantageous 
to  do  so,  but  if  there  are  means  of  improving  them  by  ploughing, 
liming,  and  manuring,  they  may  often  be  converted  into  good  arable 
farms.  A  great  part  of  Norfdk,  which  now  bears  excellent  crops  of 
barley,  wheat»  and  clover,  was  once  only  poor  sandy  pasture,  where 
the  chief  income  to  the  proprietor  arose  from  rabbit  warrens.  We 
must  not  always  judge  of  the  capabilities  of  a  soil  by  the  natural 
grasses  which  grow  upon  it,  before  it  has  ever  been  stirred  and  culti- 
vated. When  loamy  sand  or  gravel  is  left  in  a  hard  condensed  state, 
it  will  bear  very  little,  but  when  it  has  been  broken  up  deep,  and 
trenched  and  improved  by  lime,  marling  or  claying,  and  manure,  it 
becomes  very  useful  land.  The  same  may  be  said  of  cold  wet  pastures 
on  a  stiff  clay,  the  means  of  improvement  then  being  drainage, 
burning,  and  deep  culture.  The  water  checks  the  roots  of  the  better 
sort  of  grasses,  uod  nothing  thrives  in  such  pastures  except  rushes  and 
very  coarse  aquatic  plants;  but  when  they  have  been  carefully 
drained — ^when  the  surface  has  been  pared  and  burnt,  and  the  ashes 
spread  over  the  land — a  very  material  improvement  takes  place, 
whether  it  be  left  unbroken,  to  produce  herbage,  or  be  improved  by  a 
course  of  judicious  cultivation,  and  laid  down  again  to  grass  in  a  clean 
and  fertile  state;  in  either  case,  the  pasture,  from  being  of  little  use, 
and  perhaps  dangerous  for  sheep,  which  are  apt  to  rot  there,  becomes 
sound  and  good,  producing  excellent  nutritious  herbage,  and  will 
continue  so  ever  after. 

Pastures  are  seldom  improved  with  manure,  which  is  generally 
reserved  for  arable  land,  or  grass  land  intended  to  be  mown  for  hay : 
but  if  richness  is  valuable  in  a  pasture,  it  will  well  repay  the  expense 
of  manuring,  especially  with  liquid  manure,  the  drainings  of  dunghills 
and  the  urine  of  cows  and  horses,  which  is  collected  in  a  tank  when 
they  are  kept  in  stalls.  Peat  ashes^are  also  veiy  useful,  and  have  a 
powerful  effect  in  stimulating  the  vegetation  of  all  the  grasses.  Salt- 
petre and  nitrate  of  soda  are  said  to  have  the  same  effect.  When  it  ib 
mtended  to  convert  land  which  has  been  in  a  state  of  heath  or  waste, 
covered  with  fern,  brambles,  ling,  and  other  coarse  plants,  into  good 
pasture,  it  is  indispensable  to  begin  by  a  course  of  arable  ctdtivaUon ; 
and  it  is  only  when  the  soil  has  been  Inrought  into  an  improved  state 
by  tillage  and  manuring,  and  all  the  roots  and  seeds  of  noxious  plants 
have  been  eradicated,  mat  grass  seeds  may  be  sown  with  any  prospect 
of  obtaining  a  good  sward.  Most  of  these  soils  are  poor  and  sandy, 
and  not  veiy  &vourable  to  the  growth  of  good  grass.  In  this  case 
thei  safest  mode  of  converting  the  land  into  pasture  is  by  inoculating 
it  with  pieces  of  sods  taken  from  a  good  rich  pasture.  [Qrabs  Land.J 
By  this  means,  and  subsequent  depasturing  with  sheep  only,  very  good 
pastures  have  been  produced  on  very  poor  soils ;  and  if  in  the  course 
of  a  few  years  they  should  degenerate,  they  may  be  profitably  broken 
up  and  cultivated  on  the  convertible  system  of  husbandry,  after 
wnich  they  may  again  be  laid  down  for  a  certain  number  of  years. 
Wherever  the  soil  consists  6f  a  sandy  or  gravelly  loam,  this  system 
is  the  most  advantageous.  As  to  choice  of  manures,  it  is  found  that 
ammoniacal  manures  tend  to  the  growth  of  the  grasses,  and  that 
phosphate  and  mineral  manures  tend  to  the  growth  of  clover  and 
leguminous  plants. 

I  In  the  richest  pastures,  such  as  those  of  Lincolnshire  and  oijtier 
grazing  counties,  an  acre  wiU  maintain  and  fatten  an  ox  of  80  or  90 
stone,  and  sometimes  keep  several  sheep  in  store  order  besides.  There 
is  a  marked  difference  between  land  that  will  fatten  an  ox,  and  that 
which  will  only  rear  him.  This  can  scarcely  be  discovered  by  fdmple 
lamination  of  the  land;  but  is  found  by  experience.  The  same 
appearance  of  grass  has  more  proof,  as  it  is  called,  in  one  place  than 
another.  The  bite  may  be  very  short,  and  the  pasture  appear  bare, 
and  yet  the  value  of  it  may  be  seen  on  the  ribs  of  the  cattle.  Much 
of  tne  skill  of  a  grazier  consists  in  stocking  his  pastui«  to  advantage. 
He  should  know  the  power  of  every  portion  of  it,  and  stock  it  so  that 
the  grass  may  not  grow  fester  than  it  can  be  cropped  by  the  cattle  or 
sheep,  and  that  the  animals  may  always  have  the  full  quantity  required. 
Eveiy  animal  wants  a  certain  quantitv  of  food  ^to  repair  the  dsdly 
waste  occasioned  by  the  animal  functions.  If  he  has  no  more,  he 
makes  no  progress :  the  more  he  can  convert  into  flesh  and  fat  beyond 
this  quantity  in  a  gjiven  time,  the  more  profitable  he  will  be.  Hence 
the  superior  qualities  of  some  animals  with  respect  to  ^is  point 
indicate  the  superiority  of  their  breed,  and  afford  the  greatest  net 
profit  to  the  grazier.  In  the  same  pasture  one  hesjst  or  sheep  will  give 
a  reasonable  profit,  'while  another  may  occasiop  an  actual  loss.  The 
adaptation  of  the  stock  to  the  nature  of  the  pasture  is  consequently 
an  object  of  the  greatest  importance,  and  requires  much  judgment 
and  experience. 

PATENA  (PaUne,  French),  a  small  drcular  plate,  or  salver, 
employed  in  the  Boman  Catholic  church  in  the  celebration  of  the 
euchanst.  From  the  earliest  time  the  form  has  scarcely  varied.  Patenas 
were  frequently  made  to  serve  as  a  cover  to  the  chtJdce.    They  were 


usually  of  gold»  silver,  or  latten :  some  which  have  come  down  to  us 
are  richly  ornamented  with  gems,  enamels,  or  engraved  work,  and 
affdrd  exquisite  examples  of  mediflsval  art. 

PATENT.  This  term  is  now  ordinarily  applied  to  exclusive  rights 
of  manufacture  granted  by  royal  letters  patent  under  the  provisions 
of  the  Statute  of  Monopoues,  21  Jae.  L  o.  8,  and  subeequenV  statutes. 
Prior  to  ^e  Stetute  of  Monopolies  it  had  become  not  unusual  for  our 
Tudor  sovereigns  to  grant  by  their  letters-patent  to  their  favourites  and 
to  purchasers,  exclusive  righto  of  tradixtg,  in  derogation  of  the  did 
common  law;  and  this  statute  was  passed  to  restrain  such  abuses,  and  to 
settle  and  determine  the  drcumstenoes  under  which  em^ouiagement  and 
protection  should  be  afforded  to  inventors.  While  therefore  the  statute 
commences  with  a  declaration  of  the  illegality  of  monopolies,  it  procseeds 
to  except  therefrom  "  all  letters  patent  for  the  term  of  fourteen  years 
or  under,  by  which  the  privilege  of  sole  working  or  making  any  new 
manufactures  within  this  realm,  which  others  at  the  time  of  granting 
the  letters-patent  shall  not  use,  shiJl  be  granted  to  the  true  and  first 
inventor  thereof ;  so  as  they  be  not  contraiy  to  law,  nor  mischievous 
to  the  stete,  nor  to  the  hurt  of  trade,  nor  generally  inconvenient;  ** 
and  within  the  terms  of  this  exception  all  valid  patente  may  still  be 
ranged.  The  grant  of  a  patent  is  not  a  thing  which  the  subject  can 
nlftim  ae  a  matter  of  right;  it  ia  the  free  gift  of  the  crown.  The  form 
of  the  grant  im  If  letters-patent  under  the  great  seal,  which  being  the 
deed  of  the  crown  are  considered  as  of  public  record. 

Before  applying  for  a  patent  for  an  invention,  two  considerationB  are 
necessary ;  first,  what  is  entitled  to  a  patont ;  and  next,  whether  tha 
invention  has  the  requisite  conditions. 

In  the  first  place,  the  machine,  operation,  or  substance  produced, 
for  whidk  a  patent  ia  solicited,  must  be  new  to  public  use,  either  the 
original  invention  of  the  patentee,  or  imported  by  him  and  fint  made 
public  here.  A  patent  may  be  obtained  for  England,  Ireland,  or 
Scotland,  although  the  subject  of  it  may  have  been  pubUdy  known  and 
in  use  in  eiUier  or  in  both  of  the  other  two  countries. 

In  the  second  place,  the  subject  of  the  invention  must  be  useful  to 
the  public,  something  applicable  to  the  production  of  a  vendible 
article,  this  being  the  construction  put  upon  the  words  "  new  manu> 
facture"  in  the  statute  of  James  I.  The  discovery  of  a  philosophical 
principle  is  not  considered  entitled  to  such  protection :  such  principle 
must  be  applied,  and  the  manner  of  such  application  is  a  fit  subject 
for  a  patent. 

Inventions  entitled  to  patent  may  be  briefly  enumerated  as 
follows  : — 

1.  "  A  new  combination  of  mechanical  parte,  whereby  a  new  machine 
is  produced,  although  each  of  the  parte  separately  be  old  and  W€dl 
known. 

2.  "An  improvement  on  any  machine  whereby  such  machine  is 
rendered  capable  of  performing  better  or  more  beneficially. 

8.  ''  When  the  vendible  substance  is  Uie  tUng  produced  eitho'  fay 
chemical  or  other  processes,  such  as  medicines  or  fabrics. 

4.  ''Where  an  old  substance  is  improved  by  some  new  waking, 
the  means  of  producing  the  improvement  is  m  most  cases  patenteble.'* 

If  the  inventor  think  that  the  maoJiine,  operation,  or  substance  pro- 
duced comes  under  any  of  these  enumerations,  he  may  lodge  wiUi  the 
Commissioners  of  Patente  for  Inventions  a  petition  to  the  crown  for  a 
patent,  supported  by  a  declaration  in  lieu  of  an  oath,  that  he  is  the 
true  and  fint  inventor  of  the  manufacture  sought  to  be  patented,  and 
that  the  invention  ia  not  in  use  b^  tatj  other  person  to  the  best  of  his 
knowledge  and  belief.  With  this  petitioi^  and  declaration  must  also 
be  lodged  an  instrument  called  ''the  provisional  specification,**  the 
object  of  which  is  to  describe  the  nature  of  the  invention.  The 
applicant  is  then  referred  by  the  commissioners  to  one  of  the  law 
ofiacers  of  the  crown,  who  ib  at  liberty  to  call  any  scientific  or  other 
person  to  his  aid ;  and  if  the  law  ofi^cer  shall  be  satisfied  that  the  pro- 
visional specification  describes  the  nature  of  the  invention,  and  certifies 
his  allowance  of  the  same,  the  invention  may,  during  six  months  from 
the  date  of  the  application,  be  used  and  published  without  prejudice 
to  any  letters-patent  to  be  afterwards  granted ;  or  the  applicant  may 
file  with  the  petition  and  declaration  a  "complete"  in  lieu  of  a 
"  provisional "  specification,  inserting  in  the  declaration  an  additional 
statement,  that  the  instrument  particularly  describes  and  ascertains 
the  nature  of  the  invention,  and  in  what  manner  the  same  is  to  be 
performed;  and  in  this  case  the  applicant  has,  during  the  term  of  esx 
months,  the  like  powers  and  privileges  as  imder  letters-patent  during 
term  the  invention  may  be  used  and  published,  without  pifftjudice  to 
the  subsequent  grant  of  letters-patent. 

The  next  step  is  for  the  applicant  to  gplve  notice  4t  the  office  of  the 
commissioners  of  his  intention  to  proceed  with  his  application,  which 
is  then  advertised  by  the  oommissioners ;  and  any  person  having  an 
interest  in  opposing  the  grant  of  the  letters-patent  ^nll  be  at  liberty, 
within  a  certun  period,  to  lodge  particulars  in  writing  of  their  objection, 
and  to  be  heard  in  support  of,  them.  The  period  for  objection  being 
expired,  the  specification  and  the  objections  are  referred  to  the  law 
officer,  who,  if  the  application  se^ms  to  him  fit,  may  cause  a  warrant 
to  be  made  for  the  sealing  of  the  letters-patent ;  whidi  warrant  having 
been  sealed  by  the  commissioners,  has  next  to  be,  imder  the  sanction 
of  the  lord  chancellor,  sealed  with  the  great  seal  of  the  United 
Kingdom,  whereby  the  grant  to  the  applicant,  of  the  exduaive  right 
of  using  the  invention  within  the  United  Kingdom,  the  Channel 
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Ifllanda,  and  the  Isle  of  Man,  and  (if  the  warrant  bo  direct)  within  the 
colonies,  for  ihe  f uU  term  of  fourteen  years,  is  completed.  A  patent 
right  may,  however,  at  the  option  of  the  patentee,  be  limited  to  a  pre- 
liminary period  of  three,  and  succeeaive  periods  of  four  and  seven  years, 
in  which  case  the  amount  of  the  fees  is  also  distributed.  The  letters- 
patent  always  contain  a  proviso  to  the  effect  that,  if  the  **  complete 
specification  "  ahiaady  filed  doee  not  particularly  describe  the  nature  of 
the  invention  and  ^e  mode  of  applying  it, — or,  supposing  no  such 
specification  to  have  been  yet  filed,  then,  if  the  applicant  does  not 
within  a  limited  period  file  such  a  specnfication  in  the  Court  of  Chancery, 
the  grant  in  the  letters-patent  contained  shall  be  void.  The  object  of 
the  specification  thus  required,  ia  to  put  the  public  in  full  possession  of 
the  inventor's  secret,  so  that  any  person  may  be  in  a  condition  to  avail 
himself  of  it,  when  the  period  of  ezdusive  privilege  has  expired.  To 
prevent  this  object  from  being  defeated  by  an  evasive  or  careless 
description,  the  proviso  is  construed  with  great  strictness  by  the  courts 
of  law ;  and  it  ia  held  to  be  infringed,  and  the  letters-patent  to  be 
consequently  void,  whenever  the  specification  is  in  any  part  of  it 
materially  false  or  defective.  The  prindpal  rules  on  this  subject  are 
aa  follows : — In  describing  the  nature  of  the  invention,  the  specification 
must,  in  the  first  place,  correspond  with  the  title  of  the  patent,  for 
its  office  is  to  set  forUi  with  more  particularity  the  subject  already 
indicated  in  the  patent  itself;  and  if  one  thiiig  be  claimed  by  the 
patent,  and  another  by  the  specification,  the  grant  is  void.  It  is 
also  an  objection  to  the  specification,  if  it  iQiould  cover  too  much ;  that 
is,  include  in  its  daim  of  new  invention  anything  which  in  fiict  has 
been  alreadv  known  and  practised ;  and  therefore  if  the  entire  article 
for  whidi  tne  patent  has  been  taken  out  comprises  some  known  process 
in  connection  with  others  that  are  new,  the  claim  should  be  xnade  in 
sudi  form  as  to  apply  to  the  latter  only,  and  to  disclaim  the  former ;  or 
if  the  combination  of  several  known  things  happen  to  be  the  only 
novelty,  it  is  to  the  combination  only  that  the  claim  should  be  pointed. 
As  to  the  description  of  the  manner  of  performance  or  production, 
the  general  rule  is,  that  it  should  be  such  as  to  enable  workmen  or 
other  qualified  persons  of  Qrdinary  skill  to  make  the  patent  article  at 
the  expiration  of  the  term,  by  simply  following  the  directions  given, 
without  resorting  to  contrivances  of  their  own.  In  addition  to  which 
we  may  remark,  that  no  circumstance  can  be  safely  passed  over  in  this 
description  which  is  advantageous,  whether  absolutely  essential  or  not, 
in  ihe  conduct  of  the  process ;  and  that  if  several  methods  are  stated, 
the  specification  will  be  def ecUve  if  eUher  of  them  be  f oxmd  to  ful  in 
effecting  the  promised  resultb 

The  following  are  a  few  instances  of  patents  beuig  lost  through 
defective  titles : — 

In  the  case  of  King  v.  Metcalfe  (2  Starkie,  N.P.C.,  2^0),  the  subject 
of  the  patent  was  a  hair-brush,  in  wliich  l^e  hairs  were  of  unequal 
length :  in  the  title  it  was  described  as  a  "  tapering  brush,"  which  was 
considered  as  intended  to  mislead,  the  public,  as  not  beiog  a  description 
of  the  subject  of  the  patent,  and  it  was  annulled  accordingly.  In 
Cochrane  v.  Smethurst  (K.  B.,  1  Starkie,  205),  Ihe  patent  was  for  a 
certain  lamp,  but  the  title  called  it  an  "  Improved  Method  of  Lighting 
Cities,  Towns,  and  Villages."  The  patent  in  this  case  was  held  to  be 
void,  as  the  specification  only  described  a  new  lamp,  and  not  an 
"  improved  method  of  lighting  "at  all ;  and  it  was  also  objected,  that 
as  it  was  equally  applicable  to  lighthouses,  harbours,  shipping,  &c,  the 
title  was  otherwiBe  imperfect.  If  the  title  had  been  for  an  "  Unproved 
Lamp  "  or  an  "  Improvement  on  Lamps,"  the  patent  would  have  been 
valid.  In  the  case  of  King  v,  Wheeler,  the  patent  set  forth  in  its  title 
a  "  New  and  Improved  Mode  of  Drying  and  Preparing  Malt,**  whereas 
the  specification  described  a  method  of  re-burning  malt  which  had 
already  been  made,  so  as  to  produce  a  colouring  matter  for  beer  and 
other  liquors.  Now  it  is  evident  that  if  any  one  had  intended  to  take 
out  a  patent  for  producing  colouring  matter,  he  would  never  have 
collected  from  this  title  that  the  patent  was  likely  to  interfere  with  his 
invention.  In  the  case  of  Bloxam  v.  Elsee  (6  Bam.  &  Cress.,  169  and 
178),  the  title  of  a  patent  which  came  in  question  was  "  A  Machine 
for  making  Paper  in  Single  Sheets,  without  Seam  or  Joining,  from  1  to 
12  feet  and  upwards  in  width,  and  from  1  to  45  feet  and  upwardi  in 
length."  The  specification,  however,  described  a  machine  only  capable 
of  producing  paper  of  one  width  or  to  a  certain  width.  Now  if  an 
inventor  who  thought  of  taking  a  patent  for  a  machine  to  make  paper 
of  a  greater  width  than  12  feet  had  looked  at  the  title  only  of  this 
patent,  he  would  have  supposed  that  such  a  patent  already  existed ; 
but  if  he  had  inspected  the  specification,  he  would  have  found  that  it 
did  not  bear  out  the  title,  as  the  machine  therein  described  was  not 
capable  of  making  paper  of  a  width  greater  than  12  feet.  The  patent 
then  was  invalid,  as  the  title  comprised  more  than  the  specification. 
This  is  the  most  common  error  that  patentees  fall  into.  Jessop's  case, 
cited  during  the  trial  of  Boulton  and  Watt  against  Bull,  in  1795,  by 
Mr.  Justice  BuUer,  is  another  instance.  A  patent  was  taken  out  for  a 
"  New  Watch,"  whereas  the  specification  only  described  a  particular 
movement  in  a  watch,  which  was  the  real  invention,  and  the  patent 
was  therefore  void. 

Patentees  sometimes  render  their  patents  invalid  by  claiming  too 
much;  thus,  after  describing  one  substance  or  process  which  will 
answer  a  certain  purpose,  they  often  conclude  by  some  such  expression 
as, "  or  any  other  fit  and  proper  means."  The  following  is  an  instance 
in  which  a  patent  was  set  aside  by  such  an  expressioD.    In  specifying 


a  machine  for  drying  paper  by  passing  it  against  heated  rollers  by 
means  of  an  endless  fabric,  the  inventor,  after  describing  one  sort  of 
fabric,  the  only  one  in  fact  which  he  used,  went  on  to  say  that  any 
other  fit  and  proper  material  niight  be  used.  Now  if  he  used  any 
other  means  of  effecting  his  object,  such  means  shotdd  have  been 
distinctly  described.  This  alone  rendered  his  specification  incomplete ; 
but,  besides  this,  it  was  proved  that  no  other  fabric  would  answer  the 
purpose,  or  rather  that  no  other  was  known,  and  the  patent  was 
annulled  accordingly. 

The  patentee  may  describe  his  invention  just  as  he  pleases,  and  he 
may  illustrate  such  description  by  drawings  or  not ;  but  he  should  be 
careful  to  use  words  in  their  most  common  acceptation,  or  if  some 
technical  use  should  have  perverted  their  meaning,  he  should  make  it 
appear  distinctly  that  he  intends  them  to  be  taken  in  such  perverted 
sense. 

An  honest  and  valid  title  may  be  stated  in  a  few  words  to  be 
a  description  of  the  precise  object  of  the  invention  in  the  most  simple 
language. 

A  patent  right  is  aasiffnalle;  and  the  assignment  of  it  must  be  in 
writing,  under  hand  and  seaL  It  is  of  course  personal  property,  and  as 
such  passes  by  wilL  The  patentee  may,  without  alienation  of  his 
entire  interest,  grant  deeds  of  Ueence  to  other  persons  to  manufacture 
the  article. 

In  &vour  of  patentees' who  have  not  reaped  the  full  benefit  of  their 
inventions,  the  legislature  has  frequently  interfered,  by  passing  private 
Acts  of  Parliameut  to  secure  them  the  continuance  of  thdr  pnvileges 
for  a  further  term  of  yeara,  in  addition  to  that  first  limited  by  Sie 
letters-patent.  But  a  less  costly  mode  of  relief  is  now  provided ;  and 
where  the  invention  is  meritorious,  and  the  parties  interested  have 
done  all  in  their  power  to  bring  it  out  and  to  turn  it  to  advantage, 
but  owing  to  circumstances  beyond  their  control  they  have  been  unable 
to  obtain  an  adequate  remuneration,  they  may  now  apply  by  petition 
to  Her  Majesty  in  comidl  for  a  prolongation  of  the  existing  tern ;  and 
if,  upon  consideration  of  the  whole  matter,  and  after  hearing  any 
party  who  saay  choose  to  enter  a  "  caveat,"  the  judicial  committee  of 
the  privy  council  shall  report  in  favour  of  the  application.  Her  MajesW 
is  empowered  to  grant  to  such  patentee  (or  to  hu  assigns,  or  to  both 
conjointly,  as  the  case  may  be)  new  letters-patent,  for  any  term  not 
exceedix)g  fourteen  years  after  the  expiration  of  the  first. 

If  a  patent  rig^t  be  infringed  the  inventor  has  his  remedy,  by  action, 
to  recover  damages  for  the  injiuy  sustained ;  and  may  in  such  action, 
by  application  to  the  superior  court  in  whidi  it  is  brought,  obtain  an 
order  for  restraining  the  wrong-doer  from  the  further  use  of  the  inven- 
tion, and  compelling  him  to  account  for  the  profits  which  he  may  have 
already  derived  from  a  sale  of  the  article;  anorderwhich  may  also  be  in 
some  cases  obtained  without  resorting  to  an  action,  by  applics^on  to  the 
Court  of  Chancery.  Penalties,  moreover,  are  imposed  upon  persons  who 
without  licence  use  the  name,  stamp,  or  mark  of  a  patentee.  An  action 
or  suit  for  infringement  of  patent  may  he  successfully  resisted,  either  on 
the  ground  that  no  infringement  has  in  fact  taken  place,  or  that  the 
patent  ia  void;  and  such  invalidity  may  be  established  either  by 
showing  that  the  article  was  not  a  fit  subject  for  a  patent,  or  that  the 
patentee  was  not  the  first  inventor,  or  that  the  specification  was 
insufficient.  Nor  is  this  the  only  meUiod  of  defeating  claims  founded 
on  an  illegal  grant  of  patent  right ;  for  whether  there  be  any  complaint 
of  infringement  or  not,  it  is  competent  to  the  Queen  (or  to  any  subject 
of  the  r^Jm  in  the  Queen's  name,  by  leave  of  the  attomey-gen<»Bl) 
to  institute  a  proceeding  called  idre  f<ieias,  for  the  formal  impeachment 
of  the  patent ;  upon  wiuch,  if  the  patent  be  found  open  to  any  of  the 
objections  above  enumerated,  or  to  any  other  sufficient  legal  exception, 
it  will  be  cancelled. 

For  the  protection  of  patentees,  several  other  provisions  of  great 
importance  have  been  enacted.  First,  in  the  case  where,  after  a  patent 
has  been  granted  to  a  person  believing  himself  to  be  the  first  inventor, 
it  is  discovered  that  some  other  person  had  in  fact  preceded  him  in  the 
use  of  the  invention,  though  the  article  was,  at  the  time  of  the  grant, 
not  generally  known  to  the  public,  the  patentee  or  his  assigns  may 
petition  Her  Majesty  in  council  for  a  new  grant,  or  a  confirmation  of 
the  existing  one ;  and  if  the  judicial  committee  of  the  privy  council, 
upon  investigation  of  the  case,  report  in  his  favour,  such  petition  may 
be  granted.  Again,  if  any  error  be  discovered  in  ihe  title  or  specifica- 
tion, the  patentee  or  his  assigns  may  rectify  it  for  the  future  by  filing 
in  the  prop^  office  in  clumcery  a  diadaimer  of  any  part  of  the  title 
or  specification,  or  a  memorandum  of  any  alteration  tnerein  that  does 
not  operate  as  an  extension  of  the  patent  right. 

The  statutes  relating  to  patents  are  the  Statute  of  Monopolies  above 
mentioned ;  and  of  more  recent  date,  the  5  &  6  WilL  IV.,  o.  88 ;  2  &  3 
Vict,  c  67 ;  7  &  8  Vict.,  c.  69 ;  15  &  16  Vict.,  o.  83  (which  introduced 
very  great  and  very  beneficial  alterations  in  the  proceedings  relating  to 
patents,  and  is  styled  "  The  Patent  Law  Amendment  Act,  1852  ") ;  the 
16  &  17  Vict,  cc.  5  and  115;  and  lastly,  the  22  Vict  c.  18,  which 
provides  for  keeping  secret  in  certain  cases  the  particulars  of  inventions 
of  instruments  and  munitions  of  war. 

The  fees  payable  upon  the  grant  of  a  patent  for  the  full  term  of 
fourteen  years  are  about  17 6L 

See,  upon  the  law  of  patents,  Stephen's  '  Commentaries,'  voL  ii.  p.  25, 
et  aeq,,  where  the  statutory  and  case  law  is  completely  and  succinctly 
collected. 
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See,  upon  the  subject  generally,  and  also  upon  "the  Patent  Office 
Museum  and  Library/'  a  very  valuable  article  in  the  '  Companion  to 
the  British  Almanac/  for  1860. 

PATENT.    [Patterwb.] 

PATENT,  LETTERS.    [Lettbbs-Patiwt.] 

PA'TERA)  an  open  vessel,  approaching  to  the  form  of  a  cap  but  flatter, 
used  by  the  Romans  in  their  sacrifices,  in  which  they  received  the  blood 
of  the  victims,  and  with  which  they  nuule  libations.  Some  patens  have 
a  single  handle.  The  word  contains  the  same  root  as  paUo :  "  Patera 
ut  et  ipeum  nomen  indioio  est,  poculum  planiun  ao  patens  est." 
(Macrobius,  *  Saturn/  v.  21.)  Flat  open  vesseli  used  by  the  Romans  at 
their  meals  were  called  patem,  whence  perhaps  paters  came  to  be 
employed  in  offerings  to  the  gods.  Virgil,  in  sever^  passages  of  the 
'  Mn«Ld,'  a^udes  to  the  usee  of  the  patera.  (Lib.,  vi.  248,  iv.  60, 
viL  133.) 

On  medals  the  patera  is  represented  in  the  hands  of  several  of  the 
deities  (Rasche,  *  Lexicon  Universalis  Rei  Numazia/  tom.  ilL,  part  ii., 
pp.  626,  627),  and  frequently  in  the  hands  of  princes,  to  mark  the 
sacerdotal  authority  as  joined  with  regad  power.  The  patera  was  of 
gold,  diver,  bronze,  marble,  glass,  or  earthenware.  Such  as  had  served 
for  Ubations  of  wine  or  any  other  liquor  at  a  funeral  were  usually 
deposited  with  the  ashes  of  the  deceased.  P&tene  were  often  ornamented 
with  engraved  or  embossed  designs,  and  sometimes  with  gems.  They 
appear  to  have  been  called  by  their  prevalent  mode  of  ornamentation, 
fern  and  ivy  being  the  most  usual,  as  patera  filioata,  patera  hederata. 
The  British  Museum  contains  many  fine  specimens  of  fictile  as  well  as 
bronze  pater»;  also  several  sculptured  marble  votive  paterae,  with 
figures  ot  Pan,  Silenus,  Cupid,  Ac.  Patella  (that  is,  paterula)  is  the 
diminutive  of  patcfra. 

The  term  patera  is  applied  to  a  circular  flat  or  ooncave  ornament 
in  classical  architecture.  It  is  also  used  for  omaments  of  a  similar 
form  in  Italian  and  Qothic  ardhiteoture. 

PATERNITY.    [Bastabd.] 

PATHOLOQT  (£rom. mi0or,  'disease/  and  Xiyot,  *m  discourse *)  i* 
the  science  of  diseases,  and  especially  of  those  which  affect  men  and 
animalH  which  are  the  subjects  of  medical  treatment. 

For  the  perfect  knowledge  of  the  nature  of  a  disease,  the  first 
circumstance  to  be  determined  is  its  cause;  and  this  iz  commonly 
regarded  as  twofold.  The  predisposing  cause  or  condition  (for  the 
term  cause  csimot  fairly  be  used  in  this  sense)  is  that  state  of  any 
individual  which  renders  him  peculiarly  liable  to  the  attack  of  any  or 
of  some  particular  disease,  of  which  another  person  or  he  himself  at 
another  time  might  be  in  little  danger.  Of  these  predisposing  con- 
ditions the  most  important  is  hereditary  disposition,  by  which  an 
individual  being  constructed  with  the  same  peculiaritiee  of  internal  and 
of  external  form  and  composition,  which  one  or  both  of  his  parents 
possessed,  is  liable  to  the  same  disessfea  as  they  were.  Such  are  the 
peculiarities  of  temperament  or  oonstitution  with  which  each  indivi- 
dual Ib  bom,  and  by  which  he  is  through  life  disposed  to  a  peculiar 
character  of  disease ;  and  sach  also  are  the  special  hereditary  disposi- 
tions to  scrofula,  gout,  insanity,  some  forms  of  asthma,  and  probably 
many  more  diseases.  Other  predisposing  conditions  are  the  peculiaritiee 
of  constitution  which  are  aoqiured  in  the  course  of  life  by  particular 
modes  of  living.  Each  individual  is  adapted  by  habit  and  other  dr^ 
oumstances  to  the  conditions  of  climate,  dec.  in  which  he  is  placed, 
and  is  peculiarly  liable  to  be  a£SMted  by  changes  of  these  external 
conditions.  A  person  of  effeminate  habits  living  carefully  secluded 
from  all  excitants  of  diseases,  is  mudi  more  liable  to  be  affected  by 
exposure  to  any  of  them  thaii  one  whose  frame  by  a  hardy  course  of 
life  is  rendered  comparatively  invulnerable  to  all  Any  means  by 
which  the  strength  of  the  boidy  is  reduced  render  it  more  liable  to 
diseases  of  all  kinds,  and  hence  our  idea  of  bodily  strength  is  drawn 
not  more  from  the  muscular  power  of  the  individualwan  from  his 
imm unity  from  the  effects  of  those  circumstances  which  in  others 
excite  disease.  There  are  also  local  peculiarities  of  individual  organs 
of  the  bodv  which  render  them  especially  liable  to  disease ;  such  are 
the  state  oordering  upon  disease  whic^  is  brought  on  by  constant 
over-excitement  of  any  organ;  the  condition  of  an  organ  which  has 
once  been  affected  with  a  disease,  and  which  is  commonly  thenceforward 
particularly  liable  to  a  repetition  of  it;  the  state  of  the  organs  which 
at  difl'erent  periods  of  life  renders  one  more  than  another  liable  to 
disease,  so  that  the  same  excitant  will  be  most  likely  to  pioduoe  in  the 
child  an  affection  of  the  head,  in  the  youth  a  disease  of  the  chest,  and 
in  the  adult  or  old  person  some  disorder  of  the  abdominal  organs. 

Any  of  these  predispositions  however  may  exist  throughout  life 
without  the  occurrence  of  actual  disease ;  in  order  to  produce  disease, 
some  more  immediate  or  exciting  cause  is  necessaiy.  This  excitant 
must  be  tiie  more  powerful  the  less  the  predisposition :  but  under 
whatever  circumstances  disease  is  produced,  the  predisposing  condition 
of  the  patient  may  be  expected  to  ocmf er  upon  it  a  corresponding 
peculiarity  of  chancter.  The  exciting  causes  of  diseases  are  any 
I  changes  of  a  certain  extent  in  the  conditions  of  the  external  circum- 
stances in  which  man  is  placed.  For  example,  a  certain  range  of 
extenial  temperature,  a  certain  constitution  of  the  atmosphere,  a 
certain  supply  of  pure  food  and  drink,  a  certain  amount  of  mental  and 
bodily  exertion,  are  circumstances  essential  to  health,  and  alterations  in 
any  of  them  may  produce  disease,  of  whidb  the  nature  and  the  seat 
mil  be  determined  in  part  by  the  predisposition  of  each  individual. 


and  in  part  by  the  peculiar  mode  of  action  of  the  excitant.  Thus,  after 
the  same  exciting  cause  (for  example,  exposure  to  cold  and  damp),  one 
person  may  have  rheumatism,  another  pleurisy,  a  third  ophthalmia, 
and  a  fourth  may  escape  altogether  unharmed.  But  there  are  other 
excitants  of  disease  which  prevail  over  all  predisposition,  and  produce 
a  certain  character  of  disease,  which  the  constitution  of  the  patient  can 
only  slightly  modify;  such  are  the  materials  of  all  oonts^ous  and 
epidemic  disHorders,  as  influenxa,  small-pox,  measles,  &a,  which  prodooe 
in  all  whom  they  attack  a  similar  affection.  Many  persans  howe?«r 
escape  ^m  the  effects  of  these  excitants,  and  by  long  exposure  become 
inured  to  them ;  hence  the  diseases  of  peci^iur  climates  (endemics) 
affect  foreigners  much  more  than  natives ;  but  even  in  those  penon 
in  whom  they  do  not  produce  disease,  these  conditions,  which  an 
excitants  of  disease  in  others,  modify  the  characters  ol  diaeases  that 
occur  from  any  other  source ;  and  henoe  in  the  course  of  an  epidemic 
all  diseases  have  a  tendency  to  assume  some  of  the  characters  of  thst 
which  is  prevalent.  Other  excitants  of  disease,  still  more  univenal  in 
their  influence  and  more  constant  in  Iheir  ooosequenoes,  are  all  things 
which  act  immediately  on  the  composition  or  oonstr^iction  of  the  bod^ 
or  of  the  blood,  such  as  mechanicBl  and  chemical  injuries,  iiwlnding 
poisons  of  all  kinds. 

The  nature  of  a  disesse  being  determined  by  the  «ondition  of  the 
individual  and  the  exciting  cause  to  which  he  Is  exposed,  the  next 
division  of  pathology  is  the  study  of  the  symptoms  or  signs  by  which 
the  progress  of  a  disease  is  marked,  and  by  which  in  practice  its  nature 
is  to  be  determined.  Of  these  signs  of  disease,  many  are  expreanve  ol 
the  altered  condition  of  the  part  ohieflv  affected,  as  ndn  in  a  wound,  or 
a  local  inflammation,  coughing  in  a  disesse  of  the  lungs,  sinkness  in  a 
disorder  of  the  stomach :  but  a  greater  number  are  the  ezpressicos  of 
an  affection  of-  other  organs,  whioh  suffer  in  association  with  those 
primarily  diseased;  such  are  pain  in  the  head  when  the  digestion  is 
disordei^ed,  coughing  in  diseases  of  the  liver,  HJcknews  after  violent 
blows  on  the  head.  Sometimes  these  secondary  symptoms  completely 
mask  those  inmiediately  resulting  from  the  primary  djsoasc ;  as  when 
in  a  disease  of  the  hip  the  chief  pain  is  felt  in  the  knee,  or  in  hysteria 
any  ox'gan  may  appear  disordered  except  that  which  actually  ia.  Tbew 
secondary  symptoms  are  ascribed  to  what  Is  called  lympAthy,  an 
unsatisfactory  expression  indicating  only  the  coincidsnce  and  pKV 
bable  connection  of  symptoms  of  disease  in  two  oi^gana,  of  whkh  one 
only  is  supposed  to  be  materially  afibcted.  Entire  ignonaoe  must  be 
coxif eased  of  the  nature  and  origin  of  many  of  these  sympathetic  or 
indirect 'symptoms  of  disease ;  as,  for  example,  of  the  fever  consequflnt 
on  lo<»^  injuries  or  acute  local  diseases,  and  of  the  hectic  fever  of  many 
chronic  affections;  but  it  is  probable  that  aU  sympathies  will  in  time 
be  found  to  depend  either  on  some  communication  of  exdtemcat  from 
one  nerve  to  another  through  the  medium  of  the  spinal  chotd  or  brain, 
as  in  the  reflex  actions  [Nxbvoub  stbtbic,  in  NaV.  Hist.  Div,],  or  on 
some  change  in  the  blood  which  affects  both  organs  at  once,  or  whidi, 
originating  in  the  disease  of  one  disturbs  the  functions  of  the  other,  or 
of  the  whole  body. 

Whether  directiy  or  indirectly  produced,  all  the  symptoms  of  disesse 
are  only  the  perversionB  of  the  natural  functions  of  the  part  affected,  or 
appreciable  changes  in  its  structure ;  their  value  and  meaning  there- 
fore can  only  be  determined  by  a  comparison  with  the  same  funetiona 
and  structure  in  health ;  in  other  words,  this,  like  all  other  parts  of 
pathology,  cannot  be  rightly  studied  without  a  constant  reference  to 
physiology.  It  is  believed  that  an  orgtfn  mfty  be  only  Ainctionally 
deranged ;  that  is,  that  its  several  functions  may  be  perf onned  in  a 
vexy  unhealthy  manner,  without  the  existence  of  any  material  change 
in  its  structure  and  composition.  These  are  called  functional  symptoms, 
but  their  number  is  probably  much  less  than  is  generally  believed, 
and  it  is  most  likely  that  they  are  limited  to  the  variations  to  which 
the  organs  are  subject  by  the  changes  in  the  mode  and  measure  of  the 
influence  of  the  nerves  upon  them.  For  all  other  symptoms  we  nrast 
assume  the  existence  of  a  substantial  change  in  tiie  part  affected,  or  in 
the  materials  on  which  it  has  to  act,  altiiough  in  many  cases  these 
changes  are  fugacious  or  inappreciable  by  our  senses. 

For  a  due  performance  of  all  the  functions  of  organic  life  [Vita- 
LITT,  in  Nat.  Hist.  Div.],  a  healthy  structure  of  each  organ,  and  a 
healthy  composition  of  tne  blood,  on  whidbi  they  all  act  and  all  de- 
pend for  their  own  maintenance,  are  alike  neoeasary;  a  deviation 
fromlhealth  in  either  will  therefore  produce  the  symptoms  of  disease; 
a  oonolusioz^  in  which  the  long  continued  disputes  of  the  humoral 
pathologists,  who  ascribed  all  disease  to  the  blood,  and  the  soUdists, 
who  held  all  to  depend  on  changes  of  structure,  have  at  length 
merged.  To  these  two  kinds  of  alteratioas,  and  to  perturbations  in 
the  distribution  of  the  nervous  influence,  it  is  probable  that  tho 
signs  of  all  diseases  may  be  referred;  but  from  tiie  peculiar  and 
complicated  nature  of  the  animal  body,  and  the  universal  connec- 
tion between  all  its  organs,  no  one  of  these  chimges  can  long  con- 
tinue without  producing  the  others;  and  hence  in  diseases  of  any 
degree  of  severity  tiie  symptoms  are  commonly  a  mixture  of  the  dis- 
orders of  all  the  functions  of  the  body,  and  the  disorder  of  each  ia 
modified  by  the  changes  in  all  those  circumstances  on  which  its 
healthy  state  depended,  as  the  condition  of  the  blood,  of  the  nervous 
influence,  &o.  Neither  are  the  symptoms  in  any  case  constant  pheno- 
mepa;  for  the  influences  of  all  external  ciictmiBtances  upon  a  dis- 
eased body  are  veiy  different  from  those  wMdi  they  exert  upon  the 
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healthj  body,  and  many  things  'which  were  neoesBary  to  health  are 
aupporten  of  diseaae,  as  the  tumal  amount  of  food,  of  bodily  and 
mental  exertion,  fto.;  «o  that  exclusion  from  them  becomes  neoas- 
aary,  and  this  again  further  modifies  the  performance  of  the  diaordered 

ftUU^ODS. 

The  hjstoiy  of  a  disease  is  completed  by  the  process  of  natural 
reooveiT  or  by  the  observation  of  the  changes  in  the  structure  of  the 
body  wnioh  it  produces.  The  influence  of  remedies  cannot  justly  be 
considered  aa  »  branch  of  pathology;  tiiough  most  important  for 
their  utility,  still,  in  their  relations  to  the  nSiunl  history  of  a  disease, 
medicines  can  only  be  regarded  as  interfering  drcumstanoes,  or  as  the 
means  of  experiments  for  the  determination  of  the  relation  of  the  dis- 
flSBed  body  to  particular  agents,  by  which  the  nature  of  the  disorder 
affecting  it  may  be  sometimes  ascertained. 

The  reoovety  from  diuase  is  an  example  of  the  exercise  of  that 
power  by  which  the  body  can  mi^e  unusual  efforts  to  prevent  its 
own  des^otion :  this  has  been  called  the  vis  medicatrix  natar»,  or 
ooratlve  force  of  nature.  It  is  exerted  in  many  oases  in  which  dis- 
ease cannot  be  said  to  exist,  but  where  rather  there  is  an  exaggeration 
d  health;  aa,  for  example,  when  a  muscle  subjected  to  unusual  exer- 
tion ^d  an  unusually  great  amount  of  waste  not  only  repairs  its  loss, 
bat  actually  becomes  aagae  and  stronger,  so  that  it  can  bear  the  same 
amount  of  constant  waste  better  than  at  first ;  or  as  when  a  person  is 
exposed  for  a  time  to  cold  in  bathing,  the  speedy  consequence  is  an 
increased  warmth  of  the  BurfaojB.'  The  term  reaction  is  applied  to 
phenomena  of  this  kind,  and  it  may  be  said  that  reaction  takes 
place  whenever  any  injurious  influence  is  applied  to  the  body.  In 
simple  oases  the  reaiotion  effects  at  once  a  restoration  to  health,  as  in 
the  instances  aboTe  mentioned;  in  others  the  reaction  is  itself  the 
most  prominent  feature  of  the  disease,  as  in  fever  and  inflammation. 

The  recovery  from  dlMsse  is  rarely  perfect.  Although  no  visible 
change  may  be  left  behind,  yet  the  put  diseased  is  commonly  for  ever 
after  weak,  that  is,  more  than  usually  liable  to  the  same  or  to  aome 
other  disease.  It  is  probable  that  this  liability  is  owing  to  some  morbid 
chaqge  in  the  structure  of  the  part  inappreciable  by  our  present  means 
of  examination;  in  more  dirtfaict  cases,  when  any  part  has  been 
aeveiely  diseased,  we  never  see  a  perfect  restoration  of  its  healthy 
itrocture  and  form.  Even  in  those  tissues  that  are  most  easily  re- 
paired, there  is  not  an  actual  reproduction  of  the  injured  structure. 

The  period  occupied  in  the  progress  of  a  disease  to  recovery  or  death 
IB  the  basis  of  the  chief  division  of  acute  and  chronic  diseases.  The 
■everitg^  of  the  symptoms  may  in  both  cases  be  the  same;  but  in 
general  those  of  chronio  cases  are  less  prominent  than  those  of  acute 


When  the  disease  terminates  fatally,  or  when  death  takes  place 
from  any  other  cause  at  a  distant  period  from  its  ooourrenoe,  we 
obtain  perhaps  the  moat  valuable  because  the  most  certain  part  of 
pathological  knowledge,  that  of  the  material  e£fects  which  the  morbid 
process  has  inroduced.  This,  the  study  of  morbid  anatomy,  is  often 
specially  called  pathology.  By  the  examination  of  the  altered  parts  and 
a  comparison  of  the  changes  of  structure  which  they  present  with 
those  which  are  known  by  observation  of  external  diseases  or  by 
experiment  to  result  from  certain  leading  morbid  processen,  as  inflam- 
mation, ice.,  we  are  enabled  to  determine  the  nature  of  that  which 
had  existed  beyond  the  limit  of  our  senses,  and  thus  to  appreciate 
correctly  the  meaning  of  the  several  symptoms  which  had  marked 
its  progress  during  life,  and  the  powers  and  modes  of ,  action  of 
the  circumstances  to  which  it  owes  it  origih.  The  practical  value 
of  [such  knowledge  is  the  power  which  it  affords  of  determining 
daring  life  the  nature  of  eadi  diBcase,  and  the  appropriate  remedy 
for  each. 

PATINA,  a  shsUow  bowl,  or  basin,  of  earthenware,  used  by  the 
Greeks  and  Romans  for  various  domestic  p)irpo8es,  but  chiefly  in 
cooking  or  in  serving  at  the  table.  Patinie  were  sometimes  made  of 
bronze  or  i^ver.  The  eucharistic  patena  of  the  Romish  Ohureh  \a  no 
<ioabt  derived  from  it,  though  it  difters  in  form.    [Patena.] 

PATINA,  a  word  used  by  archaeologists  to  express  the  polished  rust 
by  which  ancient  remains  of  copper,  bnronze,  or  brass  are  covered  when 
iaying  in  particular  soils.  This  rust  tends  to  the  preservation  of  the 
object,  and  enhances  its  value,  and  appears  to  have  been  prized  by  the 
Oreeks  and  Romans.  The  variety  of  tints  of  red,  green,  blue,  brown, 
purple,  olive,  and  yellow  is  owing  to  the  combustion  of  oxygen,  carbonic 
acid,  and  other  gaaes  with  the  alloys  of  which  the  metal  is  composed. 

[NxiMISirATIC8.1 

PATRIARCH  {merfudpxyih  the  head  of  a  family),  a  title  given  to  tho 
Itcada  of  families  in  the  early  history  of  the  human  race,  ancl  more 
particularly  to  the  ancestors  of  the  people  of  Israel  down  to  the  time 
of  Hoses,  and  especially  applied  to  the  twelve  sons  of  Jacob,  as  the 
aocestoTs  of  the  twelve  tribes  of  Israel. 

There  is  a  book  in  existence  entitied  'The  Testaments  of  the  Twelve 
Patriarchs,  the  Sons  of  Jacob,'  containing  what  profess  to  be  the  dying 
admonitions  of  the  patriarchs  to  their  children,  and  their  predictions 
of  tiie  future  fortunes  of  tiieir  descendants.  This  work  has  been 
pobliahed  in  Qreek  by  Grabe,  from  manuscripts  in  the  universities  of 
Oxford  and  Cambridge  ('Spicileg.  Patr.,'  tom.  I),  and  again  by 
FabriciuB  ('  Cod.  Paeudepigr.  Vet.  Test/  1718) ;  it  was  translated  into 
Latin  by  Qrostdte,  bishop  of  Lincoln  (8vo,  Haganoe,  1582),  into  French 
by  Francis  Mace,  and  into  English  by  Whiston,  in  '  A  Collection  of 


Records  belonging  to  the  Old  and  New  Testament,'  London,  1727-8. 
Whiston  has  a  dissertation  to  prove  the  authenticity  of  the  work,  but 
his  arguments  are  neither  worth  repeating  nor  refuting.  It  is  im- 
doubtedly  spurious.  There  is  no  evidence  to  prove  that  it  ever 
existed  in  Hebrew,  and  the  earliest  referenoe  to  it  by  any  ancient 
writer  is  one  by  Origen,  who  expressly  asserts  that  it  formed  no  part 
of  the  oanon.  Lardner  has  a  very  good  notice  of  the  work.  ('  Credi- 
bility,' pt.  ii,  oh.  xxix.,  s.  8.) 

The  author  of  this  book  was  probably  a  converted  Jew,  though  not, 
80  Cave  supposed,  a  Judaising  ChristkoL  It  seems  to  have  been 
written  about  the  end  of  the  2nd  century. 

Patriarok,  in  Church  lustory,  was  also  the  ecclesiastical  chief  of  a 
diooese,  which  included  several  provinces.  It  is  not  known  at  what 
time  this  titie  was  introduced  into  the  Church,  but  before  the  4th 
century  the  bishops  of  Rome,  .Antioch,  and  Alexandria,  had  obtained  a 
degree  of  pre-eminence  over  the  other  bishops.  In  the  time  of  Con- 
stantino the  Qreat  the  bishop  of  Constantinople  was  made  to  rank  witii 
the  three  just  mentioned ;  and  either  then  or  not  long  after  the  titie 
of  patriarch  was  jgiven  to  these  four  prelates.  The  number  of  these 
dignitaries  was  increased  in  the  5th  centuiy.  The  patriarch  of  Constan- 
tinople reduced  under  his  jurisdiction  those  of  Antiooh  and  Alexandria, 
and  obtained  the  title  of  "  Universal  Patriarch.**  The  bishop  of  Rome 
was  called  "  Prince  of  the  Patriarchs."  The  struggle  between  the  patri- 
archs of  Rome  and  Constantinople  for  supremacy  was  the  chief  cause  of 
the  separation  between  the  Eastern  and  Western  Churches. 

The  powers  of  the  patriarchs  are  thus  described  by  Mosheim : — 
^  They  alone  consecrated  the  bishops  who  lived  in  the  provinces  that 
bekmged  to  their  jurisdiotioiL  They  assembled  yearly  in  coundl  the 
clergy  of  their  respective  districts,  in  order  to  regulate  the  afibirs  of 
the  Chuxoh.  The  cognisance  of  all  important  causes,  and  the  deter- 
mination of  the  more  weighty  controversies,  were  referred  to  the 
patriarch  of  the  province  where  they  arose.  They  also  pronounced  a 
decisive  judgment  in  those  cases  where  accusations  were  brought 
against  bishops.  And  lastiy,  they  appointed  vicars,  or  deputies, 
clothed  with  meax  authority,  for  the  preservation  of  order  and  tran- 
quillity in  the  remoter  provinces.**  (Mosheim,  'Ecc.  Hist.'  Cent,  v., 
pt  iL,  chap.  2.)  There  were,  however,  provinces  of  the  empire  which 
were  exempt  from  thmr  jurisdiction. 

The  Greek  Church  is  at  present  governed  by  four  patriarchs,  namely, 
those  of  Constantinople,  Jerusalem,  Antioch,  and  Alexandria. 

PATRICIANS  {Patna,  PatricU,  in  Latin)  was  the  appellation  of  the 
members  of  the  original  houses  or  gentes,  of  which  the  Roman 
populus,  the  ruling  power  in  the  community,  vras  at  first  composed,  and 
of  their  descendants,  either  by  blood  or  adoption.  They  were  origin- 
ally divided  into  three  tribes,  the  Ramnes,  Titiee,  and  Luceree ;  each 
tribe  into  ten  curias,  and  each  curia  into  ten  decuriset  which  Niebuhr 
has  identified  with  the  gens  or  house.  The  Luoeres  were  admitted 
later  to  the  rank,  and  were  styled  gentes  minores,  in  opposition  to  the 
other  two  tribes,  styled  majores.  Each  house  became  subdivided  into 
several  fiunilise,  which  were  distinguished  by  a  surname,  in  addition  to 
the  name  of  the  gens,  which  was  common  to  all,  like  that  of  the  Scotch 
dan.  Thus  the  gens  Cornelia  comprised  the  families  of  the  Scipiones, 
the  Lentuli,  the  Sullte,  &c.  The  families  composing  a  gens  were  not 
necessarily  related  by  consanguinity,  for  individuals  mi^t  be  adopted 
into  a  gens,  and  imder  the  early  Roman  kings  such  admissions  were 
ft^iient.  The  definition  of  a  gens  by  Scaevola  (Cic, '  Top.,*  c.  6)  is, 
that  the  members  bore  a  conunon  name,  were  descended  from  freemen, 
without  any  stain  of  slavery  among  their  ancestors,  and  had  never 
incurred  any  legal  dinbility;  they  had  common  sacred  rites,  or 
sacrifices  appointed  for  stated  days  and  places.  When  a  femily  became 
extinct  by  default  of  heirs  in  the  male  line,  its  property  reverted  to  the 
gens  of  which  it  formed  a  part.  QentUe  and  patrician  were  therefore 
synonymous.  Freedmen  and  their  descendants  belonged  to  the  gens 
of  which  they  bore  the  name,  but  they  had  not  the  ri^ts  of  the  gens, 
that  ia  to  say,  the  gentile  rights.  Natives  of  the  confederate  towns  of 
Latium  coming  to  settie  at  Rome  attached  themselves  to  some  gentile 
family,  the  head  of  which  was  styled  their  patron,  and  they  were  styled 
his  clients.    [Client.] 

The  members  of  the  senate,  the  consuls,  and  the  pontifioes  were,  in 
the  first  ages  of  the  republic,  chosen  exclusively  from  among  the 
patricians,  until  the  year  865  B.O.,  when  Licinius  carried  his  rogations, 
by  which  the  plebeians  were  admitted  to  the  consulship,  as  well  as  to 
the  custody  of  the  Sibylline  or  sacred  books.  [LioiNius  Stolo,  in 
Bioo.  Div.j 

When  the  plebeians  becari^e  eligible  to  all  the  offices  of  the  state,  a 
new  nobility  was  formed,  consisting  of  those  who  had  filled  the  offices 
of  consul,  preetor,  or  curule  sedile,  and  this  nobility  was  transmitted  to 
their  posterity  with  the  "  Jus  imaginum,"  or  the  right  of  setting  up  in 
their  houses  the  images  of  their  ancestors.  StUl  a  distinction  in 
opinion  continued  to  prevail  in  favour  of  the  patricians,  or  older  nobi- 
li^,a8  distinguished  from  the  plebeian  fiamilira. 

When  Constantino  transferred  the  seat  of  the  empire  to  his  new  city, 
he  established  there  a  new  senate  and  a  new  patrician  order,  the  mem- 
bers of  which  were  appointed  by  the  emperor.  Their  privileges  con- 
siated  in  being  freed  from  certain  taxes  and  jurisdictions,  and  wearing 
the  chlamys  and  calceus.  After  the  fall  of  the  Western  Empire,  the 
officers  sent  by  the  Byzantine  emperors  to  administer  the  provinces 
of  Italy  subject  to  them,  were  chosen  from  among  tiie  patricians  of 
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Constantinople.  Thus  we  read  in  the  history  of  the  dark  ages,  of  the 
"patrician  of  Rome,**  meaning  the  governor  or  representative  of  the 
Eastern  emperor  in  that  city,  and  the  title  was  afterwards  assumed  by 
Charlemagne  and  his  successors. 

At  Venice  the  title  of  patrician  was  given  to  the  members  of  the 
great  council,  or  supreme  legislature,  and  their  descendants,  and  their 
names  were  registered  in  the  golden  book.  After  the  decree  of 
February,  1297,  called  "La  serrata  del  maggior  consiglio,'  no  new 
member  was  introduced  into  the  coimcil,  but  all  the  descendants  of 
those  who  had  once  sat  in  the  great  council,  on  arriving  at  twenty- 
five  years  of  age,  were  by  right  members  of  the  sovereign  assembly, 
and  patriciaiis  of  Venice.  "Patrizio  Veneto'*waa  a  title  of  nobility, 
considered  equal  to  that  of  any  feudal  noble  not  of  a  sovereign 
house. 

In  other  parts  of  Italy,  such  as  Genoa  and  Rome,  the  word  patrician 
was  and  is  still  used  in  common  language  to  denote  a  member  of  the 
hereditary  nobility,  independently  of  any  feudal  title. 

PATRISTIC  THEOLOGY.    [Thboloot.] 

PATRON.     [Bensfiob;  Parish.] 

PATRO'NUS,  derived  from  pater,  a  "  fAihsr,"  as  matema  is'formed 
from  mater,  a  "  mother."  The  rel&tion  of  Patron  and  Client  (cUent)  in 
ancient  Rome  is  discussed  in  the  article  Cldsmt;  but  the  relation 
between  a  freedman  {libertus)  and  his  patronus  requires  a  few  words  of 
explanation. 

In  the  Roman  polity  persons  were  divided,  with  respect  to  status  or 
condition,  into  freemen  {Uberi)  and  slaves  («em).  Freemen  were 
again  divided  into  persons  who  were  bom  in  a  state  of  freedom 
{ingenui),  and  those  who  had  been  manimiitted  (libertim),  A  manu- 
mitted slave  was  called  libertui,  that  is,  Uberattu," freed"  and  his 
master  who  manumitted  him  became  his  patronuM.  The  slave  who  was 
manumitted  received  the  gentile  name  of  his  patronus.  (See  Lactant 
'Div.  Instit.'  iv.  8. ,;  Plin. '  Hist.  Nat.'  xxv.  8,  and  xxxi.  8 ;  Peni. '  Sat' 
V.  jfS,)  The  relation  between  patronus  and  libertus  resembled  in 
many  respects  that  between  patronus  and  cliens ;  but  it  appears  that 
their  mutual  rights  and  obligations  were  rather  regulated  by  public 
opinion  than  fixed  by  any  positive  enactment.  The  patronus  on  the 
one  hand  was  boimd  to  take  the  libertus  under  his  protection;  and  the 
libertus  on  his  part  was  bound  to  assist  his  patronus  by  every  means  in 
his  power,  but  the  only  case  in  which  he  was  compelled  by  the  law  to 
do  so,  was  when  the  patronus  or  his  children  had  become  too  poor  to 
support  themselves.  In  such  a  case,  if  the  patronus  or  his  children 
proved  to  the  satisfaction  of  the  governor  of  the  province  {pr<BH») 
their  necessitous  condition,  he  might  direct  the  libertus  to  allow  a 
monthly  payment  for  their  support  (D.  25. 3. 9). 

The  most  important  part  however  of  tiie  connection  between  the 
patronus  and  the  libertus  was  the  right  which  the  former  had  in 
certain  cases  to  the  property  or  a  portion  of  the  property  of  the  latter 
upon  his  death.  This  right  was  founded  upon  the  fact,  that  the  law 
regarded  patron!  aa  the  adgnati  of  their  librati,  and  consequently  they 
succeeded  to  the  property  like  any  other  adgnati    By  a  law  of  the 


(naturalit),  no  one  had  a  right  to  complain ;  but  it  appeared  to  the 
Romans  a  great  injustice  that  an  adopted  son  or  daughter,  or  a  wife 
(in  flianu),  should  deprive  the  patron  of  his  right  to  the  property. 
This  injustice  was  remedied  by  the  prsetor's  edict,  which  enacted  that 
the  patron's  right  should  be  barred  only  by  the  libertus  leaving  natural 
sons,  whether  under  his  power  at  the  time  of  his  death,  or  sui  juris,  or 
adopted  by  another  during  his  life,  provided  they  had  not  been  disin- 
herited, and  that  if  a  libertus  who  had  no  natural  sons  made  a  wUl,  he 
should  be  obliged  to  leave  half  of  his  property  to  his  patronus ;  and  if 
he  left  none  of  his  propertv,  or  less  than  half,  the  bonorum  possessio 
of  half  should  be  given  to  uie  patronus,  even  against  the  words  of  the 
will;  if  the  libertus  died  intestate,  leaving  an  adopted  son,  a  wife  (tn 
manu),  or  a  daughter-in-law  (m  manu  JUU  tjvs),  half  of  the  property 
was  also  given  to  the  patronus.  ('  Gaius/  iii.  40,  41 ;  'Institut/  iit 
8.  1.) 

By  the  Lex  Papia  the  rights  of  patrons  to  the  property  of  their  rich 
freedmen  wero  still  further  increased.  By  this  law  it  was  enacted, 
that  if  a  libertus  died  leaving  property  to  the  value  of  100,000  sester- 
ces, a  portion  of  his  property  {vinUt  pars)  went  to  his  patronus, 
whether  he  had  made  a  will  or  died  intestate,  provided  he  had  fewer 
than  three  children.  If  he  left  only  one  son  or  one  daughter,  hali  of 
his  property  went  to  his  patronus,  as  if  he  had  died  leaving  no  son  or 
daughter ;  if  he  left  two  children,  a  third  went  to  the  patronus,  but  if 
three,  the  patronus  had  no  claim  to  any  portion.  (Gaius  iii.  42- 
Institut.,' lit  8.  2.) 

With  regard  however  to  the  property  of  a  liberta,  the  ancient  law 
sufficiently  protected  the  rights  of  the  patronus,  and  he  therefore  had 
no  occasion  to  have  recourse  to  the  edict  of  the  praetor.  For  since  the 
patronus  was  the  tutor  of  the  liberta,  she  could  not  make  a  will  with- 
out his  consent,  and  consequently  could  not  leave  her  property  to  any 
one  else.  (Gaius,  iii  43 ;  UId.,  '  Fr.'  xxix.  2.)  The  Lex  Papia 
however  set  free  a  liberta  who  had  brought  forth  four  children  from 
the  tutela  of  her  patronus.    (Gaius  iii  44 ;  Ulp., '  Fr.'  xxix.  3.) 

The  patrona,  previous  to  the  passing  of  the  Lex  Papia,  had  no 
greater  right  to  the  property  of  the  libertus  than  was  granted  to  the 


patronus  by  the  Twelve  Tables,  and  could  not,  like  the  patronus, 
obtain  by  the  pnetor's  edict  the  half  of  the  property  of  a  libertus  who 
had  left  only  an  adopted  son  or  a  wife  or  daughter-in-law.  By  tlie 
Lex  Papia,  however,  an  ingenua  patrona,  who  had  brought  forth  two 
children,  and  a  libertina  patrona,  who  had  brought  forth  three,  obtaiued 
almost  the  same  rights  A  the  patronus  possessed  by  the  praetor  s 
edict ;  and  an  ingenua  patrona  who  had  brought  forth  three  children 
obtained  the  same  privileges  as  were  given  to  the  patronus  by  that 
law ;  but  a  libertina  patrona  in  no  case  obtained  the  rights  granted  to 
the  patronus  by  the  same  law.  (Gaius,  iii  49,  50 ;  Ulpb,  '  Fr.'  xxix. 
6,6.) 

The  rights  of  a  patronus  to  the  property  of  a  libertus  only  extended 
to  his  direct  heredes,  sons,  grandsons,  grMt-gxandsons,  &c.,  and  never 
belonged  to  his  collateral  heirs  {exiraanei  heredes),  (Gaius,  iii  58.) 
A  patronus  was  able  to  assign  a  libertus  (odsigTuure  lU)ertwm)  to  one  of 
his  sons  to  the  exclusion  of  his  other  children,  so  that  on  the  death  of 
a  libertus,  the  son  to  whom  the  libertus  had  been  assigned  was  alon^ 
entitled  to  the  property,  v^ch  was  due  to  the  patronus  by  the  jus 
patronatus.    ('  Institut.,'  iii,  tit.  9 ;  '  Dig.,'  50. 16. 107.) 

All  the  preceding  remarks  respecting  iSie  sucoession  of  the  patroiius 
•to  the  property  of  the  libertus,  only  apply  to  the  property  of  those 
liberti  who  were  Roman  citizens.  Those  liberti  who  were  Latini 
[Latinum  Jus],  or  Dediticii,  had  in  fact  no  power  over  the  disposal  of 
their  propertv.  The  Latini  liberti  had  the  privileges  of  freemen  while 
alive,  but "  they  lost  their  life  and  their  liberty  at  the  same  time,"  and 
their  property,  like  the  pecuUa  of  slaves,  came  by  the  Lex  Junia  to  the 
persons  who  had  manumitted  them  (Gaius.,  iii,  56 ; '  Institut.,'  iii  8.4.) 
The  succession  to  the  property  of  the  liberti  Latini  differed  also  in 
many  other  important  piuticulars,  which  G^us  has  pointed  out 
(iii.  57-62),  from  the  sucoession  to  the  property  of  those  liberti  who 
were  Roman  citizens.  By  a  decree  of  the  senate  paaeed  in  the  reign  of 
Claudius  during  the  consulship  of  Lupus  and  LargoB,  it  was  enacted 
that  the  property  of  the  Latini  should  pass  first  to  those  who  had 
manumitted  them  and  their  children  not  disinherited  by  name,  and 
afterwards  to  their  other  heirs.  (Gaius,  iii  63;  '  Institut.,'  iii  8.4.) 
By  a  constitutio  of  Trajan,  it  was  enacted  that  if  a  Latin  libertus 
obtained  from  the  Emperor  the  jus  Quiritium  without  the  knowledge 
or  against  the  will  of  hjs  patronus,  he  should  enjoy  the  privileges  of  a 
Roman  citizen  while  he  lived,  but  should  be  regarded  as  a  Latinus  at 
the  time  of  his  death,  and  should  have  no  power  of  leaving  his  children 
as  his  heredes ;  and  that  he  should  only  be  allowed  to  make  a  will  so 
far  as  to  leave  his  patronus  his  heir,  or  if  the  latter  were  unwilling  to 
become  his  heir,  of  substituting  another  in  his  place.  (Gaius,  iii  72.) 
This  constitutio  however  was  a  little  altered  by  one  of  Hadrian,  who 
gave  with  certain  conditiofis  the  same  privileges  to  those  Latini  who 
had  obtained  the  jus  QuiriUum  from  the  Emperor,  as  to  those  who 
had  obtained  it  by  a  decree  of  the  senate  or  the  Lex  .^Slia  Sentia. 
(Gaius,  iii.  73.) 

These  laws  wero  however  very  much  altered  by  Justinian.  He  gave 
to  the  liberti  Latini  and  Dediticu  the  same  privileges  as  those  liberti 
possessed  who  were  Roman  citizens.  He  also  enacted,  that  if  a 
libertus  or  liberta  left  less  property  than  amounted  to  the  Yslae  of  100 
aurei,  the  patronus  had  no  claim  to  aoy  portion  of  the  property, 
provided  they  made  a  will;  but  if  they  died  intestate,  leaving  no 
children,  then  the  patronus  succeeded  to  the  property  by  the  law  of 
the  Twelve  Tables.  If  the  property  of  the  libertus  or  liberta  was  of 
more  value  than  100  aurei,  and  they  left  children,  the  patronus  had 
also  no  claim  to  any  part  of  the  property;  but  if  those  liberti  or 
libertae  who  left  no  children  died  intestate,  the  patronus  succeeded  to 
the  whole  of  the  property,  and  if  they  made  a  wul  without  leaving  any 
part  of  their  property  to  the  patronus,  then  he  had  a  right  to  a  third 
of  the  property,  and  not  to  a  half,  as  was  formerly  the  case.  ('  Instit.,* 
iii  8.3.) 

(Gaius,  iii  39-76 ;  Ulpian,  Froffm,,  xxvii  1-5 ;  xxviii  7 ;  xxix.  1-7 ; 
IrutUutiones,  iii,  tit.  8,  De  Successione  Libertorum;  tit.  9,  De  Addg- 
natione  Libertontm .-  Digest.  37,  tit  14,  Jk  Jure  PcOronatus ;  38,  tit.  2, 
De  Bonis  Libertorum;  88,  tit  4,  Jk  Adsignandis  Libertis;  CoUatio 
Legum  Mosaic,  et  Roman.,  xvi,  8,  9 ;  Unterholzner,  UAer  das  patrona- 
tiKke  Erbreckt,  in  the  ZeUsckrift  fir  OeschichtUche  RechUwissenschaft, 
5th  voi,  1st  part,  Berlin,  1823 ;  and  the  articles  Client,  Latinum  Jus, 
and  LiBERTiNUS,  in  this  work.) 

PATRCNYMIC  {Tarpumffwchs)  is  a  name  given  by  grammarians  to 
those  words  which  express  the  name  of  a  person's  fa^er  or  ancestor. 
Thus  Achilles  is  called  Pelides  (the  son  of  Peleus),  Agamenmon  is 
styled  Atrides  (the  son  of  Atreus),  ftc.  In  the  English  language  we 
have  no  words  of  this  description,  but  in  Sanscrit  and  Greek  they  are 
veiy  common,  especially  in  Sanscrit,  which  has  as  many  as  Uiirteen 
different  terminations  to  form  such  words,  namely,  a,  aki,  dyana, 
dyani,  dyanya,  in6ya,irya,  iya,  ira,  <Ura,hdyani,  Jci,  ya.  In  Greek  the 
most  common  masculine  termination  is  ides,a&Cecrop-ides,  a  descendant 
of  Cecrope ;  some  patronymics  are  formed  by  adding  ion,  as  Kron-ion, 
the  son  of  Kronos,  &c.  Feminine  patronymics  in  Greek  are  ooomionly 
formed  by  adding  id  (in  the  nominative  is),  as  TantaUs,  gen.  Tantal- 
id-os,  the  daughter  of  Tantalus.  In  Lithuanian  some  patronymics  are 
formed  by  adding  tm,  as  Janow-na,  the  son  of  Janow  or  John  (Pott's 
<  Etymologische  Forschungen/  voi  ii.,  p.  579) ;  which  termination  may 
perhaps  be  connected  with  the  Latin  an-us,  which  forms  such  patrony- 
mics as  Octavi-anuSf  one  of  the  family  of  Octavius,  ^mili-anus,  one  of 
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the  family  of  ^zniliuB,  fto.    In  Eng^h,  though  not  very  correctly, 
the  surname  is  often  styled  the  patronymic. 

PATTERNS.  Ck)nnected  with  the  subject  of  patents  is  the  copy- 
right of  designs.  By  recent  Acta  of  Parliament  (5  &  6  Vici.  c  100 ; 
6  &  7  Vict  c.  65 ;  and  13  k  14  Vict.  c.  104 — known  respectlYely  as 
'<The  Designa  Act,  1842;"  "The  Designs  Act,  1848;"  and  "The 
Designs  Act,  1850"),  the  inventor,  or  purchaser,  or  proprietor  of  any 
new  design  for  ornamenting  any  article  of  Inanufacture  of  a  useful 
character  in  respect  of  the  pattern,  or  the  shape,  or  the  external 
appearance,  may  register  su<ui  design,  and  thereby  secure  the  sole 
right  of  applying  it  for  a  period  of  three  years,  subject  to  extension 
at  the  discretion  of  the  Boaixl  of  Trade. 

ProTision  is  contained  in  the  later  Act  for  provisional  regLstration 
for  one  year. 

The  person  intending  to  register  must  take  or  send  to  the  office  of 
the  Registry  of  Designs,  1,  Whitehall,  two  copies  or  drawings  of  his 
design ;  one  of  whidi  will  be  filed  by  the  registrar,  and  the  other 
returned  to  the  party  registering,  vrith  a  certificate,  which  certificate 
is  made  evidence  of  registration. 

Evei7  article  manufactured  according  to  such  design  must  have 
thereon  the  number  of  the  design  in  the  register,  and  the  date  of  the 
registration. 

Any  person  pirating  a  design  thus  protected  is  liable  to  a  penalty  of 
from  5^  to  302w  for  each  offence,  which  may  be  recovered  by  an  action 
at  law,  or  by  summary  proceeding  before  two  magistrates. 

Registered  designs  may  be  transferred  from  one  person  to  another, 
in  which  case  the  latter  is  entitled  to  be  registered  as  the  proprietor. 
Printed  forms  of  such  transfers  are  supplied  at  the  office. 

The  commissioners  of  the  Treasuiy  have  power  to  fix  the  fees 
payable  upon  registrations,  transfers,  &&  These  fees  are  of  veiy  mode- 
rate amount. 

PAUPERISM.    [PooB  Laws.] 

PAUSE.    [Oratory;  Punctuation.] 

PAVEMENT.    [Roads.] 

PAVIIN.  A  crystallisable  substance  found  by  Professor  Stokes  in 
the  bark  of  the  horse-chestnut.  It  is  remarkable  for  exhibiting  a 
beautiful  bluish-green  fluorescence  when  placed  in  violet  light.  It  is 
supposed  to  be  identical  withynmn. 

PAVING.    [Roads.] 
^  PAVO  (the  Peacock),  a  constellation  of  Bayer,  which  occupies  a  part 
of  the  space  situated  between  Sagittarius  and  the  South  Pole.    Its 
principal  stars  are  as  follows : — 


Charaeter.  No.  in  Catalogue 

(None  In  No.  in  Catitlogiie  of  BritlBh 

Bayer.)           of  Lacaille.  Aaaoeiation. 

C                  1525  6315 

c                   1615  6801 


1635 


6878 


Magnitade. 

4 
4 
4 


PAWN.    [Plbdge.] 

PAWNBROKERS.  All  persons  who  receive  goods  by  way  of  pawn 
or  pledge  for  the  repayment  of  money  lent  thereon  at  a  higher  rate  of 
interest  than  five  per  cent,  per  annum,  are  pawnbrokers.  The 
character  of  the  individual  to  whom  the  money  is  lent  is  scarcely  a 
subject  of  consideration  with  the  lender;  he  maybe  satisfied, if  he 
believe  that  the  articles  pledged  are  not  stolen  or  come  by  in  an 
unlawful  manner. 

Pawning  difiers  from  other  ways  of  lending  and  borrowing  money  in 
ihifl,  that  the  goods  of  the  borrower  are  delivered  to  the  lender  as  a 
security.  [Pledob.]  Otherwise,  when  the  lender  has  confidence  in 
the  integrity  and  solvency  of  the  borrower,  he  is  often  satfiified  with  a 
written  engagement  from  the  borrower,  and  if  it  should  be  required, 
with  the  additional  engagement  of  some  other  person.  When  further 
security  is  required  by  ^e  lender,  it  may  be  land,  or  shares  in  a  ship, 
or  it  may  be  something  which  is  not  in  its  nature  capable  of  immediate 
tradition,  as  ihe  future  benefit  to  accrue  from  a  policy  of  insurance; 
but  all  these  kinds  of  security  are  different  from  that  given  in  pawning, 
and  are  treated  under  the  articles  MoRTaAOE  and  Ships. 

The  business  of  lending  money  on  pledges  is  in  many  countries 
carried  on  under  the  immediate  control  of  the  government  as  a  branch 
of  Uie  public  administration;  and  where  only  private  individuals 
engage  in  it,  as  in  this  country,  it  is  placed  under  regulations.  Thus 
in  China,  where  pawnbrokers  are  veiy  numerous,  Sir  J.  F.  Davis,  in  his 
work  on  the  *  Chinese,'  says  "  they  are  under  strict  regulations,  and 
any  one  acting  without  a  Ucence  is  liable  to  severe  punishment.  The 
usual  period  allowed  for  the  redemption  of  the  pawned  goods  is  three 
years.  The  highest  legal  rate  of  interest  on  deposits  is  three  per  cent. 
per  month ;  but  in  the  winter  months  the  money  advanced  on  wearing 
ftpparel  may  not  exceed  two  per  cent,  on  the  alleged  groimd  that  poor 
persona  may  be  able  the  more  easily  to  redeem.** 

During  the  existence  of  the  Usury  Laws  in  this  country,  which  fixed 
the  TnaTiirmTr^  Icgsl  rate  of  interest  at  five  per  cent,  per  annum,  a 
higher  rate  was  nevertikeless  chiugeable  by  pawnbrokers  under  the 
•ection  of  the  39  k  40  Geo.  3,  c.  99,  an  act  which  is  still  in  force,  and 
which  regulates  ^e  various  rates  of  interest  on  goods  or  chattels 
pi^wned  according  to  the  foUowing  scale : — 

For  every  pledge  upon  which  there  shall  have  been  lent  any  sum 
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not  exceeding  2f.  M.,  the  sum  of  {cL,  for  any  time  during  which  the 
said  pledge  shall  remain  in  pawn  not  exceeding  one  calendar  month, 
and  the  same  for  every  calendar  month  afterwards,  including  the 
current  month  in  which  such  pledge  shall  be  redeemed,  although  such 
month  shall  not  be  expired.  If  there  shall  have  been  lent  the  sum  of 
6s,,  one  penny;  7«.  M,,  one  penny  halfpenny;  lOt.,  two-pence; 
12f.  6(2.,  two-pence  halfpenny ;  16t.,  three*pence ;  17«.  M,,  three-pence 
halfpenny ;  20«.,  four-pence ;  and  so  on  progreadvely  and  in  prot>orii0n 
f ov  any  sum  not  exceeding  forty  shillings ;  but  if  exceeding  40f.  and 
not  exceeding  42*.,  eight-pence ;  if  exceeding  42f.,  and  not  exceeding 
lOZ.,  after  the  rate  of  three-pence  for  every  20t.,  by  the  calendar 
month,  including  the  current  month,  and  so  on  in  proportion  for  any 
fractional  sum.  Parties  may  redeem  goods  within  seven  days  after  the 
expiration  of  the  first  calendar  montb  without  paying  interest  for  the 
extra  seven  days ;  or  within  fourteen  days  on  paying  for  one  month 
and  a  half;  after  which  time  interest  is  charged  for  two  calendar 
months.  But  in  case  the  interest  has  accumulated  throughout  a 
series  of  months,  the  pawnbroker  is  not  entitled  to  csdculate  it  for 
a  single  month,  taking  advantage  of  an  indivisible  fraction,  and 
then  multiply  the  result  bv  the  number  of  months.  The  calcula- 
tion in  the  first  instance  should  be  for  the  whole  ti^e  at  the  rate 
allowed  by  law  so  as  to  avoid  the  injustice  done  the  pawnor  by  the 
other  method. 

Pawnbrokers  are  required  by  the  Act  to  keep  books  in  which  all 
goods  taken  in  pledge  must  be  entered  and  described,  the  sum  advanced 
upon  them,  and  the  name  and  abode  of  the  pledger,  and  whether  he  is 
a  housekeeper  or  a  lodger.  They  make  out  at  the  time  two  memoranda 
of  these  particulars,  one  of  which  is  given  to  the  pledger.  For  this  dupli- 
cate, when  under  10*.,  one  halfpenny  is  charged ;  lOt.  and  under  20f., 
one  penny ;  1^.  and  imder  6L,  twopence ;  5^  and  upwards,  fourpenoe. 
Articles  pledged  for  sums  above  5$.  must  be  entered  in  the  pawn- 
broker's books  within  four  hours ;  and  those  on  which  lOt.  or  upwards 
have  been  advanced  must  be  entered  in  a  separate  book  and  numbered, 
the  first  entry  in  each  month  commencing  No.  1.  The  number  and 
description  of  the  pledge  in  the  books  and  on  the  duplioate  correspond 
with  each  other.  Articles  cannot  be  taken  out  of  pawn  without  t^e 
production  of  the  duplicate^  the  holder  of  which  is  presumed  to  be  the 
owner;  but  the  original  pawnor  has  a  perfect  rifht  to  sell  the 
duplicate,  and  the  pawnbroker  is  obliged  to  deliver  we  goods  to  the 
purchaser  on  the  production  of  the  duplicate  with  the  principal  and 
mterest  due  on  the  pledge.  If  a  duplicate  be  lost  or  stolen,  the  pawn- 
broker is  required  to  give  a  copy  of  it  to  the  party  representmg 
himself  as  the  owner  of  the  artides  pledged,  with  a  blank  form  of 
affidavit,  which  must  be  filled  up  witii  a  statement  of  the  circun»- 
stances  under  which  the  original  duplicate  was  lost,  and  sworn  before  a 
magistrate;  For  this  second  duplicate  the  pawnbroker  is  entitled  to 
demand  one  halfpenny,  if  the  sum  advanced  does  not  exceed  fit.; 
from  5s»  to  lOt.,  one  penny ;  and  afterwards  in  the  same  proportion  as 
for  the  original  duplicate. 

The  penalty  agiunst  unlawfully  pawning  goods  the  property  of  others 
is  between  20f.  and  51,,  besides  the  full  value  of  the  goods  pledged ; 
and  in  default  of  payment,  the  offending  party  may  be  conmiitted  for 
three  montha'  imprisonment  and  hard  labour.  Persons  forging  or 
counterfeiting  duplicates,  or  not  being  able  to  give  a  good  account  of 
themselves  on  offering  to  pawn  goods,  are  liable  to  imprisonment  for 
any  period  not  exceeding  three  months.  Pawnbrokers  or  other  persons 
buying  or  taking  in  pledge  imfinished  goods,  linen,  or  apparel  entrusted 
to  others  to  waui  or  mend,  are  to  forfeit  double  the  sum  advanced  and 
to  restore  the  goods.  The  Act  empowers  police-officers  to  search 
pawnbrokers'  houses  or  warehouses  when  suspected  to  contain 
unfinished  goods  unlawfully  pledged,  and  goods  unlawfully  pawned 
must  be  restored  to  the  owner  by  the  pawnbroker.  Gkx>ds  that  have 
been  stolen  and  pawned  may  be  ordered  by  the  judge  or  magirtrate 
before  whom  the  thief  is  convicted  to  be  restored  to  the  real  owner ; 
and  vrithout  proceedings  against  the  thief  they  may  be  recovered  by 
the  owner  in  an  action  at  law  against  the  pawnbroker. 

All  pawned  goods  are  deemed  forfeited  at  .the  end  of  one  year.  If 
redeemed,  the  pawnbroker  must  endorse  on  his  duplicate  the  charge 
for  interest,  and  keep  it  in  his  possession  for  one  year.  Articles  on 
which  sums  have  be«i  advanced  of  10«.  and  not  exceeding  IQl.,  if  not 
redeemed,  must  be  sold  by  auction,  after  being  exposed  to  public  view 
and  at  least  two  days'  notice  having  been  given  of  the  sale.  Hie 
catalogue  of  sale  must  contain  the  name  and  abode  of  the  pawnbroker, 
the  month  the  goods  were  received,  and  their  number  as  entered  in 
the  books  and  on  the  duplicate.  Pictures,  prints,  books,  bronses, 
statues,  busts,  carvings  in  ivory  and  marble,  cameos,  intaglioe,  musical, 
mathematical,  and  philosophioJ  instruments,  and  china,  must  be  sold 
separate  from  other  goods,  on  the  first  Monday  in  January,  April, 
Jiily,  and  October  in  every  year.  On  notice  not  to  sell  given  in 
writing,  or  in  the  presence  of  one  witness,  from  persons  having  goods 
in  pledge,  three  months  further  are  allowed  beyond  the. year  for 
redemption;  and  if  the  owner  tender  principal  and  interest  and 
demand  delivery  of  the  goods  any  time  before  sale,  the  pawnbroker  is 
not  afterwards  entitled  to  sell  them.  But  in  the  fact  of  selling  unre- 
deemed pledges  there  is  no  further  warranty  implied  by  law  on  the 
part  of  the  ^Hiwnbroker  than  that  the  goods  are  unredeemed  pledges, 
and  that  he  is  not  cognisant  of  any  defect  of  title  attaching  to  thara. 
An  *aooount  of  sales  of  pledges  above  10«.  must  be  entered  in  a  beek 
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|E6pt  by  the  pawnbroker^  and  if  attioles  «re  sold  for  more  than  the 
mun  for  which  they  were  pledged,  with  interest  thereon,  the  owner  is 
entitled  to  the  sundns,  il  demanded  within  three  yean  a£ter(the  sale. 
Pawnbroker^  sale-books  are  open  to  inspeetion  on  payment  of  a  fee  of 
one  penqy.  The  penalty  on  pawnbrokers*  selling  goods  before  the 
XHx>per  time,  or  injuring  or  losing  them,  and  not  nvvking  oompeosation 
to  the  owner,  ococrdingto  the  award  of  a  magistrate,  is  101.  They  are 
required  to  produce  their  books  on  the  order  of  a  magistrste  in  any 
dispute  concemng  pledges,  and  are  not  to  purchase  goods  whi(& 
are  in  their  custody.  The  Act  extends  to  the  ezeouton  of  pawn- 
brokers. 

The  Act  prohibits  pledges  being  taken  from  penons  intoxicated  or 
under  twelve  yean  of  age.  (By  the  *  Metropolitan'  Police  Act  (2  ft  8 
Vict.,  e.  47),  a  ^e  of  6L  is  inflicted  upon  pawnbroken  taking  pledges 
troai  penons  imder  the  age  of  sixteen.)  Pawnbrokers  are  prohibited 
from  buying  goods  between  the  hours  of  8  A.U.  and  7  'F.if . ;  and  by  the 
9  &  10  VicU,  c.  98  from  reoeiTing  pledges  between  Miohaelmas-day  and 
Lady-daj  before  8  a.u.  or  after  7  f-M  . ;  and  for  the  remainder  of  the 
year,  before  7  A.if.  or  after  8  p.m.,  excepting  on  Saturdays  and  the 
evenings  preceding  Good  Friday  and  Christmas  Day,  or  any  pubUo  fast 
or  thanksgiving  day  appointed  by  the  Crown,  when  the  hour  for 
closing  is  extended  to  11  p.m.  They  are  required  to  place  a  table  of 
profits  and  charges  in  a  conspicuous  part  of  their  places  of  business. 

Pawnbroken  are  required  to  take  out  an  annual  licence  horn  the 
Stamp-Offioe;  and,  to  enable  them  to  take  in  pledge  articles  of  gold 
and  silver,  a  second  licence  is  necessary,  which  costs  51,  I5t.  Those 
who  carry  on  business  within  the  limits  ol  the  old  Twopenny  Post  pay 
15/.  a-year  for  their  licence,  and  in  other  parti  of  Great  Britain  7L  10«. 
The  licence  expires  on  the  31st  July,  and  a  penalty  of  BOL  is  incurred 
if  it  is  not  renewed  ten  days  before.  No  Uoence  is  required  in 
Ireland,  but  those  who  carry  on  the  business  of  a  pawnbroker  must  be 
registered.  Any  one  who  enten  into  secret  partnership  with  a  pawn- 
broker for  the  purpose  of  carrying  on  that  business,  even  although  the 
agreement  stipulates  only  for  a  right  to  inspect  the  books  and  to 
receive  a  per  centage  on  the  business  done,  renders  himself  liable  to 
penalties  under  the  statute.  But  to  repress  the  practice  of  laying 
frivolous  and  imfounded  informations  against  this  class  of  tradesmen, 
the  2  ft  3  Yiot.  o.  71,  ss.  32*^5,  giving  power  to  magistrates  to  award 
amends  in  such  oases,  to  inflict  penalties  on  common  informen  who 
compound  informatbns,  to  diminish  the  amount  of  the  portion  awarded 
of  the  penalty  to  any  informer,  and  further  to  <^im<ni«h  the  term  of 
imprisonment  fixed  in  the  case  of  offenden,  is  extended  by  the  22  ft  28 
Vict  c.  14  to  the  89  ft  40  Qea  8,  c  9»,  and  to  all  parts  of  Englahd, 
and  to  all  magLstrates,  justices,  or  justices  of  the  peace. 

The  act  for  the  regulation  of  pawnbroken  in  Ireland  is  the  28  Geo.  III., 
c.  43  (Irish  statute).  It  requires  pawnbroken  to  take  out  licences 
and  to  give  securities;  appoints  the  marshal  of  the  city  of  Dublin 
oorporation  registrar  of  licences;  directs  retunu  to  be  made  to  him 
monthly,  upon  oath,  of  sums  lent ;  and  allows  the  registrar  a  fee  of 
one  shilling  on  each  return.  The  Act  requins  the  returns  to  be  laid 
beforo  parliament;  but  this  is  not  done,  and  in  some  other  particulan 
the  statute  is  but  imperfectly  observed. 

PAX,  an  ecdesiastioal  instrument  of  ancient  use  in  the  Roman 
Catholic  church.  St.  Fwl,  in  several  of  his  epistles,  commands  the 
prof etson  of  the  Christian  religion  to  "  salute  each  other  with  a  holy 
Idss."  That  Uus  was  liteially  practised  in  the  first  ages  of  the  church, 
we  learn  from  the  apostolical  constitutions,  tc^^er  with  some  par- 
ticulan respecting  the  method  of  performing  this  ceremony.  "  Let  the 
biahop  salute  the  church,  and  say,  nepeaee  of  Ood  fts  tcith  you  all: 
and  let  the  people  answer,  And  wUh  thy  spirit.  Then  let  the  deacon 
aay  to  all,  Salute  one  another  with  a  hofy  itt«i,atid  let  the  clergy  kiss  the 
bishop,  and  the  laymra  the  laymen,  and  the  women  the  women." 
(Li.  viii.,  all,  apud  Coieller,  p.  845.) 

The  custom  of  giving  the  kiss  of  peaoe  before  the  communion,  in 
the  more  solemn  servioe  of  the  Roman  Catholic  Churoh  called  the  High 
Mass,  is  still  kept  up  among  the  officiating  dergy,  as  well  as  among 
the  men  and  women  of  the  different  rel^ous  orders.  So  also  it 
appean  to  have  been  practised  by  the  hdty  during  the  middle  ages; 
while  the  men  and  women  wen  separated  from  each  other.  But 
when  the  sexes  began  to  be  mixed  together  in  the  less  solemn  service 
called  the  Low  Mass,  which  begxa  to  take  place  in  the  12th  or  18th 
century,  a  sense  of  decorum  dictated  to  the  bishops  the  use  of  an  instru- 
ment called  sometimes  a  fcr,  sometimes  Tabula  PacU,  and  some- 
times OjoirfatorMim,  which  the  priest  kissed  first,  then  the  clerk,  and 
lastly  the  people  who  assisted  at  the  service,  one  after  another,  instead 
of  the  former  kiss. 

Among  the  constitutions  of  Walter  de  Grey,  aivhbishop  of  Toi^  in 
1260,  an  osculatorium  was  one  of  the  regular  ecclesiastioal  ornaments, 
or  rather  implements,  ordered  to  be  provided  in  every  parish  church. 

It  was  usually  in  the  form  of  a  metallic  plate  or  tablet,  with  a 
support  at  the  back,  and  had  a  representation  of  the  crucifixion  in 
front,  either  in  relief  or  engnved.  The  magnificent  pax  of  silver, 
!f*^^®^  JV*^®^°'  ^y  Finiguem,  is  still  preserved  at  Florence.  In 
the  South  Kensington  Museum  is  a  remarkably  fine  pax  of  Italian 
work  of  near  the  close  of  the  16th  century.  The  central  plate  is  of 
broMB,  on  which  is  a  representation  in  relief,  attributed  to  Botticelli, 
of  the  Vugin  tmder  a  canopy,  surrounded  by  angels.  This  is  set  in  a 
gilt  mounting,  enriched  with  silver  filagree  work ;  while  the  suppoH  is 


ornamented  with  three  small  nieillo  plates.    Many  othen  are  extant, 
which  are  admirable  examples  of  the  metallio  art  of  the  txmeu 

The  general  disuse  of  this  plate  in  modem  times  is  attributed  by 
Le  Bnm  ('  Explication  Intterale,  fta,  de  la  Messe,*'  torn,  i,  p.  596)  to 
certain  jealousies  which  were  found  to  arise  among  individuiBls,  about 
priority  in  having  it  presented  to  them. 

The  un  of  the  Pax  was  not  among  the  ceremonies  wliidi  were  fint 
abrogated  at  the  Reformation  in  England :  on  the  contrary,  it  was 
enforoed  by  the  ecdesiastioal  oommisaionem  of  Bdwwd  YI.,  and  ren- 
dered more  ostensible  than  it  had  been,  as  appean  by  the  following 
injunction,  published  in  the  deanery  of  Doncaster,  in  1648  : — **  The 
clerk  shall  bring  down  the  paxe,  and  standing  without  the  ehurch- 
door,  shall  say  loudly  to  the  people  these  words :  *  This  is  the  token  of 
joyful  peaoe,  which  is  between  God  and  man's  conscience/  **  kie. 

PAYMENT.  If  a  man  owes  severs!  sums  of  taiaoifj  to  another  on 
difierent  accounts,  and  makes  a  payment  of  any  one  of  such  sums,  he 
may  state  at  the  time  of  pajrment  on  whioih  account  suoh  sum  ie  paid, 
and  the  payment  will  be  considered  to  be  legally  appropriated  to  the 
debt  which  he  has  named.  If  at  the  time  of  paymeot  the  debtor 
makes  no  appropriation  of  the  payment,  the  creditor  may  at  the  time 
of  payment  appropriate  it  to  such  debt  as  he  pleases,  provided  ha  wo 
appropriates  the  payment,  as  he  would  do,  or  as  it  may  be  preanmed 
that  he  would  do,  if  he  were  the  debtor.  Aooordin^y  the  creditor 
must  appropriate  the  payment  to  such  debt  as  is  the  moat  bordenaome 
to  the  debtor.  If  neither  party  make  any  appropriation  of  the  debt 
at  the  time  of  payment,  the  payment  will  be  presumed  to  be  made  on 
account  of  the  more  burdensome  debt ;  if  there  is  no  differenoe  in  the 
quality  of  the  debts,  the  payment  must  be  presumed  to  be  made  on 
account  of  the  oldest. 

These  are  the  rules  of  the  Roman  Law  ('Dig.'  46,  tit.  8),  wfaidi 
perhaps  may  be  considered  to  be  adopted  by  the  Knglish  Law,  tfaou|^ 
the  decisions  are  by  no  means  uniform  in  this  matter.  (Devavnes  r. 
Noble,  1  Mer.  606.)  The  principles  just  laid  down  apply  to  cuatinct 
debts  on  difierent  accounts  (causae).  If  there  are  dedings  between 
two  persons  which  are  all  of  one  unifoim  and  continuous  nature,  as 
for  instance  between  a  banker  and  his  customer,  there  is  no  queetton  of 
appropriation  of  payment  The  customer  pays  money  into  the  bank 
at  difierent  times,  and  draws  it  out  by  drafts  at  difierent  times.  All 
the  stuns  paid  in  and  aU  the  sums  paid  out  severally  make  an  entire 
creditor  and  debtor  account,  and  by  striking  the  balance  at  any  given 
time  it  will  appear  what  sum  is  due  at  that  time  from  the  buker  to 
his  customer  or  from  the  customer  to  his  banker.  It  ia  true  that  this 
supposes  a  kind  of  ^appropriation,  but  not  exactly  that  kind  which  is 
meant  by  the  term.  It  assumes  that  the  sum  firet  paid  in  is  dis- 
charged by  the  sum  first  paid  out,  so  fiar  as  it  is  Sufficient  to  disshaige 
it ;  and  the  same  remark  applies  to  all  subsequent  payments  into  the 
bimk  and  sinns  dnwn  out.  The  account  therefore  must  be  made  out 
in  the  order  of  time,  and  the  balance  will  show  how  the  account 
stands  at  the  time  when  it  is  made  ont.    (Devaynes  v.  Noble.) 

A  debt  barred  by  the  Statute  of  Limitations  cannot  be  revived  by 
an  appropriation  of  a  general  payment. 

There  are  various  other  cases  in  Uie  reports  in  whicih  the  question 
of  appropriation  of  payments  has  been  (^soussed.  (Croft  e.  Lumley, 
6  H.  of  L.  Cas.  672 ;  Beole  v.  Caddick,  2  H.  ft  N.  326;  Nash  v.  Qodg- 
son,  L.  J.  26,  Ch.  186 ;  and  Farley  «.  Turner,  L.  J.  26,  Ch.  710.) 

PEA.  The  garden  pea  (Pitwfn  soitvum)  is  a  native  of  the  souAh  of 
Europe,  but  sufficiently  hardy  in  a  young  state,  or  when  its  develop- 
ment is  not  much  extended,  to  bear  our  winten  when  they  are 
moderate,  and  when  the  plants  have,  as  in  gardens  genenUy,  a  riieltered 
situation. 

The  pea  had  probably  been  introduced  into  this  country  at  an 
early  period,  for  peas  are  mentioned  by  Lydgate,  in  the  time  of 
Henry  VI.,  as  being  hawked  in  L<mdon.  It  i^pears  however  that 
forneariya  century  afterwards,  they  were  either  not  very  common, 
or  the  manner  of  obtaining  them  early  was  unknown,  for  Fuller  states 
that  in  the  reign  of  Elizabeth  peas  were  brought  from  Holland, 
and  were  accounted  "fit  dainties  for  ladies,  they  came  so  far  and  cost 
so  dear." 

The  varieties  of  the  pea  are  numerous.  Every  aeedsmaa  iasnes  a 
trustworthy  list,  from  which  selection  is  to  be  made  aooovding  to  the 
date  of  sowing. 

The  soil  for  peas  ought  to  be  fresh  and  well  stirred^  but  not  too 
rich ;  for  in  the  latter  case  a  luxuriant  growth  is  induced  without 
fertility. 

The  times  of  sowing  are,  in  November  for  the  earliest  orop,  and  at 
intervals  of  a  month,  three  weeks,  or  a  fortnight,  as  the  seaaon  advances, 
till  Midsummer.  The  produce  from  any  that  may  be  sown  after  this 
period  is  very  uncertain ;  as  ia  indeed  the  case  with  the  November  and 
other  sowings  previous  to  those  of  spring.  The  shelter  a£fbrded  the 
young  plants  in  winter  by  spruce  branches  or  temporary  awnings  is  ol 
course  beneficial. 

The  distance  which  should  be  allotted  for  the  intervUa  between  the 
rows  of  peas  may  be  three,  four,  five,  or  six  feet,  acoording  to  the 
growth  of  the  sort  and  richness  of  the  soil  The  plants  should  not  be 
allowed  to  grow  too  thick  in  the  rows,  otherwise  they  are  dnwn  up 
slender,  without  a  due  proportion  of  foliage  on  the  lower  part  of  the 
stem,  which,  in  that  case,  as  well  as  the  leaves  depending  on  it,  is  api 
to  become  unhealthy  and  to  mildew. 
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AgricuUural  CtUiivatian, — ^The  common  pea  in  cultivated  in  the 
garden  and  in  the  field,  and  there  are  several  varieties  of  it.  The 
plant  is  naturally  a  creeper,  having  numerous  tendrils,  by  which  it 
kys  hold  of  stronger  plants  and  Eupports  itself.  'The  pods  contain  one 
row  of  roimd  see<hi,  wiiich  at  first  are  soft  and  juicy,  in  which  state 
they  are  used  for  the  table  under  the  name  of  green  peas.  They  after- 
wards harden  and  become  farinaceous,  and  the  stem  dries  up.  In  this 
state  they  are  thrashed  and  stored  for  use  like  com,  and  serve  chiefly 
to  fatten  hogs.    The  straw  is  given  to  cattle  and  sheep  in  winter.^ 

There  are  some  varieties  of  peas  the  stems  of  which  do  not  rise  or 
creep,  but  remain  short,  and  hence  are  called  dwarf  peas.  These  are 
preferred  for^arly  sowing  in  the  garden,  and  likewise  when  they  are 
cultivated  in  the  fields  to  be  gathered  in  a  green  state.  Eveiy  gardener 
fltrives  to  raise  early  peas,  and  the  first  which  are  brought  to  the 
London  market  are  sold  for  a  very  great  price.  As  soon  as  they  are 
more  conunon,  such  quantities  are  sometimes  raised  in  the  fields,  that 
the  price  scarcely  defrays  the  expense  of  gatiiering  and  bringing  to 
market.  When  the  market  is  not  overstocked,  this  crop  is  very  profit- 
able, as  it  does  not  exhaust  the  land,  and  there  is  good  time  for  a  crop 
of  tares  or  turnips  after  the  peas  in  the  same  season.  But  the  usuiu 
purpose  for  which  peas  are  cultivated  in  the  regular  course  of  hus- 
bandry, is  to  fatten  sheep  and  hogs.  A  white  sort,  which  readily  splita 
when  subjected  to  the  action  of  millstones  set  wide  apart  bo  as  not  to 
grind  them,  la  used  iti  considerable  quantities  for  soups,  and  especially 
for  sea  stores.  There  is  also  a  blue  sort  which  answers  the  same 
purpose.    The  hog  pea  is  of  a  gray  or  dun  colour. 

Peas  contain  much  farinaceous  and  saccharine  matter,  and  are  there- 
fore highly  nutritious ;  no  other  seed  surpasses  them  in  this  quality, 
except  the  seed  of  the  French  bean  ^Phaseolus).  But  this  is  refused 
by  most  animals  in  the  raw  state,  owing  to  a  certain  toughness,  which 
makes  them  adhere  to  the  teeth ;  and,  even  when  boiled,  they  are  not 
relished  by  them.     ' 

As  food  for  hard-working  men,  peas  are  excellent  when  well  boiled 
and  mixed  with  some  ammal  &t.  In  some  countries  peas-meal  is 
baked  into  hard  cakes,  with  or  without  oatmeal  or  barley-meal.  These 
cakes  are  nutritious,  but  are  of  difficult  digestion,  except  where  custom 
and  hard  labour  have  inured  the  stomach  to  their  use. 

The  soil  best  suited  to  the  growth  of  peas  is  a  light  or  sandy  loam  of 
Bome  depth,  and  in  good  heart;  the  usual  preparation  of  it  is  by  re- 
peated deep  ploughing  and  pulverising  witn  harrows  or  other  instru- 
ments. It  is  not  advkable  to  manure  the  land  inmiediately  for  peas, 
as  it  makes  them  throw  out  abundant  stems  at  the  expense  of  the 
produce  in  pods.  They  follow  well  after  barley  in  which  no  clover 
nas  been  sown,  and  are  a  good  substitute  for  clover  where  there  would 
be  a  danger  from  the  too  frequent  repetition  of  clover  on  the  same 
land.  When  clover  has  failed,  peas  supply  its  place,  ihe  groufld  being 
ploughed  up  before  winter,  or  early  in  spring,  and  well  pulverised. 
The  wheat  is  not  generally  so  good  after  peas  as  after  clover,  when  the 
clover  is  a  good  crop ;  but  it  is  well  known  that  if  the  clover  fails,  the 
wheat  will  also  suffer.  It  is  therefore  better  to  have  peas  tiian  to  risk 
Bowing  wheat  after  a  thin  crop  of  clover.  If  the  peas  are  not  well 
hoed,  and  do  not  cover  the  surface,  the  land  will  be  full  of  weeds;  but 
with  good  management  it  may  be  looked  upon  as  a,  deansbg  ci^p. 
Many  farmers  consider  peas  as  a  very  tmcertain  crop :  but  they  are 
only  so  when  the  land  is  carelessly  cultivated.  They  are,  no  doubt, 
often  injured  by  want  of  moisture  in  tiie  soil,  or  by  an  excess  of  it; 
but  deep  ploughing  will  prevent  the  former,  and  oarefiU  draining  the 
latter.  If  peas  are  sown  on  land  which  is  exhausted,  or  naturally  very 
poor,  no  certain  crop  can  be  relied  on.  It  sometimes  happens  however 
that  an  excellent  crop  Is  obtained  against  all  probability,  considering 
the  state  and  tillage  of  the  land,  owing  to  some  fortunate  coincidences 
of  favourable  weather ;  and  in  this  case  it  would  appear  as  if  great  care 
in  the  preparation  of  the  soil  were  unnecessary:  but  this  is  not  often 
the  case,  and  no  prudent  farmer' will  trust  to  tne  chances,  which  are 
much  against  success.  In  nine  cases  out  of  ten  a  slovenly  cultivation 
or  an  improper  succession  of  crops  is  the  cause  of  great  disappointment 
and  loss,  and  it  may  be  hud  down  as  a  general  rule,  that  no  good  firmer 
will  trust  to  accident,  when  by  a  little  care  and  attention  and  a  reason- 
able expenditure  he  may  almost  ensure  success. 

Peas  must  not  be  repeated  on  the  same  land  in  less  than  10  or  12 
years,  nor  are  they  to  be  recommended  on  very  stiff  clays,  on  which 
beans  are  to  be  preferred.  Wherever  beans  suit  the  soil,  thev  are  a 
much  better  preparation  for  wheat  than  peas,  admitting  of  much  more 
frequent  and  perfect  hoeing,  besides  the  application  of  a^  abundant 
coat  of  dung,  of  which  the  wheat  reaps  the  benefit  as  well  as  the  beans. 

Peas  should  be  sown  as  early  as  the  groimd  will  admit  of  being 
worked ;  and  in  very  mild  winters  January  is  a  very  good  time  for 
Bowmg  peas,  which  are  intended  to  be  gathered  green,  in  a  shdtered 
situation  sloping  towards  the  south-west.  The  hog  peas  may  be  sown 
in  February  or  March ;  and  if  they  are  horse-hoed,  and  the  earth  is 
nuaed  against  the  young  plants,  they  will  not  sufier  from  a  moderate 
frost.  When  peas  are  drilled  at  two  feet  or  more  between  the  rows,  it 
will  not  take  above  two  bushels  to  drill  an  acre.  The  old  method  of 
bowing  peas  broadcast  and  ploughing  them  in  is  now  seldom  practised, 
and  to  BOW  them  and  harrow  them  in  is  nowhere  recommended ;  the 
birda  in  this  case  having  much  too  great  a  share  of  the  seed.  When 
peas  follow  clover,  the  practice  of  dibbling  them  into  the  sward,  which 
oai  been  turned  over  with  the  plough,  is  much  to  be  preferred. 


Wherever  dibbling  is  generaUy  practised,  and  there  are  snffieiebt  hands 
to  put  the  seed  into  the  ground  in  a  reasonable  time,  it  should  be 
preferred  for  every  kind  of  crop  that  can  admit  of  the  hoe  in  the 
intervals. 

When  peas  are  sown  later  than  usual,  it  is  useful  to  steep  Ihe  seed  a 
few  hours,  in  order  that  it  may  vegetate  the  sooner.  A  week  may 
often  be  gained  in  the  coming  up  of  the  crop  by  this  n&eans. 

The  Everlasting  Pe^  which  is  so  well  known  in  our  gardens,  has' 
been  recommended  to  be  cultivated  in  the  fields  for  green  fodder  for 
horses,  which  are  said  to  eat  it  readily.  In  land  whioh  htm  been  weU 
manured,  it  will  produce  a  very  great  weight  of  green  food ;  and  there 
are  probably  varieties  of  it  more  succulent  and  sweeter  than  othersw 
If  it  could  be  established  in  a  field,  it  would  produce  abundant  food 
for  several  years  in  succession,  without  any  other  cultivation  than 
hoeing  out  the  weeds  and  stirring  the  soil  around  the  plants.  The 
seed  should  be  sown  in  rows,  and  the  plants  thinned  out  by  the  hoe, 
so  as  to  stand  a  foot  or  15  inches  apart;  they  would  then  have  room  to 
grow  out,  and  would  cover  the  ground  completely.  By  transplanting 
year-old  plants,  a  still  greater  crop  might  be  obtamed.  It  is  at  least 
worth  a  triaL 

Peas  should  be  drilled  in  rows  at  such  a  distance  as  to  admit  the 
horse-hoe  between  them.  They  should  be  horse-hoed  repeatedly  until 
the  stems  are  so  long  as  to  fall  down  and  cover  the  intervals :  a  slight 
earthing  of  the  rows  with  a  plough  has  the  efibct  of  keeping  the  stems 
from  the  ground  and  allowing  the  air  to  circulate  under  tiiem,  by  whidi 
the  podding  is  much  encouraged ;  for  in  w^  seasons  the  stems  are  apt 
to  lie  on  the  wet  groimd  and  to  rot.  When  the  seed  is  ripe  in  the  pods 
on  the  lower  part  of  the  stalks,  the  crop  should  be  reaped,  or  many  of 
the  pods  will  burst,  and  the  seed  be  lost.  The  reaping  is  performed 
by  pulling  the  straw  from  the  root  by  hand,  or  by  means  of  two 
reaping-hooks,  whioh  partly  tear  up  the  stems,  and  partly  cut  them 
off.  They  are  then  gathered  into  small  loose  heaps,  and  left'  to  dry. 
After  being  turned  over  till  they  are  quite  dry,  they  are  carted  to  the 
stack  or  bsutt  Unless  the  quantity  be  considerable,  so  as  to  make  a 
large  stack,  it  is  advisable  to  put  them  in  a  banL  When  the  peas  are 
stacked,  n:iany  of  the  pods  are  necessarily  exposed  to  the  depredation  of 
birds ;  and,  if  they  escape  this,  they  burst,  and  the  seed  is  lost. 

The  produce  of  an  «cre  of  good  peas  is  from  80  to  40  bushels,  and 
the  price  about  the  same  as  that  of  beans.  They  are  consequently  a 
profitable  crop,  taid  will  well  repay  a  little  attention  in  the  cultivation. 
If  ihe  land  is  not  in  sufficient  order  and  heart  to  make  it  advisable  to 
BOW  wheat  after  the  peas,  barley  or  oats  may  be  advantageously  substi- 
tuted. If  the  peas  rail,  it  may  be  necessary  to  clean  the  land  with  a 
fallow  crop  bedsore  any  other  com  is  sown,  for  a  bad  crop  of  peas 
invariably  leaves  the  land  foul. 

The  straw  or  haulm  of  peas,  when  well  harvested,  makes  excellent 
fodder  for  cattle,  and  especially  for  sheep,  which  are  very  fond  of  the 
dry  pods  when  the  seeds  have  been  thrashed  out. 

In  some  places,  they  sow  pras  and  beans  together  broadcast,  and 
plough  them  in ;  the  beans  serve  as  a  support  t5  tibie  peas,  and  a  greater 
return  is  expected ;  but  imless  it  be  for  the  purpose  of  cutting  them 
up  for  green  fodder,  as  soon  as  the  pods  are  formed,  this  practice  is 
not  to  be  recommended.  In  Flanders,  peas,  beans,  tares,  and  barley 
are  sometimes  sown  thick  together,  and  form  an  abundant  green  crop, 
which  is  cut  as  soon  as  the  flower  is  past,  and  given  to  the  cows  and 
pigs,  which  thrive  well  on  this  succulent  food.  The  surface  of  the 
ground  is  so  completelv  shaded,  that  no  weeds  can  spring  up ;  and  as 
there  has  been  no  seed  formed,  little  is  taken  from  the  soiL  The  land 
is  immediately  ploughed  up,  and  sown  with  another  crop,  such  as 
potatoes  or  turnips,  which  sometimes  are  off  the  ground  in  time  to 
allow  wheat  to  be  sown  the  same  year. 

The  nutritiveness  of  the  pea  as  food  is  explained  by  analysis,  which 
shows  that  air-dried  peas  generally  contain  about  one  quarter  of  their 
weight  of  flesh-forming  constituents ;  one  half  their  weight  of  starch, 
sugar,  fat ;  and  the  rest  fibre,  water,  and  ash.  The  mineral  part  of  the 
ash  of  the  whole  plant  contains  a  very  large  proportion  (40  per  cent) 
of  lime,  and  17  or  18  per  cent,  of  the  alkalies. 

PEACE  OF  RYSWICK.    [Treaties,  Chronoiogical  Table  of.] 

PEACH.  The  peach-tree  (Amygdalua  Penica,  or  Penica  vulgaris)  is 
generally  considered  to  be  more  especially  a  native  of  Persia.  It  was 
known  to  the  Komans,  and  brought  to  Italy,  where  it  became  distin- 
guished by  the  name  of  Penica  ;  and  t^iis  name  it  still  retains  under 
various  modifications  In  the  different  countries  of  Europe.  But  the 
peach  is  not  indigenous  solely  in  Persia,  for  it  has  been  found  growing 
wild  in  various  parts  of  Turkey  and  Asia/  Pallas  describes  it  as 
existing  in  the  more  southern  parts  of  the  Caucasus.  From  the 
frequency  of  its  occurrence  in  a  wild  state,  and  the  perfection  which  it 
attains  under  the  most  limited  share  of  cultivation  in  regions  situated 
between  30**  and  40**  of  latitude,  these  paralleb  may  be  presumed  to 
include  its  favourite  habitat.  Isothermal  lines  describe  bowever  a 
wavy  tract,  and  the  peach  may  even  find  a  congenial  climate  to  a  con- 
siderable extent  on  both  sides  of  the  above  Hmite ;  but  the  locality 
must  be  very  peculiarly  circumstanced  iu  which  it  wiU  acquire  full 
perfection  beyond  the  48th  parallel  on  the  one  hand;  and,  on  the 
other,  its  deciduous  nature,  requiring  a  cool  season  of  rest^  unfits  it  for 
the  continlied  high  temperature  of  a  tropical  climate. 

The  peach  withstands  our  wintera  uxihurt,  trained  against  a  wall,  if 
they  are  not  unusually  severe.  It  even  aucbeeds  in  America  exceedingly 
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well  as  a  standarcl,  in  latitudes  where  the  wmters  are  much  more 
intense,  but  the  summers  hotter,  than  with  us.  This  is  in  conformity 
with  the  well-ascertained  fact,  that  all  deciduous  trees  suffer  less  from 
severe  frost  in  winter  when  thdr  wood  is  perfectly  matured  by  suffi- 
ciently warm  summers,  than  when  grown  in  climates  where  they 
cannot  enjoy  that  degree  of  summer-heat  which  they  are  naturally 
adapted  for,  and  which  they  require  for  the  due  formation  of  their 
tissues.  Hence^  in  the  north  of  England,  young  peach-trees  in  the 
open  ground  inU  be  partially  injured  by  a  degree  of  frost  which, 
though  of  equal  intensity,  will  not  injuriously  affect  similar  plants  in 
the  neighbourhood  of  London.  The  peach  also  succeeds  as  a  standard 
in  Italy,  the  south  of  fVance,  and  other  continental  countries  of 
Europe  haTing  summers  equally  hot ;  but  it  may  be  observed  that, 
where  the  mean  temperature  of  the  summer  months  is  above  70*",  or 
that  of  the  warmest  month  above  75**,  as  is  the  case  at  Bome,  and  stiU 
higher  at  New  York,  the '  melting  varieties  of  the  peach  do  not  possess 
that  rich  succulence  which  they  acquire  against  a  south  wall  under  the 
more  moderate  summer  heats  of  the  climates  of  London  or  Paris.  On 
the  contrary,  however,  the  Jirm-^fieshed  or  eUnffstone  peaches,  which  are 
little  esteemed  in  this  coimtry,  are  preferred  in  America  and  other 
places  subject  to  extreme  summer  hea€ 

If  the  mean  temperature  of  February  amount  to  40*,  and  that  of 
March  to  44°  or  45%  the  peach-tree  will  be  in  full  flower  against  a  wall 
with  a  south  aspect  about  the  last  week  in  March ;  and  the  general 
crop  will  be  ripe  in  the  last  week  of  August  or  first  week  of  September, 
provided  the  mean  temperature  of  April  be  49**,  May  55**,  June  61% 
July  64',  and  that  of  August  68*.  This  period  otfive  months  required 
for  the  maturing  of  the  fruit  from  the  time  of  flowering,  on  the  open 
wall,  may  be  reduced  to  four  by  means  of  fire-heat  and  the  protection 
of  glass ;  but  it  cannot  be  advantageously  diminished  any  further. 
This  fact  being  bome  in  mind,  it  is  ea^  for  the  gardener  to  know  at 
what  time  to  commence  forcing  his  peaches  in  order  to  obtain  a  crop  in 
a  given  month. 

From  the  natural  climate  and  habit  of  the  peach-tree,  it  is  obvious 
that  when  forced  it  must  be  flowered  under  a  comparatively  low  degree 
of  temperature.  It  cannot,  therefore,  be  well  forced  simultaneously 
with  the  vine ;  for  the  temperature  of  March,  which  in  this  climate 
serves  to  bring  the  peach  into  flower,  does  not  unfold  the  buds  of  the 
vine,  this  bemg  only  effected  a  month  or  six  weeks  farther  in  the 
season,  by  a  mfean  temperature  of  55'.  The  peach  mav  be  subjected 
at  first  to  a  temperature  of  45",  but  not  exceeding  55*  till  the  flowering 
is  over,  after  which  it  may  be  gradually  raised  to  60*,  and  not  exceeding 
65*,  till  the  substance  of  the  stone  is  indurated,  after  which  from  65* 
to  70*  may  be  allowed.  This  is  to  be  imderstood  as  referring  to  the 
application  of  fire-heat.  Even  in  the  total  absence  of  fire-heat,  sun- 
heat  will  frequently  raise  the  temperature  much  higher ;  but  in  this 
case  a  lai^ge  portion  of  air  should  be  supplied*  not  however  all  at  once 
after  the  temperature  of  the  house  is  found  too  high,  but  gradually  as 
the  temperature  increases.  Air  should  be  always  freely  admitted^through 
the  day,  when  the  weather  is  at  all  favourable. 

Light  is  so  essential,  that  unless  peaches  be  trained  near  the  glass, 
the  £ruit  will  neither  acquire  due  colour  nor  flavour.  Vicissitudes  of 
dryness  and  moisture  must  be  avoided.  The  roots  should  be  well 
supplied  with  water  before  the  fruit  begins  to  ripen  off,  because  at  a 
later  period  none  can  be  applied  without  deteriorating  the  flavour. 

The  management  of  the  peach-tree  con  only  be  correctly  imderstood 
by  those  who  are  aware  of  the  disposition  of  its  buds  and  its  mode  of 
bearing.  The  leaves  on  the  shoots  of  the  current  season  cffq  produced 
either  singly,  in  pairs,  or  in  threes  from  the  same  node.  In  the  course 
of  the  summer,  or  early  part  of  autumn,  a  bud  is  formed  in  the  axil  of 
every  individual  leaf,  and  theae  are  termed  single,  double,  or  triple 
eya,  or  buds,  according  as  one  or  more  are  produced  at  each  node.  In 
tne  following  season,  these  buds  develope  themselves  either  as  flower- 
buds  or  young  shoots,  and  previously  to  pruning  it  ia  necessary  to 
distinguish  the  one  description  from  me  otner.  The  flower-buds  are 
plump  and  roundish ;  the  wood-buds  are  more  oblong  and  pointed,  and 
one  of  these  is  generally  situated  between  flower-buds  in  the  case  of 
triple  buds  occurring  at  the  same  node.  It  is  therefore  expedient,  in 
pruning,  to  shorten  a  shoot  to  these  triple  eyes  if  possible,  or,  in  tiieir 
absence,  to  a  leaf-bud,  but  never  to  a  fruit-bud  only,  for  no  shoot 
could  be  prolonged  from  it,  nor  would  the  fruit  attsdn  perfection, 
owing  to  the  want  of  leaves  in  immediate  connection  with  its  foot- 
stalk. In  selecting  buds  for  the  piu-pose  of  propagation,  tingle 
wood-buds  only  should  be  chosen. 

The  mode  of  bearing  is  solely  on  shoots  of  the  preceding  summer's 
growth. 

The  peach  is  propagated  almost  exclusively  by  budding ;  but  occa- 
sionally splioe-grafting  is  adopted.  The  peach  stock  is  rarely  used,  but 
frequently  the  almond,  especially  in  !^unce.  In  this  country,  how- 
ever, it  is  propagated  almost  entirely  on  the  plum  stock,  which  is  not 
only  much  hardier,  but  also  possesses  the  property  of  spreading  its 
roots  nearer  the  surface  than  either  of  the  two  precedmg  kinds,  thereby 
affording  to  the  peach  a  more  congenial  nourishment,  in  consequence 
of  the  roots  being  within  the  influence  of  the  solar  heat.  Whereas  the 
peach  stock  tends  to  strike  downwards  strong  tap-like  roots  beyond 
the  depth  of  the  stratum  warmed  by  the  summeo>heat ;  and  although 
the  latter  trees  grow  vigorously  for  a  few  years,  or  so  long  as  the  roots 
have  not  penetrated  too  deep,  yet  they  afterwanls  beoome  sieklyi  their 


fbliage  becomes  narrow,  and  acquires  a  yellowidi  colour,  and  the  trees 
ultimately  perish.  The  mutael  and  white  pear-plum  are  the  varieties  of 
plum  stocks  on  which  the  peach  is  budded ;  the  latter  is  esteemed  the 
best  The  French  prefer  the  St.  Julien  plum  stock,  wMch  answera 
exceedingly  welL  In  order  to  obtain  "^ftrieties,  the  seed  is  used,  and 
when  the  plant  is  sufficiently  advanced  it  is  grafted. 

The  peach  succeeds  in  any  rich  fresh  loamy  soil ;  but  the  subsoil, 
like  that  for  all  fruit-trees,  ought  not  to  be  retentive,  and  a  veiy  com- 
plete mode  of  drainage  is  alMolutely  necessary.  It  would  aJso  be 
desirable  that  the  roots  should  not  be  allowed  to  penetrate  deeper  than 
two  feet  from  the  surface,  which  is  to  be  effected  by  judicious  root- 
pruning.  No  objections  could  be  made  against  the  roots  following 
their  natural  tendency  downwards  to  whatever  distance  they  might  go, 
if  their  extremities  were  at  the  same  time  in  a  medium  eongenial  to 
the  peach  as  r^;aids  temperature ;  but  this  cannot  be  the  case  in 
Britun,  unless  perhaps  some  chalk  subsoils  may  form  exceptions.  Tlie 
soil,  especially  if  the  situation  Ib  cold  and  damp,  can  hardly  be  too 
shallow  when  it  rests  on  a  hard  subsoil ;  on  gravel  it  need  not  exceed 
14  inches  in  depth,  but  may  be  deeper  in  warm  and  dry  situation& 
The  best  remedy  for  mildew  is,  to  take  up  the  tree  carefully  in 
autumn,  renew  the  soil,  and  replant  the  tree,  spreading  the  roots  near 
the  sur&u^e. 

Various  modes  of  training  the  peach  have  been  adopted,  with 
different  degrees  of  success.  That  of  course  has  proved  the  best  which 
admits  of  the  most  equal  distribution  of  sap  throughout  the  respective 
brandies,  and  likewise  the  production  of  a  sufficient  number  of  wdl- 
plaoed  shoots  for  replacing  those  that  have  once  bome  fruit,  the  shoots 
being  only  useful  for  such  purpose  in  the  season  immediately  following 
that  in  which  they  are  produced.  The  fan  method,  and  a  modification 
of  it  called  Seymour's  training,  are  most  in  confoimity  with  the  above 
principles.  A  common  error  in  the  fan  method  is  that  of  disposing  a 
few  of  the  first  produced  branches  so  as  to  represent  equidistant  radii ; 
the  consequences  of  such  disposition  are  an  excessive  degree  of  vigour 
in  the  central  and  most  upright ;  but  at  the  same  time  those  inclining 
horizontally  become  comparatively  weak,  linger  for  a  few  years,  and 
then  die  off.  Their  share  of  the  sap  ia  soon  appropriated  by  the  mors 
vertical  branches,  some  of  which  will  assume  the  character  of  stems, 
and  prove  unsuitable  for  producing  fruit-bearing  shoots.  Cutting 
these  back>is  frequently  the  only  alternative  in  oider  to  obtain  other 
shoots  for  the  purpose  of  furnishing  the  lower  part  of  the  walL  By 
this  misdirection  of  the  energies  of  the  tree,  several  years*  growth  is 
wasted;  and  when  it  becomes  necessary  to  cut  out  such  huge  branches, 
the  tree  receives  a  shook  which  renders  it  incapable  of  bearing  such 
fine  fruit  as  a  more  skilful  management  will  ensure.  It  may  be  briefly 
affirmed  that  all  methods  of  training  are  bad  which  adznit  upright 
shoots  to  compete  with  horizontal  ones ;  for  the  former  will  grow  with 
a  vigour  ten  tunes  greater,  in  many  instances,  than  the  latter,  owing  to 
the  strong  vertical  tendency  of  the  sap.  Although  the  ascendancy 
gained  by  a  vertical  shoot  over  a  horizontal  one  is  considerable  in  the 
current  season  of  their  production,  yet  it  bears  but  a  trifling  ratio  to 
that  which  would  be  gained  in  successive  seasons,  were  the  vertieal 
portion  allowed  to  proceed  without  interference  from  the  pruning- 
knife.  If,  however,  a  central  vertical  shoot  be  annually  trained,  axd 
mflf ormly  cut  at  ihe  winter  pruning  to  within  a  few  buds  from  its 
base,  no  material  injury  would  then  result  to  the  side  branches,  the 
vertical  tendency  against  them  being  thus  limited  to  a  single  summer- 
shoot.    This  principle  is  the  basis  of  the  following  mode  of  training. 

In  cutting  back  the  central  shoot,  two  buds,  well  situated  for  pro- 
ducing side  branches,  and  a  third  for  an  upright,  must  be  lefL  The 
first  ]^oduction  of  side  branches,  which  are  intended  to  produce  the 
lower  radii  of  the  tan,  must  be  trained  at  some  elevation  in  the  first 
instance,  and  afterwards  brought  to  a  horizontal  position ;  and  they 
should  not  be  subdivided.  Those,  however,  obtained  in  the  following 
season  may  be  allowed  to  form  two  each,  if  sufficiently  vigorous,  at 
some  distance  from  their  base,  and  as  their  divergence  affords  room. 
The  branches  produced  after  those  last  mentioned,  and  indeed  all  the 
upper  ones,  may  be  subdivided  into  two,  or  even  three.  By  this 
method  of  training  the  lower  branches  beoome  strong,  and  acquire  a 
well-established  communication  with  the  roots  before  the  upper  are 
in  existence,  so  that  there  is  little  danger  of  their  dying  off,  as  usually 
happens  when  horizontal  and  vertical  branches  are  started  at  the  same 
time. 

By  repeating  the  process  here  detailed,  aU  the  principal  branches  are 
ultimatdy  produced,  to  the  nmnber  of  between  thirtr  and  forty,  and 
disposed  in  a  &n-like  form,  diverging,  not  exactly  from  a  common 
centre,  but  from  a  short  axis.  These  branches  support  the  shoots  on 
which,  during  the  second  season  of  their  existence,  the  fruit  is  home. 
Buds  for  the  origin  of  these  shoots  should  be  selected  at  the  distance 
of  every  twelve  or  fourteen  inches  along  the  upper  side  of  the  branches, 
that  being  the  side  from  which  they  are  obtained  with  the  greatest 
facility,  owing  to  the  upward  tendency  of  the  sap.  As  these  shoots 
are  being  prolonged  during  the  summer,  they  should  be  trained  ao  that 
their  foliage  may  have  the  fullest  exposure  to  light ;  but  although  the 
foliage  of  one  shoot  ought  not  to  overshade  that  of  others,  vet  the 
naked  branches  are  benefited  by  the  shade  of  leaves,  for  old  baric 
exposed  to  the  direct  rays  of  the  sim  is  apt  to  be  scorched. 

The  shoots  produced  and  trained  during  the  sumtner  for  sucoes- 
sional  bearing  ones  must  be  shortened  considerably  at  the  ecsuinff 
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winter's  pruning,  and  core  must  be  taken  not  to  out  above  a  node 
where  there  is  only  a  blossom-bud  or  buds,  bub  to  one  that  is  seen  to 
have  a  wood-bud — ^that  is,  such  as  a  shoot  will  proceed  from.  In  the 
following  spring,  the  blossom-buds*  are  unfolded,  and  soon  after  the 
wood-budif  b^n  to  push  the  rudiments  of  shoots,  one  of  which,  next 
the  base  of  eaich  fruit-bearing  shoot,  must  be  preserved  and  encouraged 
with  special  care,  in  order  to  supply  the  place  of  those  that  are  bearing 
iruit.  The  fruit-bearing  shoots  being  useless  for  such  purpose  a  second 
time,  must  therefore  be  cut  away  at  the  following  winter  pruning, 
when  the  young  shoot,  retained  during  the  summer,  is  shortened  like 
its  predecessor,  and  trained  for  the  purpose  of  beanng  fruit  and  pro- 
ducing a  suocesBOTf  which  likewise  becomes  subject  to  the  same  routine 
treatment. 

The  preceding  directions  are  to  be  followed  in  order  to  the  essential 
pruning,  the  development  and  maintenance  of  the  form  of  the  tree ; 
but  as  a  great  number  of  superfluous  shoots  will  be  produced,  the 
mode  of  their  removal  requires  to  be  noticed.  The  operation  is  temed 
disbudding,  and  it  conmiences  as  soon  as  the  young  shoots  can  be  laid 
hold  of,  but  should  be  completed  in  a  gradual  manner.  A  portion  of 
such  front-shoots  as  have  no  fruit  at  tkmr  bases  are  first  removed, 
then  part  of  those  elsewhere  situated,  making  exceptions  of  the  lowest 
on  each  bearing  shoot,  for  succession,  and  of  th^  terminal  one.  By  degrees 
all  are  removed  excepting  the  two  last  mentioned  and  those  from  nodes 
where  fruit  is  set  and  promises  to  attain  perfection.  Finally,  the 
teiminal  ones  and  those  left  on  account  of  hiftving  fruit  at  their  bases 
are  shortened,  or  stopped,  to  about  three  inches  in  length,  or  so  as  to 
have  several  leaves  for  the  purpose  of  maintaining  the  flow  of  sap  and 
elaborating  it  for  the  nourishment  of  the  fruit.  Should  these  or  the 
terminal  dboots  aeain  push,  such  secondary  shoots  must  be  pinched  o£f 
above  the  second  leaf  from  the  origin. 

Thhming  the  fruit  is  generally  done  much  too  sparingly.  The 
vigour  of  the  tree  should  of  course  be  taken  into  consideration.  As  a 
general  rule,  one  fruit  on  each  bearing  shoot,  or  two  at  most,  are  all 
that  ought  to  be  left.  By  leaving  too  many,  the  size  of  the  fruit  is 
diminished,*  so  that  the  aggregate  weight  of  flesh  is  probably  but  little 
if  at  all  increased,  whilst  that  of  stones,  to  the  great  weakening  of  the 
tree,  becomes  materially  so.  Some  remove  the  flower-buds  to  a  con- 
siderable extent,  a  practice  which  is  very  proper.  It  is  advisable 
however  to  preserve  several  on  each  shoot,  in  oitier  that  a  choice  may 
be  made  of  one  or  two  of  those  likely  to  ta^e  the  lead. 

The  surface  of  the  border  should  be  frequently  stirred;  and  when 
the  weather  is  dry,  watering  will  be  necessary  both  for  the  border  and 
foliage ;  but  the  use  of  cold  spring  water  must  be  avoided.  The 
ravages  of  the  green  fly  (Aphis  Peniea)  must  be  carefully  guarded 
against.  The  best  known  remedy  is  to  dust  the  tree,  after  syringing, 
with  snufT,  or  powdered  tobacco  leaves.  Coping-boards,  made  to 
project  about  a  foot,  are  of  great  utility  in  protecting  the  blossoms ; 
but  after  thQ  danger  of  frost  is  over,  the  coping  ought  to  be 
removed. 

The  best  varieties  of  peaches  in  cultivation  at  the  present  day  in 
this  country  appear  to  have  been  obtained  from  France.  Although 
designated  by  various  English  names,  most  of  the  sorts  have  been 
traceid  to  be  synonymous  with  the  Fr^ch  peaches.  They  are  nume- 
rous and  often  changing. 

{Htrrt,  TraiHi, ;  Mide  to  the  Orchard  and  Kitchen  Garden  ;  Loudon, 
Eneyclopasdia  of  Oardming  ;  Macintosh,  Book  of  the  Oarden.) 

PEAR,  the  wild  pear-tree  {Pyrue  communia),  from  which  the  nu- 
merous cultivated  varieties  have  originated,  has  a  wide  indigenous 
range  extending  over  a  great  part  of  Europe  and  Asia,  within  the 
limits  of  temperate  regions.  It  is  to  be  met  with  in  certain  localities 
in  the  southern  parts  of  Britain.  The  old  varieties  of  pear  are  however 
getting  rapidly  out  of  cultivation,  and  giving  place  to  others  of  recent 
origin,  superior  in  quality,  and  much  better  adapted  for  this  climate 
th^  Uie  old  kinds  appear  ever  to  have  been.  Few  of  the  latter  could 
be  successfully  cultivated  without  the  aid  of  walls ;  whereas  most  of 
the  new  varieties  produce  abundance  of  excellent  fruit  on  standards 
or  dwarfs  in  the  open  ground.  Even  in  France  the  old  varieties  are 
now  decaying,  although  the  climate  is  there  most  congenial  to  them. 

The  pear  is  chiefly  propagated  by  grafting  or  budding  on  the  wild 
pear  stock,  or  on  stocks  raised  from  the  seeds  of  cultivated  pears, 
called  free  stocks ;  the  former  are  however  to  be  preferred.  It  is  also 
grafted  on  the  quince,  which  is  most  proper  for  dwarf  trees,  or  for 
moist  soil,  and  luis  also  the  effect  of  bringing  the  trees  earlier  into  a 
bearing  state.  It  may  be  also  grown  upon  the  medlar,  and  the  white 
thorn  (Crateegus  Oxyacantha),  but  on  these  the  disparity  of  growth 
between  the  respective  stems  occasions  a  short  duration  of  the  union. 
The  enlargement  of  the  pear-stem  in  the  case  of  strong  growing 
varieties  is  indeed  generally  too  much  for  quince  stocks.  There  are 
several  varieties  of  the  quince,  and  the  sort  that  has  the  broadest 
leaves  and  which  has  the  nearest  correspondence  in  regard  to  horizontal 
growth  with  that  of  the  pear  should  be  preferred  for  stocks. 

The  pear-tree  will  thrive  in  any  rich  loamy  soil ;  but  it  is  only 
where  the  subsoil  is  naturally  congenial,  or  rendered  so  artificially, 
that  it  will  continue  to  produce  good  crops  of  well  flavoured  fruit.  A 
day  subsoil  is  bad,  and  so  is  in  fact  any  other  that  will  hold  water. 
Qood  drainage  is  absolutely  necessary,  and  shallow  planting  cannot  be 
too  much  recommended.  The  monks  in  former  times  were  aware  of 
the  advantages  arising  from  having  the  roots  near  the  surfaoe ;  for 


stones  and  slates  have  been  foimd  below  old  fruit-trees,  which  had 
been  planted  at  monasteries  once  in  their  possession. 

Manure  ia  not  so  liable  to  prove  injurious  to  the  pear  and  apple 
as  it  is  to  stone-fruits.  On  the  contrary,  unless  the  trees  be  growing 
too  strong,  manure,  judiciously  applied,  will  always  prove  beneficial. 

Pears  are  deemed  worthy  of  the  expense  of  walls,  but  this  is  often 
an  unnecessary  expenditure  for  want  of  a  properly  formed  border,  and 
thorough  draining,  where  the  subsoil  renders  such  necessary.  Brick- 
rubbiah  is  a  good  bottoming ;  or  a  bed  of  concrete,  two  or  three  inches 
thick,  laid  sloping  from  the  wall  towards  a  drain  in  front,  is  un- 
questionably one  of  the  best  modes  that  could  be  practised ;  and  it  is 
the  only  effectual  one  to  prevent  the  roots  from  penetrating  beyond  a 
limited  depth ;  for  they  will  often  find  their  way  through  a  stratum 
of  stones  or  brick-rubbish.  The  depth  of  soil  need  not  exceed  24  feet. 
The  best  season  for  transplanting  is  in  the  beginning  of  winter,  or  as 
soon  as  the  leaves  have  f^en  in  autumn. 

Standard  trees  may  be  planted  from  20  to  Sd  feet  apart,  or  where 
vegetables  are  intended  to  oe  cultivated,  the  distances  may  be  40  feet 
between  the  rows  and  20  feet  in  the  rows.  Dwarf  trees,  or  quince 
stocks,  will  not  require  more  than  15  feet  distance.  Wall-trees  should 
be  at  least  20  feet  apart,  and  for  some  varieties  30  feet  will  not  be  too 
much. 

The  modes  of  training  the  pear-tree  are  various.  Against  walls,  the 
three  principal  methods  are  the  fan-shape,  its  reverse  the  pendulous, 
and  intermediately  the  horizontal,  which  is  that  most  generally  adopted. 
In  the  fan  method  the  central  part  of  the  tree,  from  the  upright 
position  of  the  branches,  or  their  near  approach  to  such,  is  apt  to 
become  too  strong.  On  the  contrary,  the  pendulous  training  induces 
debility  when  the  trees  begin  to  bear  heavy  crops.  By  annually 
cuttiog  back  a  central  shoot  to  about  a  foot,  and  training  branches 
horizontally,  right  and  left,  the  vigour  of  the  tree  is  equally  dis- 
tributed. It  often  happens  that  in  thia  mode  the  branches  only 
produce  fruit  towards  their  extremities.  When  this  is  the  case,  a 
shoot  should  be  encouraged  near  the  origin  of  the  horizontal  branch, 
and  trained  in  the  interval,  and  at  some  distance,  say  three  feet; 
farther  along  the  branches  another  may  be  laid  in  a  similar  manner, 
and  so  on,  care  being  taken  that  each  is  stopped  when  its  elongation 
reaches  the  place  where  another  has  its  origin.  These  shoote  will 
generally  become  as  fruitful,  after  two  or  three  years,  as  the  portion  of 
wood  of  the  same  age  near  the  extremities  of  the  branches  t^iemselves. 

Training  agidnst  espaliers  was  formerly  more  practised  than  at 
present.  The  difficulty  of  getting  the  old  varieties  to  bear  apart  from 
a  wall,  together  with  the  expense  of  erecting  the  espalier,  and  the 
liability  of  its  materials  to  decay,  have  no  doubt  tended  to  bring  this 
mode  into  disuse.  It  is  however  worthy  of  remark,  that  a  greater 
extent  of  foliage  can  be  exposed  to  direct  light  by  espalier  training 
than  by  any  other  on  an  equal  extent  of  ground.  New  varieties  wiU 
do  away  with  the  objection  of  improductiveneBs ;  and  although  the 
contact  of  metallic  substances  is  not  congenial  to  vegetable  growth, 
yet  the  principal  supports  of  the  espalier  might  be  constructed  of 
cast-iron,  whidi  would  prove  an  ultimate  saving;  the  small  inter- 
mediate wood-work  that  would  be  requisite  could  be  easily  replaced. 

In  the  cultivation  of  pears  as  standards,  the  head  is  allowed  to  take 
nearly  its  natural  course,  being  only  subjected  to  such  regulations,  by 
pruning,  as  are  necessanr  to  preserve  the  equality  of  uie  principal 
branches  with  regard  both  to  strength  and  distance ;  and  likewise  to 
render  the  whole  sufficiently  thin,  in  order  that  the  sun's  rays  may  be 
freely  admitted. 

In  some  situations,  many  kinds  of  peara  remain  long  unfruitful ;  the 
best  means  of  rendering  them  otheryrise  is  of  course  a  most  important 
desideratum.  So  long  as  circumstances  are  very  favourable  for  the 
growth  of  wood,  blossom-buds  are  not  likely  to  be  produced;  the 
production  of  the  latter  results  from  a  more  inspissated  state  of 
the  juices;  and  will  not  take  place  whilst  a  copious  flow  of  sap  is  con- 
tinued. This  may  be  interrupted  by  ligature,  ringing,  grafting,  or  other 
analogous  means.  But  these  means  frequently  sSbxd  only  a  temporary 
remedy,  and  a  repetition  of  the  process  is  at  the  expense  of  the 
energies  of  the  tree,  so  that  it  is  rendered  too  weak  for  future  bearing. 
There  is  still  a  more  important  object  which  the  above  means  are  not 
calculated  to  affect.  If  the  roots  are  in  a  cold  subsoil  or  out  of  the 
reach  of  solar  influence,  the  fruit  will  only  acquire  an  inferior  degree 
of  flavour.  If  however  the  tree  be  carefully  removed  (for  doing 
which  autnnm  is  the  best  season),  the  soil  well  dug,  or  even  renewed, 
and  the  tree  deprived  of  such  roots  as  cannot  be  brought  to  a  hori- 
zontal position,  namely,  that  in  which  all  the  othera  should  be  placed 
when  replanted,  and  if  this  be  done  as  shallow  as  possible,  a  satis- 
factory check  wiU  be  occasioned,  fruitfulness  induced,  and  flavour 
communicated. 

The  management  of  dwarf  standards  is  similar  to  that  required  for 
tall  standards,  excepting  that  the  head  is  formed  at  the  height  of  one  or 
two  feet  from  the  ground,  instead  of  six,  the  usual  height-  allowed  for 
the  stems  of  standard  tre^  in  orchards,  or  where  under-cropping  is 
carried  on,  as  in  market-gardens,  where  the  dwarf-headed  trees  would 
obstruct  the  growth  of  vegetables  for  a  considerable  distance  from  their 
stem.  Dwaiits  however  have  some  important  advantages;  a  large 
head  ia  sooner  formed,  and  the  fruit  is  not  so  liable  to  be  blown 
down. 

The  Frenph  modes  of  training  en  QwnomUe  or  en  Pj/numde  cannot 
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be  etrieUy  adopted  in  this  country  with  advantage^  owing  to  the 
richness  of  the  soil  and  moisture  of  the  climate,  drcumstancea  which 
are  favourable  to  the  production  of  shoots  rather  than  fruit-buds,  and 
this  tendency  is  farther  encouraged  by  shortening  the  shoots  to  the 
extent  which  the  French  recommend.  In  both  these  modes  tiers  of 
branches  proceed  from  a  central  stem ;  in  the  pyramidal  form  the 
branches  are  horizontal,  each  tier  being  successively  shorter  than 
the  one  below.  In  the  Quenouille  the  branches  are  curved  down- 
wards, and  this  mode  might  be  successfully  practised  in  this  cotmtry, 
bjr  leaving  the  shoots  at  full  length,  care  being  taken  that  all  upright 
ahoots  are  shortened  in  sufnmer. 

The  pruning  of  standard  pear-trees  is  usually  confined  to  the  winter 
regulation  of  the  branches  by  thinning,  and  shortening  where  the  sub- 
division of  branches  is  desirable  or  where  they  are  too  weak.  Wall 
and  espalier  trees  require  both  a  summer  and  winter  pruning.  In 
summer  a  number  of  shoots  will  be  produced  beyond  that  which  will 
be  required  for  trauning.  If  these  are  allowed  to  grow  without  inter- 
ruption during  d  considerable  part  of  the  season,  and  then  at  once 
cleared  away,  the  tree  is  apt  to  receive  a  shock  from  which  it  does  not 
soon  recover.  If  the  shoots  are  shortened  too  much  or  too  early,  the 
buds,  which  would  otherwise  have  proved  blossom  buds  in  the  follow- 
ing spring,  will  immediately  become  excited  (other  channels  for  the 
flow  of  sap  being  cut  off),  and  burst  into  shoots.     [MoRpnoLOGY.] 

In  order  to  avoid  this,  which  is  a  case  of  frequent  occurrence,  a 
portion  of  these  superfluous  shoots  should  be  first  stopped  at  an  early 
period,  and  afterwards  another  jwrtion :  by  the  middle  of  June  part  of 
them  may  be  cut  back  to  within  two  or  three  Inches  of  their  base ;  and 
thus  by  degrees  the  whole  wiU  be  ultimately  reduced,  without  any 
great  or  sudden  derangement  of  the  general  flow  of  the  sap.  The 
winter  pruning  is  attended  with  less  vital  danger  to  the  tree.  '  It 
consists  chiefly  in  shortening  spurs  to  the  lowest  fruit-buds  and 
judiciously  thinning  them. 

If  borders  are  well  made,  there  will  be  less  occasion  for  raising  the 
trees  after  they  have  been  once  planted.  Still,  after  four  or  five  years, 
it  will,  under  all  circumstances,  prove  advantageous  to  remove  the 
trees  from  the  wall,  trench  the  border,  and  replant,  spreading  the 
roots  near  the  surface  in  a  horizontal  dfrection,  or  inclining  slightly 
downwards.  Cutting  the  roots,  without  entirely  removing  the  tree,  is 
attended  with  the  disadvanta^  arising  from  the  partial  loosening  of 
tibe  soil,  and  the  difiiculty  of  reaching  the  peipendicular  portions  of 
the  root. 

PEARrOAGE.  The  principle  of  Smeaton's  pear-gage,  for  measuring 
the  exhaustion  of  a  receiver,  by  means  of  the  AiR  Pump,  dififers  from 
that  of  the  other  gages,  in  that  the  measurement  does  not  take  place 
until  after  the  air  has  been  re-admitted  into  the  receiver.  Suppose  a 
wire  working  through  a  collar  in  the  top  of  the  receiver  and  supporting 
a  tube  open  only  at  the  lower  end.  Under  the  tube  is  a  cup  of 
mercury,  standing  on  the  floor  of  the  receiver,  so  that  by  lowering  the 
wire  the  open  end  of  the  tube  may  be  immersed  in  the  mercury.  The 
exhaustion  being  made  before  lowering  the  wire,  tiie  air  in  the  tube 
will  be  rarefied  equally  With  that  in  the  rest  of  the  receiver.  If  the 
wire  be  then  lowered,  and  the  air  re-admitted  into  the  receiver,  the 
mercury  will  rise  in  the  tube  until  the  eloBtic  force  of  the  recom- 
pressed  air  in  the  tube,  together  with  the  column  of  mercury, 
counterbalances  the  pressure  of  the  external  air.  A  gage  attached  to 
the  tube  shows,  by  the  height  of  the  mercury,  what  was  the  original 
rarefaction. 

Now  it  is  plain  that  while  the  ordinary  gages  show  the  actual 
amount  of  elastic  force  left  in  the  receiver,  the  pear-gage  submits  the 
air,  or  whatever  else  there  may  be,  to  a  process  of  compression  before 
the  measvirement  is  made.  If  there  be  nothing  but  air,  all  the  gages 
agree ;  but  if,  as  generally  ia  the  case,  there  be  also  vapour,  the  pear- 
gage  shows  a  much  higher  degree  of  apparent  exhaustion,  than  the 
ordinary  gage. 

PEARLAflH.    fPoTAflSiust.] 

PEARL  FISHERY.  The  fisheries  which  are  carried  on  to  supply 
the  market  of  the  world  with  pearls  are  numerous,  and  some  of  them 
are  of  very  ancient  date.  The  fishery  at  Catifa  in  Arabia,  which  pro- 
duced the  pearl  bought  by  Tavemier  for  110,0002.,  was  celebrated  in 
Pliny's  time^  In  the  Old  World,  the  west  coast  of  Ceylon,  that  of 
Coromandel,  and  the  Persian  Gulf,  are  among  the  more  prominent 
stations.  The  Algerine  coast  and  the  Sooloo  Islands  also  furnish  a 
'  certam  share.  In  the  New  World,  the  neighbourhood  of  St  Margarita, 
or  Pearl  Island,  and  other  localities  on  the  coast  of  Colombia,  furnish 
a  great  many,  and  the  Bayof  Panama  also  contributes  comriderably ; 
but  the  pearls  from  the  Western  world,  though  many  of  them  are 
large,  carmot  be  compared  with  those  of  the  East  in  shape,  colour,  and 
general  beauty. 

The  BahiT^  Mands  (Persian  Gulf)  give  a  most  abundant  harvest  of 
tiieae  b^utiful  molluscous  secretions;  perhaps  the  most  abundant  in 
tae  world.  Sixty  thousand  tomauns  of  Bassorah,  about  90,0002.  sterling 
of  our  money,  and  often  more,  are  derived  from  the  fishery  hi  about 
two  months,  the  time  during  which  it  lasts,  the  commencement  being 
in  June.  There  is  no  monopoly ;  any  one  may  engage  in  the  adventure 
upoii  payment  of  a  tax  on  the  produce  to  the  government.  The 
Persians  principaUy  are  engaged  in  it,  and  the  divers  are  of  that 
nation. 

'  The  Wertem  pearl  flaheries,  especially  those  on  the  coaat  of  Colombia, 


must  have  been  very  valuable  once.  BevUle  alone  is  said  to  have  im* 
ported  upwards  of  697  lbs.  in  the  year  1567.  T^The  second  Philip's 
celebrated  pearl,  which  weighed  250  carats,  and  was  valued  at  150,000 
dollars,  came  from  Margarita.  These  prizes  were  not  forgotten  in 
1825,  when  joint-stock  companies  raged.  One  company  undertook  the 
prosecution  of  the  Colombia  fishery,  and  another  embarked  in  that  of 
Panama  and  the  Pacific,  both  with  about  the  same  suoceBs;  for  m 
1826  they  were  abandoned.  Some  fine  specimens  of  the  shelii  of 
Moliusca  were  sent  home  by  one  of  them.  The  Algerine  graund  ins 
also,  we  believe,  imdertaken  by  an  English  company  in  1826. 

The  pearls  which  are  the  objects  of  these  fisheries  are  found  in  the 
shells  of  Mdeagrina,  or  pearl-oysters,  as  they  are  callod^  and  principilly 
in  those  of  the  species  named  Aviada  or  Mdeayrina  mcergariiifera. 
The  best  grpund  is  considered  to  range  at  depths  varying  from  6  to  8 
fathoms ;  and  the  divers,  who  usually  are  unhealthy  and  short-lived, 
are  said  to  be  able  to  remain  generally  from  a  minute  to  a  minute  and 
a  half  imder  water.  Two  minutes,  four,  and  even  six,  have  been  men- 
tioned; but  constructed  as  the  human  respiratory  and  circulating 
system  is,  we  should  think  the  last-mentioned  periods  must  be  rerj 
rare.  A  submersion  of  a  minute  and  a  half  is  calculated  to  do  mis- 
chief enough  in  ordinary  cases. 

Ceylon  affords  a  good  example  of  the  commercial  system  uodenHiidi 
the  pearl-fishery  is  carried  on.    The  bay  of  Condatchy  is  the  moit 
central  rendezvous  for  the  boats  employed  in  the  fishery.    The  bank*, 
where  it  is  carried  on,  extend  several  miles  along  the  coast  from 
Manaar  southwajd  oflF  Arippo,  Condatdiy,  and   Pomparipoo.    The 
principal  bank  is  opposite  to  Condatchy,  and  lies  out  at  sea  about 
twenty  miles.    After  the  survey  of  the  state  of  the  beds  and  the  con- 
sequent report  to  government,  thtf  particular  banks  to  be  fiahed  are 
put  up  for  sale  to  the  highest  bidder,  and  are  usually  purohMed  by  i 
native  merchant.    The  government  however  sometimes  judges  it  more 
advantageous  to  fish  the  banks  on  its  own  account,  and  to  dispose  of 
the  pearis  to  the  merchants.    The  bonks  are  divided  into  tiiree  or  four 
different  portions,  which  are  fished  aimually  in  suooession.    These 
portions  are  completely  distinct,  and  are  set  up  separately  to  «le,  each 
in  the  year  hi  which  it  is  to  be  fished.    A  sufficient  interval  is  thus 
given  to  the  oysters  to  attain  their  proper  growth ;  and  as  the  portion 
first  xised  has  generally  recovered  its  maturity  by  the  time  the  ast 
portion  has  been  fished,  the  fishery  becomes  almost  regularly  annual 
and  may  thus  be  considered  as  yielding  a  yearly  revenue..  The  oysteri 
are  supposed  to  attain  their  complete  state  of  maturity  in  seven  yews. 
The  fishing  season  commences  in  February,  and  ends  about  the  begin* 
ning  of  April.    The  period  allowed  to  the  merchant  to  fish  the  banks 
is  six  wedcs  or  two  months  at  the  utmost ;  but  there  are  several  inter- 
ruptions which  prevent  .the  fishing  days  from  exceeding  more  than 
about  thirty.    If  it  happen  to  be  a  very  bad  season,  and  many  stormy 
days  intervene  during   the   period   allotted,    the  purchaser  of  the 
fishery  is  often  allovred  a  few  days  more.    Previous  to  the  commenee- 
ment  of  the  fishery,  all  the  boats  rendezvous  at*  Condatchy,  and  it » 
here  that  they  are  numbered  and  contracted  for.    They  regulany  m 
out  and  return  together.    They  reach  the  banks  before  day-break,  «m 
at  sun-rise  commence  fishing.    In  this  they  continue  bu»lj  oocupiw 
till  the  sea-breeze,  v^ch  arises  about  noon,  warns  them  to  retura  to 
the  bay.    When  the  boats  come  to  land,  their  cargoes  are  imm«dj»«*y 
taken  out,  as  it  is  necessary  to  have  them  completely  unloaded  before 
night.    Each  boat  carries  twenty  men,  with  a  tmdal,  or  chief  boatman, 
who  actrfas  p^ot.    Ten  of  the  men  row  and  aaaiBt  the  divert  in  ^ 
ascending..    The  other  ten  are  divers ;  they  go  dovm  into  tfie  sea  «v 
five  at  a  time ;  when  the  first  five  come  up,  the  other  five  go  downj 
and  by  this  method  of  alternately  diving,  they  give  each  other  tune  w 
recruit  themselves  for  a  fresh  plunge.     In  ordw  to  accelerate  « 
descent  of  the  diveirs,  large  stones  are  employed.    Some  of  *'^VK! 
use  a  stone  shaped  like  a  half-moon,  which  they  fasten  round  the  w^ 
when  they  mean  to  descend,  and  thus  keep  their  feet  free.    They  ft^' 
lessly  descend  to  the  bottom  in  from  four  to  ten  fathoms  ^'^ 
search  of  the  oysters.    The  diver,  when  he  is  about  to  plunge,  setfw 
the  rope  to  which  one  of  the  stones  is  attached,  with  the  toes  of  w» 
right  foot :  while  he  takes  hold  of  a  bag  of  net-work  vrith  those  of  d» 
left.    He  seizes  another  rope  with  his  right  hand,  and  l^^J**^^ 
nostrils  shut  with  his  left,  plunges  into  the  v^ater,  and  by  the  as^ 
ance  of  the  stone  speedily  reaches  the  bottom.    He  then  hangs 
net  round  his  neck,  andvwith  much  dexterity  and  all  possible  de8p«» 
collects  as  many  oysters  as  he  can  while  he  is  able  to  remain  «n 
water.    He  then  resumes  his  former  position,  makes  a  signal  .*^r^ 
above  by  pulling  the  rope  in  his  right  hand,  and  is  immediateiy^ 
this  means  drawn  up  dnd  brought  into  the  boat.    These  ™^^ 
often  make  from  forty  to  fifty  plunges  in  one  day,  and  at  each  P'^^j^ 
bring  up  about  a  hundred  oysters.    Some  rub  their  bodies  over 
oil,  and  stuff  their  ears  and  noses  to  prevent  the  water  from  ^^^^H 
while  others  use  no  precautions  whatever.     The  chief  ^^^^rr^^ 
danger  awaiting  the  diver  are  concentrated  in  the  ground-sharfc 
animal  is  a  common  and  fearful  inhabitant  of  all  the  seas  ^  ,  ^ 
latitudes :  and  its  terrors  are  so  continually  before  the  eyes  o 
divers,  that  they  seek  a  vague  safety  in  supernatural  means.  . 

The  divers  are  paid  difterently,  according  to  their  private  agreem 
with  the  boat-owners,  either  in  money  or  with  a  proportion  o  ^^^ 
oysters  caught,  which  they  take  the  chance  of  opening  ^^Jr^  f^ 
account :  the  latter  is  the  method  most  commonly  adoptw' 
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ngreementa  with  the  people  who  hire  oat  the  hoata  are  oondncted 
much  in  the  sazne  znsmner.  They  contract  either  to  receive  a  certain 
sum  for  the  use  of  their  boati,  or  pay  the  chief  farmer  of  the  banks  a 
certain  sum  for  pennission  to  fish  on  their  own  account.  •  Some  of 
those  who  pursue  the  latter  plan  are  very  Buocessful  and  become  rich, 
while  others  are  great  losers  by  the  speculation.  The  spirit  of  gambling 
ia  more  openly  exhibited,  for  oyster  lotteries  are  carried  on  to  a  great 
extent,  and  they  consist  of  purchasing  a  quantity  of  the  oysterB  un- 
opened, and  running  the  chance  of  either  finding  or  not  finding  pearis 
in  them.  As  soon  as  the  oysters  are  taken  out  of  the  boats,  they  are 
carried  by  the  different  people  to  whom  they  belong  and  placed  in 
holes  or  pits  dug  in  the  grofmd  to  the  depth  of  about  2  feet,  or  in 
small  square  places  cleared  and  fenced  round  for  the  purpose,  each 
person  having  his  own  separato  division.  Mats  are  spread  below  them 
to  prevent  the  oysters  from  touching  the  earth,  and  here  they  are  left 
to  die  and  rot.  As  soon  as  they  have  passed  through  a  state  of  putre- 
faction and  have  become  dry,  they  are  easily  opened  without  any 
danger  of  injuring  the  pearls.  On  the  shell  being  opened,  the  oyster 
is  minutely  examined  for  the  pearls;  it  is  usual  even  to  boil  the  oyster, 
as  the  pearl,  though  commonly  found  in  the  shell,  is  not  unlrequently 
contained  in  the  body  of  the  fish  itself. 

Captain  Fercival,  in  his  account  of  Ceylon,  states  that  in  preparing 
the  pearls,  particularly  in  drilling  and  stringing  them,  the  natives  are 
wonderfully  expert.  A  machine  made  of  wood,  and  of  a  shape  re- 
sembling an  obtuse  inverted  cone,  about  six  inches  in  length  and  four 
in  breadth,  is  supported  upon  three  feet,  each  twelve  inches  long.  In 
the  upper  flat  surface  of  this  machine  holes  or  pite  are  formed  to 
receive  the  larger  pearls,  the  smaller  ones  being  beat  in  with  a  little 
wooden  hammer.  The  drilling  instrumento  are  spindles  of  various 
sizes,  according  to  that  of  the  pearls ;  they  are  turned  round  in  a 
wooden  head  by  means  of  a  bow  handle,  to  which  they  are  attached. 
The  i)earlB  being  placed  in  the  holes,  and  the  x>oint  of  the  spindle 
adjusted  to  them,  the  workman  presses  on  the  wooden  head  of  the 
machine  with  his  left  hand,  while  his  right  is  employed  in  turning 
round  the  bow  handle.  During  the  process  of  drilling,  he  occasionally 
molHtens  the  pearl  by  dipping  the  little  finger  of  his  right  hand  in  a 
cocoa-nut  filled  with  water,  which  is  placed  by  him  for  that  purpose ; 
this  he  does  with  a  dexterity  and  quickness  which  scarcely  impede  the 
operation,  and  can  only  be  acquired  by  much  practice.  The  Cingalese 
have  also  a  variety  of  other  instrumento  both  for  cutting  and  drilling 
the  pearls.  To  clean,  round,  and  polish  them  to  the  state  in  which 
we  see  them,  a  powder,  made  of  the  pearls  themselves,  is  employed. 
These  different  operations  in  preparing  the  pearls  occupy  a  great  num- 
ber of  the  natives  in  various  parte  of  the  island.  In  the  black  town  or 
pettah  of  Columbo  in  partictdar,  many  of  them  may  every  day  be  seen 
at  this  work. 

The  Chinese  adopt  a  singular  mode  of  procuring  x>earlB  by  artificial 
means,  that  of  compelling  or  inducing  the  fish  to  make  them.  They 
force  open  the  shell  of  a  large  river  mussel,  and  put  in  a  small  bit  of 
wood  or  metaL  The  fish  becomes  irritated,  and  covers  the  intruding 
substance  with  a  pearly  deposit.  Veiy  often  small  clay  figures  are 
thus  introduced,  representing  Buddha  in  the .  sitting  posture  in  which 
that  image  is  most  frequently  pourtrayed. .  It  has  been  stated  that  no 
less  than  5000  families  are  engaged  in  this  singular  branch  of  industry 
near  Ningpo.  Some  of  these  pearl-covered  figures  of  Buddha  are  to  be 
seen  in  the  South  Kensington  Museum. 

The  beautiful  substance  called  (somewhat  expressively)  mother  of 
pearl,  is  the  hard,  lustrous,  brilliant  internal  layer  of  shells,  especially 
oyster  shells,  and  more  particularly  the  pearl  oyster.  In  English 
oysters  this  substance  is  too  thin  to  be  workable  icr  manu&cturing 
purposes ;  but  the  oysters  of  the  esatem  seaa  yield  it  of  considerable 
thickness.  The  biiUiant  hues  which  distinguish  mother  of  pearl  do 
not  depend  upon  the  nature  of  the  substance,  but  on  an  exquisitely 
fine  series  of  furrows  upon  the  surface,  which  died  a  brilliant  reflection 
of  colours  according  to  the  angle  at  which  the  light  falls  on  them. 
Much  care  is  required  in  working  this  delicate  substance ;  but  it  may 
be  cut  by  saws,  files,  and  drills,  with  the  corrosive  aid  of  sulphuric  or 
muriatic  add.  It  is  polished  by  coldothar  of  vitrioL  In  all  those 
ornamental  manufactures  where  pearl  is  said  to  be  used  for  flat  sur- 
faces, sacti  as  inlaying,  mosaics,  buttons,  knife-handles,  Ac,  it  is  not 
real  pearl,  but  mother  of  pearl,  that  is  employed ;  and  the  quantity 
now  consumed  in  Englsnd,  especially  at  the  manufacturing  efftablish- 
mente  of  Birmingham  and  Sheffield,  is  very  large.  An  ■instance  has 
been  recorded  of  a  ship  arriving  at  London  from  Panama  with  more 
than  two  mUUon  pearl  shells. 

PEARL  WHITE.    [Bismuth,  Nitrate  o/.] 

PEAT :  Mconomieal  Uses,  Peat  is  a  substance  of  vegeteble  origin, 
found  wherever  the  soil  has  been  long  soaked  with  water  which  has  no 
outlet  and  does  not  completely  evaporate  by  the  heat^of  the  sun. 
When  dried  peat  is  examined,  it  is  found  to  consist  of  roote  and  fibres 
in  every  stage  of  decomposition,  from  the  natural  wood  to  the  com- 
pletely black  vegeteble  mould.  From  the  nature  of  ite  formation 
under  the  surface  of  water^  it  acquires  a  portion  of  tennin,  which  has 
the  property  of  preserving  animal  and  vegeteble  matter  from  decom- 
position. Hence  large  branches  and  trunks  of  trees  are  found 
imbedded  in  peat,  which  have  no  mark  of  decomposition,  except  what 
may  have  teken  place  before  the  wood  was  completely  immersed  in 
the  peat.      Peat  contains  all  the  elemente  of  the  richest  manure, 


and  may  by  on  easy  prooess  be  converted  Into  humus :  for  this  purpose 
the  agency  of  alkalies  is  the  most  effectual.  If  the  tennin  be  decom- 
posed, decomposition  of  the  vegeteble  fibre  will  go  on,  and  soluble 
humus  will  be  formed.  When  peat  is  newly  dug  up,  if  caustic  lime  be 
added  to  it  before  it  is  dry,  the  moisture  of  the  peat  slakes  the  lime, 
which  acto  on  the  gallic  acid  in  the  peat  and  neutralises  it.  If  this 
mixture  be  then  excited  to  fermentation  by  the  addition  of  animal 
matter,  such  as  urine  or  dung,  oxygen  is  absorbed  and  carbonic  acid 
evolved','  and  the  residue  is  converted  into  an  excellent  manure,  con- 
taining much  soluble  humus.  The  same  may  be  effected  more  slowly 
by  mixing  peat  with  clay  or  marl,  and  allowing  the  mixture  to  remain 
exposed  to  the  atmosphere  for  a  considerable  time,  frequently  turning 
it  But  nothing  accelerates  this  process  like  the  addition  of  putrescent 
animal  matter,  which  acte  as  a  ferment  and  greatly  hastens  the  decom- 
position. The  soils  for  which  peat  forms  the  best  manure  are  the 
chalky  and  clayey.  Sand  has  too  little  tenacity;  it  lete  the  gases 
produced  by  the  decomposition  escape,  instead  of  attracting  them,  as 
clay  and  chalk  do,  and  preventing  their  escape. 

The  burning  of  peat  destroys  the  vegeteble  matter  and  leaves  the 
earths  and  salte  behind.  They  are  accordingly  very  strong  stimulanta 
to  vegetetion,  especially  that  of  clovers  and  herbaceous  plante,  of 
which  the  leaves  and  stems  are  the  most  valuable  parte.  If  the  soil 
is  well  furnished  with  vegeteble  matter,  and  capable  of  bringing  an 
abundance  of  seed  to  pertection,  it  may  be  very  useful  to  apply  stimu- 
lating manures,  such  as  peat  ashes,  to  increase  the  verdure ;  but  on 
poor  soils  destitute  of  humus,  the  increase  of  the  stems  and  leaves  does 
not  ensurb  a  proportionate  increase  of  seed.  Hence  it  is  often 
remarked  that  soot,  potash,  saltpetre,  and  similar  substances  produce  a 
deceitful  growth,  giving  a  rank  green  leaf,  which  is  not  succeeded  by  a 
heavy  ear;  but,  on  the  oontraiy,  the  produce  in  seed  is  rather 
diminished  than  increased  by  the  use  of  the  manure.  Whenever  a 
stimulating  manure  ia  used,  the  soil  should  be  naturally  rich,  or  enrich^ 
ing  manure  should  be  applied  at  the  same  time. 

Where  a  great  extent  of  peat-moss  renders  the  improvement  of  it 
desirable,  there  are  various  ways  in  which  it  may  be  reclaimed.  In 
some  places  the  peat  has  been  removed,  and  the  loam  which  lay  Ixdow 
it  was  found  of  a  very  fertile  nature.  This  could  only  be  done  on  the 
banks  of  rivers,  into  which  the  peat  was  floated  by  means  of  small 
canals  dug  through  it,  and  communicating  with  the  river.  In  all  other 
oases  the  mode  adopted  has  been  that  of  draining  and  consolidating. 
In  draining  a  peat-moss  the  water  must  not  be  let  off  too  rapidly,  for 
in  that  case  the  surface  may  become  so  loose  and  dxy,  that  no  vegete- 
tion  can  take  place  in  it.  If  the  water  is  drained  off  so  as  to  leave 
two  feet  of  peat  dry  above  ite  level,  this  is  all  that  is  required  for  a 
beginning.  The  best  improvement,  and  the  most  rapid,  is  produced 
by  bringing  sand  or  gravel  in  sufficient  quantity  to  cover  the  surface 
with  two  or  three  inches  of  it.  This  will  make  a  beginning  of  a  soil, 
in  which  potetoes  may  be  planted.  At  first  the  surface  will  not  bear 
the  wheels  of  a  cart  nor  the  tread  of  a  horse ;  but  in  a  short  time  a 
solid  crust  will  be  formed,  which  will  increase  in  strength  and  thick- 
ness as  cultivation  advances.  There  are  many  fine  pastures  in  Scotland 
which  once  were  brown  peat-mosses,  on  which  it  would  have  been 
dangerous  for  a  man  to  walk,  but  which  now  bear  heavy  oxen,  and  seem 
as  solid  as  any  X)a8ture  on  a  clay  subsoil.  Manuring  and  liming  are  the 
most  effective  operations  in  bringing  about  this  great  improvement. 
Potetoes  and  oate  are  usually  the  first  prop  on  reclaimed  peat-mosses. 
It  is  long  before  they 'become  capable  of  bearing  wheat;  nor  is  this 
crop  to  be  recommended  at  any  time,  imless  there  be  a  good  depth  of 
soil  formed  over  the  peat,  Laying  down  to  grass  as  soon  as  a  certain 
degree  of  improvement  has  been  made,  and  depasturing  with  sheep  at 
first  and  cattle  afterwards,  tend  more  than  any  other  means  to  con- 
solidate the  surface  and  deepen  the  mould,  wnich  gradually  increases 
by  the  decomposition  of  the  tennin  in  the  peat. 

Qreat  attention  has  been  paid  within  the  last  few  years  to  the  ques- 
tion how  far  peat  can  be  practically  applied  in  the  arte,  thereby 
rendering  a  double  service — clearing  bog-land  for  agricultural  purposes^ 
and  making  ^ood  use  of  the  substance  taken  from  it.  As  Ireland  con- 
tains 3,000,000  acres  of  bog,  the  inqtury  really  becomes  an  important 
one.  Several  years  ago,  a  patent  was  obteined  by  Mr.  Williams,  man- 
aging director  of  the  Dublin  Steam  Kavigation  Company,  for  compres- 
sing peat  into  a  dense  mass,  so  as  to  resemble  coal  The  process  is  an 
follows: — Immediately  after  being  dug,  the  peat  is  triturated  under 
revolving  edge-wheels  faced  with  iron  plates  perforated  all  over  the 
surface,  and  is  forced  by  the  pressure  through  thestf  apertures,  till  it 
becomes  a  species  of  pap,  which  is  freed  from  the  greater  part  of  ite 
moisture  by  a  hydraulic  press.  It  is  then  dried,  and  converted  into 
coke  in  the  same  manner  as  is  done  with  pit  coal.  The  factitious  coal 
of  Mr.  Williams  is  made  by  incorporating  piteh  or  rosin  melted  in  a 
cauldron  with  as  much  of  the  peat-charcoal  ground  to  powder  as  will 
form  a  tough  doughy  mass,  which  is  then  moulded  into  bricks. 

The  iise  of  peat  for  fuel  is  too  well  known  to  require  notice;  but  it 
may  be  interesting  to  know  how  peat  fuel  is  made  in  Holland,  where 
it  cannot  be  dug  out  of  the  solid  moss  but  is  brought  up  in  the  form 
of  mud  from  a  considerable  depth  under  water.  It  is  raised  by  means 
of  small  strong  nete,  fixed  by  an  iron  ring  to  a  long  pole,  in  the  man- 
ner in  which  canals  are  cleared  of  mud.  This  liquid  peat  is  brought 
in  boate  to  a  place  prepared  for  ite  manufacture,  which  has  been 
levelled  as  a  brick-Tard  usually  is.    The  soft  mud  is  spread  over  this 
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to  the  depth  of  six  inches,  and  the  water  is  allowed  to  drain  off  slowly. 
When  the  peat  begins  to  diy,  men  fix  boards  to  their  feet  and  walk 
over  it,  so  as  to  compress  it ;  and  as  soon  sb  it  will  bear  cutting,  it  is 
cut  with  a  spade  made  on  purpose  into  oblong  pieces  of  the  usual  size 
of  peat,  which  is  about  eight  or  nine  inches  long  and  five  wide ;  the 
treading  and  drying  have  reduced  the  thickness  to  about  four  or  five 
inches.  When  completely  solid,  these  peata  are  set  on  edge,  and  after- 
wards stacked  loosely,  so  that  the  air  may  pass  through  them.  In 
some  places  they  have  sheds,  for  the  purpose  of  protecting  them  from 
They  soon  become  very  hard,  and  bum  more  like  wood  or  coal 


ram. 


than  the  peat  which  is  cut  inmiediately  from  a  solid  moss.  They  give 
a  very  great  heat,  and  form  a  coal  which,  when  it  is  shut  up  in  a  close 
vessel  to  stop  the  combustion,  and  allowed  to  cool,  has  a  considerable 
resemblance  to  charcoal 

Dutch  peat  is  used  as  fuel  for  all  the  purposes  of  manufactures, 
except  for  the  forging  of  iron,  for  which  coals  are  imported  from 
England  and  the  Netherlands.  The  peat-fens  in  Holland,  however, 
begin  to  be  exhausted,  and  the  fuel  is  so  dear,  that  it  is  found  more 
economical  to  import  coals  from  England,  which  are  used  chiefly  in 
cast-iron  stoves. 

In  Ireland,  some  years  ago,  the  Irish  Amelioration  Society  encou- 
raged the  conversion  of  peat  into  charcoaL  The  charcoal  obtained 
from  this  source  is  found'  to  be  valuable  not  only  for  smelting-fur- 
naoes,  but  also  as  a  deodoriser.  Around  each  charcoal  factory,  in  some 
parts  of  Ireland,  a  rim  of  cottage  gardens  was  gradually  formed ;  and 
the  land,  relieved  from  the  load  of  otherwise  improfitable  peat,  pro- 
duced useful  crops.  Whether,  however,  from  the  commercial  value  of 
the  product  having  been  overstated,  or  for  some  other  cause,  the  mak- 
ing of  charcoal  from  peat  still  remsinB  only  a  small  branch  of  industry 
in  Ireland.  A  British  and  Irish  Peat  Company  was  afterwards  formed, 
suggested  with  reference  to  Dartmoor  peat  rather  than  to  that  of 
Ireland;  but  if  available  for  one,  it  would  also  be  for  the  other.  The 
company  professed  to  be  able  to  obtain  naphtha,  paraffin,  fixed  oil, 
volatile  oil,  acetate  of  lime,  and  sulphate  of  ammonia,  from  peat,  at 
profitable  prices ;  and  very  sanguine  accoimts  were  published  as  to  the 
rate  of  profit  obtainable.  When  the  Earl  of  Cliu«ndon  was  Lord 
Lieutenant  of  Ireland,  he  commissioned  Sir  Robert  Kane  to  inquire 
into  and  report  upon  tibe  various  proposed  plans  for  economically  apply- 
ing the  miUions  of  acres  of  peat  in  Ireland.  One  difficulty  is,  that  all 
attempts  to  expel  the  water  from  wet  peat  by  mechanical  means  alone 
have  been  f oimd  defective ;  and  another  is,  that  the  profitableness  of 
applying  heat  to  evaporate  the  moisture  is  doubtful.  In  the  peat 
taken  from  the  Bog  of  Allen,  it  is  found  that  100  tons  of  the 
wet  substance  produce  only  16  tons  of  dry  peat.  Mr.  Reece,  whose 
patent  led  to  the  formation  of  the  Irish  Peat  Company,  found 
that  by  the  destructive  distillation  of  1000  parts  of  peat,  he 
obtained  about  eleven  of  sulphate  of  ammonia,  seven  of  acetate 
of  lime,  two  of  wood  naphtha,  one  of  paraffin,  seven  of,  fixed  oil, 
and  three  of  volatile  oil  When  Sir  Robert  Kane  tested  this 
statement  he  found  it  to  be  pretty  nearly  correct;  but  when  he 
proceeded  to  inquire  into  the  profitableness  of  Uie  process  as  a  manu- 
facture of  the  above-named  substances,  the  conflicting  evidence  quite 
baffled  hhn.  Prom  the  reports  of  Kane  and  other  authorities,  the 
area  of  all  the  bogs  in  Ireland,  multiplied  hv  the  average  thickness, 
would  it  appeara  yield  the  enormous  quantity  of  4,000,000,000  tons 
of  peat  even  when  quite  dry ;  and  some  enthusiasts  have  given  to  this 
a  money  value  of  more  than  1,000,000,000/.  for  fuel  A  village  has 
been  lighted  with  peat  gas  in  Westmeath.  It  remains  true,  neverthe- 
less, that  although  a  mass  of  peat  is  a  vast  storehouse  of  chemical 
material,  manufacturing  operations  relating  thereto  have  not  yet 
become  important. 

PECK,  a  measure  of  two  gallons,  or  the  fourth  part  of  a  bushel 
[Bushel.]    It  is  used  as  a  measure  of  dry  soods  only. 

PECTASE.    [PeotioAcid.]  ' 

PECTIC  ACID.  PECTIN.  The  jeUy  of  certain  fruits,  as  the 
currant,  gooseberry,  &c.,  is  distinguished  from  gektin,  or  animal  jelly, 
m  contaimng  no  mtrogen.  Pectic  acid  was  first  obtained  by  Braconnot, 
BO  named  by  him  from  the  Qrwk  pedis  (mtKris) ;  and  whenever  pectin 
IS  treated  with  an  alkali,  pectic  acid  is  formei  As  these  substances 
are  intimately  connected,  they  may  be  considered  together. 

P«rt»»  may  be  obtained  from  many  fruits  by  carefully  expivssing 
then-  juice,  and  evaporating  it  at  a  temperature  not  above  212*.  It 
may  alao  be  procured  by  adding  alcohol  to  recently  expressed  currant 
or goosebeny  juice;  in  a  few  houra  a  gelatinous  substance  separates, 
which  IS  to  be  washed  with  weak  alcohol  and  then  dried  j  in  this  state 
It  resemblM  ismglass  in  appearance,  and  when  immersed  in  cold  water 
It  swells  hke  starch. 

Another  metiiod  has  been  given  for  preparing  pectin,  which  ia  that 
of  mixmg  the  clear  expressed  juice  of  currants  with  that  of  sour  cherries, 
when  pectin  f^la  down ;  the  liquid  being  poured  off,  the  pectm  is  to 
be  washed  with  cold  water  as  long  as  it  comes  away  coloured. 

Hot  water  has  less  action  upon  dry  pectin  than  cold  water  has  :  in 
dilute  and  boiling  alcohol  it  dissolves  slightiy ;  the  solution  however  is 
n<rt  veiy  adhwive.  Pectin  has  no  acid  properties,  nor  does  it  render 
iodine  blue  hke  starch.  When  pectin  is  treated  with  nitric  acid,  it 
yields  oxahc  acid  and  mucic  acid,  accompanied  with  a  trace  of  a  bitter 
yellow  matter :  hydrochloric  acid  la  rendered  of  a  fine  red  colour  by  it 
when  they  are  heated  together,  and  red  flakes  separate,  which  are 


not  soluble  in  ammonia.  Pectin  has  also  been  found  in  the  bark  of 
most  trees. 

Peetic  acid  is  obtained  whenever  carbonate  of  potash  is  added  to 
pectin,  but  carbonate  of  soda  does  not  produce  this  effect,  nor  does 
ammonia.  Lime-water,  however,  partially  converts  pectin  into  pectic 
acid. 

Pectic  acid  is  perhaps  most/ oonvenientiy  obtained  from  the  carrot; 
for  this  purpose  the  rasped  root  is  to  be  washed  with  water,  and 
pressed,  till  it  ceases  to  dissolve  anything;  then  100  parts  of  the 
pressed  carrot  are  to  be  boiled  in  water  wi&  five  parts  of  bicarbonate 
of  potash;  the  root  is  to  be  again  pressed,  and  the  clear  solution, 
which  is  pectate  of  potash,  is  to  be  decomposed  by  the  addition  of  a 
solution  of  chloride  of  calcium,  which  yields  by  double  decomposition 
an  insoluble  pectate  of  lime ;  this  is  to  be  treated  with  dilute  hydro- 
chloric acid,  which  separates  the  pectic  acid. 

Pectic  acid  has  the  following  properties:  it  is  a  colourless  jelly, 
slightiy  add,  and  reddens  litmus  paper  very  distinctly.  When  dis- 
tilled it  yields  a  product  containing  much  empyreumatic  oil,  but  no 
trace  whatever  of  ammonia. 

It  is  very  littie  soluble  in  water,  whether  hot  or  cold,  and  the 
filtered  solution  acts  less  powerfully  on  litmus  than  the  gelatinous 
acid.  Although  it  contains  so  littie  of  the  add,  yet  the  solution 
becomes  gdatinous  when  alcohol  or  sugar  is  added  to  it ;  lime  or  baiyta 
water  also  occadons  predpitation  in  it. 

When  gelatinous  pectic  acid  is  gentiy  heated  with  an  excess  of  caustic 
potash  or  soda  in  a  platinum  crucible,  a  brown-coloured  solution  is 
soon  obtained ;  and  when  thus  evaporated  to  diyness,  the  pectic  add 
is  found  almost  entirely  converted  into  oxalic  add. 

The  neutral  pectates  of  potash,  soda,  and  ammonia,  when  dissolved 
in  water,  are  separated  in  a  gelatinous  state  from  solution  by  alcohol, 
sugar,  and  saline  solutions,  &c. 

Pectic  add  is  decomposed  by  sulphuric  add  when  they  are  heated 
together,  and  nitric  acid  converts  it  into  mudc  and  oxalic  add,  &c 
Most  of  the  stronger  or  mineral  adds  also  decompose  the  saline  com- 
pounds of  pectic  acid ;  but  this  is  not  the  case  with  the  greater  number 
of  the  vegetable  adds. 

The  substance  originally  contained  in  the  currants,  &c,  and  from 
which  pectin  is  supposed  to  be  derived  by  the  influence  of  adds,  has 
been  named  pectcte.  This  matter  is  alao  accompanied  by  a  kind  of 
ferment,  called  pectcue,  Parapeetin  is  produced  by  boiling  a  solution 
of  pectin  for  some  hours.  Metapeetin  is  obtained  by  the  transfor- 
mation of  parapeetin  in  contact  with  boiling  dilute  adds.  When 
pectase  is  added  to  a  solution  of  pectic  add,  a  gelatinous  body  termed 
peetosic  add  IB  iormed.  Parapectic€uid,meUigfiecUc<»cid,aiidpyr<ipeetie 
acid  are  also  unimportant  derivatives  of  pectin. 

Littie  is  known  as  to  the  exact  compodtion  of  these  substances. 
The  following  f onnulae  have  been  propos(Bd  by  different  invostigatoni, 
but  they  are  all  doubtful  :^ 


Pectin 


Hetapsctio  i)eid C,H50,-f2HO 

Pyropeetio  add      •       •       •       •       •  Cx«H,0, 

PECTIN.    [Pbotio  AcfiD.] 

PECTOSE.    fPscTio  A.on).] 

PECTOSIC  ACID.    [PectioAcid.] 

PECULIARS,  COURT  OF,  one  of  the  ecdesiastical  courts  :  which, 
until  the  abolition  of  pecuhan,  took  cognisance  of  all  matten  arising 
therdn.    (Blackst '  ComnL,'  Mr.  Kerr*s  ed.,  v.  iii.) 

PEDAL.  In  mumcal  instruments  pedals  are  of  two  kinds: — 1, 
those  keys  which  are  acted  on  by  the  feet  of  the  performer;  2,  the 
levers  acting  on  the  swell  of  the  oigan,  and  on  the  stops ;  and  also 
those  of  the  pianoforte  and  harp,  the  uses  of  which  are  too  well  known 
to  require  explanation. 

The  pedals,  or  foot-keys,  of  the  organ  were  invented  in  the  15th 
centuiy,  by  a  German  named  Bemhanl ;  but,  it  was  long  before  they 
had  travelled  beyond  the  confines  of  the  country  to  whidi  they  owed 
their  birth ;  and  strange  to  say,  England  was  the  last  to  adopt  them, 
though  the  fint  to  introduce  the  organ  generally  into  the  church. 
But  by  slow  degrees  their  utility  and  importance  were  discovered  and 
acknowledged,  and  now  no  organ,  except  of  small  dimendons,  is  built 
without  these  most  desirable  auxiliaries,  and  no  organist  is  esteemed 
.who  is  not  tolerably  well  skilled  in  the  use  of  them.     [Ob«an.] 

PEDAL-BASE  (or  Pedale),  in  music,  is  a  base  which  remains 
stationary  on  one  note,  while  the  other  parts  continue  moving  and 
forming  various  chords,  all  of  which,  however,  must  be  related  to  the 
holding  note,  according  to  the  laws  of  harmony.    Example  : — 
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PEDESTAL.    [Column.] 

PEDIGREE.  A  pedigree  is  a  tabular  view  of  the  memben  of  any 
}»rticular  family,  with  the  relations  in  which  they  stand  to  each  other ; 
together,  usually,  with  some  sli^^t  notice  of  the  principal  events  of 
the  life  of  each,  as  the  time  and  place  of  birth,  marriage,  death,  and 
burial,  the  residence,  the  profession,  or  rank  of  the  principal  person 
named  in  it>  and  public  offices  held  by  him.  Sometimes  these  are 
accompanied  by  reference  to  evidence  of  the  facts  stated,  as  to  inqui* 
sitionB,  parish-registers,  monumental  inscriptions,  maniage-settlements, 
and  deeds  of  all  kinds.  But  when  there  is  much  of  this  kind  of  infor- 
mation and  evidence  introduced,  the  writing  is  rather  called  a  genealogy, 
or  genealogical  history,  tiiian  a  pedigree ;  and  many  pedigrees,  especiidly 
those  of  early  date,  are  wholly  deficient  of  reference  to  evidence  for 
proof  of  the  things  stated  in  them,  and  contain  rarely  dates  or  any- 
thing more  than  the  mere  names  of  the  parties  who  occur  in  them. 
They  appear  to  be  the  suxnmaries,  or  things  established  by  certain 
evidences  which  may  or  may  not  now  accompany  them,  in  respect  of 
descents  and  relationships. 

Some  fanciful  explimations  have  been  given  of  the  word.  But 
perhaps  the  true  etymology  may  be  that  wmch  refers  it  to  the  Latin 
pediM  graduunif  the  word  pea,  or  pedes,  being  much  used  in  the  law 
Latin  of  the  middle  ages  to  denote  gumfnaries,  or  the  ultimate  result 
in  any  transaction,  as  in  pedeg  Jinium  and  p^Ui  compoU,  So  thflb  a 
pedigree  ii,  as  it  were,  a  total  of  information  or  evidence  respecting 
descents  and  kindredships. 

The  Scripture  genealogies,  as  th^  are  called,  are  so  many  pedigrees, 
but  with  tins  difference  from  the  proper  idea  of  a  pedigree,  that  they 
are  not  tabular,  but  narrative. 

Tabular  genealogies,  or  pedigrees  properly  so  called,  are  not  of  very 
frequent  occurrence  in  the  writings  of  the  middle  ages.  But  they  are 
sometimes  found  in  public  records,  and  in  the  evidences  of  private 
families^  or  entered  in  the  chartularies  of  the  monastic  foundations. 
They  are  generally  abort,  containing  for  the  most  part  only  such 
matter  as  was  wanted  for  the  exhibition  of  some  particular  daim  of 
right.  But  at  about  the  beginning  of  the  16th  century,  when  the 
College  of  Heralds  began  to  pay  more  attention  to  the  genealogy  of  the 
English  families  in  reference  to  their  claims  to  dignities  and  to  the 
distinction  which  the  ri^t  to  armorial  insignia  gives,  many  pedigrees 
were  compiled,  and  in  the  course  of  that  century  the  heralds  obtained 
copies  of  all  such  accounts  of  the  English  fimulies  of  any  distinction  as 
could  be  supplied  to  them,  and  made  such  accounts  matter  of  public 
record  by  entering  them  in  the  books  which  contain  the  record  of  their 
official  proceedings.  To  obtain  information  of  this  kind,  it  was  the 
practice  of  the  heralds  of  that  century,  and  it  continued  to  be  their 
practice  till  about  the  year  1680,  to  visit  the  various  counties  of 
England  from  time  to  time  in  turn,  and  to  collect  from  the  mouths  of 
the  principal  persons  of  each  county  what  they  knew  of  the  changes 
which  had  taken  place  in  the  family  since  the  time  of  the  preceding 
visitation,  or  what  account  could  be  given  of  themselves  by  families 
who  had  recently  stepped  into  the  rank  of  gentry,  or  who  had  become 
recently  settled  in  the  county.  The  pedigrees  thus  collected  are  in 
the  visitation  books  at  the  College  of  Arms,  and  form  a  vast  body  of 
this  species  of  information  highly  important  to  those  who  are  study- 
ing cnticiJly  the  biography  of  the  distinguished  persons  of  the  Englidi 
nation. 

Besides  this  grand  oollqction  of  pedigrees,  there  are  many  similar 
collections  made  by  private  persons,  or  by  tiie  heralds  themselves  in 
their  private  capacity.  Many  such  collections  are  in  the  library  of  the 
Heralds'  College;  others  are  in  the  British  Museum;  others  in  the 
hands  of  private  persons.  Copies  of  the  vintation  books  are  also  often 
to  be  found.  The  largest  collection  of  copies  is  in  the  British 
Museum,  though  copies  of  some  of  the  best  visitation  books  are  not 
in  any  of  the  collections  in,  that  depository.  There  are  many  copies 
in  the  libraries  of  Queen's  College,  Oxford,  and  Cuus  College, 
Cambridge. 

Since  the  visitations  were  disoontinuedy  there  has  been  no  official 
and  regular  collection  of  pedigrees.  But  there  has  been  a  continual 
addition  made  to  the  pedigrees  which  are  on  record  in  the  visitation 
books  b^  the  entry  in  the  books  of  the  Heralds'  Collie  of  their  pedigree 
by  particular  families.  In  some  cases,  as  of  peers,  this  is  compulsoiy. 
When  arms  are  granted  or  dignities  conferred,  it  has  been  usual  for 
families  to  record  in  the  college  what  they  know  of  their  descents  and 
AllmTtftftn-  But  the  books  are  open  to  any  private  family,  who  may,  at 
a  moderate  expense,  enter  a  pedigree  showing  the  eristing  state  of  the 
family,  and  whatever  is  withm  &e  recollection  of  the  older  members 
of  it,  or  can  be  proved  by  sufficient  evidence.  The  entries  thus 
officially  made  are  matter  of  record,  and  contain  iofonnation  which 
is  often  very  ivteresting  to  the  posterity  of  the  persons  who  occur 
in  them,  and  may  be  of  importance  in  protecting  rights  which  belong 
to  them. 

The  authors  of  the  books  of  topography  have  done  something  to 
supply  the  loss  of  information  of  this  kmd  which  has  been  sustained 
by  Uie  disuse  of  visitations,  such  works  usually  containing  notices  of 
the  families  who  have  possessed  the  more  important  interests  in  the 
district  to  which  the  work  relates. 

PEDIMENT.    [Grboian  Arohitkotube.] 

PEDLAR.  This  word  is  said  by  Dr.  Johnson  to  be  a  contraction 
from  ptt^f  detUer,  formed  into  a  new  term  by  long  and  familiar  use; 
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and  a  pedlar  is  defined  by  him- to  be  "  one  who  travels  the  country 
with  small  commodities."  The  same  writer  defines  a  hawker  to  be 
"  one  who  sells  his  wares  by  proclaiming  tibem  in  the  stx«et."  In  legal 
tmderstanding  however  a  hawker  is  an  itinerant  trader,  who  goes  about 
from  place  to  place,  carrying  with  him  and  selling  goods;  and  a  pedlar 
is  only  a  hawker  in  small  wares.  In  the  various  acts  of  parliament 
which  impose  duties  upon  them  and  regulate  their  deaUngs,  they  are 
always  named  in  conjunction  as  hawkers  and  pedlars;  and  no  distinc- 
tion is  made  between  them. 

It  has  been  for  more  than  a  century  the  p6\icj  of  TCnglii^h  law  to 
consider  the  conduct  of  trade  bv  means  of  fixed  establishments  as  more 
beneficial  to  the  public  than  that  of  itinerant  dealers ;  and  it  cannot 
be  denied  that  the  local  trader  being  better  known  and  more  dependent 
upon  his  character  than  one  who  continually  travels  from  place  to 
place,  there  is  a  greater  security  for  the  respectability  of  his  dealings. 
In  conformity  with  this  policy,  statutes  have  been  passed  from  time  to 
time,  obliging  hawkers  and  pedlars  to  take  out  Ucences  and  to  submit 
to  specific  regulations  and  restrictions,  which  are  supposed  to  protect 
the  resident  trader  as  well  as  the  public  from  un&ir  deaUng.  These 
reasons  however  have  been  given  ex  pott  faato  to  justify  thelaws ;  for 
the  statutes  which  originally  required  licences  for  hawkers  and  im- 
posed  these  duties  appear  to  have  merely  contemplated  a  means  of 
increasing  the  revenue.  (8  &  9  Wm.  IIL,  c  25 ;  and  9  &  10  Wm.  III., 
c.  27.) 

Thid  provisions  by  which  the  licences  to  hawkers  and  pedlars  are  now 
regulated  are  contained  in  the  statute  50  Geo.  III.,  c.  41 ;  and  tlU 
Amendment  Act  52  Qeo.  IIL,  c  108.  The  duty  of  granting  licences 
to  hawkers  and  pedlars  and  enforcing  the  law  against  such  persons  is 
now  entrusted  to  the  commissioners  of  stamps,  imder  the  1  &  2  Wm. 
IV.,  c  22 ;  the  particular  conditions  and  regulations  under  whi<^  such 
licences  are  to  be  granted  being  contained  in  the  above-mentioned 
statute,  50  G^.  IIL,  c  41. 

Before  a  Ucence  is  granted  to  a  person  desirous  of  trading  and 
travelling  as  a  hawker  or  pedlar,  the  applicant  must  produce  to  the 
commissioners  of  stamps  a  certificate,  signed  by  the  officiating  cdergy- 
man  and  two  householders  within  the  parish  in  which  he  resides, 
attesting  that  he  is  of  good  character  and  a  fit  person  to  be  licensed. 
Upon  this  certificate  being  given,  the  commissioners  grant  the  licence, 
which  is  only  in  force  for  one  year,  and  the  party  who  receives  it  is 
subject  to  a  duty  of  42.  per  annum,  if  he  travels  on  foot  or  with  horses 
alone,  and  an  additi<xial  duty  of  42.  per  annum  if  he  travels  with  a 
"  horse,  ass,  mule,  or  other  beast  bearing  or  drawing  burthen; "  and 
these  duties  are  to  be  paid  at  the  time  of  receiving  the  licence.  AU 
persons  who  act  as  hawkers  or  pedlars  without  such  a  licence  are  liaise 
to  a  penalty  of  50/L  Among  other  regulations,  the  hawker  or  pedlar  is 
required  by  the  act  to  "  cause  to  be  written  in  lai^  legible  Boman 
capitals,  upon  the  most  conspicuous  part  of  every  pack,  box,  bag,  trunk, 
case,  cart,  or  waggon,  or  other  vehide  in  which  he  carries  his  goods, 
and  of  every  room  and  shop  in  which  he  trades,  and  likewise  upon 
every  handbill  or  advertisement  given  out  by  him,  the  words  '  Idcensed 
Hawker,'  together  with  the  number,  name,  or  other  mark  of  his  licence ; " 
and  in  case  of  his  omission  so  to  do,  he  is  liable  to  a  penalty  of  102L ; 
and  every  unlicensed  person  who  places  these  words  upon  hiis  goods  is 
liable  to  a  penalty  to  the  like  amount.  A  hawker  and  pedlar  travelling 
without  a  Ucence,  or  traveUiug  and  trading  contrary  to  or  otherwise 
than  is  allowed  by  the  terms  of  his  licence,  or  refusing  to  produce  his 
licence  when  required  to  do  so  by  inspectors  appointed  by  the  com- 
missioners, or  by  any  magistrate  or  peace-officer,  or  by  any  person  to 
whom  he  shall  offer  goods  for  sale,  is  liable  in  each  case  to  a  penalty 
of  102.  A  person  having  a  licence,  and  hiring  or  lending  it  to  another 
person  for  the  purpose  of  trading  with  it,  and  also  the  person  who  so 
trades  with  another's  licence,  are  each  liable  to  a  penalty  of  402.  A 
hawker  or  pedlar  dealing  in  or  selling  any  smuggled  goods,  or  know- 
ingly dealing  in  or  selling  any  goods  fraudulently  or  dishonestly  pro- 
cured, forfeits  his  licence,  and  is  for  ever  afterwards  incapacitated  from 
obtaining  or  holding  a  new  licence.  By  the  stat.  48  Geo.  IIL,  c.  84, 
s.  7|  if  any  hawker  or  pedlar  shall  offer  for  sale  tea,  brandy^  rum, 
Qttieva,  or  other  foreign  spirits,  tobacco,  or  snuff,  he  may  be  arrested 
by  any  person  to  whom  the  same  may  be  offered,  and  taken  before  a 
magistrate,  who  ma^  hold  lum  to  bail  to  answer  for  the  offence  under 
the  excise  laws. 

By  the  stat.  6  Geo.  lY.,  c  80,  any  person  hawking  any  spirits  may 
be  arrested,  and  upon  conviction  before  a  magistrate,  incurs  a  forfeiture 
of  the  spirits,  and  may  be  sentenced  to  pay  a  penalty  of  100/.,  and  in 
default  to  imdeigo  three  months  imprisonment  with  hard  labour. 

By  the  provisions  of  the  statutes  29  Geo.  IIL,  c.  26,  s.  6,  and  also  of 
50  Geo.  IIL,  c.  41,  s.  T,  no  person  coming  within  the  description  of  a 
hawker  or  pedlar  can  lawfully,  either  by  opening  a  shop  and  exposing 
goods  to  sale  by  retail  in  any  place  in  whicui  he  is  not  a  householder  or 
resident,  other  than  in  a  legally  established  public  market  during 
market  hours,  or  by  any  other  means,  seU  goods  either  by  himself  or 
any  other  person  by  outcry  or  auction,  under  a  penalty  of  502. 

It  is  fuiiher  provided  by  the  18th  section  of  the  50  Geo.  IIL,  c  41, 
that,  if  any  person  shall  forge  or  counterfeit  any  hawker's  or  pedlar's 
licence,  or  travel  with,  or  produce,  or  show  any  such  forged  or  counter- 
feited licence,  he  shall  forfeit  the  sum  of  300Z. 

PEERS  or  THE  REALM  are  persons  io  whom  the  law  and  con- 
stitution attribute  oertalo  high  dignities  and  privileges.    Without 
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meamng  to  diedde  the  question  whether  lords  Bpiiitoal  are  in  striotneBB 
peers  of  the  realm,  the  persons  who  fall  under  this  description  are  the 
dukes,  marquesses,  earls,  Yiscounts,  and  barons,  and  this  without  refer- 
ttioe  to  the  accident  of  age,  an  earl  being  as  much  a  peer  of  the  realm, 
thoufl^  a  minor,  and  consequently  not  admissible  to  some  of  the  hi^ 
prii^leges  of  his  order.  Ladies  may  also  in  certain  cases  be  peeresses  of 
the  realm  in  their  own  ri^t,  as  by  creation,  or  as  inheritoisof  baronies 
which,  descend  to  heirs  general  The  wives  of  peers  are  peeresses  of 
Uie  realm,  and  entitled,  in  consequence  of  th*  nmk,  to  certain  privi- 


Under  the  several  articles  Dtrus,  HAn^mssB,  Easi.,  V isoouiit^  and 
eepeoially  Baxoit,  will  be  found  certadn  observations  pertaim^g  to  each 
distinot  order  of  peers.  On  the  remote  origin  of  iids  order,  and  of 
the  privileges  belonging  to  it,  especiaUy  that  great  privilege  of  forming 
a  distinct  uod  independent  branch  of  the  l<Q^8]atare,  and  being  at  the 
same  time  the  highest  and  last  ooort  of  appeid,  great  obscurity  rests, 
as  it  does  indeed  on  the  whole  of  the  early  constitution  and  history  of 
Paciiament.  [Parliament.]  The  reports  of  the  committee  oi  the 
House  of  Peers,  which  sat  during  several  parliaments  about  the  years 
1817, 1818,  and  1819,  on  the  dignity  of  a  peer  ol  the  realm,  contain  a 
g;reat  amount  of  information  on  these  topics,  but  leave  undeoded  some 
of  the  more  important  questions  connected  with  it. 

It  is  now,  however,  dearly  estahUshed,  as  a  part  of  the  laws  and 
constitution  of  the  realm,  that  every  peer,  of  full  age  and  of  sound  mind, 
is  entitled  to  take  his  seat  in  the  House  of  Peers  and  to  share  in  all  the 
deliberations  and  determinations  ot  that  assembly ;  and  that  he  has 
privil^e  (perhaps  not  very  distinctly  defined)  of  access  to  the  king  or 
queen  regnant  to  advise  concerning  any  matter  touching  the  affiurs  of 
use  realm.  These  are  great  and  «mm«ni;  privileges,  but  they  are 
accompanied  by  othen  which  illustrate  the  great  consequence  and 
dfilerence  which  the  constitution  of  England  ^ows  to  the  possessors 
of  this  dignity.  If  charged  with  any  crime,  the^  arb  not  subject  to  the 
ovdinary  tribunals,  but  the  truth  shall  be  examined  by  the  peers  them- 
selveH ;  they  cannot  be  airested  in  civil  cases ;  a  pe^ff^s  affirmation  on. 
honour  is  sometimes  accepted  where  in  ordinary  cases  an  oath  is 
required ;  and  scandals  conoeiiiing  them  are  peculiarly  punishable. 

It  is  now  also  dearly  established  that  the  crown  may  at  its  pleasure 
create  a  peer—that  is,  advance  any  person  to  the  dignity,  and  to  any 
one  of  tile  five  orders ;  but  that  when  once  advanced  the  peer  cannot 
be  deprived  of  the  dignity,  or  any  of  the  pririleges  connected  with  it, 
ezDOpt  on  farleiture  of  tiie  di^ty  in  due  course  of  law;  and  the 
dignity  must  descend,  on  his  death,  to  others  (as  long  as  there  are 
persons  witiiin  the  limitation  of  the  grant),  with  aU  the  privileges 
appurtenant  to  it,  usually  to  the  eldest  son,  and  the  eldest  ,of  that 
ddest  son  in  perpetual  succession,  and  so  on,  to  the  eldest  male  repre- 
senbalave  of  the  original  grantee.  £ome  deviation  from  tfads  rule  of 
descent,  however,  has  occasionally  occurred,  special  clauses  having  been 
introduced  into  the  patent,  wludi  is.  the  wntin^  by  which  the  crown 
declares  its  will  in  this  particular,  limitAt^  thedescent  of  the  dignity 
ki  a  particular  way,  as  in  the  case  of  the  creation  of  Edward  Seymour 
to  the  dukedom  of  Somerset,  in  the  reign  of  Edward  VI.,  when  it  was 
dedared  that  the  issue  of  the  second  marriage  of  the  duke  should  suc- 
ceed to  the  dignity  in  preference  to  the  son  of  a  f onner  marriage. 
Butgenecally,  and  perhaps  universally  for  the  two  last  centuries,  the 
descent  of  a  dignity  has  been  limited  to  the  next  male  hekr  of  the 
blood  of  the  person  originally  ennobled ;  sometimes  with  remunders 
to  the  next  nude  heir  of  his  ^ther  or  grand&ther.  Theore  is  an  instance 
in  the  reign  of  Charles  I.  of  a  dignity  of  peer  of  the  realm  being  granted 
to  a  person  (a  Lucaa)  and  the  heirs  male  of  his  body,  with  remainder  to 
a  brother  and  the  heirs  male  of  his  body,  with  remainder  to  one  who 
was  an  illegitimate  son  of  the  father  of  the  grantee,  and  therefore,  in 
the  eye  of  the  law,  not  of  the  blood  of  the  grantee  and  the  heirs  male 
of  his  body. 

It  has  not  unfrequently  happened  that  the  crown  has  granted  the 
dignity  of  the  peerage  to  a  person,  with  rMnainder  to  the  female  issue 
or  to  the  female  kindred  of  the  grantee  and  their  heirs,  ss  in  the  case 
of  the  Nolson  peerage.  In  these  cases  it  has  generally  happened  either 
that  the  party  had  no  male  issue  to  inherit,  and  that  the  other  males 
of  the  family  were  also  without  male  issue,  or  that  there  was  already 
a  dignity  inheritable  by  the  male  heir  of  the  party  on  whom  a  new 
dignity  was  conferred  to  descend  to  his  female  issue. 

The  peers  who  possess  what  are  called  baronies  in  fee  are  the 
dseoendants  and  representatives  of  certain  old  families  for  the  most 
port  long  ago  extinct  in  the  male  line,  but  which  had  in  their  day 
summons  to  parliament  as  peers,  and  whose  dignity  it  has  been 
assumed  descended  like  a  tenement  to  a  daughter,  if  only  one  daughter 
and  heir,  or  to  a  number  of  daughters  as  co-heirs,  when  there  was  no 
son.  This  piindple  has  been  so  often  recognised,  that  it  may  be 
•regarded  as  a  part  of  the  constitution  of  ^e  peerage ;  and  in  virtue 
of  it,  if  A  die  seised  of  a  barony  in  fee,  leaving  B  a  dau^ter  and  only 
child  and  M  a  brother,  the  dignity  shall  inhere  in  B  in  preference  to 
M,  and  shall  descend  on  the  death  of  B  to  her  eldest  son.  In  case  A, 
instead  of  leaving  B  his  only  daughter,  leave  several  daughters,  B,  C, 
D,  &C.,  and  no  son,  the  di^^ty  shall  not  go  to  M,  but  among  the 
daughters;  and  since  it  is  impartidpable,  it  is  in  a  manner  lost  as  long 
as  those  daughters,  or  issue  from  more  than  one  of  them,  exist.  But 
should  those  daughten  die  with  oijy  one  of  them  having  le^  issue, 
and  that  issue  a  son,  he  shall  inherit  on  the  death  of  his  aunts.    This 


is  what  is  meant  by  the  dignity  of  a  peer  of  the  realm  being  t» 
abeyance;  it  is  divided  among  several  persons,  not  one  of  whom 
possessing  it  wholly,  none  of  them  can  therefore  enjoy  it.  [Par- 
CBNZBS.]  But  the  crown  possesses  the  power  of  detennining  the 
abeyance;  that  is,  it  may  declare  its  pleasure  that  some  one  of  the 
daughters,  or  the  ddest  male  representative  of  some  one  of  the 
daughten,  shall  poasess  the  dignity,  as  would  have  been  the  case  had 
there  been  a  singM  daughter  omy ;  and  in  case  of  an  hair  thus  enter- 
ing into  possession  of  £e  dignity,  he  shall  take  that  precedence  among 
the  banms  ^in  the  House  of  Peers  which  bdonged  to  ihe  family  of 
whom  he  is  the  representative.  A  female  who  is  only  a  co-heir  of  a 
co-heir  may  also  have  the  abeyance  determined  in  her  favour. 

Many  of  the  peers,  having  a  superioc  title  limited  to  hdrs  male, 
have  baronies  in  fee  inherent  in  them;  so  that  if  A,  one  of  them,  die, 
leaving  a  daugfatsr,  an  only  chUd,  and  a  brother,  the  brother  shall  take 
the  superior  title^  and  the  barony  descend  to  the  daughter  and  the 
heirs  at  her  body.  An  eldest  son  of  a  peer  enjoying  a  barony  and  a 
superior  dignity  is  sometin^es  also  called  to  the  House  of  Peers  in  his 
fauer^s  barony.  When  this  is  done,  it  is  by  writ  of  summons  without 
a  patent  of  creation  (it  not  being  in  fwdL  a  creation  of  a  new  dignity, 
but  only  in  antidpation  of  the  son's  possession  of  it),  and  this  is  the 
case  also  when  a  barony  is  taken  out  of  abeyance. 

Thus  the  Rngliah  portion  of  the  House  of  Peers,  or  House  of  Lords, 
for  they  are  tenas  used  in  precisely  the  same  sense,  are  the  lords 
spiritual-^that  is,the  archbishops  and  bishops — and  the  lords  temporal, 
who  are  of  one  of  the  five  orders  (though  many  of  the  dukes  posses 
digniti^  of  the  four  inferior  kinds  also,  and  their  anctistors  may  have 
long  had  seats  in  that  house  in  those  inferior  dignities  before  the 
family  was  raised  to  the  dukedom),  and  these  are  either  persons  who 
have  been  created  peers  by  the  crown,  who  have  been  admitted  into 
the  peerage  by  favour  of  Uie  crown  in  virtue  of  the  determination  of 
an  abeyance,  or  who  have  inherited  the  dignity  from  some  ancestor  on 
whom  it  had  been  conferred. 

The  fullest  information  on  all  points  connected  with  the  antiquarian 
part  of  this  subject  is  to  be  obtained  from  the  Reports  of  the  Com- 
mittee of  the  House  of  Lords  before  referred  to.  Biograplucal  accounts 
of  the  more  eminent  of  the  persons  .who  have  possessed  these  dignities 
are  to  be  found  in  that  veiy  valuable  book,  I>ugdale*s  '  Baronage  of 
England.'  In  1708,  Arthur  Collins,  a  Lo^idon  bookseller,  published  in 
a  single  volume  an  account  of  the  peers  then  existing  and  their 
ancestors,  a  work  of  great  merit.  The  demand  for  it  appears  to  hAve 
been  great,  as  it  was  followed  hj  other  editions  in  quick  succession. 
It  assumed  a  higher  character  in  1734,  when  it  appeared  in  four  octavo 
volumes,  great  additions  having  been  made  to  every  article.  From 
that  time  there  has  been  a  succession  of  editions,  eadi  professing  to  be 
improvements  on  the  preceding,  and  each  bringiag  up  the  state  cf  the 
peerage  to  the  time  when  the  work  was  printed.  But  as  Utlee  become 
axtinot,  and  consequently  the  families  bearing  them  are  left  out  of  the 
peerage-books,  those  who  wish  to  possess  a  complete  account  of  those 
eminent  persons  mustprooure  many  of  the  earlier  editions  of  the  work,  as 
wdl  as  that  which,  being  the  latest,  will  for  the  most  part  be  called  the 
best  There  are  certain  minor  works  giving  the  genealogical  detaik  of 
the  desoeBt  of  the  dignities,  which  are  published  almost  every  year; 
but  they  do  not  possess  the  authority  of  the  older  works,  being  too 
courtly  in  the  manner  of  their  compilation  to  state  the  rchole  truth. 

PE'QASUS,  one  of  the  old  constellations,  called  by  Aratus  (and  also 
by  Hyginus)  simply  the  Horse.  The  mythological  accounts  of  Pegasus 
(a  son,  it  was  said,  of  Neptune  and  the  Gorgon  Hedusa,  though  how 
with  such  parentage  he  came  to  be  a  horse  is  not  stated),  the  cx^eator 
of  the  fountain  Hippocrene  at  one  kick,  are  more  than  usually  uncon- 
nected, and  the  constellation  is  not  a  whole  horse,  but  only  the  head, 
fore  1^^,  and  shoulders,  to  which  a  pair  of  wings  is  attached;  nor  is 
there  a^y  fountain  near  the  place,  except  that  with  which  Aquarius 
feeds  one  of  the  fishes.  The  figure  of  P€^;asu8  is  inverted,  the  head 
being  farther  from  the  north  pole  than  the  body :  the  constellation  is 
surroimded  by  Cygnus,  Equuleus,  Aquarius,  Pisces,  and  Andrameda. 
There  are  thi^ee  bright  stars,  a  (or  Markab),  $  (or  Scheat),  y  (or 
Algenib),  which  form  a  rectangular  figure  with  a  Andromeda;,  such  as 
cannot  be  mistaken  when  the  latter  constellation  is  known.  Horeover 
a  line  drawn  through  a  and  fi  points  to  tiie  pole  star,  in  a  line  which 
produced  passes  through  the  pointers  of  the  Qreat  Bear. 

The  following  are  the  prindpal  stars : — 

No.  ia  Catalogue 
Ko.iaCatalo«:iis  of  British 

Charaoter.        of  Flamsteed.  Aasooiatioxu  Magnitude. 

c  8  7561  2i 

K  10  7571  4 

i  24  7706  4 

e  26  7728  4 

C  42  7908  3 

V  44  7923  8 
A  47  7945  4i 
fi  48  7958  4 
0  53  8032  2 
a  54  8034  2 

Y  88  26  2 
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is  donoted  by  tl^ae  words,  was  a  species  of  torture  tised  by  the 
English  law  to  compel  persons  to  plead  when  charged  judicially  with 
crimes  leas  than  treason,  bnt  amounting  to  felony.  It  was  applicable 
whenever  the  accused  stood  mute  on  his  arraignment,  either  by  Ms 
refusal  to  put  himself  upon  the  ordinary  trial  by  jury,  or  to  answer  at 
all,  or  by  his  peremptorily  challenging  more  than  twenty  jurors,  wliich 
was  a  contumacy  equivalent  in  construction  of  law  to  actually  stb&ding 
mute.  This  proceeding  differed  essentially  from  the  "  qusestio  "  in  the 
Roman  law,  and  the  torture  which  generally  prevsuled  in  Enrope,  acnd 
which,  as  connected  with  the  royal  prerogative,  wav  also  ^practised  in 
England  for  several  centuries,  inasmuch  as  its  object  was  to  force  sab- 
mission  to  the  regular  mode  of  trial  prescribed  by  the  law,  and  not  to 
compel  testimony  or  the  confession  of  a  crime. 

Much  difference  of  opinion  has  existed  npon  tiie  question  whether 
the  practice  of  the  peme  forte  et  dare  originated  with  the  statute 
usually  called  the  Statute  of  Westminster  1  (8  Edw.  I.,e.  12),  dr  whether 
it  was  in  use  at  an  earlier  period.  The  latter  opinion  is  maintained  by 
Coke  and  Hale,  but  the  former  is  adopted  by  Staundforde,  Blackstone, 
and  Harrington.  In  a  note  to  Hale's '  Pleas  of  the  Crown,'  yoh  iL,  p. 
322,  Emlyn  says  that  although  the  Statute  of  Westminster  1  speaks  of 
this  punishment  rather  as  a  thing  already  known  than  as  a  new  intro- 
duction, there  is  no  notice  taken  of  it  in  any  ancient  author,  case,  or 
record  before  the  reign  of  Edward  I. ;  and,  on  the  oontrary,  he  dtes 
*  two  curious  records  in  the  reign  of  Henry  III.,  from  which  it  appears 
that  persons  at  that  time  arraigned  for  felony,  and  standing  mute,  were 
not  put  to  peine  forte  et  dure,  but  had  judgment  to  be  hanged.  Upon 
this  point  it  is  worthy  of  remark  that  the  statute  of  Edward  I.  merely 
directs  that  "  such  persons  as  will  not  put  themselves  upon  inquests 
of  felonies  at  the  suit  of  the  king  shall  be  put  into  hard  and  strong 
prison  {ioient  mys  en  la  prisone  fort  et  dure),  as  those  which  refuse  to 
be  at  the  common  law  of  the  land ; "  whereas  the  judgment  of  the 
peine  forte  et  dure,  as  given  in  ancient  books,  contained  many  par- 
ticulars of  suffering  to  be  imposed  on  the  contumacious  prisoner,  not 
mentioned  in  the  statute.  Fleta,  who  must  have  written  about  ten 
years  after  the  date  of  the  statute,  describes  the  judgment  to  be,  that 
"the  party  shall  be  cast  into  prison  and  lie  upon  the  bare  ground 
clothed  with  a  single  garment  and  barefooted ;  that  he  shall  have  for 
his  food  only  three  moruels  of  barley-bread  in  two  days;  that-he  shall 
not  have  food  every,  day,  but  only  on  alternate  days ;  that  he  shall 
not  drink  every  day,  but  that  on  the  day  when  he  shall  have  no  food, 
water  shall  be  given  him  to  drink."  (Fleta,  lib.  i.  cap.  34.)  It  certainly 
seems  improbaole  that  all  these  circumstances  should,  within  a  very 
few  years,  have  been  added  to  the  judgment  warranted  by  the  statute, 
if  the  statute  had  really  been  the  origin  of  the  practice.  Mr.  Reeve 
has  plausibly  suggested  that  the  only  object  and  effect  of  the  statute 
was  to  apply  the  same  compulsory  process  to  those  who  refused  to 
submit  themselves  to  trial  by  jury  in  indictments  at  the  king's  suit, 
which  had  been  previously  used  to  compel  persons  to  put  themselves 
upon  ancient  methods  of  inquiry,  namely,  the  duel,  the  ordeal,  or  the 
wager  of  law.  ('  Hist,  of  the  English  Law/  voL  IL,  p.  137.)  The  trial 
by  jury  had  no  doubt  been  much  encouraged  during  the  reign  of 
H&ary  III.,  in  opposition  to  the  barbarous  modes  of  trial  previously 
used;  and  it  ia  therefore  by  no  means  improbable  that  this  statute 
shoidd^have  contemplated  the  promotion  of  this  great  judicial  improve- 
ment. The  language '  of  the  enactment  also  is  entirely  cozudstent  with 
the  view  of  its  object  suggested  by  Mr.  Reeves.  On  the  other  hand  it 
must  be  acknowledged  that  the  iiutances  above  mentioned,  as  cited  by 
Emlyn,  and  the  total  silence  of  QlanviUe  and  Bracton,  as  well  as  of  the 
judicial  records  anterior  to  the  statute,  respecting  such  a  mode  of 
enforcing  submission  to  the  law,  are  adverse  to  this  interpretation. 
The  origin  of  this  rude  proceeding  must  therefore  be  considered  as 
uncertain. 

It  api)ears  from  Fleta,  and  also  from  Britton  (c.  22),  that  the  punish- 
ment in  the  reign  of  Edward  I.,  when  the  first  traces  of  it  in  the 
history  of  English  law  appear,  consisted  merely  of  severe  imprisonment, 
with  a  diet  barely  sufficient  to  prevent  stanmtion,  until  the  offender 
repented  of  his  contumacy  and  consented  to  put  himself  upon  his 
trial.  A  curious  charter  of  purdon  in  1357  ('  Fcsdera,'  voL  vL  p.  13), 
recites  that  a  woman  indicted  for  the  death  of  her  husband,  having 
stood  mute,  had  been  adjudged  "  ad  pconam  suam,  ut  dicitur,  in  quA 
sine  cibo  et  potu  in  art&  prisonA  per  quadraginta  dies  vitam  sustinuit 
vift  miraculi  et  quasi  contra  naturam  humanam."  It  appears  therefore 
that  at  that  time  the  sentence  continued  to  be  imprisonment  only,  and 
did  not  authorise  the  infliction  of  any  further  violence.  Shortly  after- 
wards, however,  the  practice  of  loading  the  sufferer  with  weights  and 
pressing  him  to  death  appears  to  have  become  the  regular  course.  In 
the  Tear  Book  of  8  Henry  lY.  (1406),  the  judgment  upon  persons 
standing  mute,  as  approved  by  advice  of  all  the  judges,  was  **  ihat  the 
marshal  should  put  them  in  low  and  dark  chambers,  naked  except 
about  the  waist;  that  he  should  place  upon  them  as  much  weight  of 
iron  as  they  could  bear,  and  more,  so  that  they  should  be  unable  to 
rise ;  that  they  should  have  nothing  to  eat  but  the  worst  bread  that 
could  be  found,  and  nothing  to  drink  but  water  taken  firom  the  nearest 
place  to  the  gaol,  except  running  water ;  that  the  day  on  which  they 
had  bread  they  should  not  have  water,  and  e  contrA ;  and  that  they 
should  lie  there  till  they  were  dead."  Thus,  although  the  reporter 
states  in  this  case  that  the  judgment  was  formally  diffisrent,  the  punish- 
ment now  bfcame  capital^  a  lingering  and  painful  death  being  enjoined 


instead  of  severe  imprisonment  to  extort  submission.  There  is  no 
trace  of  any  statute  or  royal  ordinance,  or  of  any  authority  besides 
this  judiciid  resolution  to  justify  a  change  in  the  mode  of  proceeding  so 
matoial  as  to  affect  the  Hfe  of  the  party.  The  tens  by  which  it  was 
denoted  was  also  changed  from  pruoiM  iiope%ne  forte  et  dare ;  .and  from 
ihis  period,  for  more  than  ^ree'  centuries,  until  it  was  virtually 
abofished  by  the  stat.  12  Geo.  III.,  c.  20  (1772),  fretting  to  death  eon- 
tinned  to  be  the  regular  and  lawful  mode  of  execution  for  criminals 
Who  stood  wilfully  mute  upon  their  arraignment  for  felony.  The 
press-yud  at  Newgate  at  the  present  day  retains  it  name  as  derived 
from  this  barbarous  practice. 

Blackstone,  after  alluding  to  "the  doubts  that  were  conceived  of 
its  legality,"  and  "  the  repugnance  of  its  theory  to  the  humanity  of 
the  laws  of  Enghmd,"  states  that  the  peine  forte  et  dure  was  rarely 
carried  into  practice;  It  is  probable  that  it  was  ftot  of  frequent 
ooeurrenoe,  because  with  this  fearful  punishment  for  contumacy  before 
their  eyes  men  would  naturally  for  the  most  part  (as  Hide  says) 
"  bethink  themselves  and  plead."  It  is,  however,  repeatedly  mentioned 
in  the  Tear  Books  as  an  existing  prooeeding ;  it  is  stated  as  the  hrw 
of  the  land  by  Staundforde,  Coke,  Hale,  and  Hawkins,  in  their  several 
treatises  on  the  criminal  law,  and  the  number  of  the  recorded  instanoee 
in  which  it  is  directly  or  incidentally  mentioned  seem  to  show  thi^  it 
was  much  more  prevalent  than  has  been  commonly  supposed.  The 
motive  of  the  prisoner  in  standing  mute  and  submitting  to  this  heavy 
punishment  was  to  save  his  attainder,  and  prevent  the  oorniption  of 
nis  blood  and  oonsequent  forfeiture  of  his  brnds  in  case  he  was 
attainted  of  felony.  In  21  Hen.  YI.  (1442),  Juliana  Quicke,  who  was 
indicted  for  high  treason  i&  speaking  contemptuous  words  of  the  king, 
had  the  peine  forte  et  dure  iMcanae  she  would  not  plead  (Cro.  'Car.' 
118) ;  in  the  margin  of  an  inquisitio  poet  mortem  of  Anthony  Arrow- 
smith,  in  40  Eliz.  (1598),  are  the  words  "  Prest  to  death "  (Surtees's 
'  History  of  Durham/  voL  iii,  p.  271) ;  and  in  1659,  Kajor  Strange- 
ways  was  tried  for  the  murder  of  John  Fussell  before  Lord  Chief 
Justice  Glynn,  and,  refusing  to  plead,  was  pressed  to  death  in  New- 
gate. In  the  pamphlet  which  very  minutely  relates  the  particulars  of 
this  execution,  it  is  stated  that  the  prisoner  died  in  about  eight 
minutes,  many  people  in  the  press-yard  humanely  easting  stones  upon 
him  to  hasten  hn  death.  ( Barrington's '  Antient  Statutes,'  p.  85,  note. ) 
In  still  more  recent  times  it  appears  from  the  Old  Bailey  Seanons 
Papers  that  at  the  January  Sessions  in  1720,  one  PhiUips  was  pressed 
for  a  considerable  time,  until  he  begged  to  stand  his  trial ;  and  at  the 
December  Sessions,  1721,  Nsthimiel  Haws  continued  under  tiie  press 
with  250  lbs.,  for  seven  minutes,  and  was  relea0ed  upon  his  submis- 
sion. Mr.  Bdurington  says  that  he  had  been  furnished  with  two 
instances  in  the  r^gn  of  George  II.,  one  of  which  happened  at  the 
Sussex  assizes  before  Baron  Thompson,  and  the  other  at  Cambridge, 
in  1 741,  when  Mr.  Baron  Carter  was  the  judge.  (Barrington's '  Antient 
Statutes,'  p.  86.)  In  these  later  instances  the  press  was  not  inflicted 
until  by  direction  of  the  judges  the  experiment  of  a  minor  torture 
had  been  tried,  by  tying  the  culprit's  thumbs  tightly  together  with 
strings;  It  is  said  in  Kelyn^s  /Reports,'  p.  27,  to  have  been  the 
constant  practice  at  Newgate  in  the  reign  of  Charles  II.,  that  the  two 
thumbs  should  be  tied  together  with  whipcord,  tiiat  the  pain  of  that 
might  compel  tiie  culprit  to  plead.  The  adoption  of  this  oourse  was  no 
doubt  dictated  by  merciful  motives,  and  was  intended  by  the  judges 
to  prevent  the  necessity  of  having  recourse  to  the  peine  forte  et  dure ; 
but  it  was  wholly  unauthorised  by  law.  The  practice  was  finally  discon- 
tinued in  consequence  of  the  statute  12  GFeo.*IIL,a  20,  which  proviiflflB 
that  every  person  who  shall  stand  mute  when  arraigned  for  felony  or 
piracy  shall  be  convicted  of  the  same,  and  the  same  judgment  and 
execution  shall  be  awarded  against  him  as  if  he  had  been  convicted  by 
verdict  or  confession.  But  the  law  in  this  respect  has  been  altered 
by  the  statute  7  &  8  Geo.  lY.,  e.  27,  a  plea  of  'not  guiliy  being  entered 
on  the  record  if  the  prisoner  refuses  to  plead. 

PEIiAGIANISM.    [Pklaoius,  in  Bigg.  Div.] 

PELARGONE.    [Pklabooiho  Group.] 

PELARGONIC  ACID,  C„H„0,  +  HO,  is  found  m  the  ofl  of  Pddr- 
gonium  roteum.  It  is  an  acid  oily  liquid,  with  a  zancid  smelL  It 
becomes  solid  at  low  temperatures,  and  its  mlts  form  soap.  It  forms  a 
Pelargmate  of  the  oxide  of  Bthyl,  Cfifi  +  Ci,H„0„  which  is  an  <nly 
liquid  of  a  very  peculiar  smelL  Frankhmd  stotes  that  whiskey  owes 
its  peculiar  flavour  to  ^  presence  of  this  compound.  It  is  manu- 
factured for  the  purpose  of  giving  new  whiskey  the  flavour  of  old. 
[Pelakoohic  Gbottpj 

PEIiARGONIC  GROUP.  A  family  of  organic  substances  [PiOJJi- 
aoino  Sebies]  derived  from  a  peculiar  acid  found  in  geraniums 
{Pdargonium  rosewn).  The  following  are  the  Xiames  and  formulae  of 
the  principal  members  of  this  group  :— 

IPelargonio  acid   .        •        •        •        ,  Of^'Ri^O^i'RO 

f«««<»« cr.H.f*} 

Felargonic  ether          .        •        •        .  C^^Ui,{CJI^)0^ 
Chloride  of  pelargyl        •        .        .    •  C,,HxTOgCl 
Pelargyl Cj.Hi^O, 

PELARGK)NIC  SERIES.  A  division  of  oig^c  bodies  hi  Gerhardt's 
system  of  daeafication.    It  contains  the  following  three  gronpft : — 

Ootylic  group.  Felargonio  group.  Sdbacio  group. 


PELARGONIUM. 


PELASGIAK  ABCHITECTURE. 


PELARQ(yNIUM,  the  name  of  a  greenhoTue  plant,  not  unfrequently 
confounded  with  the  geranium.  There  is  a  large  number  of  genuine 
species  of  this  genus,  cldeily  inhabiting  the  Cape  of  Good  Hope ;  and  as 
these  intermix  very  readilv,  a  prodigious  number  of  spurious^  species, 
as  well  as  acknowledged  varieties,  have  found  their  way  into  the 
writings  of  systematic  botanists.  While  however  science  has  been 
embarrasBed  by  this  facility  of  crossbreeding,  the  gardens  have  been 
enriched  by  crowds  of  the  most  beautiful  objects,  in  which  the  features 
of  their  savage  progenitors  can  no  longer  be  recognised ;  and  it  is  pro- 
bable that  of  all  tiie  flowers  which  have  been  acted  upon  by  the  hand 
of  man,  the  pelargonimn  is  that  in  which  the  result  has  been  most 
striking.  The  tuberous-rooted  sorts  are  the  most  valued  for  the  bril- 
liance of  their  flowers,  and  they,  are  propagated  either  by  division  of 
the  roots,  or  by  cuttings  from  the  plant.  Propagation  bv  seed  is 
resorted  to  chiefly  to  obtain  varieties,  m  which  the  f onn  of  the  flower^ 
the  substance  of  tiie  petals,  and  the  colour,  are  the  objects  aimed  atl 
March  is  a  good  time  for  sowing,  which  should  be  done  in  small  pots, 
in  a  light  rich  mould  mixed  with  river  sand ;  and  in  the  division  by 
roots  the  Same  method  may  be  followed.  With  cuttings,  from  the  end 
of  Pebruazy  to  the  end  of  August,  any  time  wiU  serve,  but  in  the 
earlier  months  the  pots  should  have  moderate  bottom  heat ;  and  in 
the  later,  and  warmer  monUis,  they  should  be  well  shaded.  The 
cuttings  should  be  made  immediately  under  a  bud,  they  should  be 
placed  near  the  edge  of  the  pot,  gently  watered,  and  guarded  against 
damping  off.  By  care  and  attention  to  a  few  simple  points  of  practice, 
these  plants  may  be  cultivated  and  multiplied  by  any  one  who  has  a 
greenhouse,  and  hence  they  have  become  universal  favourites.  Those 
points  are  the  following,  namely :  1,  water,  2,  warmth,  8,  a  genUe 
bottom  heat,  4,  abundance  of  air,  5,  as  much  light  as  the  leaves  wiU 
bear,  and  6,  a  rich  soil  during  the  season  of  growth ;  and  a  cool  atmos- 
phere, less  water,  abundance  of  light,  and  close  pruning  afterwards. 

PELARGYL.    [Pblaboonio  Group.] 

PELASGI  (ncAcuryoQ  were  the  most  ancient  inhabitants  of  Greece, 
as  fsr  as  the  Knowledge  of  the  Cheeks  themselves  exttoded ;  whence 
they  came,  or  what  they  really  were,  is  quite  unknown.  They  were 
one  of  several  races,  stated  by  the  Greeks  to  have  been  ante-Hellenic, 
among  whom  the  Leieges  are  nearest  in  age  and  importance  to  the 
Pelaflgt  The  dvnasties  which  include  Banaus,  Deu<adion,  and  CSad- 
mus,  are  entirely  legendary.  There  is  no  doubt  there  was  a  people 
whom  the  Hellenes  styled  Pelaegi ;  but  nothing  is  historically  known 
of  them ;  and  it  is  probable  that  many  of  the  districts  subsequently 
said  to  be  inhabited  by  the  descendants  of  the  Pelasgi,  were  merely 
non-Hellenes,  to  whom  the  general  term  was  applied.  The  whole  of 
Hellas,  according  to  Herodotus  (ii  56),  was  originallv  called  Pelaagia; 
and  .£schvlu8  ('  Supp./  250)  introduces  Pela^gus»  king  of  Aigos,  as 
daiming  for  the  people  named  after  him  all  the  coimtry  through 
which  the  Algus  flows,  and  to  the  west  of  the  Strymon.  We  find 
mention  of  the  Pelasgi  in  the  Peloponnesus,  Thraoia,  Theeprotia, 
Attica^  BcBotia,  and  Phods.  (Stnbo,  viL  821 ;  Herod.,  viiL  44.)  ^The 
oracles  of  Delphi  and  Dodona  were  originally  Pelasgic  (Strabo,  ix. 
402;  vil827;  compave  Herod., IL  52) ;  and  Mr.  Clinton  (' Fast  HelL,' 
voL  i,  p.  22)  and  Kiebuhr  {*  Rom.  Hist.'  vol.  L,  p.  27)  have  adduced 
reasons  for  believing  that  the  Macedonians  also  were  a  Pelasgic  race. 
We  also  find  traces  of  the  Pelasgi  in  many  of  the  islands  of  the  iBgean 
Sea,  as  Lenmos,  Imbros,  Lesbos,  Chios,  Ac.  (Strabo,  xiiL  621) ;  and 
Herodotus  informs  us  (vii.  95)  that  the  islands  were  inhabited  bv  the 
Pelaagio  race  till  the^  were  subdued  by  the  lonians.  The  neighbour- 
ing coast  of  Asia  Mmor  was  also  inhabited  in  many  parts  by  the 
PdasgL  (Strabo,  xiiL  621.)  The  country  afterwards  called  u£k>lis 
was  occupied  by  Pelasgians  (Herod.,  viL  95) ;  and  hence  Antandros 
was  called  Pelasgic  in  the  time  of  Herodotus  (viL  42).  Tralles  in  Caria 
was  a  Pelasgic  town  (Niebuhr, '  Rom.  Hist,'  voL  I,  p.  88),  and  two  of 
their  towns  on  the  Hellespont,  Plada  and  Scylaoe,  were  still  extant  in 
the  time  of  Herodotus  (L  57). 

The  Pelaegians  were  also  widely  spread  over  the  south  of  Italy ;  and 
the  places  in  which  they  appear  to  have  been  settled  are  indicated  by 
Mr.  Maiden  ('  Rom.  Hist')  and  Niebuhr  ('  Eom.  Hist'). 

Ihe  connection  between  the  Pelasgic  and  HeUenic  races  has  been  a 
subject  of  ihuch  controversv  among  modem  writers.  Many  critics 
have  maintainedJ  that  they  belonged  to  entirely  diffsrent  races,  and 
some  have  been  disposed  to  attribute  to  the  Pelasgians  an  Etrusam  or 
Phcenidan  origin.  It  is  true  that  many  of  the  Greek  writers  speak  of 
the  Pelasgians  and  their  language  as  barbarous,  that  is,  not  Hellenic ; 
and  Herodotus  (i  57)  informs  us  that  the  Pelasgi  language  was 
spoken  in  his  time  at  Plada  and  Scylace  on  the  Hellespant  This 
language  he  describes  as  barbarous ;  and  on  this  fact  he  mainly  grounds 
his  general  ailment  as  to  the  andent  Pelaqgian  tongue.  The  andent 
writers  differ  as  much  respecting  the  degrees  of  dvmsation  which  the 
Pdaegi  attained  before  they  became  an  Hellenic  people,  as  they  do 
respecting  their  original  Unguage.  According  to  some  aadent  wiitert 
(an  howevei^onl^  repeatmg  traditions),  they  were  little  better  than  a 
raoeof  savages  till  conquered  and  dvilised  by  the  Hellenes;  but  othera 
represent  them,  and  perhaps  more  correctly,  as  having  attained  a  con- 
siderable degree  of  dvilisation  previous  to  the  HeUenio  conquest 
Many  tiadttions  represent  the  Pelasgians  as  cultivating  agriculture  and 
the  useful  arts ;  and  a  modem  writer  (ThirlwaU,  'Greece,'  voL  i., 
p.  59)  rather  fancifully  supposes  that  the  most  andent  form  of  thdr 
name  (Jlt^aayoi)  signified  mhabitmts  or  cultivators  of  the  plain.  | 


Some  writers  have  maintained  that  the  Greeks  derived  the  art  of 
writing  and  most  of  their  religious  rites  from  the  Pelasgians;  but 
without  entering  into  these  questions,  it  may  be  asserted  with  some 
degree  of  certainty  that  the  most  andent  architectural  monuments  in 
Europe  dearly  appear  to  have  been  the  works  of  their  hands ;  that  is, 
of  a  race  older  thm  the  Hellenes.    [Pblabqzan  Abchitbotube.] 

(Marsh's  BorcB  Pekufficce ;  Niebuhr's  ffitt.  of  Borne;  Thirlwan's 
Hut.  of  Cfreeee;  Clinton's  FatU  ffeUenid;  Qrote's  ffittoty  of  Oreeee  ; 
Wadismuth*s  HtUmiKkt  AUerthuvMkvmdt). 

PELASGIAN  ARCHITECTURE.  The  vast  masses  of  unhewn 
and  uncemented  masonry  forming  the  walls  of  Tiryns,— the  andent 
Tizynthus,  about  two  mues  from  Nauplia,  on  the  road  to  Ai^goe, — ^the 
oldest  himian  oonstnictionB  in  Greece,  were  by  andent  tradition  attri- 
buted to  the  fabulous  C^dopes.  They,  and  sixnilar  msHnm  of  masonry, 
have  hence  come  to  be  generally  termed  Cydopean.  There  cin  be 
little  doubt  that  they  are  of  pre-historic  date ;  but  they  are  most 
probably  of  Pdaogic  origin :  the  oldest  examples  of  a  mode  of  con- 
struction which  is  found  not  only  in  various  parts  of  Greece,  but  on 
the  western  coasts  of  Asia  Minor  and  in  Italy, — ^wherever,  in  fact,  the 
Pelasgi  settled.  [Pslabgl]  According  to  Greek  tradition,  the  walU 
of  Tiryns  were  bmlt  by  the  Cydopes  for  Proetus,  as  a  protection  from 
the  attacks  of  Acrinus ;  and  the  date  has  been,  with  a  vain  affectation 
of  precimon,  fixed  at  1879  b.o.  All  that  can  with  confidence  be  said  of 
these  walls  is,  that  they  were  in  existence  when  Homer  wrote,  since  he 
designates  l^lrynthus  as  the  "  well-walled  "  (T(pw^  re  rcixtoc^tfav, '  EL' 
ii.  559) ;  and  from  the  mention  of  them  by  later  Greek  writers,  and 
their  character,  there  cannot  be  any  doubt  that  the  existing  remains 
are  a  portion  of  the  walls  referred  to  by  Homer. 

The  HiHfcingiijAiwg  character  of  the  walls  of  Tiryns  (and  similar  walls 
occur  in  Lyda),  is  that  they  are  buHt  of  immense  polygonal  blocks  of 
stone,  iiregular  in  size  and  form,  which  are  laid  together  with  a  certain 
amoimt  of  art,  and  are  held  in  their  places  by  their  own  weight,  no 
cement  of  any  kind  having  been  employed  to  msten  them ;  the  inter- 
stices between  the  laige  blocks  are  filled  by  smaller  pieces.  Some  of 
the  largest  stones  are  9  feet  long,  4  feet  wide,  and  neariy  as  deep ;  but 
a  more  common  size  is  7  feet  by  8  feet 


Wall  of  Tirynt. 

At  Myoenn,  about  12  miles  from  Nauplia,  are  extenaiTe  walls  by  a 
dmilar  character,  and  which,  like  those  of  Tiryns,  were  also  said  of 
the  andent  Greeks  to  be  the  woxic  of  the  Cydopes;  but  they,  as  well 
as  those  at  Epirus,  are  obviously  of  a  later  date  than  those  of  Tiryns, 
on  which  they  are  a  marked  improvement  In  this  case,  though  the 
blocks  are  still  large,  irregular,  pdygonal  masses,  they  are  fitted  care- 
fully to  each  other,  and  present  a  smooth  exterior  surface. 


Walls  of  a  Tttnplo  at  Epims. 

Walls  of  this  kind  are  found  in  many  parts  of  Gbeeoe,  and  are  of 
great  antiquity,  l^oenas  was  designated  the  "  well-built "  by  Homer ; 
but  its  massive  walk  were  neglected  and  ruinous  when  P^usamaa  and 
even  when  Thucydides  wrote.  A  later  and  more  improved  style  of 
Pelaegian  masonry  is  that  seen  in  man^  of  the  older  fortified  ^Kutioas 
of  GndL  dties,  and  in  some  of  the  dties  of  Btruiia.  In  this  mode 
the  blocks  are  still  irregular  in  siae,  and  more  or  less  polygonal,  but 
they  are  laid  with  an  approximstion  to  horizontality.    fVoin  this  the 
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next  itep  wu  eompaiatiTelT  eu?  to  tin  so-cdied  (^rclopeui  muoniy 
of  the  uioieiit  EtnirUni,  wbich  c»iuist«d  of  iqiured  blocks  laid  with- 
out oemsnt  in  horlEOUtBl  couna.  [ETRuaciH  Architecture.]  The 
mlla  ol  Com,  near  Orbitall&,  sHbrd  a  good  eiunple  of  the  lat«st  form 
ol  Felugic  mtaoarj,  with,  ia  the  upp«r  put,  the  carlioat  EtruBcan. 
CoH,  there  can  be  Uttle  doubt,  ma  e  PehMfjita  tity  before  it  wu 
coloiuMd  b;  the  Etruacanx 


^  „  g  frmn  Honier*!  deeciiption  of  that  of  OdjBeiu,  and  indioatioiii 
m  other  tmrlj  writen,  miut  have  pOMtMod  a  certain  amotiDt  of  iplea- 
dour,  no  remaini  eidat.  Tbej  were  probabl;  built  for  ahow  rathar 
than  penoansDcy,  and  may,  *>  has  been  conjectured,  hare  been  con- 
■tnicted  ehieSy  at  wood  ;  at  anf  rate  they  have  long  periabed.  Nor 
are  any  templea  or  religiooi  edifioea  extant.  The  most  remarkable 
of  the  eiiating  atnicturei  are  the  gubtemjieai)  domed  buildings  called 
treaauriea,  but  which  were  more  probably  tombs,  of  which  that  at 
Hycenie  is  the  oldest  and  most  important  example.  This  ia  now 
uaually  odled  the  Treasury  oE  Atrens ;  but  !U  local  name  appesn  to 
be  the  Tomb  of  Agamemnon.  Conslnctod  under  the  slope  of  a  hiQ, 
the  approBch  to  it  is  by  a  pansge  20  feet  wide.  The  doorway  was 
'     '     '  '      highly  ornamented  semi-oolumns,  portions  of  which    "" 


flanked 


v.* 


.  )r  coDsista  of  two  domicolar  chamben.  The  dome 
of  tlie  largest  ia  ij  feet  6  inches  in  diameter,  and  60  feet  high.  A 
doorway  leads  from  it  to  a  smaller  chamber,  which  la  about  23  feet  in 
diameter.  The  domes  are  formed  by  horizontal  cooraea  of  atonea,  each 
oourse  projecting  beyond  that  beneath.  The  walla,  of  oouras,  gradually 
approacli  towards  the  top,  which  is  closed  by  a  Wge  single  dab,  thus 
forming  an  equilateral  pointed  instead  of  a  lemiclroular  vault.  These 
■le  the  largest  atructurea  of  (hat  kind  known.  The  walla  of  the  larger 
chamber  have  nnmeroua  liail-halea,  in  horiaontal  rowa,  and  near  the 
apei  of  the  dome  esveral  nails  still  project  from  the  surface.  Theae 
are  believed  to  be  the  fsslenings  of  the  braaen  plates  with  which  the 
walls  were  covered  :  this  being  probably  one  of  those  "  braaen 
chambers "  of  which  mention  ia  frequently  made  b;  Greek  writers. 
The  entrance  doorway,  like  nearly  all  Pelasgian  doorwaja,  ia  formed 
bj  two  large  upriEht  blocks  of  stone,  or  jambs,  which  incline  slightly 
inwards  towards  Uis  top,  and  a  laiver  blmk,  or  lintel,  laid  on  them. 
Hie  opening  is  13  feet  high,  11  feet  wide  at  bottom,  and  some- 
what leaa  at  top ;  the  lintel  is  formed  by  a  block  of  stone  27  feet 
long  at>d  IS  broad.  Over  the  doorway  ia  a  triangular  opening.  The 
tafade  was  omameatsd  wiUi  aami-colunms  and  slabs  of  coloured 
marbles,  with  peculiar  ngng  carvinga  in  an  esssntially  Uriental  atvle. 
The  obaracteristio  Ionic  scroll  also  occurs.  Two  rinular  but  smaller 
and  less  elaborate  structures  oocur  at  Hycente.  Remains  of  another, 
known  as  the  Treasury  of  Hinyas,  are  found  at  Scripa,  the  site  of  the 
Bmtian  Orchomenos ;  and  others  in  a  more  or  lees  pcrFect  condition 
elsewliere. 

The  walla  of  Tiryns,  of  wbioh  we  apoke  above,  were  a  part  of  the 
original  fortiflcationa,  a  branch  of  engineering  in  which  the  Pelaagl 
attained  remaibble  proficiency,  and  thcj  are  the  beat  remaining 
example  of  the  fortiflcationa  of  the  heroic  agea. 

The  forijflealjona  occupied  the  aummit  of  a  rodiy  height  (the 
AcTopolia)  and  covered  an  area  of  S60  feet  by  180.  The  waUs  are  in 
places  abovB  20  feet  high,  but  have  been  higher ;  their  average  thicl- 
neaa  ia  2S  teat.  According  to  Colonel  Leake  "  ths  fortress  appears  to 
have  coninated  of  an  Uf«r  and  lower  enclosure,  of  nearly  equal  dimes. 
aiona,  with  an  intermet&ate  platform,  which  may  have  served  for  the 
defence  of  the  upper  caaUe  agunat  an  enemy  in  poMession  of  the 
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Besides  the  principal  eotrance,  which  waa  reached  by  a  zig-aag  flight 
of  steps,  there  were  pcelera  gates ;  passsges  connected  the  upper  and 
lower  (ortreeaei,  and  there  were  semicircular  bastions  and  projecting 
defenoea  with  retirements  in  the  walla  which  served  to  eover  the 
approscbes.  But  the  most  remarkable  constructive  featuree  remaining 
are  galleries  formed  in  the  walls ;  that  in  the  eastern  wall  conaiating 
of  two  parallel  paassgea,  the  centre  of  which  has  six  receaaea  or 
nichea  in  the  exterior  waU. 


Oallny  si  TirTB>. 

"  Theae  nichea,"  aays  Colonel  Leake,  who  brought  to  hia  examina- 
tion of  the  fortificationa  professional  as  wsU  as  ardueolc^cal  knowledge, 
"  were  probably  intended  to  serve  for  the  defmce  of  the  galleriea ;  wad 
the  galleries  for  covered  communications  to  towen  or  ^aces  of  arma 
at  the  extremity  of  them.  One  of  theae  still  exists  at  the  aouth-weat 
an^e."  These  galleries,  it  will  be  observed,  were  formed  by  ""^■"h 
the  courses  of  stones  project  over  each  other,  the  curved  form  of  a 
pointed  arch  being  given  by  cutting  the  inner  surface  of  the  projecting 

Openings  of  this  form  are  frequent  in  doorways  and  in  Pelasgic 

1__  i_   it^,  aa  well  as  in  Greece,  though  no  example  of  a  true 

iv..  ... .11. _. — .i__  i — J  Segni  in  Latium. 


The  fortiflcationa  at  Hycenta  are  even  more  remarkable  from  their 
extent  than  those  at  Tiryns.  Their  builders,  as  has  bean  mentioned. 
were  said  to  be  ths  Cyclopes ;  they  were  destroyed  as  far  ai  they  could 
be  destroyed  1^  the  Aleves,  i9S  B.C.  What  remains  of  them  consista 
of  an  irregular  enclosure  above  1000  feet  long  by  nearly  TOO  brood,  and 
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in  some  places  20  feet  high.  As  has  been  saicl,  the  walls  exhibit  an 
improvement  in  structure  over  those  of  Tiiyns;  but  Utie  fortifications 
themselves  it  is  scarcely  necessary  to  say  pfesent  no  architecttzraL 
character.  The  only  ornamental  feature  is  the  great  gateway,  which  is 
10  feet  high,  and  at  the  top  94  feet  wide.  It  is  formed  by  two  great 
stone  uprights  or  jambs,  covered  with  a  lintel  15  feet  long,  4  feet  wide, 
and  6  thick.  The  lintel  bears  marks  of  bolts  and  hmgee,  and  on 
clearing  away  the  ground  in  1842,  the  ruts  formed  by  the  chariot 
wheels  were  found  in  the  smooth  slabs  of  the  pavement;  Above  the 
lintel  is  .a  block  of  gray  limestone,  10  feet  high  and  12  wide^  upon 
which,  sculptured  in  low-relief,  is  a  central  cohinm  or  altar  with,  on 
each  side,  a  lion  standing  on  his  hind  legs  and  resting  his  fore-paws  on 
the  babe ;  whence  it  is  known  as  the  Qate  of  the  Lions.  This  is  the 
oldest  known  example  of  sculpture  in  Greece.  Pausanius  mentions 
this  gateway  (b.  ii.  c.  16)  which,  he  adds^  they  report  was  made  by  the 
Cyclopes.  The  lions  are  carved  in  a  rude  but  simple  styld;  and  in  the 
frieze  or  altar  borne  by  the  central  column  ar^  rude  circular  projec- 
tions which  "Mi.  Eergusson  believes  represent "  the  round  ends  of  the 
timbers  of  the  roof,  as  if  projecting  into  the  frieze." 

By  the  Lemean  Marsh,  about  half  a  mile  from  the  road  from  Ai^os 
to  Mantinea,  and  a  mile  from  the  Erasinos,  are  the  remains  of  a 
pyramid  crowning  a  rocky  emineilce,  which  some  have  supposed  to  be 
of  Pelasgio  oons^ction.  It  is  doubtless  of  extreme  antiquity,  but 
whether  Pelasgic  or  not  is  uncertain:  some  have  seen  in  it  a  con- 
necting link  with  the  mythic  Egyptian  colony  of  Danaus. 

(Leake,  Travels  in  the  Morea ;  Peloponnetiaca ;  Mure,  Tovr  in 
Greece;  Sir  W.  Gell,  Argdit;  Pouqueville,  Voyage  dans  la  Qriee ; 
Petit-Radel,  JtecherShea  mr  let  Mcnumeni-OydopienM  ;  Donaldson,  A-nJti- 
guiHes  of  Athens.) 

PELLA'QRA  is  a  disease  chiefly  affecting  the  skin,  and  particularly 
prevalent  amongst  the  peasantry  of  the  north  of  Italy.  According  to 
Br.  Holland  (whose  description  in  Uie  8th  volume  of  the  '  London 
Hedico-Chirurgical  Transactions,'  is  ^  far  the  best  that  has  been  pub- 
lished in  this  coimtry),  the  disease  affects  the  poor  almost  exclusively, 
and  among  them  chiefly  those  who  are  occupied  in  the  culture  of  the 
irrigated  rice-grounds,  and  in  other  branches  of  agricultural  labour.  It 
usually  appears  first  as  a  disease  of  the  skin,  breaking  out  early  in  the 
spring,  with  slightly  elevated  shining  dark-red  blotches  on  the  hands 
and  feet,  and  sometimes  on  other  parts  of  the  body,  accompanied  by  a 
slight  pricking  sensation.  Soon  after,  small  tubercles  arise  upon  the 
inflamed  blotches,  and  the  skin  becomes  dry  and  scaly,  and  often 
deeply  cracked.  Desquamation  gradually  takes  place,  and,  towards  the 
close  of  the  simimer,  or  even  earlier,  the  skin  uau^y  appears  quite 
recovered.  This,  at  least,  is  the  uauaX  progress  of  the  first  attack ;  and 
there  is  seldom  any  greater  general  disturbance  of  the  health  than 
debility,  irregular  pains  of  the  body,  loss  of  appetite,  and  emaciation. 

In  tM  next  spring  however  the  disease  usually  recurs,  with  a  great 
aggravation  of  both  the  local  and  the  genenJ  Bympt6ms,  and  especially 
with  an  increase  of  the  nervous  affection,  and  great  anxiety  and  de- 
spondency. In  succeeding  years  it  regularly  returns  wiUi  increased 
severity  in  every  spring,  though  it  does  not,  as  at  first,  leave  the  patient 
nearly  healthy  m  the  autumn  and  winter.  After  the  third  attack,  or 
sometimes  later,  the  weakness  of  the  patient  commonly  becomes  ex- 
treme, and  he  has  many  symptoms  similar  to  those  of  scurvy,  with 
constant  diarrhoea,  dropsicid  swellings,  and  various  nervous  disorders. 
Its  most  marked  character  however  is  the  total  despair  which  fills  lie 
patients*  minds,  from  which  nothing  can  rouse  them,  and  which,  if  the 
disease  does  not  prove  fatal  by  its  effects  in  debilitating  their  bodies, 
generally  leads  to  incurable  idiotcy  or  mania.  In  the  Itmatic  hospital 
at  Milan,  Dr.  Holland  foimd,  among  600  patients,  more  than  one-tmrd 
in  whom  the  insanity  had  been  the  result  of  pellagra,  and  "  even  this 
statement  gives  little  adequate  idea  of  the  nature  of  Its  ravages.  The 
public  hospitals  are  far  from  sufficient  to  receive  the  vast  number  of 
persons  affected  with  the  pellagra ;  and  the  greater  proportion  perish 
in  their  own  habitations,  or  linger  wretched  spectacles  of  fatuity  and 
decay."  The  period  during  which  the  disease  may  continue  is  uncer- 
tain ;  but  after  the  third  or  fourth  year,  there  is  usually  little  hope  of 
benefit  from  any  means  that  con  be  adopted.  The  diseases  to  which,  in 
its  later  stages,  it  may  lead,  or  with  which  it  may  be  complicated,  are 
of  the  most  varied  kmds ;  and  there  are  few  which,  in  different  cases, 
the  Italian  physicians  do  not  ascribe  to  its  influence. 

The  pellagra  prevails  chiefly  in  the  provinces  of  Lombardy  between 
the  Alps  and  the  Po,  and  especially  in  the  district  between  the  Lago 
Maggiore  and  the  Lago  di  Como,  Among  the  inhabitants  of  these 
parts  it  has  now  been  supposed  to  have  existed  for  upwards  of  a  cen- 
tuiy :  here  it  appears  first  to  have  become  an  object  of  attention  to 
physicians,  and  hence  to  have  spread  slowly  to  the  Venetian  and  other 
northern  provinces.  It  is  distinctly  an  hereditary  disease ;  but  there 
is  no  sufficient  evidence  for  believing  it  to  be  propagated  by  contagion. 
Its  origin  and  prevalence  are  rather  to  be  referred  to  the  condition  of 
poverty  in  i«^ch  the  peasantry,  though  the  cultivators  of  one  of  the 
most  fertUe  countries  m  Europe,  are  compelled  to  live.  Their  ordinaiy 
diet  consists  of  vegetables,  which  are  usually  of  inferior  quality  arid 
ill-prepared :  their  bread,  which  is  principally  made  of  maize,  is  for 
the  most  part  ill-fermented,  and  often  deficient  in  salt.  They  rarely 
have  any  animal  food,  and  their  poverty  almost  entirety  precludes  the 
use  of  the  wines  of  their  own  country.  Simikr  wretchedness  is  evi- 
dent in  their  clothing,  in  their  dwellings,  and  in  the  deficiency  of  all 


the  commonest  comforts  of  life.  They  are  thus  constantly  predisposed 
to  the  attacks  of  diseases  of  all  kinds,  and  especially  are  unfit  for  ex- 
posure to  the  influence  of  a  burning  sun  during  severe  agricultural 
labour.  Hence  the  disease  usually  makes  its  first  appeanwce  when 
the  peasants  are  at  their  most  active  work,  and  when  the  heat  of  the 
days  is  increasing ;  and  hence  it  is  usually  first  characterised  by  a  dis- 
ease of  the  skin,  which  however  is  but  a  slight  indication  of  its  future 
more  serious  and  varied  effects. 

The  treatment  of  pellagra  offer8.1ittle  prospect  of  success,  so  long  as 
the  patient  remains  exposed  to  the  same  influences  by  which  he  was 
rendered  subject  to  its  attack.  The  course  usually  adopted  by  the 
Italian  physicians  for  the  patients  wlio  are  admitted  into  the  hospitals 
is  a  liberal  allowance  of  wholesome  food,  and  the  administration  of 
wine  and  of  tonics  of  various  kinds.  There  ^eems  little  reason  to 
doubt  that  if  wholesome  food  could  be  constantly  secured  for  the  poor, 
the  pellagia  would  speedily  disappear  from  all  the  districts  in  which  it 
now  so  fatalty  {Srevails. 

PELLUTEINE.    [PELOsmE.] 

PELOPONNESIAN  WAR  is  the  name  given  to  the  great  contest 
between  Athens  and  her  allies  on  the  one  side,  and  the  feloponnesian 
confederacy,  headed  by  Sparta,  on  the  other,  which  lasted  from  481  to 
404  B.a  The  political  state  of  Greece  at  the  commencement  of  the 
war  has  been  briefly  described  under  Gbsecb,  in  Geoo.  Dit.  The  war 
was  a  consequence  of  the  jealousy,  wkh  which  Sparta  and  Athens 
regarded  each  other,  as  states  each  of  wnich  was  aiming  at  supremacy 
in  Greece,  as  the  heads  respectively  of  the  Dorian  and  Ionian  races, 
and  as  patrons  of  the  two  opposite  forms  of  civil  government,  oligarchy 
and  democracy.  The  war  was  eagerly  desired  by  a  strong  party  in 
each  of  those  states;  but  it  was  necessary  to  find  an  oocasicm  for  com- 
mencing hostilities,  especially  as  a  truce  for  thirty  years  had  been 
concluded  between  Athens  and  Sparta  in  the  year  b.c.  445.  Such  an 
occasion  was  presented  by  the  affitirs  of  Corcyra  and  Potid»L  In  a 
quarrel  which  soon  became  a  war  between  Corinth  and  Consyra, 
respecting  Epldanmus,  a  colony  of  the  latter  state  (B.a  436),  the  Corcy- 
reans  applied  to  Athens  for  assistance.  Their  request  was  granted,  as 
far  as  the  contusion  of  a  defensive  alliance  between  Athens  and  Cor- 
cyra, and  an  Athenian  fleet  was  sent  to  their  aid,  which  however  soon 
engaged  in  active  hostilities  against  the  Corinthians. 

Potidsea,  on  the  isthmus  of  Pallene,  was  a  Corinthian  colony,  and 
even  after  its  subjection  to  Athens  continued  to  receive  every  year 
from  Corinth  certain  functionaries  or  officers  (irihifuovpryei).  The 
Athenians,  suspecting  that  the  Potidseans  were  inclined  to  join  in  a 
revolt  to  which  Perdiccas,  king  of  Maoedon,  was  instigating  the  towns 
of  Chalddice,  required  them  to  dismiss  the  Corinthian  functionaries, 
and  to  give  other  pledges  of  their  fidelity.  The  Potidieans  refused, 
and,  with  most  of  liie  other  Chalddian  towns,  revolted  from  Athens, 
and  received  aid  from  Corinth.  The  Athenians  sent  an  expedition 
against  them,  and,  after  defeating  them  in  battle,  laid  siege  to  Potidiea 
(B.C.  482). 

.  The  Corinthians  now  obtained  a  meeting  of  the  Pelopozmesian  oon- 
fedeiacy  at  Sparta,  in  which  they  complained  of  the  conduct  of 
Athens  with  regard  to  Contra  and  Potidsoa.  After  others  of  the 
allies  had  brought  their  charges  against  Athens,  and  after  some 
Athenian  enToys,  who  happened  to  be  in  the  city,  had  defended  the 
conduct  of  their  state,  the  Spartans  first,  and  afterwards  all  the  allies, 
decided  that  Athens  had  broken  the  truce,  and  the^  resolved  upon 
immediate  war :  king  Archidamus  alone  recommended  some  delay.  In 
the  interval  necessary  for  preparation,  an 'attempt  was  made  to  throw 
the  blame  of  commencing  hostilities  upon  the  Athenians,  by  nmkUng 
three  several  embassies  to  Athens  with  demands  of  such  a  nature  as 
could  not  be  accepted.  In  the  assembly  which  was  held  at  Afliena  to 
give  a  final  answer  to  these  demands,  Pericles,  who  was  now  at  the 
height  of  his  power  [Pericles,  in  Bioo.  Diy.],  uiged  the  people  to 
engage  in  the  war,  and  laid  down  a  plan  for  the  conduct  ol  it.  He 
advi^  the  people  to  bring  all  their  moveaUe  property  from  the 
country  into  the  dty,  to  abandon  Attica  to  the  ravages  of  the  enemy, 
and  not  to  suffer  themselves  to  be  provoked  to  give  them  battle  with 
inferior  numbers,  but  to  expend  all  their  strength  upon  their  navy, 
which  might  be  employed  in  carrying  the  war  into  the  «in»p}i^* 
territory,  and  in  collecting  supplies  from  the  subject  states ;  and 
further,  not  to  attempt  any  new  conquest  whUe  the  war  lasted.  His 
adTice  was  adopted,  and  the  Spartan  envoys  were  sent  home  with  a 
refusal  of  their  demands,  but  with  an  offsr  to  refer  the  mattefs  in 
difference  to  an  impartial  tribunal,  an  offer  which  the  Lacedsomonians 
had  no  intention  of  accepting.  After  this  the  usual  peaceful  inter- 
course between  ^e  rival  states  was  discontinued. 

Thucydides  (iL  1)  dates  the  beginning  of  the  war  from  the  esr|y 
spring  of  the  year  481  B.O.,  the  ^teenth  of  the  thirty  years'  truce, 
when  a  party  of  Thebans  made  an  attempt,  which  at  first  suc- 
ceeded, but  was  ultimately  defeated,  to  surprise  Plateea.  The  truoe 
being  thus  openly  broken,  both  parties  addressed  tliemselves  to 
the  war.  The  Peloponneaian  confederacy  included  all  the  states  of 
Peloponnesus,  except  Achsea  (which  joined  them  afterwards)  and 
Aigos,  and  without  the  Peloponnesus,  Megaris,  Phocis,  Locris,  Boeotia, 
the  island  of  Leueas,  and  the  cities  of  Ambraoia  and  Anactorium.  The 
allies  of  the  Athenians  were  Chios  and  Lesbos,  besides  Samoa  and  the 
other  islands  of  the  .£gean  which  had  been  reduced  to  subjection 
(Theraand  Melos,  which  were  still  independent^  remained  neutral). 
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Platsea,  the  Messeman  colony  in  Naupactus,  the  majority  of  the  Acar- 
nanians,  Corcyra,  Zacynthus,  and  the  Qreek  colonies  in  A^ia  Minor,  in 
Thrace,  and  Macedonia,  and  on  the  Hellespont.  The  resources  of 
Sparta  lay  chiefly  in  her  land  forces,  which  however  consisted  of  con- 
tmgents  froox  Uie  allies,  whose  period  of  service  was  limited;  the 
Spifftajas  were  also  deficient  in  money.  The  Athenian  strength  lay  in 
their  fleet,  which  was  manned  chiefly  by  foreign  sailors,  whom  the 
wealth  that  they  collected  from  their  allies  enabled  them  to  pay. 

Thucydides  informs  us  that  the  cause  of  the  Lacedaemoniaos  was 
the  more  popular,  as  thev  professed  to  be  deliverers  of  Gh^ece,  while 
the  Athenians  were  fighting  in  defence  of  an  empire  which  had  become 
odious  through  their  tyranny,  and  to  which  the  states  which  yet 
retained  their  independence  feared  to  be' brought  into  subjeotion. 

In  the  suxxmier  of  the  year  431  B.C.,  the  Peloponnesians  invaded 
Atstica  under  the  command  of  Archidamus,  king  of  Sparta.  Their 
progress  was  slow,  as  Archidamus,  their  commander,  appears  to  have 
been  stiU  anxious  to  try  what  could  be  done  by  intimidating  the 
Atheoiaas  before  proceedmg  to  extremities.  Yet  their  presence  was 
found  to  he  a  greater  calamity  than  the  people  anticipated;  and  when 
Arcfaidamus  made  his  appearance  at  AcnarneD,  they  began  loudly  to 
demand  to  be  led  out  to  battle.  Pericles  firmly  adhered  to  his  plan  of 
defence,  and  the  Peloponnesians  returned  home.  Before  their  depar< 
ture  the  Athenians  had  sent  out  a  fleet  of  one  hundred  sail,  Which  was 
joined  by  fifty  Corcyrean  ships  to  waste  the  coasts  of  Peloponnesus ; 
and  towards  the  autumn  Pericles  led  the  whole  disposable  force  of  the 
city  into  M^garis,  which  he  laid  waste.  In  the  same  summer  the 
Athenians  expelled  l^e  inhabitants  of  i£gina  from  their  island,  which 
they  cdonised  with  Athenian  settlers.  In  the  winter  there  was  a 
public  funeral  at  Athens  for  Uiose  who  had  fallen  in  the  war,  and 
Pericles  pronounced  over  them  an  oration,  the  substance  of  which  is 
preserved  by  Thucydides  (iL  35-46). 

In  the  following  summer  (b.c.  430}  the  Peloponnesians  again  invaded 
Attica  under  Archidamus,  who  now  entirely  hdd  aside  the  forbearance 
which  he  had  shown  the  year  before,  and  left  scarcely  a  comer  of  the 
land  unravaged.  This  invasion  lasted  forty  days.  In  the  meantime  a 
grievous  pestilence  broke  out  in  Athens,  and  raged  vdth  the  more 
virulence  on  account  of  the  crowded  state  of  the  city.  Of  this 
terrible  visitation  Thucydides,  who  himself  was  a  sufferer,  has  left  a 
minute  and  apparently  iaithf  ul  description  (ii  46,  &c.).  The  murmurs 
of  the  people  against  Pericles  were  renewed,  and  he  was  compelled  to 
caU  an  assembly  to  defend  his  policy.  He  succeeded  so  far  as  to 
prevent  any  overtures  for  peaoe  being  made  to  the  Lacedemonians,  but 
he  hinnaftlf  was  fined,  though  immediately  afterwards  he  was  re-elected 
geneiraL  While  the  Peloponnesians  were  in  Attica,  Pericles  led  a  fleet 
to  savi^  the  coasts  of  Peloponnesus.  In  the  winter  of  this  year 
Potidsa  auzzendered  to  the  Auienians  on  favourable  terms.  (Thucyd., 
iL70.) 

She  next  year  <b.o.  429),  instead  of  invading  Attica,  the  Pelopon- 
nesians laid  siege  to  Plateea.  The  brave  resistance  of  the  inhabitants 
fbroed  their  enemies  to  convert  the  siege  into  a  blockade.  In  the  same 
summer  an  invasion  of  Acamania  by  the  Ambracians  and  a  body  of 
Peloponnenan  troops  was  repulsed ;  and  a  large  Peloponnesian  fleet, 
wluKJi  was  to  have  joined  in  the  attack  on  Acamania,  was  twice 
defeated  by  Phormion  in  tibe  mouth  of  the  Corinthian  Gulf.  An 
eaq)edition  sent  by  the  Athenians  ag&inst  the  revolted  Chalcidian  towns 
was  dief  eated  with  great  loss. 

In  the  preceding  year  (b.o.  430)  the  Athenians  had  concluded  an 
alliance  with  Sitalces,>king  of  the  OdryssD,  in  Thrace,  and  Perdiccas, 
king  of  Maoedon,  on  which  occasion  Sitalces  had  promised  to  aid  the 
Athenians  to  subdue  their  revolted  subjects  in  Chalddice.  He  now 
coUeoted  an  amiy  of  1^,000  men,  with  which  he  first  invaded 
Macedonia,  to  revenge  the  breach  of  certain  promises  which  Perdiccas 
had  made  to  him  the  year  before,  and  afterwards  laid  waste  the 
territoiy  of  the  Chalcidions  and  Bottiseans,  but  he  did  not  attempt  to 
reduoe  any  of  the  Greek  cities.  About  the  middle  of  this  year  Pericles 
died. 

The  invasion  of  Attica  was  repeated  in  the  next  summer  (428  B.C.) ; 
and  immediately  afterwards  all  Lesbos,  except  Methymne,  revolted 
from  the  Athenians,  who  laid  siege  to  jRIytilene.  The  Mytilemeans 
begged  aid  from  Spaita,  which  was  promised,  and  they  were  admitted 
into  the  Spartan  alliance.  In  the  same  winter  a  body  of  the  Platseans, 
amounting  to  220,  made  their  escape  from  the  besi^ed  city  in  the 
night,  and  took  refuge  in  Athens. 

In  the  siunmer  of  427  b.o.  the  Peloponnesians  agltin  invaded  Attica, 
while  they  sent  a  fleet  of  forty-two  galleys,  under  Alcidas,  to  the  relief 
of  Mytilene.  Before  the  fleet  arrived  Mytilene  had  surrendered,  and 
Alcidas,  after  a  little  delay,  suled  home.  In  an  assembly  whidi  was 
held  at  Athens  to  decide  on  the  fate  of  the  Mytilenseans,  it  was 
resolved,  at  the  instigation  of  Cleon,  that  all  the  adult  citizens  should 
be  put  to  death,  and  the  women  and  children  made  slaves ;  but  this 
barbarous  decree  was  repealed  the  next  day.  [Cleon,  in  Bioo.  Div.l 
The  land  of  the  Lesbians  (except  those  of  Methymne)  was  seized,  and 
divided  among  Athenian  crtizens,  to  whom  the  inhabitants  paid  a  rent 
for  the  occupation  of  their  former  property.  In  the  same  summer 
the  Platceans  surrendered;  they  were  massacred,  and  their  city  was 
given  up  to  the  Thebans,  who  rased  it  to  the  groimd. 

In  the  year  426  the  Lacedffimonians  were  deterred  from  invading 
Attica  by  earthquakes.    An  expedition  against  JStolia^  under  the 


Athenian  general  Demosthenes,  completely  failed;  but  afterwards 
Demosthenes  and  the  Acamanians  routed  the  Ambracians,  who  nearly 
all  perished.  In  the  winter  (426-5)  the  Athenians  purified  the  island 
of  Delos,  as  an  acknowledgment  to  Apollo  for  the  cessation  of  the 
plagu& 

At  the  beginning  of  the  summer  of  425  the  Peloponnesians  invaded 
Attica  for  the  fifth  time.  At  the  same  time  the  Athenians,  who  had 
long  directed  their  thoughts  towards  Sicily,  sent  a  fleet  to  aid  thd 
Leontini  in  a  war  with  Syracuse.  Demosthenes  accompanied  this  fleet, 
in  order  to  act  as  occasion  might  offer  on  the  coajst  of  Peloponnesus. 
He  fortified  Pylus  on  the  coast  of  Messenia,  the  northern  headland  of 
the  modem  bay  of  Navarino.  In  the  course  of  the  operations  which 
were  imdertaken  to  dislodge  him,  a  body  of  Lacedsemonians,  including 
several  noble  Spartans,  got  blockaded  in  the  island  of  Sphacteria  at  the 
mouth  of  the  bay,  and  were  ultimately  taken  prisoners  by  Cleon  and 
Demosthenes.  [Cxjeon,  in  Bioo.  Drv.]  Pylus  was  garrisoned  by  a 
colony  of  Kessenians,  in  order  to  annoy  the  Spartans.  After  this 
event  the  Athenians  engaged  in  vigorous  offensive  operations,  of  which 
the  most  important  was  me  capture  of  the  island  of  Cythera  by  Nicias, 
early  in  B.C.  424.  This  summer  however  the  Athenians  suffered  some 
reverses  in  Bceotia,  where  they  lost  the  battle  of  Delium,  and  on  the 
coasts  of  Macedonia  and  Thi-ace,  where  Brasidas  among  other  exploits 
took  AmphipoUs.     FBrasidab  ;  Tuuctdidbs,  in  BiogTDiv.] 

The  Athenian  es^edition  to  Sicily  was  abandoned,  after  some  opera- 
tions of  no  great  importance,  in  consequence  of  a  general  pacification  of 
the  island,  which  was  effected  through  the  influence  of  Hermocrates^  a 
citizen  of  Syracuse. 

In  the  year  423,  a  yearns  truce  was  concluded  between  Sparta  and 
Athens,  with  a  view  to  a  lasting  peaoe.  Hostilities  were  renewed  in 
422,  and  Cleon  was  sent  to  cope  with  Brasidas,  who  had  continued  his 
operations  even  during  the  truce.  A  battle  was  fought  between  these 
generals  at  Amphipolis,  in  whidi  .the  defeat  of  the  Athenians  was  amply 
compensated  by  the  double  deliverance  which  they  experienced  in  the 
deaths  both  of  Clean  and  Brasidas.  In  the  following  year  (421)  Nicias 
succeeded  in  negotiating  a  peace  with  Sparta  for  fifty  years,  the  terms 
of  which  were,  a  mutual  restitution  of  conquests  made  during  the  war, 
and  the  release  of  the  prisoners  taken  at  Sphacteria.  This  treaty  was 
ratified  by  all  the  allies  of  Sparta,  except  the  Boeotians,  Corinthians, 
Eleans,  and  Megarians. 

This  peace  never  rested  on  any  firm  basis.  It  was  no  sooner  con- 
cluded tnan  it  was  discovered  that  Sparta  had  not  the  power  to  fulfil 
her  promises,  and  Athens  insisted  on  their  performance.  The  jealousy 
pf  the  other  states  was  excited  by  a  treaty  of  alliance  which  was  con- 
cluded between  Sparta  and  Athens  iminediately  after  the  peace ;  and 
intrigues  were  commenced  for  the  formation  of  a  new  confederacy  with 
Aigos  at  the  head.  An  attempt  was  mode  to  draw  Sparta  into  alliance 
with  Argos,  but  it  failed.  A  similar  overture  subsequently  made  to 
Athens  met  ynih.  better  success,  chiefly  through  an  artifice  of  Ald- 
biades,  who  was  at  the  head  of  a  laige  party  hostile  to  the  peace,  and 
the  Athenians  concluded  a  treaty  offensive  and  defensive  with  Argos, 
Elis,  and  Mantinea  for  100  years  (b.c.  420).  [Alcibiades,  in  BiOG.  Div.] 
In  the  year  418  the  Argive  confederacy  was  broken  up  by  their  defeat 
at  the  battle  of  Mantinea,  and  a  peace,  and  soon  after  an  alliance,  was 
made  between  Sparta  and  Argos.  In  the  year  416  an  expedition  was 
undertaken  by  the  Athenians  against  Melos,  which  had  hitherto 
remained  neutral  The  Melians  surrendered  at  discretion :  all  the 
males  who  had  attained  manhood  were  put  to  death ;  the  women  and 
children  were  made  slaves;  and  subsequently  five  hundred  Athenian 
coloniBts  were  sent  to  occupy  the  island.    (Thucyd.,  v.  116.) 

The  fifty  years*  peaoe  was  not  considered  at  an  end,  though  its  terms 
had  been  broken  on  both  sides,  tUl  the  year  415.  when  the  Athenians 
undertook  their  disastrous  expedition  to  Sicily.  [Alcibiades,  in 
Bioo.  Drv. ;  Stbacube,  in  Geoo.  Drv.]  After  the  failure  of  that 
expedition  (B.o.  413),  the  war  became  on  the  part  of  Athens  a 
struggle  for  existence ;  but  even  then  she  put  forth  energies  which 
might  have  saved  her,  but  for  her  own  infatuation  and  the  gold 
wluchher  enemies  obtained  from  Persia.  The  events  of  the  war,  from 
this  period  to  the  battle  of  Notium  (b.c.  407),  have  been  related  under 
ALCiBiASEfi,  in  Biog.  Div.  The  Spartans  had  now,  by  the  aid  of 
Persian  gold^  obtained  a  fleet  with  which  they  could  cope  with  Athens 
on  her  own  element.  In  the  year  406,  Conon,  who  had  been  appointed, 
with  nine  other  generals,  to  succeed  Alcibiades,  was  blockaded  in  the 
harbour  of  Mytilene  by  the  Spartan  admiral  Callicratidas.  His  col- 
leagues sailed  to  his  assistance,  and  completely  defeated  the  Spartans 
in  Uie  battle  of  Arginusse.  The  Spartans  now  made  overtures  for  peaoe, 
which  were  rejected  by  the  Athenians  at  the  instigation  of  a  dema- 
gogue named  Cleophon. 

In  the  following  year  (b.c.  405)  Lysanderwas  appointed  to  the  com- 
mand of  the  Lacedsemonian  fleet.  [LYSANDEBinBiOG.Div.]  He  attacked 
the  Athenians  at  ^gospotami  on  the  Hellespont  at  a  moment  when 
they  were  off  their  guard,  and  entirely  destroyed  their  fleet.  This  blow 
in  effect  flnished  the  war.  Lysander  sailed  to  Athens,  receiving  as  he 
went  the  submieeion  of  the  allies,  and  blockaded  the  city,  which 
surrendered  after  a  few  months  (b.c.  404),  on  terms  dictated  by  Sparta 
with  a  view  of  making  Athens  a  useful  ally  by  giving  ihe  ascendancy 
in  the  state  to  the  oligarchical  party.    [Athens,  in  Geoo.  Div.] 

The  histoiy  of  the  reloponnesion  War  was  written  by  Thucydides, 
upon  whose  accuracy  and  impartiality,  as  far  as  his  narrative  goes,  we 
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may  place  the  fullest  dependence.  Hia  history  enda  abruptly  in  the 
year  411  B.a  For  the  rest  of  the  war  we  have  to  follow  Xenophon 
and  Diodorua.  The  value  of  Xenophon's  history  ia  impaired  by  hia 
prejudices,  and  that  of  Diodorua  by  his  carelessness. 

PELpSINE  (CmH,,NOq),  Cimampdine.  The  root  of  the  OiuampdM 
jtareira  contains  a  peculiar  alkaloid,  to  which  these  names  have  been 
given.  It  presents  the  appearance  of  an  amorphous  white  powder, 
which  ia  inodorous,  but  has  a  sweetish  bitter  taste.  It  is  insoluble  in 
water,  and  possesses  the  same  composition  as  codeine.  When  peloeine 
is  exposed  to  moisture,  air  and  light,  it  beoomea  yellow,  disengages 
ammonia,  and  becomes  converted  into  pdluieine  (GsJSi^Oq). 

PE'MPHIGUS  is  a  disease  of  the  akin,  consisting  of  the  eruption  of 
one  or  more  rather  laige  blisters,  containing  serous  fluid,  and  termi- 
nating either  in  thin  sodes,  in  superficial  excoriations,  or  in  ulceration. 
The  conunon  and  most  acute  form  of  pemphigus  is  usually  preceded 
by  shivering,  and  accompanied  by  slight  feverishness;  the  eruption 
appears  on  some  part  of  the  body  from  one  to  four  days  after  the 
beginning  of  the  illness,  with  a  pricking  sensation  and  bright  redness 
of  the  part  affected.  Within  24  hours  afterwards  the  blisters  begin  to 
rise,  and  increase  in  size  till  they  are  most  frequently  as  laige  as  nuts, 
but  often  much  lai^er,  and  sometimes  smaller.  They  then,  after  two 
or  three  days,  burst,  and  leave  the  skin  raw  an^  painfuL  A  thin  scab 
usually  forma  over  the  exposed  skin,  and  after  a  few  days  more,  drops 
off  and  leaves  it  healthy,  but  redder,  and  with  a  thinner  cuticle  than 
natural.  The  treatment  should  consist  of  gentle  purgatives,  and  cool- 
ing  medicines  and  diet ;  the  local  applications,  if  any,  should  be  mild 
diiBSsingB,  merely  for  the  purpose  of  defending  the  raw  sur&ces  from 
the  air  and  injury.  The  disease  wiU  thus  usually  run  its  course  to 
natural  recovery. 

A  more  obstinate  form  is  the  chronic  pemphigus,  which  occurs  in 
old  or  very  debilitated  persons.  The  blisters  appear  one  after  the 
other,  through  an  indefinite  length  of  time,  some  breaking  out  while 
others  are  healing  or  ulcerating  or  even  sloughing.  They  are  so  com- 
monly the  accompaniments  of  other  more  seriou»  disorders,  that  the 
local  affections  of  the  skin  in  these  caaes  are  seldom  the  objects  of 
peculiar  treatment;  if  the  condition  of  debility  on  which  th^  are 
grafted  can  be  relieved,  they  also  will  soon  disappear. 

A  third  form  is  that  termed  in&ntile  or  gangrenous  pemphigus.  It 
is  entirely  confined  to  children,  and  especially  affects  those  who  are 
less  than  five  years  old.  It  occurs  sometimes  as  an  epidemic,  and  is 
very  common  among  the  children  of  the  poor  in  Ireland,  where  it  is 
known  under  the  name  of  white  blisters,  ournt-holes,  eating-hive,  &o. 
The  blisters  in  this  form  are  usually  succeeded  by  deep  ulcers,  which 
enlarge  rapidly  and  dischai^e  profusely,  and  have  dark  livid  edges  and 
a  remarkable  smelL  The  child  at  the  same  time  becomes  emaciated 
and  weak,  and  often  about  the  eighth  day  of  the  disease  sinks  into  a 
state  of  debility  which  soon  terminates  fatally. 

PEN.  This  simple  but  useful  litUe  instrument  was  formerly  made 
of  reed ;  but  the  quill  has  been  used  in  this  country  for  the  purpose 
for  about  five  hundred  years;  and  metal  is  now  adopted  stm  more 
largely. 

^iudt  Peru. — Under  Feathers  an  account  is  given  of  the  mode  of 
preparing  goose-quills,  up  to  the  point  where  they  pass  to  the  pen- 
maker.  Of  the  conmion  method  of  making  pens  by  hand  it  is  not 
necessary  to  speak;  we  shidl  therefore  only  say  a  few  words  upon 
the  manufacture  of  "  quill  nibs."  The  barrel  of  the  quill  in  the 
first  place  has  botii  ends  cut  off,  and  is  divided  down  the  centre ;  the 
halves  are  then  laid  on  their  convex  side  and  the  edges  shaved  smooth ; 
after  this  they  are  divided  into  three  or  four  lengths  each,  and  the 
end  of  each  length  is  made  into  a  pen  by  a  small  machine,  which  at 
one  stroke  makes  the  slit  and  cuts  the  shoulders;  they  are  then 
finished  by  being  nibbed  by  hand.  Small  pocket  machines  are  sold 
by  cutlers  for  making  pens  on  the  saine  principle  as  that  used  in  the 
manufGu^re  of  the  nibs ;  but  th^  are  expensive,  and  require  careful 
usage,  or  they  soon  get  out  of  order.. 

The  pen  used  for  German  text,  old  English,  engrossing,  and 
other  black  hands  as  they  are  called,  differs  in  make,  but  still 
more  in  application,  from  that  employed  for  oxdinaxy  writing. 
The  nib  is  made  as  broad  as  the  intended  thick  or  down  stroke 
of  the  writing ;  and  in  using  it  no  pressure  is  required  to  open 
the  nibs,  as  in  making  a  thick  stroke  by  the  common  pen.  The 
only  use  of  the  sHt  is  to  give  greater  elasticity  to  the  point,  and  to 
f onn  a  channel  for  the  ink.  For  very  laige  writing  two  other  slits  are 
sometimes  made,  one  in  each  shoulder ;  a  pen  made  in  this  manner 
works  more  freely,  and  does  not  tire  tiie  hand  so  much  as  if  made 
with  one  slit  only.  The  fine  or  up  strokes  are  produced  by  throwing 
the  pen  to  one  of  the  angles  of  its  nib,  generally  that  to  the  left  of  the 
hand  in  writing,  by  a  turn  of  the  wrist,  and  apractised  hand  can  pro- 
duce in  this  manner  the  finest  hair-stroke,  llieee  pens  are  made  of 
the  Turkey  quill,  the  goose  quill  being  too  weak  for  the  purpose.  In 
making  the  sb't,  in  all  quills,  but  more  particukrly  in  these,  it  is 
necessary  that  they  should  be  well  scraped,  as  the  upper  surface,  being 
formed  of  fibres  lying  in  rings  around  the  quill,  wUl  otherwise  cause 
the  slit  to  be  ragged. 

Bone  pens  are  now  made  to  some  extent  in  France ;  or  rather  bone 
nibs,  requiring  to  be  fixed  into  some  kind  of  handle. 

Steel  Peru, — Owing  to  the  constant  necessity  for  mending  quill  pens, 
the  loss  of  time  consequent  thereon,  and  the  ineqiiality  of  the  writing. 


an  immense  amount  of  labour  and  ingenuity  has  been  employed  to 
produce  some  more  durable  substitute.  The  only  one,  however,  which 
has  attained  to  anything  like  general  use  is  the  steel  pen.  These 
pens  are  manufactiued  to  an  amount  in  quantity,  and  st  a  cost  so 
small,  as  hardly  to  be  credible.  Different  miSken  have  diflferent  modes 
of  operation,  but  the  f oUowiog  will  give  a  general  idea  of  the  method 
employed.  In  the  first  place  flat  pieoes  of  steel  are  cat  oat,  of  the 
shape  required,  by  a  stamping-press;  they  are  then  placed  nnder 
another  press,  whidi  pierces  the  holes  and  cuts  the  slits ;  and  they  are 
struck  into  their  convex  shape  by  a  third  press.  Thej  are  then 
polished  and  tompered.  The  poUshmg  is  managed  in  rather  a  curious 
manner :  a  quantity  of  pens  are  shut  up  in  an  iron  cylinder,  leaving 
a  considerable  space  unoccupied ;  this  cyUnder  is  attached  at  each  end 
to  a  crank,  the  axes  of  which  are  connected  by  a  wheel  and  set  in 
motion  by  a  handle  or  by  machinery.  Thus  by  being  rubbed  against 
each  other  the  pens  come  out  well  polished,  arc  with  all  the  bum  or 
sharp  angles  left  by  the  cutting-presses  rubbed  smooth.  It  is  impos- 
sible to  follow  wiUi  anything  Iulo  accuracy  the  amamng  spread  of  this 
manufacture.  Steel  pens  feU  in  price  from  sixpence  each  to  sixpenoe 
a  dosen ;  then  l^  degrees  to  sixpence  a  gross ;  and  they  can  now 
be  purchased  at  fourpence  a  gross,  box  included.  Some  of  the 
largest  and  finest  establishments  in  Birmingham  are  tor  the  manu- 
facture of  steel  pens.  Before  the  general  introduction  of  steel  for  this 
purpose,  silver  was  occasionally  used,  when  intended  for  presents ;  and 
brass  when  intended  to  accompany  cheap  brass  inkstands,  that  were 
made  some  years  ago.  Sometimes  quill  pens  were  armed  with  metallic 
nibs, but  this  plan  was  not  found  to  answer;  nor  was  the  substttataon 
of  tortoiseshell  for  quill  much  better.  It  has  been  found  more 
practicable,  althouj^  neoessarily  costly,  to  employ  small  fragments  of 
precious  gems  for  the  nibs,  and  to  imbed  these  in  pens  made  of  gold; 
the  gold  resists  the  corrosive  action  of  the  ink,  while  the  gem  will  bear  a 
large  amount  of  work  without  wearing  away.  Diamond  and  raby  have 
been  thus  employed.  There  are  also  certain  rare  metals,  espera'ally 
rhodium,  occaaionally  employed  for  this  purpose,  on  account  of  their 
great  hardness  and  durabUity.  Gold  pens  with  rhodium  nibs  are  now 
made  in  the  following  way : — Sheet  orplatogold,  about  j^dof  an  inch 
in  thickness,  is  cut  by  means  of  a  die  mto  stubs,  or  amui  pieoes,  each 
piece  having  a  point  at  one  end.  A  machine  then  indents  the  point 
for  the  reception  of  the  nib.  Small  particles  of  rhodium,  aa  obtained 
from  platinum  ores,  sometimes  sell  at  prices  yarving  from  lOL  to  20i. 
per  ounce ;  and  one  such  particle  is  &stened  to  tne  golden  point  with 
gold  solder.  The  gold  is  then  rolled  to  the  proper  length  and  thickness, 
care  being  taken  to  have  dents  in  the  rollers  to  aooommodato  the  hud 
bit  of  rhodium.  The  gold,  after  being  hammered  to  give  it  elastictty, 
is  cut  to  the  proper  shape  with  a  die,  stamped  with  the  maker's  name 
and  any  other  device,  and  turned  ap  to  tne  rounded  quiU-like  form. 
The  rhodium  is  then  split  into  a  nib  by  a  rapidly-revolving  copper  disc ; 
and  another  machine  extends  the  slit  into  the  gold.  The  point  is 
ground  on  a  revolving  copper  wheel ;  the  gold  is  made  eSastic  bT  beiQg 
rubbed  with  a  small  hiuti  stone,  and  water;  and  the  finished  pen  is 
finally  poHshed. 

Fountain  Pen  is  a  pen  made  with  a  reservoir  in  its  stem  or  holder, 
to  supply  ink  for  some  time  without  replenishing.  The  nib  ia  in  most 
cases  supplied  by  a  small  valve,  which  may  be  closed  when  not  in  ussl 
The  varieties  are  very  numerous ;  but  it  cannot  be  said  that  the  plan 
is  succesitful,  for  no  one  variety  has  obtained  an  extensive  and 
permanent  saJe. 

MuncPem, — ^There  are  two  kinds  of  pen  used  for  the  purpose  of 
writing  music ;  &e  one  to  rule  the  lines,  and  the  other  to  make  the 
dots.  The  former  is  a  piece  of  brass  with  five  prongp  or  points^  in  each 
of  which  is  a  channel  for  the  ink,  which  is  supplied  from  a  small  cup 
in  the  solid  part  of  the  pen  just  above  the  division  of  the  points.  The 
latter  is  a  mere  tube  with  a  hole  in  its  side  for  suppMng  it  with  ink, 
and  a  small  wire  or  piston  fitted  within  it.  The  ii^  flows  between  sthe 
wire  and  its  case,  and  the  dot  is  made  by  placing  the  pen  upon  the 
spot,  and  pressing  the  wire  down  upon  the  paper. 

Qtomelric  Pen.— This  is  an  instrument  invented  by  Suaidi,  an  Italian, 
for  drawing  geometric  curves.  These  curve*  may  by  combination  be 
madetoform  an  almost  infinite  variety  of  pattema  The  pen  is  supplied, 
ss  shown  in  the  diagram,  by  three  legs  bowed  so  as  to  allow  room  for 
the  instrument  to  work  within  theoL  These  legs  shut  together  by  the 
joint  at  the  top  for  the  convenience  of  package.  Attached  to  the  joint 
ia  a  stem  or  aids  x,  upon  the  lower  end  of  which  Ib  fixed  the  toothed 
wheel  A ;  this  stem,  with  its  wheel,  is  stationary,  and  all  the  other  parts 
of  the  instrument  move  round  it.  Just  above  the  whed  a  is  a  small  tube 
or  cannon,  o,  to  which  ia  attached  an  arm  carrying  two  boxes  and 
spindles  for  supporting  the  wheels  db;  the  spindle  s  is  continued 
downwards,  and  terminates  in  a  socket  a,  throug^  which  passes  an  arm 
carrying  the  pencil  or  tracer,  T.  The  two  wheel  boxes,  D  B,  on  the  one 
arm,  and  the  socket,  8,  on  the  other,  may  be  fixed  at  any  part  of  their 
respective  arms  by  means  of  screws  for  that  purpose.  Fixed  to  the 
tube  0  is  a  small  cireular  plate  of  metal  with  a  milled  edge,  by  which 
the  instrument  is  moved  around  ite  axis  by  the  thumb  and  finger. 

The  sort  of  curves  produced  by  this  instrument  depends  upon  three 
droumstances :  first,  the  relative  size  of  the  wheels  a  and  B ;  second, 
whether  the  whecd  d  be  employed  or  not,  or  in  other  words,  whether 
the  two  arms  move  in  directions  contrary  or  similar  to  each  other  (this 
wheel  has  no  effe^  otherwise,  and  may  b^  of  an^  convenient  sue) ;  and 
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for  t^  reat,  u  3  to  1.  Od  the  lecond  ciraimurttuioe  depends  wluithcir 
tho  loops  or  ytAnta  sre  witlua  tlte  curve,  ■>  in  J^i.  1,  2,  sod  3  i  or  no 
tii«  oat«r  aids,  u  ia  tha  athat ;  uid  lastly,  upon  the  third  drcum- 
■tuioa  depsDda  th«  aha^  at  tha  points  or  loops  themBalve*.  For  the 
Bight  curres  giren  Above,  TB  must  be  less  than  iij  but  if  thisij 
rsTSned,  the  oimea  aasmae  a  most  curious,  complicated,  sod  soma- 
times  bmutifnl  anangemaDt, 

Stuvdiatatea that  1278 curres  maybe  produced 
twelve  vheda,  the  amallest  having  sight,  the  next 
to  nine^-nx  taeUt ;  and  that  by  tba  addition  of  a  iew  piecea,  apirala 
with  >  droular  base,  and  partiouUrly  the  spiral  of  Archimedes,  may  be 
produoed. 

For  further  infonnatdon  tlie  reader  is  "rafsmd  to  Biurdi'a  work, 
entitled  '  Nuoro  Inatrumento  per  la  Deacrixicne  di  dlvaiaa  Carre 
Antichi  a  Hodeme,'  iui. ;  and  to  Adam's  '  Geometric  Eanyi.' 

PENAL  SEKVITUDE.    Thia  puoiahment  has  oome  in  plaoe  of  tbt 
former  punidunent  by  tnat^aortattim,  laid  to  baye  been  firat  inflieted 
l^  Stat.  39  Elis.  c.  4.    The  fint  act  of  parliament  on  this  subject  is 
the  18  Car.  IL  c  3,  a.  2,  enabling  the  judge  of  aadie  to  tnnspoit 
tain  oflenders  to  Amenea,  there  to  remain  and  not  to  rotum. 

The  22  Car.  II.  c  6,  s.  4,  k»™  the  judges  power,  "  at  their  diacre- 
tion,"  to  gnnt  a  reprieve,  and  to  cbubs  felons  to  be  transported  fa«yond 
the  uij,  there  to  remain  for  the  space  of  seven  yean ;  but  if  the 
ofTender  refused  to  be  transported,  or  returned  within  tba  time,  then 
he  was  to  be  put  to  elocution  upon  the  judgment.  The  22  &  23  Car. 
IL  c  7,  a.  i,  directed  a  judgmeot  of  transportation  to  be  entered,  whan 
the  felon  elected  to  be  transported,  and  it  authorised  the  sherifli  to 
ciaae  offenders  to  be  embalmed.  It  also  made  a  return  before  the 
eipiretjon  of  the  eenteoce,  a  capital  felony.  The  next  statute  on  the 
subject  was  the  act  4  Qeo.  L  o.  11,  "  the  foundation  of  the  Uw  of 
tnnqiortation,''  which  enacted  that,  when  the  crown  should  be  pleased 
to  extend  mercy,  upon  condition  of  transportation  to  any  part  of 
America,  any  court,  Laving  proper  authori^  to  do  so,  might  direct  the 
□Sender  to  be  transported.  The  stst.  6  Geo.  L  o.  23,  again  mads  a 
person  " at  Jat;;< in  Oreat  Britain,  before  the  expiration  ot  the  term" 
of  transportation,  liable,  on  oonviotion,  to  suSer  death.  The  S  Oeo. 
III.  c.  IS,  extended  the  powera  ot  the  judges  to  make  ordeiB  for  trana- 
portation  by  enabling  Uiem  to  do  so  out  of  oouit ;  sud  by  (he  stab 
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so  Geo.  III.  c.  47,  the  king  was  empowered  to  authorise  the  governors 
of  convict  Bettlements  to  remit  the  sentenoea  of  transports. 

By  the  atat.  S  Geo.  IV.  o.  8*  (amended  by  1 1  Geo.  IvT  and  1  Wm.  IV. 
c.  39),  consolidating  the  laws  on  the  subject  of  transportation,  the  king 
in  council  was  empowered  to  appoint  places  beyond  Qis  seas,  to  whi<m 
persons  under  sentence  of  transportation  sbould  be  conveyed,  the 
Bovemor  or  other  person  to  whcm  they  were  delivered,  or  his  assignee, 
having  tho  property  in  the  service  of  the  conrioti.  The  sovereign  was 
also  empowered  by  warrant  to  appoint  places  of  confinement  at  iioniB, 
either  on  land  or  on  board  vessels  in  the  Thames,  or  other  riven  or 
harboun,  for  the  confinement  of  male  offenders  (extended  by  the 
■tat.  IS  ft  17  Vict  to  females)  under  sentenoe  of  death,  but  re- 
{•ieved  or  respited,  or  under  sentence  ot  transportation,  there  to 
remain  under  order  of  the  secretary  of  state  until  entitled  to  their 
liberty,  or  removed,  or  otherwise  deidt  with.  The  capital  punishment 
fcT  offenden  found  undujy  at  large  before  the  expiration  of  their 
■entance  wu  iulaeqaentiy  abotiihed  by  4  ft  6  Wm.  IT.  c.  97,  which 
■ubatituted  transportation  for  IBe,  with  previous  impriaouaeDt  not 
erceeHing  four  years. 

Now  South  Wales,  Van  Diemen's  Land,  and  Norfolk  Island,  thus 
became  the  principal  receptaclee  tor  convicts.  Although  the  property 
in  the  services  of  these  peiaons  was  vested  in  the  colonial  governor  or 
his  snigns,  a  practice  prevailed  ot  granting  them,  in  certshi  oaaea  and 
CO  certain  oonditions,  permisaian  to  employ  themselveB  for  their  own 
benefits  These  permissiona  were  usually  adled  "  ticketa  of  leava"  By 
the  Stat  6  ft  7  Vict  c  7,  the  legislature,  thinHng  it  just  that  ticket-af- 
leave  oonvict*  should  be  protected  in  thur  persons,  and  in  the  posses- 
sion of  aud  pri^iert?  as  they  mij^t  acquire  t^  their  industry,  em- 
powered tliaiii  to  hold  personal  proper^,  and  to  maintain  actions  in 
respect  tixereof  while  such  tickets  remained  unrevoked. 

The  reception  of  convicts  having,  however,  become  distasteful  to  t^ 
inhabitants  of  the  oolomae,  the  stat.  10  ft  It  Vict  c  07,  was  pened, 
permitting  offenders  under  sentence  of  transportation  to  be  removed  to 
any  prison  ot  penitwitiary  in  Great  Britun ;  directors  of  the  principal 
connct  prisons  bcdna;  amolnted  afterwards  under  tha  stat  IS  ft  14 
VicL  o.  3S.  The  difBault^  attending  the  rsoeption  by  the  colonies  ot 
transported  ounvicts  havmg  increased,  the  stat  IS  ft  17  Vict,  c  S», 
finally  aboUahed  the  punishment  of  transportation /or  lot  fjiiM/wrf«n 
ytart,  and  substituted  praal  servitude  at  home  for  certain  periods, 

g'ving  the  cou^  power  in  all  osses  to  substitute  toeh  pensl  ssnitude 
r  tnnqMiitatton. 


Before  thia  la«t  statute  was  passed,  a  ^item  had  for  si 
niledirith  raipeot  to  well-ccndnctad  ooiivieta  (who,  althouf^  se 
to  tranqin'tation,  bad  been  kept  at  home),  of  granting  them  free  par- 
dons, gmenlly  at  the  expiration  of  haU  their  seotenoe  of  transportation. 
As  Uie  conlinuatioe  of  the  same  ayatem  under  the  lost-meiitioned 
statute  anwnnd  likely  to  cause  aeiioua  evils,  but  as  it  was  at  the  same 
"~  -  de^rable  to  eocouragei  good  behaviour  in  convicts,  it  was  deter- 
d  to  try  the  experiment  of  retaining  some  control  over  them  in 
oases  where  they  wve  set  at  liberty  before  the  expiration  of  their 
original  sentence.  With  that  view  the  statute  empowen  tha  crown, 
by  order  of  one  of  the  aecretaries  of  state,  to  grant  any  convict  a  licence 
or  "  ticket  of  leave,"  to  be  at  large  during  such  portion  of  his  teno  of 
transportation  or  imprisonment,  and  upon  such  conditions,  as  may  be 
thought  fit,  such  lioenoe  being  also  revocable  at  pleasure. 

Finally  by  the  stat.  20  ft  21  Vict  c  S,  the  seotenoe  of  Inuuportatiim 
ia  entirely  abolished,  and  the  sentence  ot  penal  servitude  substituted ; 
but  the  statutes  wtuch  have  refareooe  to  transportation  are  to  have 
die  name  alrae  is  changed. 
trison*  in  the  colonic,  see  22  Vict 


jpcr  sense,  is  a  pecuniary  punish- 
I  guilty  of  certain  ottenoea.    This 
*  moMy  which  a  party  to  a  oo 
Istea  his  enguement    Penaiti 


PENALTY,  in  its  original  and  p 
meat  imposed  l^  statute  upon  paita 
term  is  also  need  to  demote  a  sunt 
tract  has  engaged  to  pay  in  caae  he  violatea  hi 

imposed  by  statute  are  strictly  tegulat«d  by  statute ;  but  with  respect 
to  penaltiea  created  by  contract,  the  rule  is  neither  ao  strict  nor  ao 
uniform.  The  courts  of  law  will  not  allow  a  larger  sum  to  be  leoovsred 
in  the  name  of  penalty  than  ia  aufficieot  to  cover  the  damages  aetoallj 
Kistainsdi  but  where  the  parties  have  detennined  in  advance  the 
damagea  (hat  shall  in  certain  evraiti  be  considered  to  have  bees 
-lustamed,  and  nothing  eaaenttallf  inconsistent  with  the  nasonable- 
leas  of  anch  determination  an>«an  npou  the  face  of  the  transaction, 
he  oonrta  do  not  interfere,  and  the  damagea  thus  [OHletennined  sre 
recoverable  under  the  name  ot  liiyiidated  damages.    When  a  penal^ 

fixed,  so  nonim,  for  the  breach  ot  an  sgreenwnt,  and  yet  larger 

damages  are  actually  sustained,  the  larger  amount  may  be  reoovered  as 

damages  without  reoouise  to  the  Density.    In  xoMltj  cases  the  distinc- 

betwesn  a  penalty  and  liquidated  dami^^  ia  often  difficult  to 

'"~i,  and  some  of  tha  decisioiia  en  this  head  are  not  easily 


Former^  the  interference  of  a  court  of  equity  vrsa  often  necesssry 
temper  the  severity  of  the  common  law,  but  by  the  statute  S  ft  S 
Wm.  III.,  c.  11,  a.  S,  it  was  provided  that  in  aotiona  in  courts  of  liMord 
upon  any  bond  or  penal  sum  for  the  pertbrmanca  of  covenanta  or 
agreements  contained  in  any  indenture,  deed,  or  writing,  the  plaintiff 
shall  state  the  breaches  of  covenant  or  agrenuent  which  he  ha*  sus- 
tained, and  damagea  are  to  be  MMsaed  acciadingly.    If  (he  plaintiff 


sn 


PENANCE. 


PENDULUM. 


recover  in  the  actioD,  judgment  is  entered  up  for  the  pepoalty,  but 
ezeotttion  issues  only  for  the  damages  assessed  by  the  jury  upon  the 
breaches  stated  and  proved,  the  judgment  remaining  as  a  security 
against  future  breaches  of  the  same  covenant  or  agreement,  or  of  other 
covenants  or  agreements  contained  in  the  same  instrum^t,  and  pro- 
tected by  the  same  penalty.  And  now  there  is  little  if  any  diSerence 
between  the  practice  of  the  courts  of  common  law  and  equity  upon 
(he  subject  m  penalties.    [Bond  ;  Damaqes.] 

PBNANCE  (in  Xiatin,  Poenitentia)  is  a  censure  or  punishmeat^ 
enjoined  by  the  ecclesiastical  law,  for  the  purgation  or  correction  of 
the  soul  of  an  offender,  in  consequence  of  some  crime  of  ■piritual 
cognisance  committed  by  him.  Thus  a  person  convicted  of  adultery 
or  incest  was  adjudged  to  do  penapce  in  the  church  or  market,  bare* 
logged  and  bare-headed,  in  a  white  sheet,  i^nd  was  required  to  make  a 
public  confession  of  his  crime,  and  to  express  his  contrition  in  a  pre? 
scribed  form  of  words.  After  a  judgment  of  penance  has  been  pro- 
nounced,  the  ecclesiastical  courts  may,  upon  application  by  the  party^ 
-take  off  the  penance,  ^4  exchange  the  spiritual  censures  for  a  sum  of 
money  to  be  paid  and  applied  to  pious  uses.  This  exoh^^nge  is  called  a 
commutation  for  penance ;  and  the  money  agreed  or  ex^oined  to  b« 
paid  ixpon  suoh  a  commutation  may  be  sued  lor  in  the  eooleidastiaal 
court. 

The  pein«  forte  et  dure  imposed  upon  9k  pezson  who  stands  mute  on 
his  trial  at.  the  coxnmon  law  is  often  inaccurately  termed  penanoei 
[Peine  Fobte  et  Dure.] 

PENATES  were  Boman  deities  who  were  supposed  to  preside  over 
families  and  houses.  Cicero  ('  Be  Nat  Deor.,'  ii.  27)  derives  the  word 
either  from  i)«M«, "  f ood,"  or  penkw,  "innemaost«"  but  it  appears 
probable  that  the  latter  etymology  is  the  more  correct.  We  learn 
from  Festus  {Penua)  that  the  inner  part  of  the  temple  of  Vesta  was 
called  PenuB,  which  seems  to  be  connected  with  penates,  penetrare,  and 
penetralia.  The  hearth.of  the  atrium  was  aauBted  to  the  Penates;  and 
as  this  place  was  the  innermost  or  most  important  part  of  the  house,  it 
was  called  the  Penetralia.  There  appears  sometimes  to  have  been  a 
kind  of  reoess  in  the  wall,  called  taerariumf  in  which  the  images  of  ^e 
Penates  were  kept.  (Cic.  in  '  Verr.,'  iv.  2 ;  '  Dig.,'  i,  tit.  S,  s.  9.)  A 
fire  was  always  kept  burning  on  the  hearth  sacred  to  the  penates;  a 
salt-cellar  dedicated  to  them  was  placed  on  the  dinn^r-taUe,  and  the 
meal  concluded  with  a  libation  to  them.  Every  maater  of  a  family 
was  the  priest  to  the  Penates  of  his  own  house. 

It  is  a  matter  of  some  difficulty  to  determine  who  the  Penaies  were  *, 
but  there  is  no  reason  for  believing  that  ihey  were  the  same  in  every 
family.  Some  writers  have  thought  the  Lares  and  Penates  to  be  the 
same,  and  it  would  appear  that  the  Lores  were  included  among  the 
Penates.  The  Lares  however  were  of  humaa  origin,  and  appear  to 
have  been  regarded,  by  the  Romans  as  the  jpanee  of  their  ancestors 
[Lares]  ;  wlule  among  the  Penates  we  fipd  mention  of  the  superior 
gods,  as  Vesta,  Jupiter,  and  Juno.    (Festus,  s.  v.  *  Herceus.') 

There  were  also  public  Penates,  who  were  supposed  to  have  been 
brought  by  Maeaa  from  Troy.  They  were  represented  as  two  young 
men  with  spears  in  their  hands,  and  the  temple  or  ohiqpel  in  which 
they  were  worshipped  was  in  the  centre  of  the  city,  not  far  from  the 
temple  of  Vesta.  (Dionys.,  i.  68;  Cio.,  'De  Nat.  Dear.,*  ii  27;  Liv., 
xLv.  16.) 

(Rart\mg,J)ieSdiffiom  derltdm^;  Elauaen,  ^neoBwnddie  PmuOa^; 
Barker,  I/artt  mtd  Penatet,) 

PENCIL,  the  name  given  to  the  small  brushes  used  by  artists, 
whether  made  of  hog's  bristles,  camel  hair,  fitoh,  or  sable.  The  larger 
brushes  are  sometimes  set  in  a  tin  tube,  and  the  smaller  in  quills  of 
diffisrtotsizes,  The  soft  pencils  for  artists  ar«  made  as  follows :— The 
tail  of  the  animal  (sable,  badger,  marten,  Ac)  is  scoured  in  a  solution 
of  alum;  then  steeped  for  several  hours  in  luke-warm  water;  then 
dried  in  linen  cloths;  and  finally  combed  out  regularly.  The  haira  are 
seized  with  pincere,  and  oat  off  near  the  skin ;  and  the  little  parcels  of 
hair  are  sorted  into  groups  aooording  to  their  length.  A  few  hairs  are 
then  taken,  enough  for  ope  penoU,  and  placed  in  a  little  receptacle 
which  holds  them  while  a  thread  is  bound  round  near  the  roots.  The 
base  of  the  pencil  is  then  trimmed  flat  by  seisson.  The  ham  thus 
prepared  are  fitted  either  into  quills  or  into  tin  tubes.  Thequills  are 
those  of  swans,  geese,  ducks,  lapwings,  pigeons,  or  larks,  accoidingto 
thesiteof  thepenca  Each  quill  is  softened  and  swelled  in  hot  water. 
Mid  the  bunch  of  hairsisintroduoed  atthelaiger  end,  and  pulled  forward 
by  a  simple  apparatus  to  the  smaller  end,  where  the  shrinking  of  the 
quiU  bmds  the  hairs  closely.  The  gieat  art  in  pencil-making  is  so  to 
anange  the  hairs  that  their  ends  may  be  made  to  converge  to  a  fine 
pomt  when  moistened  and  drawn  between  the  lips ;  and  it  is  said  that 
females  are  more  suooeasful  than  men  in  preparinir  the  small  and 
dehcate  pencils.  *-    x-    — o 

The  well-known  JWacfc-foarf|)«krf2  is  made  by  cutting  ♦'Chnnberiaiid 
lead,  or  plumbago,  into  thin  plates  with  a  saw,  and  again  into  strips 
as  wide  as  the  plate  is  thick.  These  strips  are  then  laid  in  a  groove  £ 
a  mece  of  cedar,  upon  which  is  glued  another  and  thinner  piece :  the 
whole  IS  afterwards  rounded  by  a  plane  adapted  to  that  purpose, 
ifenolsare  conunonly  marked  with«ertain  lettezB  to  denote  the  quality 
of  th«  load,  as  H  for  hardy  B  for  black,  M  for  medium,  and  so  on. 
Suooesc^  attempts  have  been  made  to  un  black-lead  powder^mirad 
with  other  substances,  as  a  composition  f«  pencils;  it  is  not  suitable 
xor  fine  artutio  purposes,  bat  is  available  for  common  use. 


Other  pencils  are  made  of  black  and  «oloared  bhalks  for  drawisis* 
and  are  much  more  convenient  than  the  porirccayon.  SevexaX  recent 
kinds  are  described  imder  Cratonb. 

The  ever-pointed  pencil  is  an  instrument  so  simple  and  so  well  known 
as  to  require  little  description.  The  point,  or  nozzle,  is  made  hollow 
to  receive  a  small  cylindrical  piece  of  black  lead,  about  three-quarters 
of  an  inch  long,  which  cannot  pass  through  the  lower  end  without 
some  little  force.  Within  the  case  is  a  screw  or  worm,  which,  if  the 
case  be  turned  round  with  one  hand  while  the  point  of  the  pencil  is 
held  by  the  other,  causes  a  Ivire  or  mandril,  about  the  same  size  as 
the  lead,  to  advance  or  retire.  When  a  fresh  lead  is  put  into  the 
point,  the  case  must  be  turned  round  towards  the  left  until  the  man- 
dril is  drawn  up  as  far  as  possible.  The  point  containing  the  lead  is 
then  to  be  screwed  on  to  the  case,  and  the  case  being  turned  gently  to 
the  right  hand,  the  lead  must  be  fottsed  forward  until  it  can  just  be 
seen  at  the  point.  These  leads  are  made  of  different  degrees  and  sizes, 
and  the  oases  are  marked  aooordingly.  The  leads  are  manufactured 
in  the  following  manner : —After  the  plumbago  is  cut  into  square 
strips  of  the  same  diameter  aa,  or  d  little  greater  thaa,  the  lead 
required,  they  are  passed  successively  through  three  ruby  holes,  each 
sn^er  than  the  preceding.  By  this  means  they  are  renda«d  perfectly 
round  and  smooth,  bo  as  to  offer  no  impediment  to  the  working  of  the 
pendL  Most  cases  are  made  with  a  reservoir  at  the  top,  in  which  a 
supply  of  five  or  six  leads  may  be  carried. 

Considerable  ingenuity  has  been  displayed  within  the  last  few  years 
in  the  production  of  these  evei^pointed  pencils.  In  some,  the  small 
rod  of  black  lead  is  moved  backwards  and  forwards  by  the  action  of  a 
screw,  as  just  described ;  in  some,  by  a  slide ;  and  in  others,  by  per- 
cussion.' One  sort  is  made  of  vulcanised  india-rubber,  with  the  end 
having  such  a  nicely  adjusted  diameter  as  just  to  hold  the  lead  steadily, 
and  yet  allow  it  to  be  moved  l^  a  slight  percussion.  Some  of  the  best 
acting  ever-pointed  pencils  are  now  saleable  jretail  at  sixpence  each, 
while  one  particular  kind  is  manufactured  to  sell  retail  at  so  low  a 
price  as  twopence. 

PENCIL,  a  term  of  optics,  and  sometimes  of  geometry.  A  peneil^f 
rays  is  a  collection  of  rays  which  converge  to  or  diverge  from  die  same 
point ;  and  a  pencil  of  lines  is  a  number  of  lines  which  meet  in  one 
point. 

PENDENT,  or  PENDANT,  in  Pointed  Gothic  arohitectore,  an 
ornamental  mass  of  stone,  hanging  down  or  descending  from  the 
intersections  of  a  groined  vaultii^.  Pendents,  no  doubt,  originated  in 
bosses,  of  which  Siey  noay  be  considered  an  enlargement,  and  may  be 
described  as  being  of  a  corbel  or  bracket  shape.  They  are  in  England 
almost  peculiar  to  the  Third  Pointed  or  Perpendicular  and  the  cognate 
domestic  or  collegiate  style,  in  roofs  of  &n-work  tracery,  of  which  they 
are  hig^y  beauUful  features,  admitting  of  great  variety  of  design. 
The  roofs  of  King's  College  Chapel,  Cambridge,  St.  George's,  Windsor, 
Henry  VIFs  Chapel,  and  3ie  Divinity  School,  Oxford,  are  fine  examples 
of  the  effect  of  pendents.  Carved  pendents  of  a  different  land 
were  frequently  employed  for  the  enrichment  of  open  timber-roolB, 
but  aie  not  siaiilarly  applied,  being  suspended,  not  from  the  centre  of 
the  roof,  but  at  the  extremities  of  the  hammer-beams,  from  iriueh  the 
ribs  of  wood-work  forming  the  arches  of  the  roof  spring.  Of  this  kind 
is  the  roof  of  the  hall  of  Eltham  Palace,  and  several  a£  i|ie  halls  of 
colleges  at  Oxford  and  CambridgeL 

PENPENTIVE,  though  often  inaocurately  used  as  ^noBymoas 
with  pendent,  has  quite  a  different  meaning.  Strictly  speaking,  pen- 
dentives  are  the  spandrels  or  triangular  spaces  between  Jkhe  srohes  or 
arch-headed  walls,  ss  the  case  may  be,  supporting  a  dome,  whidi  is 
continued  down  to  the  springing  of  such  arches ;  consequently,  whei« 
the  dome  rises  from  the  cornice  of  a  cylinder  of  the  same  diameter  (as 
in  the  Pantheon  at  Rome),  there  are  no  pendentives,  although  there 
may  happen  to  be^  arches  id  the  cylindrical  or  polygonal  ciroamfarenoe 
beneath  the  cornice.  In  such  case  the  spandrels,  or  spaces  between 
the  arehes  are  improperly  called  pendentiveB,  notwithstanding  that  they 
sometimes  are  so,  pendentiveB  being  those  portions  <^  the  inner  surface 
of  a  dome  where  the  latter  is  intersected  by  vertical  planes,  whether 
produced  by  voids  or  solids.  Pedentives  are  of  frequent  occunvnoe  in 
Byzantine  aichiteeture.  In  London  the  dome  of  the  hall  or  principal 
office  of  the  London  and  Westminster  bank  is  a  pendentive  one. 

PENDULUM.  Under  Hoboloot  will  be  found  some  details 
reepeoting  clock  and  compensated  pendulums,  together  witii  figures  of 
the  gridiron  and  mercurial  pendiilams.  We  here  insert  a  few  miscel- 
laneous details  on  the  same  subject. 

The  way  in  which  motion  is  communicated  to  a  pendulum  is  there 
described.  It  may  be  added  that  the  clasp  of  the  pendulum  by  ihe 
crutch  should  neither  be  veiy  close  nor  very  loose,  and  the  axis  of 
motion  of  the  pendulum  should  be  exactly  in  the  continuation  of  the 
arbor  of  the  orutch.  The  dock-frame  itself  must  be  firmily  fixed,  for 
any  shake  or  looseness  of  the  support  of  the  pendulum  wiH  alter  its 
time  of  oscillation :  the  bob  i^ould  be  heavy,  the  are  of  vibratkni 
small ;  and  when  good  performance  is  required,  the  rod  shonld  be  of 
deal,  well  varnished  or  gUt.  Iron-wire  makes  tiie  next  best  rod,  and 
brass  the  worst.  Whenever  a  brass  rod  is  txsed  for  an  oidinaiy  clnck- 
pendulimi,  the  maker  is  not  master  of  his  craft,  or  he  thinks  uttle  of 
his  customer's  knowledge.  The  errors  arising  from  changes  of  tempe- 
ratfore  when  deal,  steel-wire,  and  brass  are  used,  are  as  1, 8,  and  6.  It 
must  however  be  remembeired,  tiiat  unless  the  deal  rod  pendnlom  be 
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coated  over,  so  as  to  be  impeirious  to  moisture,  it  will  be  liable  to 
spiXL  errors  ariamg  from  thi^  cause.  A  range  of-  50**  will  not  idter  the 
rate  of  a  clock  with  a  white  deal  pendulum  more  than  5*  a  day,  if 
Capt  Rater's  value  of  the  expansion  of  deal  be  correct. 

hi  a  well-made  dock,  the  error  ariung  from  expansion  from  tempe- 
rature is  the  most  considerable,  and  is  that  wluoh  must  be  guarded 
against  Mr.  Bail/s  contrivance  with  a  leaden  wei^bt  is  gLven  under 
HoROLOOT.  We  may  add  that  a  lenticular  form  may  be  given  to  the 
weight,  provided  the  proper  length  be  preserved,  and  Hub  will  be  an 
improvMoaent,  as  it  diminishes  the  resistance  of  the  air,  and  the  error 
wMch  arises  fn»n  the  inertia  of  the  air  carried  bv  the  pendulum. 

It  is  stated  in  the  article  just  referred  to,  wat  in  Harrison's  pen- 
dulum foreign  artists  use  zinc  rods  instead  of  brass.  Zinc  is  objectioii* 
able  as  being  a  weak  metal,  and  it  is  said  by  some  persouQ  to  expand 
by  jumps,  which  seems  not  very  probable  unless  much  exposed.  The 
great  objection  to  the  gridiron  pendulum  is  that  the  astronomer,  if  he 
be  no  workman,  must  rely  upon  the  artist  for  perfect  compensation 
(and  this  is  perhaps  never  achieved) ;  and  again,  if  from  rust  or  bad 
fitting  ih.e  slipping  parts  should  bind,  the  action  wUl  necessarily  be  by 
bounds  and  irregular.  After  the  clock-maker  has  done  his  best,  a 
year's  experience  will  point  out  the  error  in  the  compensation,  which 
can  easily  be  remedied,  if  the  fault  be  over-compensation,  hy  cutting 
the  zinc  rods  shorter.  AH  the  fixed  parts  should  then  be  secured  as 
firmly  as  possible  by  steady  pins,  as  any  attempt  to  relMrve  a  power  ol 
further  adjustment  would  be  too  dearly  purchased  by  a  rioketty  frame. 
The  beads  attached  to  rods  1  and  5  for  the  pmrpose  of  keeping  the 
sine  rods  in  their  places  should  not  squeeze  the  sino^  and  but  just 
press  against  them  with  the  spring  of  the  metal.  Harrison  is  said,  by 
Short  ('  Phil.  Tran&,'  vol.  47,  p.  517),  to  have  invented  his  pendulum 
about  1725. 

The  constraction  of  Graham's  pendulum  allows  the  astronoDMr  to 
alter  and  finally  perfect  the  compensation.  This  quali^,  and  the 
absence  of  any  nice  fitting  or  sUppmg  parts,  give  Graham's  construc- 
tion a  veiy  decided  superiority  over  Harrison's,  especially  for  a  clock 
which  is  not  to  be  amoved  from  place  to  place.  These  mercurial  pen* 
dttiums  are  generally  constructed  in  a  more  expendve  manner  than  is 
necessary.  The  vertical  rods  may  all  be  made  ot  stout  steel  wire,  and 
the  base  and  top'  of  the  stirrup  of  biMS.  Mr.  Baily,  in  his  tiduaiUe 
memoir  ('  Astron.  Soc,'  v<^  i),  justly  recoenmends  that  the  thread  of 
the  regulating  screw  should  be  deeper  and  eoarter  than  it  is  usually 
made,  and  b^  temped  on  a  stouter  cylinder.  Graham's  pendulum  is 
described  by  himselt  ('PhiL  Trans.,'  voL  xzxiv.  p.  40.)  It  was  u> 
vented  in  1722.  There  are  many  ways  of  compensating  a  pendulum 
for  the  eieots  of  temperature,  some  ii  which  ace  very  ingeniousi  and 
others  very  simple.  Those  described  under  Hoboikmt  will  suffice  for 
an  explmation  of  the  principle ;  thev  are  the  most  nsoalythe  most 
eavr  of  execution,  and  most  exact  in  their  operation. 

The  superiority  of  detached  escapements  has  been  notieed  under 
HoROLOQT.    In  these  in  ordinary  use,  tioM  and  dirt  and  thickening  of 
the  oU  not  only  affect  the  amount  of  the  impulse,  which  is  oompara- 
tively  of  slight  mcHnent,  but  the  continuing  action  of  the  teeth  on  the 
pallets  is  also  irregular.    The  space  through  which  the  pendulum 
swings,  or  are  of  vibraUon,  is  thus  liable  to  variation,  which  again  pro- 
duces a  change  in  the  time  in  which  each  oscillation  is  performed,  that  is, 
if  the  pendulimi  be  supposed  to  oecillate  round  a  fixed  axis.    This  in- 
equaUty  was  more  apparent  in  the  early  clocks,  where  the  pendulum 
was  light  and  the  arc  of  vibration  very  large,  than  in  those  of  modem 
coDstruction,  where  the  penduluin   is   heavy   and   the  arc   smalL 
Hnyghens's  remec^  of  cydoidal  dieeks  is  notioed  mKl^  Hoboloot. 
It  is  said  by  sJl  later  writers  on  the  subject  that  the  remedy  is  worse 
than  the  disease ;  and  it  js  possible  enough  that  something  like  sticking 
between  the  flexible  top  and  the  eycloidal  cheek  may  take  place  at  the 
critical  pointy  that  is,  just  when  the  penduluon  has  snxved  at  the  end 
of  its  swing,  and  is  pausing  for  its  return ;  sod  that  there  may  be  a 
difficulty  in  maldng  and  setting  the  cheeks  so  truly  as  to  aet  on  the 
pendulum  in  every  part  of  its  swing.    A  second  objeoiton  is  alleged 
a^unst  Huyghenf/s  cheeks — ^namely,  that,  as  the  pendulum  cannot  be 
ooDsklered  to  be  a  heavy  point  suspended  by  a  rod  without  weight,  the 
centre  of  oscillation  shifts  dowmoards  as  the  flexible  portion  of  the  top 
wraps  on  the  cheek.  This  objection  might  be  easily  got  over  by  making 
the  cheeks  not  truly  cydoidal,  but  of  such  a  form  that  the  centre  of 
oflollatioB  of  the  compound  pendulum  shall  oscillate  in  aoydoid,  which 
would  be  easy  enough  when  the  form  of  the  pendulum  was  given.    In 
truth  this  is  a  matter  of  mere  speculation  in  astronomical  clocks,  for 
there  is  a  much  easier  way  of  producing  sensible  isochronism  in  them, 
which  we  will  describe;   but  we  suspect  that  the  cydoidal  cheeks 
loight  still  be  used  advantageoudy  in  clocks  which  resemble  Huyghens's, 
ss  the  Dutoh  docks  which  are  in  common  usa 

Instead  di  suspending  the  pendulum  by  a  perfectly  flexiUe  string, 
or  on  a  knife-edge,  when  the  motion  must  be  in  a  drde,  the  top  of  the 
md  ends  in  a  fiat  spring.  (See  Pigi.  20,  21,  under  HoboIiOOT,  wh^re 
'the  spring  is  seen  in  front,  like  a  fine  line,  at  the  top  of  each  pendulum.) 
This  produces  two  effects  upon  the  time  of  osiollation :  first,  by  re- 
terding  the  motion  of  the  t)endulum  in  its  rise  and  accelerating  its 
f^,  the  spring  shortens  the  time  of  vibration,  and  the  more  the  stronger 
it  is;  but  SB  its  action  at  each  point  is  nearly  proportionsl  to  the 
degree  in  which  it  is  bent,  that  is,  as  the  arc  of  vibration  reckoned 
^m  the  position  of  rest,  tins  action  vrill  have  no  tendency  to  alter 


the  isochronism  of  unequal  ares.  The  bending  of  the  spring  has  how- 
ever a  second  effect,  that  of  causing  the  hoh  of  the  pendulum  to 
describe  a  curve  which  is  not  drcular,  but  which  falls  within  a  circle ; 
and  this,  by  proportioning  the  stnaigth  of  the  spring  to  the  weight  of 
the  pendulum,  may  be  made  to  approach  to  Huygfaens's  cyddd,  or  to 
that  modification  of  it  whidi  we  have  describecL  It  is  possible  to 
select  a  spring  of  such  strength  as  shall  comi^etdy  nkistf  this  qon- 
dition,  at  least  within  the  necessary  limits,  that  is,  for  such  variationB 
in  the  moving  power  as  ante  fr<mi  dirt^  thickened  oil,  and  wear  in  the 
works. 

Frodsham's  experiments  on  suspending  springs  are  also  noticed  under 
Hoboloot.  In  no  case  does  ]l^.  Frodshun  seem  to  have  found  a 
spring  which  caused  the  dock  to  jjkrm  in  the  larger'  arcs,  which,  on  the 
information  of  other  makers,  and  on  theoretical  grounds,  we  consider 
possible.  With  a  spring  stiffer  than  tiiat  which  was  isochronous, 
Mr.  Frodsham  found  that  using  as  effeotive  lengths  0*97,  0*66,  and  0*50 
of  an  mch,  the  change  of  rate  produced  by  using  41b.  loe.  as  the 
weight,  instead  of  21b.  2o2.,  was  to  give  the  dock  a  losing  rate  of  3'7*, 
2*6*,  and  S'5',  respectivdy.  The  law  is  not  apparent,  and  it  would 
seem  that,  even  with  this  spring,  shortening  the  spring  had  no  sensible 
efiect.  Another  remark  of  Mr.  Frodsham's,  which  is  very  valuable  if 
it  be  ccmfirmed  by  extended  trials,  is,>tiiat  the  spring  which  produces 
isochronism  is  also  the  spring  with  which  the  pendulum,  unattadied  to 
any  dock,  wyi  keep  up  its  motion  lor  the  longest  time. '  It  seems  to 
us  probable  that  this  latter  quality  wUl  bdong  to  the  weakest  spring 
which  preserves  its  full  elastidty  under  the  pull  of  the  bob ;  for  if  the 
elasticity  were  perfect,  the  only  cause  of  loss  of  motion  would  be  th^ 
resistaoob  of  the  air,  which  is  not  sensibly  altered  by  the  eflbct  of  the 
spring. '  However  this  may  be,  the  subject  is  wdl  worth  further  con- 
sideration. Notwithstanding  the  care  bestowed  by  Mr.  Frodsham,  it 
is  difficult  to  conduct  inquiries  of  such  nioetry  with  an  uncompensated 
pendulum.  It  will  also  be  aeeessaiy,  as  we  shall  now  point  out,  to 
attend  to  the  state  of  the  barometer  when  the  experiments  are  in  pro^ 
gresa.  For  when  the  effisot  of  the  air  upon  the  tune  of  oaeiUation  of  a 
pendulum  is  examined,  it  will  be  found  that  the  raistan^s  of  the  air 
has  no  infeienne  except  the  iijdireet  one  of  shortening  the  aio  of  vibra- 
^on,  that  is,  of  *^^i"g  to  inake  the  dock  gain^  if  tne  bob  move  in  a 
circular  arc.  The  hmoymticy  of  the  air  acts  more  immediately,  for  it 
diminishes  the  weight  of  the  pendulum, and  leaves  the  inertia  unaltered, 
and  therefore  diminishes  the  aocdeniting  fbree.  Hence  a  greater 
density  in  the  air  aoti  as  a  diminution  in  the  force  of  gravity,  that  is, 
makes  the  dock  go  dower.  The  effect  is  greater  indeed  thos  was  at 
one  time  antidpi^ed;  for,  as  was  remarked  long  ago  by  Du  Buat,  and 
subsequently  sliown  by  Bessel,  the  pendulum  must  l>e  considend  to 
indu&  in  ite  inertia  a  soadl  wrapper  of  air  which  is  involved  in  it  or 
acoompames  it  in  its  oourae.  (See  a  very  elaborate  and  valmdile 
memoir  by  Mr.  £aily,  'On  the  Correeiion  d  a  Pendulum  for  the 
Reduction  to  a  Vacuum/  '  PhiL  Trans.;  18S2,  p.  8M^.)  This  latter 
portimi  of  the  effect  of  the  air  depends  on  the  form  of  the  pendulum, 
and  possibly  may  even  be  affected  by  the  polish  of  its  surtece.  Now , 
the  density  of  tJie  air  is  proportional  dirtetfy  to  the  pressure  of  tfa» 
atmosphere  shown  by  the  barometer,  sood  imvendy  to  the  temperature, 
which  is  known  from  the  thermometer.  The  latter  portion  might  be 
practically  include  in  the  general  compensation  for  temperature,  but 
the  former  requires  dther  a  spedfio  and  peculiar  compensation,  or  mav 
be  determined  as  a  residual  quantity,  and  tabulated  for  each  dock  with 
the  mean  height  of  the  barometer  lor  the  period  required.  Dr.  Robe- 
son's investigation  on  the  effect  of  atmospheric  pressure  on  the  rate  of 
a  tnuisit  clod:  is  referred  to  under  Hobolocft.  The  compensation  for 
the  variation  of  atmosphsrio  pressure^  was  made  by  attaching  small 
barometers  to  the  pendulum  rod,  but  we  bdieve  this  ingenious  idea 
was  not  attended  with  any  practical  benefit.  It  would  perhaps  be 
possible  so  to  balance  some  of  these  contending  prindples  as  to  obtain 
a  performance  nearly  perfect ;  thus  an  arc  of  vibration  might  be  selected 
in  which  the  increased  density  of  the  air,  by  reducing  the  arc,  might 
accelerate  the  time  of  an  osciUation  as  much  as  the  increased  buoyancy 
and  inertia  would  retard  it,  or  so  nearly  so,  that  the  remaining  difference 
might  be  completely.annihilated  by  a  proper  selection  of  the  pendulum 
spring.  But  even  if  this  should  be  effected,  and  we  see  no  obstade  to 
it  except  the  time  and  trouble  it  would  require,  any  change  of  the 
moving  power,  or  of  the  action  of  the  escapement,  would  alter  the  arc 
and  derange  the  equilibrium.  As  the  effect  of  time  is  generally  to 
produce  a  falling  off  in  the  arc,  a  small  addition  to  the  dock  weight 
might  be  made  from  time  to  time,  so  as  to  bring  back  the  pendulum  to 
its  primitive  arc,  until  the  dock  is  cleaned,  and  its  action  restored  that 
way.  We  shall  conclude  this  long  disquisition  (which  we  propose  for 
conakieration  until  dedsiva  experiments  are  made)  by  a  piece  of  advice 
which  we  can  warranto  Where  the  dock  is  much  exposed  to  variations 
of  temperature,  enclose  it  in  a  second  covering  or  dcset.  This  wiU 
protect  it  £rom  injury,  snd  moreover  will  very  much  regularise  the 
rude  transitions  of  temperature  to  which  clocks  are  in  tms  climate 
liable.  It  is  not  improbable  that  this  parts  of  a  clocK,  and  of  its  pen- 
dultmi,  if  much  exposed,  msy  take  theli'  temperature  at  different  times, 
and  if  so,  the  compensating  principle  id  not  brought  into  action,  but 
must  act  irregularly. 

It  has  already  ^been  said  that  a  dock,  to  go  steadily,  should  be  securdy 
fixed.  The  common  mode  is  to  fasten  the  ease  by  strong  bolts,  under 
the  rising  board  and  again  about  as  low  as  the  pendulum  bob,  to  a 
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Btone  pilkr  or  through  a  wall.  The  pefodulum  is  generally  suBpended 
from  a  cock  on  the  hack  of  the  frame,  but  it  may  be  supported  on  a 
triangle  standing  on  the  rising  board,  or  even  from  the  back  of  the 
case^  but  there  is  then  a  fear  tlwt  the  axis  of  motion  may  not  be  in  the 
axis  of  the  pallets,  or  may  not  keep  so.  The  dock  being  fixed,  the  first 
step  is  to  put  it  into  beat,  that  is,  to  make  the  beats  follow  at  equal 
intervals.  The  dock-maker  does  this  in  common  docks  by  bending 
the  crutch,  but  when  the  disorepancy'isnot great,  anyone  may  produce 
the  dfsbred  equality  by  tilting  the  frame  a  little ;  in  table-docks  there 
are  generally  f ootsorews  for  the  purpoea,  or  if  not,  the  feet  may  be 
propped  by  pieces  of  wood,  card,  ic  In  astronomical  docks,  the  angle 
which  the  crutch  makes  with  the  pallets  admits  of  a  small  adjustment 
by  two  screws,  which  act  on  opposite  sides  of  the  crutch,  and  the 
operation  is  performed  as  follows : — Make  the  beats  nearly  correct  by 
ear,  and  by  touching  the  screws :  note  which  screw  belongs  to  the 
longer  leg ;  then  by  softly  deadening  the  penduliun  as  it  rises,  make 
it  just  not  escape  on  one  side.  By  Tery  gentle  pushes  cause  jt  to  escape 
on  that  side,  and  see  whether  it  escapes  on  we  other ;  if  it  does  not, 
oi^e  screw  must  be  screwed  up  and  toe  other  released.  After  a  few 
trials  and  errors  it  will  be  found  that  when  the  pendulum  just  escapes 
on  either  side,  it  will  just  escape  on  the  other,  and  if  there  be  a  very 
small  inequality  indeed,  a  little  tightening  of  one  of  the  crutch  screws 
will  complete  the  adjustment.  The  pendulum  should  then  be  brought 
to  rest,  and  the  zero  of  the  plate  on  which  the  arc  of  vibration  is  i^ad 
off,  be  fixed  just  behind  the  pointer  of  the  pendulum,  shown  at  o, 
J^.  20,  21,  in  HoBOLOOT.  In  that  artide  the  rule  for  bringing  a 
dock  to  time  is  given. 

In  an  obeervatoiy  it  is  always  desirable  that  a  dock  should  have  a 
small  losfaig  rate,  and  be  slow  rather  than  fast  (the  conections  for 
dock  error  and  dock  rate  are  then  additive),  so  that  it  would  be- better 
to  add  a  smaller  weight  than  46  grains ;  and  in  any  case  it  is  more  safe 
to  destroy  the  rate  by  two  operations,  especiaUy  if  the  preceding  rates 
were  not  very  carefully  determined. 

The  final  adjustment  of  the  compensation  can  be  best  aoooliplished 
when  the  dock  has  gone  several  months,  and  when  the  gain  or  loss  in 
two  of  the  warmest  months  in  the  year  is  compared  with  the  gain  or 
loss  in  two  of  the  coldest  Suppose  the  mean  temperature  m  the 
summer  months  of  trial  to  be  30  higher  than  in  the  winter  months, 
and  that  the  dock  loses  1*  more  in  summer  than  in  winter ;  it  is  there- 
fore funder-ampeiuated,  and  requires  more  mercury.  Add  1  lb.  of 
mercury,  and  \amg  it  to  a  dose  rate  exactly  as  before ;  and  now  let  it 
be  oMr-compensated,  so  that  an  increase  of  24*^  in  the  temperature 
causes  it  to  gain  0**4  per  day,  which,  by  simple  proportion,  is  &e  same 
as  a  gain  of  0"5  by  80^  of  temperature.  Hence  it  is  dear  that  as  1  lb. 
of  mercury  causes  an  alteration  of  1**5  in  the  variation  due  to  tempe- 
rature, if  a  third  of  a  pound  be  withdrawn  the  compensation  will  be 
nearly  correct  A  second  trial  will  perfect  the  compensation,  which 
should  never  be  afterwards  disturbed. 

The  researches  respecting  resisting  media  have  already  been  referred 
to.  There  existed  for  some  time  a  discrepancy  between  Poissrai's 
factor,  by  which  the  correction  for  buoyancy  is  to  be  multiplied,  to 
give  the  whole  effect  observed,  and  Mr.  Bail/s :  the  one  being  1*5,  and 
the  other  1*8.  Professor  Stokes  has  reviewed  the  subject  in  a  memoir 
published  in  the '  Transactions  of  the  Cambridge  Philosophical  Sodety.' 
Jn  this  inquiry  the  internal  friction  of  the  fluid  or  medium  is  taken 
into  account  In  the  case  of  a  ball-pendulimi  the  resistance  is  propor- 
tional, not  to  the  surface,  but  to  the  radius  of  the  sphere,  so  that  the 
quotient  of  the  resistance  divided  by  the  mass  increases  very  rapidly 
as  the  radius  decreases.  Hence  the  terminal  vdodty  of  a  minute  globule 
of  water,  descending  through  the  air,  depends  almost  entirely  on  the 
internal  friction  of  air ;  but  since  the  index  of  friction  is  known  from 
Bail/s  experiments  this  terminal.Telodty  can  be  calculated  numerically 
for  a  globule  of  given  diameter.  TioB  vdodly  is  so  small  in  the  case 
of  globules,  such  as  those  of  which  clouds  are  probably  formed,  that 
according  to  Mr.  Stokes,  the  suspension  of  clouds  neea  not  offer  any 
difficulty. 

When  a  pendulum  is  not  limited  to  one  plane,  but  only  to  the  con- 
cave surface  of  a  hollow  sphere,  we  have  what  is  (»Iled  the  conical 
pendulum.  Its  motions  have  of  late  years  been  investigated  in  the 
pages  of  the '  Philosophical  Magazine/  and  elsewhere. 

Length  of  Simple  and  InvwriaJblU  PencMum, — The  equality  of  the 
oscillations  of  a  wei^^t  suspended  by  a  line  is  said  to  have  been  used 
b^  Ibn  Junis,  in  1100,  and  by  the  .dLiabian  astronomers,  for  the  sub- 
division of  portions  of  time.  (Yoxmg,  *Kat  PhiL,'  voL  i,  p^  595.) 
This  property  of  the  pendulum  was  renudked  by  Galileo  ^en  a 
student  at  Pisa,  by  observing  the  vibrations  of  a  lamp  swinging  from 
the  roof  of  the  cathedral,  aod  was  by  him  proposed  as  a  medical  instru- 
ment for  observations  on  the  pulse.  (Drinkwater, '  Life  of  Galileo,' 
p.  5.)  The  simple  pendulum  was  much  used  as  an  astronomical 
iMtrument  (called  perpendiadtm  in  the  older  writers)  before  it  was 
adapted  by  Huyghens  to  the  clock.  Mouton  (*  Observationes  Diametro- 
nmi  Solis  et  Lun»,'  Lugd.,  1670)  appUed  the  vibrations  of  the  simple 
pendulum  successfully  to  measure  the  time  in  which  the  sun  and  moon 
describe  their  respective  diameters,  and  in  the  Appendix,  p.  427, 
proposes  his  nova  meuturarvm  geonietricarum  idea,  that  is,  a  dedmal 
system  of  measures  based  on  the  value  of  a  minute  in  Riodoli's  length 
of  a  degree.  This  is  his  miliare,  the  thousandth  part  of  which  he  calls 
a  nrga;   and   the     finds   by  experiment  that   the   virga,  which, 


aooordiog-  to  Riodoli,  is  5  ft  4*868  ixL,  i^lognese  measure,  is  the 
length  of  a  simple  pendulum  which  makes  1252  oscillations  in  half 
an  hour. 

In  1671  Picart  was  sent  to  determine  the  position  of  Tyeho  Brahms 
observatory  at  Uranibourg.  He  took  this  opportunity  of  swinging  the 
pendulum,  and  found  the  length  of  the  seconds  pendulum  8  ft  0  in.  8}  1. 
Paris  measure,  exactly  the  same  as  he  had  previously  found  it  to  be  at 
Paris,  and  subsequently  at  Cette,  on  the  south  coast  of  Frances 
Roemer  obtained  the  same  result  at  London,  and  these  erroneous 
measures  of  Picart,  the  first  astronomical  observer  of  his  day,  were 
for  a  long  time  dted  as  objections  to  the  theory  of  gravitation. 

In  1672  Bicher  was  sent  to  Cayenne  (about  4*  56'  N.  lat)  to  make  a 
course  of  observations,  and  among  the  rest  to  observe  the  length  of 
the  seconds  pendulum.  His  words  are :  "  L'une  des  plus  oonsidtsrahles 
observations  que  j'ay  &ites,  est  celle  de  la  longueur  du  pendule  k 
secondes  de  temps,  laqnelle  s*est  trouv^e  plus  oourte  en  Calenne  qu"^ 
Paris :  car  la  mesme  meeure  qui  avdt  est^  maiqu^  en  ce  Heu-lk  sur 
une  verge  de  f er,  suivant  la  longueur  qui  s'estoit  trouv^  naceesaire 
pour  ia^  un  pendule  &  secondes  de  temps,  ayant  est^  appoii/6e  en 
France,  et  compart  avee  celle  de  Paris,  leur  difference  a  est^  tronvfe 
d'une  ligne  et  un  quart,  dont  celle  de  Gaieime  est  moindre  que  cdle  de 
Paris,  kquelle  est  de  8  pieds  8{  lignes.  Cette  observation  a  est^ 
reiter^  pendant  dix  mois  entiers,  oil  il  ne  s'est  point  pass6  do  semaine 
qu'elle  n'ait  est^  fatte  plusieurs  fois  aveo  beaucoup  de  aotn.  Lss 
vibrations  du  pendule  simple  dont  on  se  servoit,  estoient  fort  petites  et 
duroient  fort  sensibles  jusques  K  dnquante-deux  minutes  cie  tempe,  et 
ont  est^  compart  h  oelles  d'une  horloge  tres  excdlente,  dont  les 
vibrations  marquoient  les  secondes  de  temps."  ('  Recueil  dea  Obser- 
vations laites  en  plusieurs  Voyages  par  onke  de  sa  Majesty,*  p.  66, 
Paris,  1698.)  We  have  dted  uus  passage  textually,  not  only  on 
account  of  its  importance,  but  because  it  is  generally  m^dy  stated  that 
Richer^s  dock,  which  was  regulated  on  Paris  time,  lost  more  than  two 
minutes  at  Cayenne.  This  misrepresents  the  evidence  of  the  eiperiment, 
and  moreover  leaves  room  to  suppose  that  Richer  made  a  dance  dis- 
covery, whereas  the  determination  of  the  length  of  the  pendulum  was 
one  of  the  special  objects  of  his  mission  (see  p.  2).  Neither  Picart  nor 
Richer  gives  any  details  of  his  modnt  operantU. 

In  1678  Huyghens  published  his '  Horologium  Oadllatorium,'  perhaps 
the  most  remarkable  mathonatico-medianical  work  whidi  preceded 
Newton's  '  Prindpia.'  He  therein  explains  the  itodaronitm  of  oscil- 
lations in  a  cydoid,  and  the  mechanical  means  of  making  the  pendulum 
swing  in  a  cydoid.  He  gives  theorems  for  finding  the  centre  of  oscQ- 
lation  of  several  figures,  and  thence  the  length  of  the  simple  pendulum, 
corresponding  to  a  compound  pendulum  of  certain  forms ;  and  in  pro- 
positions 19  and  20  (p.  124-5)  proves  that  when  the  body  is  the  same, 
the  distances  of  the  axes  of  suroension  from  the  centre  of  gravity  are 
redproeally  as  the  distances  ox  the  centre  of  gravity  from  the  respec- 
tive centren  of  oscillation,  and  that  the  point  of  suspension  and 
centre  of  oscillation  are  convertible.  His  proposition  25  (pu  151)  is 
on  the  mode  of  fixing  a  imiversal  and  peipeinxal  measure,  which  he 
proposes  should  be  the  third  part  of  a  seconds  pendulum,  and  names  a 
horary  fooL 

Newton,  in  his  'Prindpia,'  Ub.  i.,  s.  10,  investigates  the  oao£Qations 
of  a  body  in  a  cydoid,  or  in  an^  other  curve;  lib.  ii.,  s.  6,  he  ooosiden 
the  effects  of  a  resisting  medium  on  a  pendulous  body ;  and  lib.  iii, 
prop.  19,  he  determines  tiie  figure  of  the  earth,  supposing  it  to  be  fluid 
and  of  uniform  density,  to  be  a  spheroid  of  which  the  equatorial  and 
polar  diameters  are  as  220  :  229.  In  prop.  20  he  computes  the  lengths 
of  the  seconds  pendulum  and  of  the  degrees  of  the  meridian,  yrhich  are 
required  on  the  foregoing  suppositions;  and  he  remarics,  "Quod 
inequalitas  diametrorum  terra  facilius  et  certius  per  experimenta  pen- 
diilorum  deprehendi  possit  quam  per  arcus  gepgraphioe  mensuratoa  in 
meridiano."  In  the  following  pages  is  an  analysis  St  the  lengths  of  the 
pendulum  which  had  come  to  his  knowledge. 

We  have  not  been  able  to  find  any  account  by  Graham  himself  of 
two  very  capital  improvements  which  he  seems  to  have  introduced  into 
pendulum  experiments.  The  first  is  a  ,dodc,  in  which  "  he  eatefally 
contrived  that  its  pendulum  might  at  pleasure  be  reduced  to  the  same 
length  whenever  there  should  be  occasion  to  remove  the  do^  from 
one  place  and  set  it  up  in  another."  (Bradley's '  Account  of  the  gdng 
of  a  Clock  by  Graham,  in  London,  and  at  Black  River,  Jamaica,' '  PhiL 
Trans./  voL  xxxviii,  p.  802.)  Pkx>bably  this  was  done  by  drawing  the 
spring  through  a  dip  to  a  given  mark ;  for  in  another  description  of  a 
similar  clock  it  is  said  the  suspending  spring  was  broken.  We  do  not, 
however,  see  need  for  any  adjustment  in  this  respect,  if  the  spring  be 
piimed  into  the  rod  and  into  its  upper  axis.  The  pendulum  was  not 
compensated,  but  a  thermometer  was  endosed  in  the  dock,  and  as  the 
rate  in  different  temperatures  at  the  same  place  had  been  determined, 
the  reduction  to  a  normal  temperature  was  easy.  Clocks  of  this  kind 
were  supplied  to  the  Prendi  expeditions  for  measuring  arcs  of  the 
meridian  in  Lapland  and  Peru.  For  this  latter  eipedition  Graham 
supplied  Godin  vrith  a  detached  pendulum,  which  Godin  thus  describes  : 
— **  Ce  pendule  est  compost  en  general  d'un  fil  de  ouivre,  d'une  boule 
de  mdme  matidre  K  un  de  ses  bouts,  et  d'une  pi^  d'ader  taillfe  en 
couteau  &  I'autre  bout>  qui  est  cdui  de  suspension :  ce  oouteau  porte 
sur  deux  montanta  d'ader  en  deux  points  qui  designent  I'axe  du 

*  This  Tdmac  eontaint  Pkari's  observationi,  ai  ncll  as  Eieber**. 
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mouyement  du  pendule."  ('  Acad.  Boy.  des  Sciences/  1735,  p.  507.) 
He  says  its  motion  was  sansible  for  eighteen  hoars.  It  seems  that 
this  pendulimi,  the  vibrations  of  which  were  to  be  counted  by  a  dock, 
was  also  intended  to  measure  the  actual  length  of  the  pendulum. 
Messrs.  Bouguer  and  La  Ck>ndamine  both  had  detached  pendulums 
made  after  Graham's  idea.  Bouguer  (same  volume,  p.  526)  describes 
this  pendulum  as  an  invention  of  his  own;  La  Condamine  ('-Journal 
du  Voyage/  p.  148)  is  more  open,  and  says  he  took  the  idea  from  a 
copy  which  Hugo  made  after  Graham's.  This  is  almost  exactly  Eater's 
invariable  pendulum.  Mairan's  measurement  of  the  length  of  the 
seconds  pendulum  ('  Acad.  Boy.  des  Sciences/  1735,  p.  153)  is  a  good 
specimen  of  the  old  method  of  measuring  the  length  of  the  pendulum  : 
and  the  measures  of  Godin,  Bouguer,  and  La  Condamine,  in  the 
same  volume,  are  worthy  of  notice.  For  references  to  various 
pendulum  experiments,  see  Lalande,  /  Astronomic/  3rd  edit.,  s.  2710, 
etieq. 

In  the  first  volume  of  the '  Transactions  of  the  Society  of  Arts/ 
p.  238,  Mr.  Hatton  proposed,  as- a  mode  of  fixing  a  permanent  standard 
of  length,  to  suspend  a  weight  from  a  fine  hair  to  a  clip  in  an  upright 
bar,  sUding  up  and  down  in  a  vertical  frame.  The  hair  passed  through 
a  fixed  dip.  The  weight  was  to  be  swung,  and  the  vibrations  counted, 
in  two  positions  of  the  bar,  and  from  the  difference  in  the  times  of 
vibration  and  the  space  through  which  the  bar  was  moved,  the  length 
of  the  seconds  pendulum  was  to  be  computed. 

In  17o7  Mr.  John  Whitehurst  pubUshed  'An  attempt  towards 
obtaining  invariable  Measures  of  Length/  &&,  which  is  remarkable  for 
its  ingenuity.  He  suspended  a  leaden  Hall  with  a  flat  steel  ^wire  in 
front  of  a  straight  upright  frame,  the  wire  being  long  enough  tamake 
forty-two  oscillations  in  a  minute.  A  dock  with  dead-beat  escapement 
and  a  clip  to  hold  the  wire  was  did  up  and  down  the  frame,  and 
secured  and  adjustable  at  two  points  where  the  clip  made  the  free 
oscillations  respectively  forty-two  and  dghty-four  in  a  minute.  The 
crutch  of  the  dock,  being  continued  upwards  in  a  screw,  carried  a 
weight,  by  moving  which  &e  oscdllations  of  the  crutch  dUme  could  be 
regulated  to  forty-two  and  dghty-four  oscillations,  and  thertfore  would 
not  interfere  wUh  the  free  oscillation  of  the  hUl  and  wire,  hvi  only  heep 
vp  ihar  motion.  The  going  weight  of  the  dock  was  in  each  case  such 
as  sustained  an  oscillation  of  3".  It  is  dear  that  if  all  were  properly 
executed,  the  dock-frame  with  its  clip  must  have  been  shifted  between 
the  two  podtions  through  a  space  equal  to  the  difference  between  the 
simple  pendulums  which  correspond  to  forty-two  and  eightf-four 
oscillations  per  minute.  A  line  was  drawn  in  each  podtion  along  the 
upper  edge  of  the  clock  frame  upon  a  brass  rule  fixed  to  the  upright 
support,  and  this  space  was  afterwards  accuratdy  measured,  and  the 
length  of  the  simple  seconds  pendul\m4thence  computed.  Whitehurst's 
length  of  the  seconds  pendulum  is  39*1196  inches  of  Troughton's 
standard,  but  the  corrections  for  the  buoyancy  of  the  air  and  for 
temperature  are  not  introduced.  It  is  probable  that  he  introduced 
greater  errors  than  those  he  wished  to  get  rid  of  in  Hatton's  method, 
for  the  real  difficulty  is  not  that  of  counting  the  vibrations,  but  of 
measuring  the  length  between  the  two  dips,  in  avoiding  the  errors  of 
temperature,  and  &e  uncertainty  as  to  the  effective  pomt  of  suspen- 
sion. The  principle  of  Hatton's  method,  that  of  measuring  tiie 
difference  between  two  pendulums,  has  been  adopted,  as  we  shall  see, 
byBesseL 

The  foregoing  account  is  merely  a  sketch  of  the  history  of  this 
mechanical  problem,  which  in  the  lumds  of  Borda,  and  more  recently 
of  Kater  and  Bessel,  has  recdved  a  more  accurate  solution.  There  are 
still  anomalies  and  imperfections  in  some  parts  of  the  processes  which 
require  dearing  up,  but  the  errors  have  been  reduced  within  compara- 
tively moderate  limits.  Before  describing  these  experiments  we  shall 
give  a  brief  account  of  the  formulas  which  they  require. 

The  expresdon  which  connects  ti^e  time  of  one  oscillation  of  a  simple 
pendulum  in  an  infinitesmal  arc,  with  its  length  I,  at  a  place  where  tiie 

n 

force  of  gravity  is  represented  by  ^,  is  <  =  »  -r, »  bdng  3*14159<$,  or 

circumference  to  diameter  1 ;  the  measure  of  gravity  g,  being  twice  the 
sp^ce  through  which  a  body  would  fall  fredy  in  1*,  or,  what  is  the 
same  thing,  tiie  space  through  which  a  body  would  move  in  1*,  with 
the  vdoci^  which  it  acquires  in  faUtng  freely  for  1"* 

Hence  if  2  be  the  length  ofwe  simple  seconds  pendulum, 
(j^7fll\  therefore^  is  known  when  I  can  be  measured.  The  process 
therefore  of  findhig  the  effective  force  of  gravity  at  any  place  is 
reduced  to  finding  the  length  of  the  simple  pendulum  whidi  vibrates 
seconds. 

The  Frendi  astronomers,  in  their  great  survey  of  the  arc  of  the 
meridian,  determined  the  tSbtolute  length  of  the  pendulum  at  different 
stations  between  Dunkerque  and  Formentera,  and  also  in  the  con- 
tinuation to  Unst  in  the  Shetland  Ides,  which  is  included  in  the 
English  trigonometrical  survey.  It  is,  however,  an  operation  of  great 
delicacy,  and  when  only  the  variation  of  gravity  between  different 
places  IS  required,  as  is  the  case  in  researches  into  the  figure  of  the 
earth,  the  observation  may  be  more  easily  performed  by  swinging  the 
same  pendulum  in  different  places,  and  ascertaining  the  number  of 
vibrations  which  it  makes  in  a  day.  Thus  if  n  and  n'  be  the  number 
of  vibrations  made  in  a  day  by  the  tame  pendulum  I,  at  two  different 
places  at  whUsh  the  forces  of  gravity  are  p  and  ^,  atid  the  duration 


of  one  vibration  at  each  place  be  t  and  f,  then  smce  the  time 
of  one  vibration  =  a  day  divided  by  the  number  of  vibrations,  we 
diallhave — 

or  <7  :  5^  :  :  n'  :  n'*. 

That  IS,  the  force  of  gravitv  varies  as  the  square  of  the  number  of 
vibrations  of  a  given  pendulum  in  the  same  time,  which  is  usually 
taken  to  be  a  mean  solar  day.  If ,  therefore,  the  number  of  vibrations 
of  a  pendulum  in  one  day  at  a  given  place,  London  for  instance,  be 
known,  and  it  is  then  transported  to  different  places,  and  the  number 
of  vibrations  in  a  day  counted,  a  simple  proportion  will  connect  the 
forces  of  gravity  at  London  and  every  place  at  which  the  observation 
has  been  made. 

If  the  length  V  of  the  simple  pendulum  at  any  station  be  required 
from  these  observations. 


r  = 


Inf^ 


since  i  :  i'  :  >  ^  ;  </  :  :  n«  :  «'«, 
,  which  gives  the  length  of  the  pendulum  at  any  place  in 

terms  of  the  length  at  London,  and  the  number  of  vibrations  per  diem 
at  that  place  and  London. 

Though  it  scarcely  bdongs  to  our  subject,  we  will  give  the  expres- 
don by  which  the  eUiptidty  of  the  earth  is  determined  from  pendulum 
observations.  The  length  of  the  seconds  pendulum  at  any  latitude, 
A,  may  be  supposed  2=:A-(-B.sin.*X,  where  a  and  b  are  constant 
quantities.  Kow  from  all  the  good  observations,  dther  of  the 
actual  length  or  the  number  of  vibrations  per  day  of  the  same 
pendulum,  determine  the  yalues  of  a  and  B;  then,  by  Glairaut's 
theorem, 

the  elliptidty  of  the  earth  =s  •  '008668  —  — ; 

whence  the  elliptidty  is  found.  By  dlipticil^  is  meant  the  excess  of 
the  equatorial  over  the  polar  radius  of  the  earth,  divided  by  the  polar 
radius. 

The  apparatus  of  Borda  will  be  generally  intdligible  from  the  follow- 
ing description  and  figures. 

B 


Borda*«  Pendulam  Apparatat. 

The  plumb-line  is  suspended  from  a  knife-edge  piece,  a  b,  and  is 
attached  bdow  to  a  cup,  B,  which  is  ground  to  fit  very  exactiy  the 
platinum  ball  bdow.  A  littie  grease  is  rubbed  on  the  indde  of  the 
cup,  making  the  contact  perfect  enough  to  exdude  the  air  and  to  sus- 
pend the  ball  The  knife-edge  rests  on  agate  planes,  o,  6,  which  are 
carefully  levelled,  and  the  frame  o  D,  which  carries  the  planes,  is  fixed 
immoveably  in  a  horizontd  podtion.  The  plumb-line  is  in  front  of  the 
comparing  dock,  which  has  a  small  cron  drawn  on  the  bob.  When  both 

5m 
♦  Thia  is  Mr.  Alry'i  value  for  —^  ^here  m  is  the  ratio  of  the  eentriftagal 

force  at  the  equator  to  the  force  of  gravity  there.  (*  EncyclopeBdia  Metropoli. 
tana,'  Figure  of  the  Earth,  eect.  2.)  Biot,  « AitrouQinie,'  voL  «,  addlttona, 
p.  169,  glTee  0*OOS65;  the  eeatriftigal  force  m  being  euppoeed  ^  of  the  force 
of  gravity  at  the  equati^r. 
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aze  at  rest,  a  telescope  having  a  yertieal  line  in  the  foouB  is  placed 
a  few  feet  distant,  so  that  the  cross,  the  plamb-line,  aod  the  fixed 
wire  of  the  telescope  are  all  in  the  same  right  line,  and  all  seen  dt^ 
HncHy,*  Such  a  length  is  given  to  the  plumb-line  as  that  its  oscil- 
lations shall  be  a  little  slower  than  those  of  the  dock. 

The  dock  is  now  set  a-going,  and  when  it  is  quite  steady,  the  platinum 
ball  is  drawn  a  little  on  one  side,  and  made  to  swing  through  a  very 
small  are,  one  or  two  degrees  at  Ihe  most.  The  observer  then  places 
himself  at  the  telescope,  and  notes  the  exact  beat  of  the  clock  when 
the  plumb-line  bisects  the  cross  and  coincides  with  the  fixed  wire  at 
the  same  time :  this  is  called  a  comddence.  As  this  observation  seems 
liiuoh  less'  definite  than  in  Eater's  method,  it  is  better  to  note  those 
beats  before  and  after  the  coincidence,  when  the  eye  cannot  distinguish 
whether  it  is  a  coincidence  or  not,  and  to  take  the  mean  of  the  two 
for  the  true  time  of  coincidence.  Immediately  after,  the  extent  of  the 
arc  through  which  the  plumb-line  swings  is  to  be  read  ofT  on  a  scale 
placed  just  behind  it ;  the  thermometers  which  are  near  the  pendulum 
must  also  be  read  off,  and  also  the  height  of  the  barometer.  The 
observer  now  waits  until  this  appearance  presents  itself  a  second  time 
(which  may  be  in  about  ten  minutes,  though  the  interval  is  quite  ad 
iibifum),  and  having  thus  established  the  time  which  elapses  between 
the  observations^  he  may  leave  the  apparatus  for  three,  four,  or  five 
hours,  when  on  his  return  the  same  observations  must  be  repeated  of 
ooineidence,  arc,  temperature,  and  barometer,  and  the  series  is  finished. 
'  We  should  recommend  dosing  as  well  m  commencing  a  series  with 
two  coincidences  in  inajoftm  emtieiam,  but  except  as  a  check,  no  ob- 
servations are  required  except  the  first  and  the  last  The  plum1>]ine 
is  again  set  in  motion  exactly  as  before,  and  the  second,  third,  and 
following  series  observed.  The  rate  of  the  dock  is  established  by 
astronomical  observation. 

After  a  satisfactory  number  of  series  has  been  taken,  the  next  object 
is  to  measure  the  length  of  the  pendulum.  The  plane  i  H  is  raised  by 
a  fine  screw  until  it  just  toudies  the  bottom  of  the  platinum  ball.  This 
is  an  operation  of  great  nicety,  and  must  be  effe(^ed  by  two  or  three 
trials,  88  the  exact  temperature  of  the  wire  at  the  eaeact  moment  of 
contact  is  required ;  and  the  presence  of  the  observer,  even  for  a  short 
time,  is  sufiident  to  affect  a  slight  wire  very  sensibly.  Suppose  this 
done,  the  apparatus  is  removed  or  pushed  on  one  side,  and  a  bar,  which 
has  a  knife-edge  above  and  a  sliding  tongue  below,  is  suspended  in  its 
place.  The  tongue  is  slid  down  imtil  it  touches  the  plane  i  b,  and  the 
distance  between  the  knife-edge  and  the  bottom  of  the  tongue  measures 
the  distance  between  the  top  and  bottom  of  the  pendulum.  This  dis- 
tance, may  be  measured  in  several  ways;  the  BVench  astronomers  use 
a  contrivance  which  need  not  be  described  here. 

One  of  the  great  practical  difficulties  in  this  spedes  of  pendulum 
experiments  seems  to  be  the  extreme  and  sudden  sensibihty  of  the 
plumb-line  to  temperature.  The  whole  apparatus  is  endosed  in  a  glass 
cage  to  exdude  currents  of  air,  and  the  observer  is  particularly  careful, 
after  bringing  the  lower  plane  into  contact  with  the  bottom  of  the 
ball,  to  absent  himself  until  the  temperature  is  steady,  and  then  to 
make  the  contact  complete.  It  is  another  objection  that  the  different 
manipulations  required  are  of  great  delicacy,  and  therefore  not  suited 
to  every  observer  and  every  place ;  but  when  the  utmost  care  and  Aill 
are  employed,  the  results  appear  satisfactory. 

The  knife-edge,  a  b,  by  which  the  line  and  ball  are  suspended,  is  an 
ingenious  contrivanoe,  exactly  similar  to  Whitehurst's  synchronous 
crutch  above  described.  By  the  upper  screw  and  weight,  the  oscilla- 
tions of  the  knife-edge  €U(me  can  be  made  synchronous  with  the  oscilla- 
tions of  the  whole  pendulum,  so  that  the  oscillations  are  just  the  same 
as  if  the  knife-edge  were  immaterial,  and  the  point  of  suspension 
exactly  in  the  line  of  its  edge.  The  platinum  ball  can  be  suspended 
from  any  side,  and  if  two  positions  diametrically  opposite  be  taken, 
the  effect  of  any  irregularity  |f  shape  or  density  disappears  from  the 
mean  of  the  two  results.  There  are  several  corrections  to  be  applied  to 
the  quantities  immediately  given  by  observation,  before  the  length  of 
the  simple  pendulum  can  be  conduded.  The  oscillations  are  made  in 
an  arc  of  sensible  extent.  Kow  the  time  of  oscillation  in  an  are  of  A** 
on  each  side  the  lowest  point,  is  greater  than  the  time  in  an  infinitely 

smsU  are  (which  is  the  are  required),  in  the  proportion  of  1  -f  ""'  ^' 

to  1.  An  expression  which  depends  upon  the  first  and  last  arcs  of 
each  series,  gives  the  correction  which  is  to  be  added  to  the  number  of 
oscillations  observed.  This  is  taken  from  a  table.  Between  each 
coincidence,  the  plumb-line  has  made  two  oscillations  less  than  the 
dock,  therefore  subtracting  twice  the  number  of  coinddences  from  the 
number  of  seconds  elapsed  between  the  first  and  last  coinddences,  you 
will  have  the  number  of  oscillations  of  the  pendulum  during  a  certain 
time  shown  by  the  dock.  Each  of  these  numbers  requires  a  correc- 
tion :  to  the  number  of  oscillations  of  the  pendulum,  must  be  added 
the  correction  for  are  just  mentioned ;  and  to  the  time  as  shown  by 
tiie  clock,  the  proportional  part  of  its  rate  during  the  experiment.  A 
simple  proportion  will  now  give  the  number  of  infinitdy  small  vibra- 
tions in  2i  hours. 

♦  This  is  not  always  prtctleable,  and  it  would,  generally  tpeaUnf ,  be  better 
to  place  a  lens  bet^teen  the  croaa  on  the  dock-bob  and  the  plnmbJine,  and  to 
form  an  image  of  the  eroM  npon  the  pliimb4ine.  It  is  desirable  on  many 
aocoonts  that  the  two  pendolnms  should  not  be  very  near  eaeh  other. 


<  Further  correotidns  are  to  be  applied.  The  length  of  the  wire  and 
ball  during  the  observations  must  be  reduced  to  the  length  they  would 
have  had  at  the  temperature  when  the  contact  with  the  plane  and  the 
measurement  was  znade,  and  this  again  must  be  converted  into  the 
equivalent  Iragth  when  the  thermometer  is  at  the  freezing-point, 
whioh  is  the  French  standard  temperature.  The  theoretical  penduluu 
is  supposed  to  swing  tf»  vacuo,  and  as  the  density  of  the  air  affecta  the 
time  of  oscillation  two  ways,  both  by  diminishing  the  moving  force  of 
the  pendulum  and  by  addmg  *  to  its  inertia  by  the  air  carried  along 
with  it,  a  correction  is  required  on  this  account,  which  depends  upon 
the  barometer  and  thermometer,  on  the  specific  gravity  of  the  matenals 
of  the  pendulum,  and  also  on  its  form. 

From  the  dimensions  and  specific  gravities  of  the  parts  of  the  appa- 
ratus, the  distance  between  the  centre  of  oscillation  and  the  bottom  ol 
the  ball  can  be  computed.  Hence  the  length  of  the  simple  pendulum, 
which  oscillates  in  an  infinitely  small  arc  a  certain  number  of  times  ia 
a  day  and  in  vacuo,  can  be  assigned,  from  which  iho  length  of  the 
seconds  pendulum  is  deduced  by  simple  proportion* 

If  the  place  of  observation  be  above  the  levd  of  the  sea,  it  is  usual 
to  reduce  the  length  to  what  it  would  have  been  at  the  sea-lev«I 
This  is  a  very  uncertain  quantity,  as  it  depends  upon  the  configuration 
and  density  of  ihe  strata  in  and  near  the  spot.  In  the  earlier  experi- 
ments gravity  was  supposed  to  vary  inversely  as  the  square  of  the  dis- 
tance from  the  centre  of  the  earth,  and  thus  the  attraction  of  the 
matter  between  the  observer  and  the  sea-level  was  wholly  n^ected 
Dr.  Toung  showed  that  in  a  table-land  of  average  density  the  ooixec- 
tion  thus  obtained  was  too  laige,  and  should  be  multiplied  by  0*66. 

For  a  full  description  of  Borda's  method,  with  instances,  kc.,  see 
'  Base  du  Systkne  M^ique  D^mal,'  voL  iii.,  p.  337  (Borda's  original 
memoir) ;  and  sgain,  vol  iv.,  p.  HI  ('  Observations  from  Formentera 
toUnst*). 

Many  modifications  and  improvements  have  been  introduced  into 
Captain  Eater's  method  of  determining  the  length  of  the  pendulum, 
and  we  must  refer  to  his  paper  ('  PhiL  Trans./  1818,  p.  33)  for  a  minute 
description  and  for  a  plate  of  his  apparatus. 

The  prindple  of  his  method  is  founded  on  the  beautiful  dynamical 
theorem  due  to  Huyghens,  li^ch  we  have  already  mentioned,  namely, 
that  the  axis  of  suspension  and  centre  of  oscillation  are  reciprocal  in 
the  same  body.  Now  conceive  two  wedge-formed  pieces  of  sted  (knife- 
edges),  with  the  sharp  edges  towards  each  other  and  parallel,  to  be 
fixed  1^  right  angles  to  a  bar  of  any  form  whatsoever,  and  in  a  line 
passing  through  its  centre  of  gravity;  then  if  the  time  of  oscillation 
on  either  edge  be  the  same,  the  distance  between  the  knife-edg€s  is 
the  length  of  the  simple  pendulum  which  swings  in  the  same  time. 
Ciq[>tain  Kater,  in  his  experijooents,  used  a  pendulum  of  an  inconvenient 
form,  the  same  nearly  as  in  his  invariable  pendulum  (see  out  of  Katers 
invariable  pendulum),  with  a  second  knife-edge  bdow  the  centre  of  the 
bob,  and  tnere  are  several  doubtful  points  in  the  reductions  which  he 
employed  and  the  subsequent  measurement  between  the  edges;  still 
his  memoir  must  always  be  carefully  perused  by  any  future  experi- 
menter who  wishes  to  make  himsdf  thoroughly  acquainted  with  the 
subject.  The  method  of  observing  the  coincidences  is  remarkably 
ingenious  and  accurate. 

We  conceive  that  the  best  form  of  pendulum  for  the  object  of 
measuring  the  actual  length  according  to  Kater's  method  is 
that'  adopted  by  Mr.  Baily.  a  o  is  a  rectangular  bar,  with 
one  knife-edge  at  the  end  a,  and  the  other  at  B,  about  {  of 
the  length  £rom  the  same  point,  a  should  be  as  near  the 
end  as  sound  workmanship  will  allow.  The  necessary  veri- 
fications, namdy,  the  parallelism  of  the  knife-edges,  their 
perpendicularity  to  the  bar,  and  that  the  line  which  joins 
the  knife-edges  passes  also  through  the  centre  of  gravity, 
are  all  very  simple,  and  there  is  little  difficulty  in  adjusting 
the  oscillations  on  each  knife-edge  to  synchronism.f  This 
bar  pendulum  is  suspended  on  agate  planes  in  front  of  the 
clock,  great  care  being  taken  that  the  support  is  perfectly 
firm  and  the  agate  planes  horizontal.  A  white  disc  of  a 
spindle  shape  and  exactly  the  width  of  the  bar  is  pasted  on 
the  dock  bob,  and  thd  viewing  tdescope  fixed  in  a  line  with 
the  disc  and  bar,  so  that,  both  being  at  rest,  the  white  disc 
is  just  covered  by  the  bar.  Captain  Kater  used  a  diaphragm 
in  his  telescope,  the  sides  of  which  were  paralld  to  the  bar 
and  touched  its  edges;  but  it  has  been  found  more  con- 
venient to  place  a  pair  of  parallel  plates  between  the  bar  and 
the  disc,  the  sides  of  which  are  so  adjusted  as  just  to  allow 
the  disc  on  the  dock  bob  to  be  seen  between  them.  There  is 
a  divided  scale  to  mark  the  are.of  vibration,  two  or  three  ther- 
mometers are  hung  at  different  heights  about  the  pendulum 
bar  to  register  the  temperature,  and  there  is  a  barometer  for 
the  atmospheric  pressure,  all  whioh  are  to  be  read  at  the  beginning 
and  end  of  each  series.    The  observation  itself  is  of  the  simplest  kind. 

*  This  part  of  the  correction  duo  to  the  air  was  omitted  in  the  French 
experiments  and  in  Captain  Kater's :  see  Mr.  Bailj's  memoir  referred  to  abore, 
and  Aia. 

t  This  may  be  done  two  ways.  Place  the  knife  edges  ▲  and  b  at  the 
distance  which  will  give  the  proper  interval  for  eoineldences,  99*4  inehe«  for 
iastanoe,  ▲  being  at  one  end,  and  make  the  bar  rather  more  than  one-third 
longer;  then  the  oscdllatfOBS  on  a  will  be  slower  than  those  on  a«    By  filing 
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Set  the  clock  going,  and  when  its  arc  is  steady,  giye  the  pendulum  ^ 
small  motion,  1°  or  14"  at  the  utmost  The  white  disc,  which  is  at 
first  wholly  visible,  is  gradually  invaded  by  the  bar,  till  at  last  it  is 
entirely  covered,  first  oiie  side  and  tlien  the  other  disappearing.*  These 
times  (ft  disappearance  are  to  be  noted.  Almost  inmiediately  after, 
the  white  edges  reappear,  first  on  one  side  and  then  on  the  other,  and 
these  reappearances  are  noted.  The  mean  of  the  four  gives  the  true 
time  of  coincidence.  It  has  been  found  convenient  in  practice  not  to 
make  the  adjustments  with  the  highest  deigree  of  precision,  for  you  are 
then  in  doubt  on  which  side  the  first  disappearance  and  reappearance 
will  take  place ;  whereas  if  there  is  a  very  little  displacement,  attention 
need  only  be  fixed  on  every  alternate  b^t,  which  is  less  strain  on  the 
eye  and  on  the  mind.  Tms  displacement  however  must. be  trifling, 
otherwise,  when  the  arc  becomes  small,  the  disappearances  and  reap> 
pearances  will  not  take  place.  The  reductions  for  the  rate  of  ^e 
clock,  for  the  arc  of  vibration,  the  temperature,  the  buoyaney  of  the 
air  and  its  inertia,  and  the  height  of  the  place  of  observation  above 
the  sea-level,  are  aU  to  be  made  as  in  Borda's  pendulum.  For  the 
details  we  refer  to  the  standard  i](iemoirs  which  have  been  published 
on  the  subject.  But  there  are  two  or  three  points  which  deserve  more 
attention  than  they  have  generally  met  with.  The  dock  is  only  to  be 
considered  as  a  counter  of  the  vibrations,  and  to  avoid  any  error  arising 
from  its  irregular  rate,  the  observations  should  be  continued  without 
intermission  between  two  epochs,  at  each  of  which  the  error  of  the 
clock  is  ascertained  by  astronomical  observation.  If  this  be  done,  the 
only  reliance  upon  the  clock  is  for  the  short  time  which  elapses  between 
the  last  coincidence  of  one  series  and  first  of  the  next.  It  is  true  that 
this  mode  of  observing  requires  artificial  illumination,  for  it  must  be 
continued  day  and  night.  This  is  no  disadvantage,  but  the  contrary, 
for  as  the  other  great  practical  difficulty  is  that  of  ascertaining  the 
exact  temperature  and  keeping  it  steady,  the  best  place  for  observation 
is  a  deep  roomy  vault  or  cellar. 

The  correction  for  the  buoyancy  of  the  air  depends  on  the  spedfie 
gravity  of  the  pendulum ;  that  arising  from  the  curagged  air,  which  we 
have  called  inertia,  on  its  form.  Jt  is  very  desirable  that  Uie  experi- 
ments should  be  made  in  vacuOj  and  where  that  is  difficult  or  impos- 
sible, as  in  a  travelling  apparatus,  the  law  and  quantity  of  the  correc- 
tion for  each  pendulum  should  have  been  previously  experimentally 
determined  in  vaaw.  The  variation  for  temperature  ahoidd  be  got 
from  a  comparison  of  sununer  and  winter  experiments  at  the  same 
place.  In  addition  to  the  height  of  the  place  of  observation  above  the 
Bea-level,  a  rough  survey  should  be  taken  of  the  form  of  the  surround- 
ing country,  and  of  the  kind  of  strata,  with  the  specific  gravity  of  each. 
This  is  particularly  necessary  where  the  heights  are  considerable.  (See 
Young's  Remarks, '  PhiL  Trans.,*  1819,  p.  93.) 

Still,  when  eveiy  known  precaution  has  been  taken,  there  are 
anomalies  in  the  results  of  this  experiment  which  are  not  yet  clearly 
understood.  It  is  veiy  difficult  to  make  the  edge  of  the  knife  per- : 
f ectly  straight,  and  to  keep  it  so  when  it  is  listened  to  the  bar.  There 
is  considerable  uncertainty  in  measureil  of  distance  between  the  reci- 
procal knife-edges;  and  lastly  there  is  no  authorised  standard  of  length 
at  present  exiting  in  England  in  terms  of  which  the  distance  can  be 
expressed.  The  length  of  the  simple  pendulum  which  vibrates  seconds 
in  the  latitude  of  London,  is  not  it  present  known  with  the  degree  of 
certainty  +  which  the  importance  of  the  problem  demands^  and  which 
is  attainable. 

Captain  Kater  proposed  the  following  form  of  pendulum  for  deter- 
mining the  number  of  oscillations  which  the  same  pendulum  describes 
in  different  places,  which  is  nearly  the  same  as  Graham's,  above  de- 
scribed. Mr.  Baily  prefers  the  bar  with  two  knife-edges,  the  same  as 
that  used  for  determining  the  absolute  length,  and  he  directs  observa- 
tions to  be  made  at  each  place  with  both  knife-edges.    There  is  cer- 

from  the  end  c,  these  may  be  made  to  agree  after  two  or  three  trials,  or  i/  the 
pendulom  ahoald  be  too  short,  a  weight  may  be  added  at  this  end,  such  as  is 
pointed  out  by  the  black  dot  near  c. 

*  Mr.  Baily  uses  two  alips  of  gold  leaf  pasted  on  a  tail  to  his  olock  pendiu 
loox  for  a  disc,  which  answers  yerj  well.  In  the  experiments  at  Dolooath 
^e,  Messrs.  Airy  and  Whewell  had  a  disc  of  enamel  at  the  end  of  a  small  rod, 
^hich  was  screwed  into  the  bob  and  projected  from  it.  The  disc  could  be 
mclined  so  as  to  appear  of  the  proper  breadth  and  to  receive  an  oblique  illumina- 
tion. This  part  of  the  experiment  is  almost  irreproachable,  but  perhaps  in 
nature  it  would  be  safer  to  plaoe  the  clock  and  pendulum  at  greater  distances 
Hom  each  other,  and  to  get  sharp  edges  by  interposing  a  lens. 

1*  Captain  Kater's  measure  was  doubtful  in  several  respects,  and  though  it  has 

°^^  partially  oorreoted,  it  is  still  nncerUin.    He  expressed  the  length  of  the 

pendulum  in  terms  of  Sir  George  Shuekburgh's  scale  (which  has  probably 

[Offered  injury  since  that  time),  and  this  he  found  to  be  identical  with  the  par- 

™entary  measure  declared  to  be  standard  by  the  5  Geo.  IV.,  o.  74.    The  Act 

w  Parliament  standard  was  destroyed  when  the  houses  of  parliament  were 

^^^nied.    Fortunately  a  very  beautiful  scale  of  6  feet  had  been  previously  made 

^  ^e  Astronomical  Socie^,  and  three  feet  in  this  scale  had  been  compared 

™&ny  hundred  times  with  the  parliamentary  standard.    As  almost  all  the  recent 

^es  and  comparisons  which  have  been  made  in  England  have  been  compared 

ith  this  last-mentioned  scale,  it  must  be  considered  to  be  the  scientific 

Dgluh  standard,  and  the  best  evidence  of  the  parliamentary  standard  which 

*"t8.    The  definition  for  restoring  the  yard,  if  lost,  according  to  the  Act  of 

whament,  that  is,  by  the  length  of  the  seconds  pendulum,  as  it  depends  upon 

erroneous  determination,  would  give  a  new  standard,  differing  sensibly  from 

!°^  previous  one  which  it  was  meant  to  preserve.    (Baily's  Beport  on  a  Standard 

°^ei    Astron.  Boc.  Mem.,*  vol.  ix.  p.  35.) 
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tainly  a  great  advantage  in  having  a  check  upon  the  knif  d-edges,  as  a 
discrepancy  between  the  two  results  (supposing  the  pendulum  to  have 
been  previously  regulated)  will  show  that  one  of  the  knife- 
edges  has  been  injured.  To  ascertain  which  of  the  two  it  m ' 
is,  requires  a  second  pendulum.  Upon  the  whole,  though 
we  prefer  Mr.  Bail/s  pendulum  to  Captain  Kater's,  yet  we 
think  a  form  suggested  by  M]^.  Aiiy  is,  for  ordinary  pur- 
poses, still  better — it  is,  to  have  the  knife-edge  placed  in 
that  part  of  the  bar  where  the  oscillations  take  place  in  the 
shortest  time.  In  this  case  it  seems  probable  that  any 
ordinary  injurv  of  the  knife-edge  will  not  alter  the  time  of 
vibration.  The  observer  must  be  very  careful  in  these 
stiff  bars  to  see  that  the  pendulum  is  txuly  vertical,  a  pre- 
caution which  in  Kater's  flexible  bar  is  less  necessary.  If  an 
observer  chooses  to  have  a  second  knife-edge  opposite  the 
former  in  the  pendulum  of  minimum  vibration,  there  is  no 
objection  except  the  increased  resistcgice  of  the  air,  the  j.^ 
increased  correction  for  inertia,  and  the  chance  of  con- ^'' /^ 
founding  the  two  positions.  The  mere  observation  of  the 
coincidences,  which  in  its  present  form  was  first  introduced 
by  Kater,  is  so  simple  that  it  will  be  successfully  performed 
]>Y  any  person  the  first  time  of  attempting  it,  and  an  error 
of  a  second  or  two  in  noting  the  moment  is  a  matter  of 
little  importance.  There  is  a  far  greater  latitude  for  error 
in  noting  the  temperature  and  ascertaining  the  clock-rate, 
but  there  is  another  anomaly  attending  the  knife-edge  pen- 
dtilums,  onl^  partially  (understood  at  present,  whi<£  is  much  more 
vexatious  than  temperature  or  dock-rate.  As  the  pendulum  swings 
about  those  points  of  the  knife-edge  which  are  in  contact  with  the 
agate  planes,  it  is  clear  that,  supposing  any  imperfection  in  both, 
these  points  may  be  altered,  when  the  axis  of  suspension,  and  con- 
sequently the  time  of  osculation,  will  be  altered  too.  Hence  it 
is  advisable  to  place  the  knife-edge  as  exactly  as  posable  always 
in  the  same  position  on  the  agate  plane,  both  as  to  front  and  back, 
and  also  as  to  right  and  left.  It  will  generally  be  found  thai 
turning  the  pendulum  half  round  on  the  same  knife-edge  will  alter 
its  time  of  vibration  sensibly,  so  that  the  face  in  front  must  always  be 
registered.  iBut  even  when  these  precautions  are  taken,  anomalies 
are  still  found,  which  we  can  only  attribute  to  the  following  cause  : — 
In  most  of  the  pendulums  hitherto  made  the  steel  knife-edge  has 
been  fixed  upon  a  bar  of  different  metal  (brass  and  copper)  with 
stout  brass  knees,  and  the  two  screws  which  fix  the  steel  knife-edge  to 
the  brass  knees  are  at  some  distance  from  each  other.  Now  if,  from 
the  difference  of  expansion  between  the  brass  knees  and  the  knife-edge, 
the  latter  should  be  curved,  not  upwards  or  downwards,  but  in  a 
horizontal  plane,  the  consequent  alteration  of  time  in  the  oscillation 
may  be  very  considerable.  The  steel  edge  therefore  shoiUd  either  \^ 
controlled  by  being  ground  on  a  narrow  slip  let  into  a  brass  wedge,  or 
the  attaching  knees  should  also  be  of  steeL  The  uncertainty  wbdch 
appears  due  to  some  such  cause  as  that  above  described  may  amount 
to  one,  two,  or  even  more  seconds  a  day  in  the  invariable  pendtilum, 
either  of  Kater's  or  Baiiys  construction.  It  is  evident  that  in 
meastuing  the  actual  length  of  the  pendulum  this  error  may  be  further 
increased,  for  the  problem  assumes  the  perfect  parallelism  and  truth  of 
a  pair  of  knife-edges.  For  an  account  of  knife-edge  bar  pendulums, 
see  Kater's  ConvertibU  Pendulum,  with  Young's  Appendix,  '  Phil. 
Trans.,'  1818,  p.  38;  Kater's  Invariable  Pendulum,  'Phil.  Trans,/ 
1819,  p.  837  ;  Sabine's  Experiments  to  determine  the  Figure  of 
the  Earth,  London,  1825;  Sabine's  Comparison  of  the  Length  of 
Pendulum  at  London  and  Greenwich,  'PniL  Trans./  1829,  p.  88 
Sabine,  On  the  Reduction  to  a  Vacuum, '  PhiL  TVans./  1829,  p.  207 
Baily,  On  the  Reduction  to  a  Vacuum,  *  PhiL  Trans./  1832,  p.  899 
Foster's  Pendulum  Experiments,  edited  by  Mr.  Bsdly,  'Mem.  Ast 
Soc./  vol.  viL  (at  page  96  is  giv^  a  table  of  the  results  of  the  most 
accurate  modem  pendulum  experiments).  See  also  Wxights  A3n> 
Measubes. 

The  last  important  measurement  of  the  lengtb  of  the  pendulum, 
which  is  undoubtedly  the  most  satisfactory,  is  due  to  Bessel,  and  is 
described  by  him  in  his  '  Untersuchungen  uber  die  Lange  des  einfachen 
Secundenpendels/  Berlin,  1828,  which  forms  part  of  the  '  Transactions 
of  the  Academy  of  Berlin.'  The  principle  of  his  measure  is  the  same 
as  Hatton's.  Bessel  procured  from  Paris  a  verified  copy  of  the  toise  of 
Peru ;  this  he  placed  upright,  and  suspended  his  ball  and  wire  first 
from  the  top  and  then  from  the  bottom  of  the  toise,  the  ball  being  in 
both  cases  at  the  same  point  below :  the  time  of  oscillation  in  each 
position  was  compared  with  a  clock  in  front.  From  the  difference  of 
the  times  of  oscillation  of  these  two  pendulums,  and  the  difference  in 
their  length,  which  is  a  toise,  the  lengtb  of  the  seconds  pendulum  was 
computed  in  parts  of  the  toise.  Bessel  suspended  his  pendulum  by 
passing  a  flat  and  very  slender  spring  over  a  small  cylinder,  the  spring 
being  continued  downwards  to  the  baU  in  a  fine  wire.  We  must  refer 
to  the  original  memoir  for  a  description  of  the  different  elaborate  oon- 
trivanoes  which  were  introduced  by  Bessel  and  Repsold  for  securing 
accuracy  in  every  part  of  the  process.  All  conceivable  causes  of  error 
are  considered,  and  the  effects  have  been  computed  and  allowed  for. 
The  final  result  is  that  the  length  of  the  seconds  pendulum  at  the 
sea-level  in  the  latitude  of  Konigsbexg,  54*  48'  K.,  is  440*8179  lines  of 
the  toise  of  Peru ;  this  we  consider  to  be  a  measurement  of  the  actoal 
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length  of  the  pendulum,  and  perhaps  the  only  one,  whUh  is  dc£<£XYmg 
of  full  oonfidenoe. 

We  have  already  pointed  out  the  manner  in  which  experimentB 
with  the  pendulum  are  used  to  determine  the  figure  of  the  earth,  and 
stated  that  for  this  purpose  the  simple  bar  with  a  knife-edge  at  the 
point  of  mmimiim  oscillation  seems  the  most  fit.  If  the  present 
imperfections  can  be  overcome,  which  we  see  no  reason  to  despair  of, 
there  is  another  research,  that  of  the  mean  densi^ofthe  earth,  for 
which  such  an  instrument  is  peculiarly  adapted.  The  density  which 
has  been  hitherto  acquiesced  m,  depends  on  the  attraction  of  Sche* 
haUien  upon  a  plumb-line,  observed  by  Uaskelyne,  and  upon  the 
attraotion  of  leaden  balls  measured  by  a  torsion  balance,  according  to 
Cavendish,  and  more  recently  by  Reich.  Now  in  the  Schehi&en 
experiment  the  whole  deflection  caused  by  the  moimtain  was  only 
11^*2,  which,  under  the  circumstances,  might  vexy  essily  be  ^'  or 
even  S''  wrong  either  way.  The  Cavendish  experiment  has  been 
repeated  in  this  country  by  Mr.  Baily,  who  from  upwards  of  2000 
experiments  has  anived  at  the  result  6'67  as  the  densily  of  our  globe. 
StiU  however  it  was  desirable  to  adopt  other  modes  of  expariment, 
which  we  now  proceed  to  point  out. 

If  an  invariable  pendulum  can  be  made  which  is  only  affected  by 
known  causes  of  which  the  effects  can  be  calculated,  the  simplicity  and 
perfection  of  the  observation  by  coincidences,  and  the  unlimited  time 
for  which  it  can  be  carried  on,  will  supply  a  much  broader  and  more 
secure  base  for  the  solution  of  this  important  problem,  and  one  more 
readily  and  universally  applicable.  Two  attempts  were  made  by 
Messrs.  Airy  and  Whewell,  first  by  themselves,  in  1826,  and  afterwards, 
in  1828,  wiui  the  assistance  of  three  Cambridge  friends,  to  deduce  the 
mean  density  of  the  earth  from  observing  the  osoillations  of  detached 
pendulums  at  the  top  and  bottom  of  Dolcoath  Mine,  one  of  the  deepest 
in  ComwalL  As  the  first  operation  was  less  carofully  planned,  we 
shall  confine  our  account  to  the  second,  which  was  altogether  the  best 
arranged  pendulum  experiment  which  had  come  to  our  knowledge  up 
to  that  time,  and  only  miled  from  a  cause  then  first  discovered,  namely, 
that  invariable  pendulums  of  Eater's  construction  are  very  uncertam 
and  inaccurate  instruments.  We  will  call  the  two  pendulums  1  and  2. 
These  were  placed  on  their  stands  opposite  each  other,  and  put  into 
motion  at  the  same  are  (a  board  being  interposed  to  prevent  their 
reciprocal  action  through  pulses  of  the  air),  and  the  times  of  coinci- 
dence observed*  A  few  series  were  thus  miade,  in  which  the  errors  of 
observation  scarcely  amotmted  to  a  hundredth  of  a  second  per  day.* 
Penduliun  1  was  then  sent  to  the  bottom  of  the  mine,  and  and  set  up 
with  its  dock  and  proper  accompaniments.  Pendulum  2  was 
established  with  its  dock  m  a  hut  at  the  surface.  We  will  call  the 
observen  a,  b,  c,  d,  b.  A  set  off  at  six  in  the  morning,  conmienced  a 
series  with  pendulum  2,  and  compared  eight  pocket  chronometers  with 
the  dock  by  coincident  beats  through  a  sidereal  half-seconds  ch]X)no- 
meter.t  ne  then  descended  the  mine  and  commenced  a  series, 
compared  his  chronometers  bdow  exactly  as  he  had  done  above,  and 
then  sent  them  back  to  the  upper  station.  By  this  time  e  had  arrived 
at  the  upper  station  to  finish  the  series  which  a  had  begun,  and  to 
compare  the  chronometers  on  their  return.  In  this  way  the  docks 
were  compared,  without  a  possible  error  of  ^th  of  a  second.  After 
finishing  his  first  series^and  commencing  a  seoond,  a  returned  to  day  (in 
the  miner's  language,  to  gnjM  t).  This  series  was  completed  by  b,  who 
set  off  at  2  p.m.,  niade  a  third  diorter  series,  and  commenced  a  fourth. 
The  night-work  was  taken  by  o  or  B,  one  of  whom  descended  at  10  p.m., 
finished  b'b  series,  and  commenced  a  fresh  one ;  on  his  return  to  day  he 
finished  the  upper  series  which  ■  oommenced  before  going  to  bed,  and 
started  another,  which  was  finished  by  a  before  lUs  next  descent  In 
this  way  observations  were  continued  from  Monday  morning,  July  11, 
to  Saturday  afternoon  (127  hours).  On  comparing  the  results  of  each 
day,  it  was  found  that  the  three  first  days  agreed  extremely  well, 
showing  an  accderation  of  about  2*  per  day  in  the  lower  pendulum ; 
but  the  two  next  days,  this  acceleration  was  about  double.  The  only 
mode  of  accounting  for  this  unexpected  and  vexy  unwdcome  result 
was,  that  the  knife-edges  and  agate  planes  were  imperfect,  and  that  the 
time  of  oscillation  depended  on  the  position  of  the  pendulum  on  its 
plane.  This  had  never  been  suspected  before ;  for  confidence  in  the 
accuracy  of  the  pendulum  was  at  that  time  almost  an  artide  of  fiuth 
among  experimentalists.  To  ssoertain  this,  a  second  series  of  com- 
parisons was  made  between  pendulum  1  and  2,  tiding  care  to  place  the 
knife-edges  exactly  in  the  same  poution  on  their  planes,  and  that  the 
faces  were  turned  the  same  way.    These  comparisons  were  necessarily 

*  In  a  lerics  of  six  honrs,  the  first  and  last  eolnddenoei  could  be  so  olwerved 
as  not  to  ftdmit  an  error  of  more  than  2*  for  the  whole  interval,  and  the  coin, 
cidcness  followed  eaeh  other  In  aboat  twentj  mlnvtet.  A  bright  strip  wm 
mbbed  off  caeh  edge  of  the  tail  of  the  futhsr  sad  qnkker  pendolnm,  and  this 
ifM  iiliunlnated  by  a  lamp  plsoed  ohUqnely.  The  eorreettons  for  are,  barometer, 
temperatnre,  were  the  same  ftir  esoh.  The  time  wss  taken  from  an  ^^iymtnt 
ehronometer. 

t  The  oompsrison  of  a  single  chronometer  was  scaredy  ever  in  error  ^th 
of  a  second,  generally  within  ^th.  The  |  seconds  siderosl  chronometer  wss  com. 
psred  first  and  last  with  the  pendnlnm  dock,  going  nearly  solar  time,  and  in 
the  interral  three  or  five  coincidences  of  each  pocket  chronometer  (which  beat 
(M'4  solar  time)  were  obserted  with  the  sldered  chronometer. 

X  A  miner  div.des  .the  vidhle  world  into  two  parts,  mderpromtd  snd  at 


hurried,  as  a  slip  had  taken  place  in  the  mine  near  the  engme-diaft, 
which  deranged  the  action  of  the  pumps,  and  forced  the  experimenters 
to  repeat  their  operations  bdow  without  delay.  Pendulum  1  was 
again  sent  bdow,  and  the  experiment  repeated  exactly  as  described 
above,  for  three  days  (79  hours),  until  the  underground  obeeiTen 
were  driven  out  by  the  water.  Notwithstanding  all  the  precautions 
which  had  been  taken,*  the  observations  of  the  last  day  gave  a  different 
result  from  the  two  first.  "  The  condumon  therefore  on  which  the 
experimenters  were  unavoidably  forced  was,  that  even  with  the  care 
and  attention  they  had  used,  the  pendulum  could  not  be  trusted.** 
The  pendulums  were  a  third  time  compared  with  each  other  above 
ground,  and  the  intervals  of  coinddence  were  f oimd  to  vaiy,  without 
any  assignable  cause,  from  20"  24*  to  20"  17%  and  back  again  from 
20'"  20'  to  20"  29* ;  and  finally,  during  one  seriei  of  otciUationg,  withtmt 
being  touched,  or  any  one  entering  the  room,  the  time  of  coinddence 
changed  from  20"  25"  to  20"  18',  and  at  last  to  20"  3*.  It  was  there- 
fore dear  that  while  the  mode  of  observing  was  perhaps  suflAdent  to 
detect  a  difference  of  a  hundredth  of  a  second  a  day  (except  from  the 
effects  of  temperature,  which  mi^t  amoimt  to  a  tenth  of  a  second), 
the  pendulums  themsdves,  thou^  used  with  the  utmost  akill  and 
precaution,  and  under  the  tame  dreumttaneet,  were  liable  to  errors  of 
two  seconds  or  more  per  day. 

In  1854  Mr.  Aiiy  repeated  this  experiment  under  more  favourable 
circumstances  on  the  banks  of  the  Tyne,  and  at  the  bottom  of  a  pit  of 
Harton  coUiexy,  one  of  the  deepest  coal-pits  in  this  countiy  (1260  feet 
below  the  surface).  Advantage  was  t&ken  of  electro-telegraphy  to 
make  the  comparisons  between  &e  upper  and  lower  pendulums,  which 
were  found  to  differ  in  rate  2^  seconds  per  day,  from  which  it  followed 
that  the  gravity  for  that  depth  was  incroued  by  the  jgiss^  F^  ^^ 
denmty  of  the  earth  as  deduced  from  this  result  is  between  six  and 
seven  times  that  of  water,  but  Mr.  Aiiy  imagines  that  he  has  not  taken 
full  account  of  the  hollow  of  the  T^e,  of  the  badn  named  Jarrow- 
dake,  of  the  scoop  indicated  by  the  sea,  and  of  the  real  and  observed 
specific  gravity  of  the  rocks  which  cover  the  mines  of  Harton. 
Further  details  on  this  subject  will  be  found  under  Easth,  Msas 
Densitt  of  trk.    [See  also  Gtbo8cx>pb.] 

IPENETRABILITT.  Under  Impekstiubilitt  are  ^ven  a  few 
examples  of  the  apparent  penetration  of  one  body  by  another ;  and, 
indeed,  examples  ox  this  kind  are  more  apparent  than  reaL  There  are 
many  instances  in  chemistry  in  which  a  body  is  dissolved  in  water,  or 
other  liquids,  without  visible  increase  in  bulk.  A  measure  of  sulphuric 
acid  mixed  with  one  of  water,  will  give  less  than  the  sum  of  the  two  ; 
but  it  is  not  Ibpposed  that  in  such  cases  there  is  any  penetration  of 
matter,  but  only  an  alteration  in  dendty,  and  in  the  xdation  of  the 
oompoimd  to  heat,  &c 

PfSNITENTIARlEa    [Prisohs.] 

PENITENTa    [Pknawck.] 

PENNY.    [Coin  ;  Monet. J 

PENSION,  an  annual  sum  granted  by  the  state  to  an  individual 
The  grounds  upon  which  nensions  are  granted  by  the  state  differ 
according  to  the  nature  of  the  government.  In  a  monarchy  the  ser- 
vices rendered  to  the  sovereign  by  those  who  surround  his  peraon  will 
recommend  them  as  fitting  objects  of  reward :  where  a  mixed  form  of 
government  prevails,  attempts  will  be  made  to  establish  some  standard 
of  reward  independent  of  personal  bias  or  caprice.  In  this  country  the 
distribution  of  pendens  is  now  almost  entirely  subject  to  the  contrd 
of  the  legidature ;  but  the  following  notice  wUl  show  that  persevering 
and  loi\g  continued-efforts  have  been  necessary  to  place  it  upon  this 
footing. 

Before  the  reign  of  queen  Anne,  the  kings  of  TJnglMi^  alienated  or 
encumbered  their  hereditary  possesdons  at  pleasure,  and  the  courts 
of  law  sustained  them  in  the  exercise  of  this  power.  In  1690-91, 
Chief -Justioe  Treby,  in  answer  to  the  objection  that  such  power  nu^t 
lead  to  the  destruction  of  the  revenue,  said, "  This  mig^t  be  some 
reason  to  induce  the  making  of  an  act  of  parliament  to  restrain  the 
king^s  power  of  alienation ;  but  since  here  the  parliament  has  thought 
fit  to  £^ve  the  king  such  a  power,  we  ought  to  acquiesce  and  submit  to 
it."  (*  State  Trials,'  vol.  xiv.,  p.  80.)  By  the  1  Anne,  c  7,  the  right  of 
burdening  the  revenue  of  the  crown  with  improvident  grants,  to  the 
injury  of  the  successors  of  the  throne,  was  materially  abridged.  This 
statute,  after  redting  that "  the  necessary  expenses  of  supporting  the 
crown,  or  the  greatest  part  of  them,  were  formerly  defrayed  by  a  land 
revenue,  which  had  from  time  to  time  been  impaured  and  diminished 
by  the  grants  of  former  kings  and  queens  of  this  realm,"  enacts  that 
no  grant  of  manors,  lands,  ftc,  shall  be  made  by  the  crown  from  and 

*  A  considerable  dlilbrenoe  was  found  in  the  temperature  of  the  upper  and 
lower  part  of  the  hut  during  the  first  upper  ground  experiment,  tnm  the  heat 
of  the  Ismp  for  illuminating  the  disc,  which  was  kept  continusUr  burning. 
Before  the  second  experiment,  a  side  lobby  was  boarded  ofli;  in  which  the 
observer  placed  the  illuminating  lamp  a  minute  or  two  before  the  odnddence 
took  plaoe.  The  lamp-light  was  thrown  by  a  reflector  on  the  disc  thrtragfa  a 
hole  In  the  boarding ;  and  when  the  coincidence  had  been  observed,  the  lamp 
was  withdrawn  and  the  hole  stopped  with  flannd.  The  dodc-face  was  illumi- 
nated for  a  short  time  before  coincidence  by  a  hunp  with  a  powerftil  reilector 
through  a  hde  in  the  front  partition,  which  was  also  withdrawn  and  the  hole 
stopped  when  the  obsenrer  had  caught  the  mmiber  of  the  beat.  With  theae 
precautions,  the  temperature  was  perfectly  steady,  and  sensibly  the  ssme  at  all 
altitudes  and  throughout  the  twenty-four  hours. 
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after  the  25th  of  March^  1702,  beyond  ihe  term  of  thirty-one  years  or 
for  three  liveSi  reserving  a  reasonable  rent.  As  this  clause  applied 
only  to  the  land  revenue^  it  was  enacted  by  another  clause  that  no 
portion  of  other  Sranches  of  revenue,  as  the  excise,  post-office,  &c., 
should  be  alienable  by  the  crown  beyond  the  life  of  tiie  reigning  king. 
On  the  accession  of  George  IIL,  in  consideration  of  the  surrender  of 
the  larger  branches  of  the  hereditary  revenue,  a  dvil  list  was  settled  on 
his  majesty,  amounting  originally  to  800,0002.,  and  afterwards  increased 
to  900,000^.,  on  whi(^  the  pensions  were  charged.  There  were  no 
limits,  except  the  Civil  List  itself.  Within  which  the  grant  of  pensions 
was  confined;  and  at  various  times,  when  debts  on  this  list  had 
accumulated,  parliament  voted  considerable  sums  (Sir  Henry  Pamell, 
in  his  work  on '  Financial  Reform/  savs  "  some  millions")  for  their  dis- 
charge. In  February,  1780,  during  tne  administration  of  Lord  North, 
Mr.  Burke  introduced  his  bill  for  ti^e  better  security  of  the  independ- 
ence of  parliament  and  the  economical  reformation  of  the  civil  and 
other  establishments.  In  this  bill  it  was  recited  that  the  pension  lists 
were  excessive,  and  that  a  custom  prevailed  of  granting  pensions  on  a 
private  list  during  his  majesty's  pleasure,  under  colour  that  in  some 
cases  it  may  not  be  expedient  to  divulge  the  names  of  persons  on  the 
said  lists,  by  means  of  which  much  secret  and  dangerous  corruption 
may  be  hereafter  practised.  Mr.  Burke  proposed  to  nsduce  the  English 
pension  list  to  a  maximum  of  60,000^,  but  the  bill,  as  passed,  fixed  it 
at  95,0002.  This  act  (22  Geo.  III.,  c.  82)  asserted  the  principle  that 
distress  or  desert  ought  to  be  considered  as  regulating  the  future  grants 
of  such  pensions,  and  that  parliament  had  a  full  right  to  be  inf oimed 
in  respect  to  this  exercise  of  the  prerogative,  in  order  to  ensure  and 
enforce  the  responsibility  of  the  ministers  of  the  crown.  Mr.  Burke*B 
speech  on  intn^ducing  his  bill  will  be  found  in  the  third  Tolume  of  his 
•  Works,' ed.  1815. 

Up  to  this  time  the  Civil  List  pensions  of  Ireland,  the  penmons 
charged  on  the  hereditary  revenues  of  Scotland,  and  the  pensions 
charged  on  the  4^  per  cent,  duties,  had  not  been  regulated  by 
parliament. 

In  Ireland  the  hereditary  revenue  of  the  crown  was  used  as  a  means 
of  extenaiYe  political  corruption,  the  English  act  of  1  Anne,  already 
cited,  not  being  applicable  to  Ireland.  In  a  speech  of  Mr.  Hutchinson, 
secretary  of  state,  made  in  the  Irish  House  of  Commons,  in  June, 
1793,  he  stated  that  the  gross  annual  hereditary  revenue  of  Ireland 
amounted  to  764,6272.,  reduced  by  various  chaiges  to  275,1022.  only; 
that  the  disposition  of  this  revenue  was  in  the  hands  of  the  king; 
that  **  his  letters  and  seals  were  the  only  authority  ^or  using  it, 
and  the  only  voucher  allowed  by  the  Commissioners  of  Accounts 
and  by  the  House  of  Commons;"  and  that  there  was  no  Board  of 
Treasury  executing  their  functions  under  the  authority  of  parlia- 
ment. The  Irish  parliament,  in  1757,  had  come  to  a  unanimous 
resolution,  **  That  the  granting  of  so  much  of  the  public  revenue  in 
pensions  is  ftn  improvident  disposition  of  the  revenue,  an  injury  to 
the  crown,  and  detrimental  to  the  people.**  The  Irish  pensions  tkea 
amounted  to  40,0002.:  in  two  years  after  the  above  resolution  was 
passed,  an  addition  of  26,0002.  was  made  to  them ;  and  in  1778  they 
were  nearly  double  the  amount  at  which  they  stood  in  1757.  In  1787 
leave  was  refused  to  bring  in  a  bill  to  limit  the  amount  of  pensions, 
and  to  disable  persons  holding  pensions  for  a  term  of  years,  or  during 
pleasure,  from  sitting  and  voting  in  parliament.  Mr.  Forbes,  who 
moved  tlus  bill,  stated  that  "  it  was  a  practice  among  certain  members 
of  the  House  to  whom  pensions  had  been  granted,  to  carry  them  into 
the  market  and  expose  them  for  sale."  In  1790  Mr.  Forbes  again 
moved  reeolutions,  stating  "that  the  Pension  List  amounted  to 
101,0002.,  exclusive  of  military  pensions ;  that  the  increase  of  pensions, 
civil  and  military,  since  February,  1784,  had  been'  29,0002. ;  and  that 
many  of  these  pensions  had  been  granted  to  members  of  parliament 
during  the  pleasure  of  the  crown."  These  resolutions  were  not  adopted. 
In  1793,  when  the  whole  policy  of  the  Irish  goyemment  was  changed, 
among  other  beneficial  measures  introduced  and  recommended  on  the 
authority  of  the  lord-lieutenant  was  a  bill  to  limit  the  amount  of  pen- 
sions and  to  increase  the  responsibility  of  the  Treasury,  which  was 
passed  into  a  law.  By  this  act  (38  Geo.  III.,  o.  34,  Irish  statutes)  the 
pensions  on  the  Civil  List  in  Ireland  were  limited  to  80,0002.,  allow- 
ing a  sum  of  12002.  only  to  be  granted  until  such  reduction  was 
effected.  Grants  held  during  the  pleasure  of  the  crown,  and  converted 
into  grants  for  life  to  the  same  parties  and  to  the  same  amount, 
were  exempted  from  the  limitations  of  the  act.  This  act  carried 
into  effect  a  siurender  of  the  hereditary  revenues  for  the  life  of  the 
king,  and  the  principle  of  appropriating  money  by  parliamentaiy 
authority.  These  restraints  on  the  crown  were  not  however  equal 
in  effidency  to  those  contained  in  the  English  statute  of  Anne.  At 
the  time  of  the  act  of  83  Geo.  IIL  being  passed,  the  Irish  pensions 
amounted  to  124,0002.,  and  the  amount  was  not  reduced  to  80,0002. 
until  1814.  By  the  1  Geo.  IV.,  c.  1,  the  Irish  Pension  List  was  fur- 
ther reduced  to  50,0002.,  no  grants  exceeding  12002.  to  be  made  in  any 
one  year  until  the  list  was  so  reduced. 

The  statute  of  1  Anne,  having  been  passed  prior  to  the  Union,  did 
not  affect  Scothmd;  and  pensions  were  accordingly  granted  by  the 
crown  for  life  or  for  lives,  in  possession  or  in  reversion,  without 
restriction  in  amount  or  in  the  duration  of  the  grant,  other  than  the 
amount  of  the  revenues  and  the  claims  and  burdens  f  already  upon 
them.    By  the  50  Geo.  III.,  c.  3,  the  principle  of  parliamentary  inter- 
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ference  was  established  in  reference  to  the  hereditary  revenues  of 
Scotland,  the  amount  of  the  pensions  was  reduced  to  25,0002.,  and  no 
more  than  8002.  was  to  be  granted  in  any  one  year  until  such  reduc- 
tion was  effected.  At  this  period  the  Civil  List  pensions  of  Scotland 
amounted  to  89,3792.  By  the  1  Geo.  IV.,  c.  1,  the  hereditary 
revenues  of  Scotiand  were  placed  to  the  account  of  the  consolidated 
fund. 

Certain  duties,  called  the  44  per  cent,  duties,  were  not  withdrawn 
from  the  private  control  of  the  crown  until  1830,  when  they  were  sur- 
rendered by  William  IV.  for  his  life,  the  pensions  then  chaigeable 
upon  them  continuing  payable.  On  the  aoession  of  William  IV. 
there  was  nothing  therefore  to  prevent  the  Pension  Lists  of 
England,  Ireland,  and  Scotland  being  consolidated;  and  this  was 
effected  by  1  Will.  IV.,  c.  25,  which  also  made  provision  for  their 
reduction,  on  the  expiration  of  existing  interests,  from  an  amoimt  of 
145,7502.  net,  to  a  future  maximum  sum  of  75,0002.  The  Pension 
List  for  England  was  at  this  period  74,2002.  net;  Scotiand  23,6502.; 
Ireland,  47,9002. 

In  1830  the  ministry  of  the  Duke  of  Wellington  was  overthrown  on 
the  question  of  referring  the  Civil  List  (which  comprises  the  Pension 
List)  to  a  select  committee.  Sir  Heniy  Pamell's  motion  to  that  effect 
being  carried  by  233  against  204. 

In  February,  1834,  in  order  to  define  with  greater  predsion  the  class 
of  persons  to  whom  the  grant  of  pensions  ought  to  be  confined.  Lord 
Althorp,  chancellor  of  the  exchequer  (afterwards  Earl  Spencer),  moved 
resolutions  to  the  following  effect,  which  were  agreed  to  by  the  House  of 
Commons : — "  That  it  is  the  bounden  duty  of  the  responsible  advisers 
of  the  crown  to  reoonunend  to  his  majesty  for  grants  of  pensions  on 
the  Civil  List  such  persons  only  as  have  just  claims  on  the  royal  bene- 
ficence, or  who,  by  their  personal  services  to  the  crown,  by  the  per- 
formance of  duties  to  the  public,  or  by  their  useful  discoveries  in 
science,  and  attainments  in  literature  and  the  arts,  have  merited  the 
gracious  consideration  of  their  sovereign  and  the  gratitude  of  their 
country." 

On  the  accession  of  Queen  Victoria,  in  1837,  the  subject  of  pensions 
was  again  considered ;  and  a  select  committee  of  the  House  of  Com- 
mons, appointed  to  inquire  into  the  Civil  List,  reconunended, — "  That 
in  place  of  granting  a  sum  of  75,0002.  for  Civil  List  pensicms,  her 
Majesty  should  be  empowered  to  grant  in  every  year  new  pensions  on 
the  Civil  List  to  the  amount  of  12002.,  these  pensions  to  be  granted  in 
strict  conformity  with  the  resolutions  of  the  House  of  Commons,  of 
February,  1834."  These  views  were  adopted  by  the  House,  and 
embodied  in  the  1  Vic,  c.  2,  the  words  of  the  resolution  being  intro- 
duced into  the  Act.  Since  the  accession  of  Queen  Victoria,  still  greater 
force  has  been  given  to  the  spirit  of  the  Act,  in  fcon^uenoe  of  the 
recommendations  of  a  select  committee  of  the  House  of  Commons, 
appointed  in  December,  1837,  to  inquire  how  far  the  pensions  chaiged 
on  the  Civil  List,  as  settled  on  the  accession  of  Willi^  IV.,  ought  to 
be  continued, "  having  due  regard  to  the  just  claims  of  the  parties  and 
to  economy  in  the  pubUc  expenditure."  This  committee  after  a 
searching  and  protractisd  inquiry  into  the  merits  of  each  case  on  the 
Pension  List,  recommended  the  immediate  suspension  of  several  pen- 
sions, to  be  regranted  on  the  responsibility  of  the  government,  should 
the  circumstances  of  the  parties  render  it  necessary ;  others  they  con- 
sidered should  determine  at  an  earlier  period  than  specified  in  the 
original  grant;  and  for  several  pensions,  they  considered  it  unadvisable 
to  make  any  future  provision.  In  their  report,  dated  July,  1838,  the 
committee  recommended  that  in  the  case  of  all  future  Civil  List  pen- 
sions, the  reasons  and  motives  of  the  grant  should  be  set  forth  in  the 
warrant  of  appointment;  that  in  pensions  granted  for  services  to 
othera  than  the  individual  by  whom  the  services  were  rendered,  care 
should  be  taken,  if  these  pensions  are  granted  for  younger  lives,  that 
is,  to  the  sons  or  daughters  of  the  individual  entitled  to  the  pension, 
that  no  undue  increase  of  charge  should  be  jnade ;  and  that  such 
grants  should  be  avoided,  except  under  very  peculiar  circumstances  : 
they  recommended  also  that  pensions  for  the  relief  of  distress  should 
be  granted  only  on  the  condition  of  their  ceasing  when  the  circum- 
stances of  the  parties  no  longer  require  their  continuance ;  that  all 
pensions  should  be  held  liable  to  deduction  or  suspension  in  the  event 
of  the  parties  being  appointed  to  office  in  the  public  service;  that 
under  no  circumstances  should  the  mere  combination  of  poverty  witii 
the  hereditary  rank  of  the  peerage  be  considered  as  a  justification  of 
a  grant  of  pension.  The  committee  also  recommended  that,  in 
order  to  avoid  any  possible  doubt  or  misconception  hereafter,  enact- 
ments should  be  made  with  respect  to  the  Iri^  and  Scotch  tevenue 
analogous  to  those  contained  in  the  English  statute  of  1  Anne. 

Besides  the  pensions  on  the  Civil  List,  the  regulation  of  which  at 
different  periods  has  been  referred  to  above,  there  are  vast  sums 
annually  appropriated  by  parliament  to  the  payment  of  pensions  of 
another  description.  Thus  in  1860-1  the  sum  of  1,063,3712.  was  voted 
on  account  of  the  out-pensioners  of  Chelsea  Hospital,  58,469  in  number ; 
232,7642.  to  the  out-pensioners  of  Greenwich;  135,7852.  to  2478  widows 
of  officera  of  land-forces ;  and  to  officers  in  each  of  the  civil  depart- 
ments of  the  government  laige  sums  are  annually  paid  in  pensions 
and  superannuation  allowances.  The  half-pay  to  retired  officers  of  the 
navy  and  army  may  also  be  considered  in  tiie  light  of  a  pension.  The 
Civil  List  pensions  in  the  year  ending  June  20,  1860,  amounted  to 
15002.,  divided  among  twenty-two  recipients! 
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PENSIONARY,  QRAND,  waa  the  name  generally  given  to  the  arst 
magiitrate  of  the  state  or  republic  of  Holland,  which  was  a  member  of 
the  confederation  of  the  Seven  United  Provinces  of  the  Netherlands. 
The  Pensionary  was  the  president  of  the  council  of  states  or  legislature 
of  Holland,  and  he  was  at  the  same  time  the  first  minister  of  the  republic, 
and  transacted  business  with  foreign  powers,  like  the  Avoyer  of  Bern 
and  other  Swiss  cantons.  He  was  elected  for  five  years,  but  was  gene- 
rally confirmed  indefinitely,  and  often  for  life.  He  was  also,  in  virtue 
of  his  office,  the  perpetual  deputy  of  the  state  of  Holland  to  the 
assembly  of  the  states-general  of  the  United  Provinces,  of  which  he 
was  a  most  influential  member,  in  consequence  of  the  superior  import- 
ance of  the  province  of  Holland.  His  name  was  derived  from  the 
pension  which  was  attached  to  his  office.  He  was  also  styled  advocate- 
general  to  the  states  of  Holland.  The  individual  chosen  for  this  high 
office  was  a  person  well  versed  in  the  science  of  the  law,  and  he  is 
styled  by  Grotius  "Adsessor  Jurisperitus."  The  various  tovms  of 
Holland  and  Zealand  had  also  each  their  pensionary,  or  chief  municipal 
magistrate. 

PENSTOCK,  a  kind  of  small  sluice  or  floodgate,  employed  to  retain 
or  let  go  at  pleasure  the  water  of  a  mill  or  other  pond.  A  out  of  a 
simple  form  of  penstock  sluice  is  given  under  Irbioation.    [Sluice.] 

PENTACHLORXYLON  (C,,H.C1,0  J.  One  of  the  chlorinated  pro- 
ducts of  the  decomposition  of  creasote. 

PENTACHORD,  an  ancient  Greek  musical  instrument,  which  had, 
as  the  word  implies,  five  strings.  The  term  also  signified  a  scale  of 
five  sounds. 

PENTATEUCH  {nfyrdrtvxos,  from  Wkt«,  "five,"  and  rtvxot/* ik 
rolume")  is  the  Greek  name  of  the  first  five  books  of  the  Old  Testa- 
ment, which  are  called  in  Hebrew  n^l'tTl, "  the  law."    The  Hebrew 

copies  of  the  Pentateuch  form  one  volume ;  the  division  of  it  into  five 
books  is  first  mentioned  by  Josephus,  and  seems  to  have  been  made 
either  by  the  Septuagint  tamslators,  or  before  their  time,  ^d  after 
the  return  of  the  Jews  from  Babylon. 

The  five  books  of  the  Pentateuch  have  been  treated  of  under 
Gkwebib,  Exodus,  Lbvitious,  Numbers,  and  Deutxronomt. 

With  regard  to  the  Pentateuch  in  general,  it  has  never  been  doubted, 
till  at  a  recent  period,  that  Moses  was  its  author.  The  following  are 
the  chief  arguments  for  its  genuineness  : — 1.  It  is  repeatedly  asserted 
in  the  book  itself  that  Moses  was  the  author,  and  that  he  wrote  it  at 
the  command  of  God.  This  assertion  is  made  with  regard  to  the 
whole  book(Deut.  i.  5 ;  xzxi.  9-13,  22,  24-26),  and  to  separate  parte  of 
it  (Exod.  xvii.  14;  xxiv.  4,  7;  xxziv.  27;  Nimib.  xzxiiL  I,  2).  And 
in  the  recapitulation  of  the  law  which  Hoses  makes  in  the  book  of 
Deuteronomy,  he  frequently  speaks  of  "  the  law,"  **  this  law,"  *'  the 
book  of  the  (or  this)  law,"  *'  the  book  of  religion ; "  by  which  expres- 
sions we  cannot  fairly  undentand  anything  exc^t  either  the  whole 
Pentateuch,  or  that  part  of  it  which  was  already  composed.  (Deut.  i. 
5 ;  iv.  44-45 ;  xvU.  18, 19 ;  xxviii.  58-61 ;  xxix.  19,  20,  27, 29 ;  xxx.  10.) 

2.  In  all  ages  of  the  Jewish  history,  from  the  time  of  Joshua  down- 
wards, the  Pentateuch  was  received  as  the  divinely  inspired  compo- 
sition of  Moses.  Thus  we  read  repeatedly  in  the  Old  Testament  of 
"  the  law,"  **  the  Uw  of  Moses,"  "  the  law  of  Jehovah,"  •*  the  law  which 
God  gave  by  Moses,"  "  the  book  of  the  law."  '  (Josh.  i.  7,  8 ;  xxiii.  6 ; 
xxiv.  26 ;  1  Kings  ii.  3 ;  Psalms  i.  1 ;  and  many  other  passages,  which 
are  collected  in  Rosenmiiller's  '  Scholia,'  and  Jahn's  '  Introduction.') 
Besides  these  direct  testimonies,  the  existence  and  authority  of  the 
Pentateuch  among  the  Israelites  are  proved  by  the  fact  that  the  insti- 
tutions which  it  contains  were  always  observed  as  the  laws  of  their 
nation,  and  that  the  sentiments  of  the  Psalmists,  the  maxims  of  the 
Book  of  Proverbs,  and  the  reproofs  and  exhortations  of  the  prophets, 
are  all  exactly  in  agreement  with  the  spirit  of  those  institutions. 

3.  The  internal  evidence  is  strongly  in  iuvova  of  Moses  being  the 
author.  The  language  of  the  book  of  Deuteronomy  is  that  of  an  aged 
man  addressing  the  people  whom  he  had  governed  for  forty  years, 
appealing  to  their  past  experience,  and  speaking  with  all  the  earnest- 
ness of  a  man  on  the  verge  of  death.  If  these  characteristics  are  of 
any  weight  to  show  that  the  speaker  and  the  writer  of  this  book  were 
the  same,  then  we  are  supplied  with  an  argument  for  the  genuineness 
of  the  vhoU  Pentateuch ;  for  the  book  of  Deuteronomy  supposes  the 
previous  composition  of  Exodus,  Leviticus,  and  Numben,  as  these  do 
that  of  Gknesis.  The  information  contained  in  the  Pentateuch  on 
subjects  of  history  and  geography  (especially  with  reference  to  Egypt 
and  Arabia),  on  natural  history,  diseases,  the  arts^  and  military  science, 
agrees  with  all  the  notions  we  can  form  of  the  state  of  things  at  that 
remote  period,  and  with  what  we  should  expect  from  a  man  who,  like 
Moses,  had  been  liberally  educated  at  the  Egyptian  court,  and  had 
been  engaged  for  forty  years  iu  leading  a  whole  nation  through  the 
wilderness.  The  language  of  the  Pentateuch  is  the  most  ancient 
known  form  of  Hebrew.  The  style  of  the  songs  which  are  contained 
in  it  possesses  that  plain  sublimity  which  generally  characterises  the 
first  stage  of  a  nation's  poetry.  The  style  of  the  narrative  is  better 
than  that  of  any  other  Hebrew  work,  as  we  might  expect  from 
a  highly  educated  man  like  Moses ;  and  it  is  not  more  varied  than 
can  be  accounted  for  by  the  diflFerent  subjects  treated  of,  and  the 
intervals  at  which  the  difierent  parts  were  written.  The  arrangement 
of  the  matter  is  not  that  which  would  be  adopted  by  a  person  digesting 
into  one  book  previously  existing  tales  and  laws ;  but  it  is  such  as  we 


might  expect  from  one  exposed  to  frequent  interruptions  in  his  work, 
and  who  recorded  each  event  as  it  occurred,  which  answers  to  the 
position  of  Moses.  The  selection  of  the  materialB  appears  to  have  been 
made  on  the  principle  of  recording  those  things  which  were  connected 
with  the  legislation  which  was  the  chief  work  of  Moses ;  while  of  the 
laws  themselves,  some  are  repeated  more  than  once,  and  others  altered 
in  the  courae  of  tlie  work;  all  indicating  that  the  legislator  and  historian 
were  the  same  peraon. 

It  is  true  that  there  are  passages  in  the  Pontateuoh  which  could  not 
have  been  written  by  Moses.  But  there  is  no  difficulty  in  explaining 
these  passages  as  interpolations,  insefted  by  a  copyist  with  a  view  to 
make  the  author's  moaning  clearer.  The  following  passages  have  been 
placed  in  this  class ;  but  some  of  them  may  be  explained  otherwise : — 
Deut.  i.  1-4;  iv.  44-49;  Exod.  vi.  18-29;  viL  7;  xi  1-3;  Deut.  ii 
10-12,  20-28 ;  iu.  9, 11, 18-14;  x.  6-9  ;  Numb.  xxxiL  41 ;  Deut.  in.  14; 
Numb.  xii.  8.  To  these  may  be  added  the  34th  chapter  of  Deutero- 
nomy, which,  as  it  contains  an  acoount  of  the  death  and  burial  of 
Moses,  was  not  written  by  himself.  In  some  parts,  however,  of  his 
narratives,  Moses  appears  to  have, made  use  of  previously  existing 
documents,  especially  at  the  beginning  of  the  book  of  Genesis. 
[Genxsis.] 

The  Pentateuch  was  the  only  part  of  the  Old  Testament  whidi  the 
Samaritans  received ;  and  as,  from  feelings  of  national  animoei^,  thej 
held  no  intercourse  with  the  Jews,  their  copies  of  the  Pentateucn  were 
preserved  independentiy  of  the  Hebrew  copies.  The  Samaritan  Penta- 
teuch is  mentioned  by  several  ancient  writen ;  but  it  was  unknown  in 
modem  times  till  copies  were  obtained  from  the  east  by  Archbishop 
Usher  and  Pietro  della  Valle.  It  was  printed  from  the  oopy  procured 
by  the  latter  in  the  Paris  Polyglot  of  Morinus,  from  which  it  was 
reprinted  in  Walton's  Polyglot.  It  was  also  edited  by  Dr.  Blayney  lA 
Hebrew  characten,  at  Oxford,  1790.  The  original  Is  in  the  Samaritan 
or  old  Hebrew  character. 

The  Samaritan  Pentateuch  is  quite  entitled  to  rank  with  the 
Hebrew  as  an  independent  source  for  settling  the  sacred  text.  In 
some  places  it  gives  readings  manifestiy  superior  to  those  of  the 
Hebrew.  In  many  passages,  in  which  it  differs  from  the  latter,  it 
agrees  with  the  Septusg:int.  Its  chronology  differs  from  that  of  the 
Hebrew  PentateudL  (Hales's  '  Analysis  of  Chronology,'  voL  L,  p.  272.) 
In  Deut.  xxviL  the  Samaritan  differs  from  the  Hebrew  by  having  Ebal 
for  Gerisun,  and  vice  vend.  This  has  been  regarded  as  an  intentional 
corruption,  made  for  ttie  purpose  of  humouring  national  prejudices; 
but  Dr.  Kennicott  has  shown  good  reasons  for  preferring  the  Samaritan 
to  the  Hebrew  in  this  case.    ('  Diss.'  IL,  pp.  2()-165.) 

The  authenticity  of  the  Pentateuch  is  also  substantiated  by  passages 
in  the  later  books  of  Holy  Scripture,  showing  that  there  had  bam 
an  uninterrupted  belief  in  its  authenticity.  Thus  it  is  quoted  in 
2  Kings  xiv.  6,  and  xxiii.  2 ;  2  Chron.  xxxv.  6 ;  Ezra  iiL  2,  and  vi. 
18  ;  Nehemiah  L  7 ;  Amos  ii.  9  and  10 ;  Isaiah  i  9  and  14 ;  and 
Mioah  vi.  5,  where  the  books  of  Moses  are  directiy  quoted  or  alluded 
to.  Christ  snd  his  aposties  also  acknowledge  their  authority  by 
quoting  them.  Thus  we  have  all  the  evidence  of  their  authenticity 
that  the  nature  of  the  case  admits. 

An  account  of  the  institutions  recorded  in  the  Pentateuch  has  been 
given  imder  Moses,  in  Bioo.  Div. 

(Rosenmiiller,  Scholia  in  Vet.  Teet,  vol.  i,  Prdeg.  m  PenL,  and 
others  quoted  by  him ;  Jahn,  Introd,  in  Lib,  Sae,  VeL  Foed, ;  Heng- 
stenberg.  Die  Authentie  de$  Pentateuehi,  1836 ;  Graves's  leetutes  on  the 
PeniaUHeh  ;  Bp.  Marsh's  AiUheniicUtf  of  the  Five  Bookt  of  Moeet  vindi- 
ctUed ;  Home's  Introduction,  voL  i ;  and  Blunt,  Fsrocity  of  the  Five 
Bookt  of  Motee,) 

PENTATHIONIC  ACID.    [Sulphur.] 

PENTKCOST,  one  of  the  three  great  Jewish  feasts,  so  called  becausa 
the  day  on  which  it  began  was  the  fiftieth  (4i  xcmyjcear^)  from  the 
second  day  of  the  Passover.  It  wss  also  called  the  Peast  of  Weeks,  from 
its  falling  at  the  end  of  a  series  of  seven  weeks,  reckoning  from  the  Pass- 
over, and  also  the  Feast  of  the  Harvest.  It  was  a  feast  of  thanksgiving 
for  the  harvest,  at  the  end  of  which  it  fell,  and  among  the  sacrifices 
appointed  for  it  were  some  of  the  first-fruits  of  the  harvest  This 
festival  lasted  eight  days.  The  laws  relating  to  it  are  contained  in 
Exod.,  xxiii.  16;  xxxlv.  22;  Levit.,  xxiii  15-21;  Numb.,  xxviiL 
26-81 ;  Deut.,  xvL  9-12. 

PENUMBRA  (incomplete  shade),  that  portion  of  space  which,  in  the 
eclipse  of  a  heavenly  body,  is  partiy,  but  not  entirely,  deprived  of  its 
light.  In  a  solar  eclipse,  as  long  as  any  part  of  the  stm  is  visible,  the 
parties  observing  are  in  the  penumbra,  and  not  in  the  vmbra,  or  com- 
plete shadow. 

PEPPBR-CORN  RENT.    [Rekt.I 

PEPPERMINT,  ESSENTIAL  OIL  OP.  Obtained  by  submitting 
the  fresh  herb  [Mentha  piperita,  in  Nat.  Hist.  Div.]  to  distillation 
with  water,  in  the  manner  already  described.  [Essential  Oils.]  It 
is  colourless  when  first  prepared,  but.  gradually  acquires  a  yellow  tint ; 
has  a  characteristic,  pungent,  aromatic  taste,  and  a  peculiar  odour, 
resembling  that  of  the  pLmt.  Several  varieties  of  it  exist  in  commerce. 
[Mentha  Pipebita.] 

Oil  of  peppermint  consists  of  a  camphor,  or  stearopten,  and  a  liquid 
portion,  or  eheopten.  The  latter  has  not  been  minutely  examined. 
English  oil  contains  but  littie  stearopten ;  American  oil  yields  a  con* 
siderable  quantity;  while  the  Chinese  variety  is  wholly  stearopten. 
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Pej-pemUnt  camphor  (C^H^O,),  aa  the  stearopten  la  called^  forms 
colourless  prismatic  crystals,  is  fusible  at  87'  Fahr.,  and  may  be  volati* 
Used  without  undergoing  decomposition  Its  boiling  povab  is  406*4 ; 
vapour  density,  5*82.  It  is  only  slightly  soluble  in  water,  but  readily 
so  in  wood  spirit,  fdcohol,  ether,  and  bisulphide  of  carbon,  and  tolerably 
so  in  oil  of  turpentine.    Phosphoric  acid  converts  it  into  JjIentqeiie. 

Oil  of  peppermint  is  much  adulterated  with  turpentine.  The  latter 
can  generally  be  detected  by  the  nose;  while  the  pure.oil  is  distinguished 
from  the  other  mint  oils  by  the  deep  red-brown  colour  which  is  imparted 
to  it  by  chromate  of  potash. 

PER.    A  prefix  used  in  chemistry.    [Chemical  Kouenolaturs.] 

PERAMBULATION.  A  perambulation  is  a  walking  through  or 
over  ground  for  the  purpose  of  settling  boundaries.  A  perambulation 
of  a  parish  for  this  purpose  is  made  by  the  minister,  churchwardens, 
and  parishioners  in  Ascension-week,  at  periods  varying  from  one  to 
three  years.  Usage  will  justify  the  parishioners  in  following  the 
boundary  over  any  man's  land.  Manors  and  lordships  also  are  or  may 
be  perambulated:  and  there  is  a  writ  De  Perambulatione  faciend&, 
which  ought  to  be  sued  with  the  assent  of  both  parties  when  they  are 
in  doubt  about  the  bounds  of  their  lordships  or  manors.  The  writ  is 
addressed  to  the  sherifi',  who  is  to  execute  it  and  make  his  return  to 
the  justices  at  Westminster  on  a  certain  day ;  or  to  the  justices  of 
assize,  under  his  seal,  and  the  seals  of  those  who  make  the  perambu- 
lation with  him.  The  king  may  direct  the  writ  to  other  persons  to 
make  the  perambulation,  as  well  as  to  the  sheriff.  This  perambulation 
made  by  assent  binds  the  parties  and  their  heirs.  But  unless  both 
parties  who  assent  to  the  perambulation  are  tenants  in  fee-simple,  it 
seems  that  the  perambulation  shall  not  bind  him  who  is  in  reversion.  * 

Questions  of  boundaries  are  now  generally  determined,  however,  by 
Actions  of  trespass  or  ejectment. 

It  was  an  old  Roman  practice  at  the  time  of  the  Terminalia,  in  the 
month  of  February,  to  perambulate  the  boundaries  of  a  district  or 
commimity.  The  original  boimdaries  of  the  territory  of  Rome,  which 
extended  six  miles  from  the  city,  were  perambulated  at  the  Terminalia ; 
the  boimdaries  between  private  properties  were  also  perambulated  at 
the  Terminalia,  and  the  usual  religious  offerings  were  made.  This 
ancient  and  simple  mode  of  preserving  boundaries  probably  fell  into 
disuse  as  the  land-surveyors  became  more  skilful,  and  the  records  of 
boundaries  were  better  kept.  It  is  stated  that  the  practice  feU  into 
disuse  with  the  establishment  of  Christianity.  But  this  is  not  pro- 
bable. The  religious  ceremonies  might  be  changed  or  dropped :  but 
the  fact  of  perambulations  being  still  kept  up  in  this  country  in  the 
case  of  parishes,  leads  to  the  conjecture  that  the  practice  extended 
from  Rome  to  other  countries  which  the  Romans  occupied,  and 
was  retained  in  some  form  among  the  Christianised  people  in  the 
provinces. 

PERAMBULATOR,  an  instrument  in  general  use  for  measuring 
distances  on  roads,  for  settling  disputes  concerning  the  charges  of  the 
drivers  of  hack-carriages,  and  for  other  purposes.  It  consists  princi- 
pally of  a  wheel  upon  which  it  runs,  and  an  index  which  shows  the 
number  of  turns  of  such  wheel  reduced  into  miles,  furlongs,  poles,  and 
yards. 

The  carriage  or  stock  is  made  of  wood,  and  is  about  8  feet  long.  At 
one  end  is  a  handle  for  the  person  who  uses  it,  and  the  other  is  fur- 
nished with  sockets  in  which  the  axle  of  the  wheel  turns;  this  end  of 
the  stock  has  the  centre  part  removed,  by  which  are  left  two  arms 
between  which  the  wheel  works.  Upon  the  stock  and  just  in  front  of 
the  handle  is  the  dial-plate,  with  its  two  hands  by  which  the  distance 
is  registered.  The  wheel  is  8  feet  3  inches,  or  4  pole,  in  circumference. 
Upon  one  end  of  the  axis  of  this  wheel  is  a  small  pinion,  which  works 
into  a  similar  pinion  at  the  end  of  a  rod  which  passes  up  the  stock  or 
carriage  to  the  works  beneath  the  dial-plate.  Motion  is  communicated 
by  means  of  this  rod  to  a  worm  or  microm^r-screw,  which  turns 
once  round  for  each  revolution  of  the  carriage-wheel  of  the  perambu- 
lator. This  worm  works  into  a  wheel  of  80  teeth,  which  is  moved 
forward  one  tooth  for  every  ^  pole,  and  carries  a  hand  or  index,  which 
makes  one  revolution  for  40  poles  or  one  furlong.  On  the  axis  of  this 
wheel  is  a  pinion  of  8  teeth,  which  works  into  a  wheel  of  40  teeth,  and 
on  the  axis  of  this  second  wheel  is  a  pinion  of  10  teeth,  which  moves 
a  wheel  of  160  teeth.  This  last  wheel  carries  another  hand,  which 
makes  one  revolution  for  80  of  the  former.  These  hands  are  arranged 
in  the  same  manner  as  the  hotir  and  minute  hand  of  a  w^tch,  so  that 
the  three  circles  on  the  dial-plate  are  all  concentric.  The  first  of  these 
circles  is  divided  into  220,  and  the  second  into  40,  the  number  of  yards 
and  poles  contained  in  a  f tu-long ;  the  figures  on  these  circles  are  read 
off  by  the  first-mentioned  index,  that  which  is  attached  to  the  wheel 
of  80  teeth.  T^e  third  circle  is  divided  into  80,  the  number  of  fur- 
longs in  10  miles,  and  to  this  circle  belongs  the  index  attached  to  the 
wheel  of  160  teeth.  The  distance  is  ascertained  by  reading  off  the 
figures  in  the  reverse  order  in  which  the  circles  ore  given  above : 
divide  the  number  on  the  first  circle  by  8,  and  you  will  have  the  dls- 
t^mce  required  in  miles,  furlongs,  poles,  and  yards. 

The  instrument  is  furnished  with  a  stop  or  strap,  so  that  after  the 
distance  is  measured,  the  perambulator  may  be  conveyed  without  the 
index  being  altered. 

Unlike  the  pedometer,  it  requires  no  regulating,  and  the  only  risk  of 
its  giving  the  distance  incorr«H3tiy,  if  well  constructed,  is  in  passing 
over  rugged  and  uneven  roads,  which  will  of  course  cause  the  index 


to  show  more  than  the  true  distanceb  In  general,  however,  for  short 
distances,  this  error  is  very  triflmg. 

When  about  to  commence  a  measurement,  the  wheel  should  be 
turned  round  until  the  first-mentioned  index  points  to  220>  on  the 
circle  of  yards.  Some  are  provided  with  a  click  and  racket,  by  which 
this  may  be  done  with  much  less  trouble  than  by  the  wheeL 

There  are  other  instruments  for  the  same  or  similar  purposes,  bear- 
ing different  names,  tvaywUer  and  odometer;  but  the  construction  of  all 
of  them  is  texy  siniilar. 

Waywiser  is  the  name  generally  given  to  that  form  of  the  instrument 
which  is  applied  to  a  carriage,  in  which,  by  a  slight  adaptation  to  one 
of  the  wheels  of  the  carriage,  the  instrument  is  made  to  register 
the  number  of  turns  of  such  wheel,  in  the  same  manner  as  the  per^ 
ambulator. 

PERCEPTION*  is  that  power  or  act  of  the  mind  by  which  it  holds 
communication  with  the  external  world.  It  is  distingtiisked  from 
conceptum  by  the  circumstance  that  its  objects  are  in  every  instance 
supposed  to  have  an  actual  existence.  We  may  conceive  things  that 
have  no  reality,  but  we  are  never  said  to  perceive  such  things.  Per- 
ception differs  from  consdousneu  in  that  it  takes  cognisance  only  of 
objects  without  the  mind.  We  perceive  a  man,  a  horse,  a  tree ;  when 
we  think  or  feel,  we  are  consciotu  of  our  thoughts  and  emotions.  It  is 
further  supposed  in  perception  that  the  objects  of  it  are  present.  We 
can  remember  former  objects  of  perception,  but  we  do  not  perceive 
them  again  until  they  are  once  more  present.  Besides  the  sense  which 
has  been  explained,  the  term  perception  is  sometimes  aoalogically 
employed  in  common  speech  in  reference  to  truths  the  evidence  of 
which  is  certain.  Thus  we  may  perceive  the  truth  of  a  mathematical 
proposition.  But  Mr.  Hume  is  perhaps  the  only  writer  of  eminenoe 
who  designedly  appHes  the  word  in  a  metaphysical  disquisition  with  a 
meaning  different  from  that  which  has  been  here  assigned  to  it.  By 
him  it  is  applied  indiscriminately  to  all  the  operations  and  states  of  the 
mind ;  pt^ssions  being  designated  perceptions,  and  the  acts  of  memory 
and  imagination  converted  into  so  many  acts  of  perception.  Suw 
latitude  of  phraseology  confounds  under  one  general  name  things 
essentially  distinct,  and  tends  to  introduce  vagueness  and  inaocuroqy 
into  a  department  of  philosophical  investigation  where  definiteness  and 
precision  are  peculiarly  indispensable. 

The  distinction  between  things  perceived  {eu<r0ifrd^  and  things  con- 
ceived {voTirh)  was  familiar  to  the  Greek  philosophers  and  to  their  Latin 
expositors,  of  whom  Cicero  expresses  the  former  dass  of  things  by  tiie 
phrases  '*  qu»  simt,"  "  quaa  cemi  tangive  possunt ;"  and  the  latter  by 
"qu»  tangi  demonstrarive  non  poasunt,  cemi  tamen  animo  atque 
intelligi  possunt,"  and  gives  examples  of  each.    ('  Top.'  v.) 

The  peroeptive  faculty  is  exercised  through  the  instrumentality  of 
the  senses.  We  see  by  means  of  the  eye,  and  hear  by  means  of  the 
ear,  and  so  in  reference  to  the  other  senses.  An  individual  in  whom 
these  organs  are  wanting  or  defective,  will  either  not  perceive  at  all,  or 
perceive  imperfectly.  In  order  to  perception  it  is  requisite  that  an 
mipression  should  be  made  on  the  oi^gan  of  sense,  eiUier  by  the  direct 
application  of  the  object,  or  through  some  medium  that  communicates 
with  the  object  and  the  organ.  Thus  an  immediate  application  is 
necessary  with  regard  to  the  senses  of  taste  and  touch ;  but  only  an 
intermediate  one  with  regard  to  those  of  sight,  hearing,  and  smell. 
The  impression  made  on  the  organs  of  sense  affects  the  nerves,  and  is 
by  them  conveyed  to  the  brain.  The  necessity  of  this  communication 
is  ascertained  by  observation.  If  the  nerve  appropriated  to  any  organ 
be  cut  or  tied  hard,  no  perception  takes  place;  and  the  same  result  Is 
noticed  in  certain  disordered  conditions  of  the  brain,  even  though  the 
organs  of  sense  and  the  nerves  perform  their  respective  functions. 
When  however  the  conditions  that  have  been  specified  are  oompUad 
with,  perception  ensues. 

Vanous  theories  have  been  formed  to  explain  the  functions  of  the 
nerves  and  brain  in  connection  with  perception.  It  was  imagined  by 
the  ancients  that  the  nervous  fibres  are  tubular,  and  filled  vrith  a 
subtile  vapour  named  animal  spirits;  that  the  brain  is  a  gland  by 
which  this  ethereal  fluid  is  secreted ;  and  that  by  means  of  it  the 
nerves  perform  their  office.  (Reid,  '  Essay '  ii.,  ch.  iii.)  Des  Cartes, 
who  adopted  this  hypothesis,  has  described  with  great  minuteness  how 
all  mental  operations  and  movements  are  accomplished  through  the 
agency  referred  to.  Dr.  Briggs,  Newton's  instructor  in  anatomy,  was 
the  first  who  proposed  a  new  doctrine  on  this  point.  He  maintained 
that  the  nerves  operate  by  vibrations,  like  musical  chords,  and  thus 
conduct  impressions  to  the  brain.  Newton  himself  ('  Opt.,'  qu.  28) 
appears  to  have  been  inclined  to  a  notion  of  this  kind,  and  the  sugges« 
tions  relating  to  it  thrown  out  by  him  as  a  query  were  afterwards 
amplified  and  defended  by  Hartley.  The  latter  supposed  that "  external 
objects  impressed  on  the  senses  occasion,  first  in  the  nerves  on  which 
they  are  impressed  and  then  in  the  brain,  vibrations  of  the  small  and, 
as  one  may  say,  infinitesimal  medullary  particles ; "  and  that  these 
vibrations  "  are  excited,  propagated,  and  kept  up  partly  by  the  ether, 
that  is,  by  a  very  subtile  elastic  fluid:  partly  by  the  uniformity, 
continuity,  softness,  and  active  powers  of  the  medullary  substance  of 
the  brain,  spinal  marrow,  and  nerves."  (*  Observations  on  Man,'  part  i, 
prop.  4, 5.)  Both  Des  Cartes  and  Hartley  believed  that  by  the  action 
of  the  nerves  in  the  manner  described  by  them,  images  of  external 
objects  were  formed  in  the  brain. 

It  is  scarcely  necessary  to  remark  concerning  these  hypotheses  that 
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^hey  are  totally  destitute  of  foundatioii.  A  sound  theory  must  aasign 
real  and  not  imaginary  causes  for  the  phenomena  which  it  professes  to 
explain;  and  such  causes  must  have  a  manifest  competency  to  the 
effects  ascribed  to  them.  But  the  hypotheses  in  question  entirely 
want  both  of  these  eaBentials.  *  Who  can  prove  the  existence  of  the 
animal  spirits  of  Des  Cartes,  or  the  vibrations  of  Hartley ;  or,  granting 
their  existence,  who  can  show  any  correspondence  between  them  and 
the  formation  of  images  in  the  brain  ?  All  we  can  afi&rm  mth  certainty 
Inspecting  the  means  of  perception  is,  that,  imder  certain  circum- 
stances, ^t  is,  when  an  impression  is  made  on  the  bodily  organs  and 
communicated  by  the  nerves  to  the  brain,  perception  takes  place.  The 
impressions  so  communicated  are  the  occasions  of  the  mind  perceiving, 
but  we  can  assign  no  reason  why  it  should  do  so  under  these  circum- 
stances invariably,  and  not  under  any  other,  further  than  that  such  is 
the  constitution  of  our  nature. 

If  the  act  of  perception  be  examined,  it  will  be  foimd  that  we  obtain 
by  it  a  certain  amount  of  information  respecting  the  object  perceived. 
We  discover  that  it  has  particular  qualities,  as  for  example,  that  it  is 
extended,  that  it  has  figure,  that  it  is  hard  or  soft,  rough  or  smooth, 
&c  The  notion  thus  formed  may  var^  in  respect  of  distinctness  in  all 
possible  degrees.  In  the  light  of  twilight  a  body  is  discerned  more 
obscurely  than  in  the  full  light  of  noon  day ;  and  more  obscurely  still 
in  proportion  as  the  darkness  deepens.  The  notion  we  get  of  an  object 
by  perception  is  accompanied  by  an  irresistible  and  immediate  con- 
viction of  its  real  existence.  An  object  may  indeed  be  perceived  so 
indistinctly  as  to  leave  us  in  doubt  whether  it  be  real  or  not.  If  it  be 
very  distant,  or  involved  in  darkness,  this  may  happen.  But  when  it 
is  plainly  perceived,  there  is,  along  with  the  perception,  a  perfect 
conviction  of  its  reality.  We  can  no  more  doubt  of  its  existence  than 
we  can  of  our  own.  And  this  conviction  is  immediate.  It  is  not  the 
result  of  a  process  of  reasoning  founded  on  our  perceptions,  but  inse- 
parably connected  with  them,  and  as  instantuieous  as  the  assent 
rendered  to  axiomatic  truths.  It  may  be  also  remarked  that  the  belief 
in  the  existence  of  the  objects  of  perception  is  not  more  immediate 
and  deeply  rooted  than  is  the  belief  that  they  exist  externally  to  us. 
They  do  not  seem  to  have  their  place  in  the  mind  it^lf,  but  to  exist 
independently  of  it  altogether.  These  statements  accord  with  the 
universal  experience  of  mankind,  and  may  be  verified  by  all  who 
choose  to  heatow  the  slightest  attention  on  the  intimations  of  con- 
sciousness. 

It  would  be  a  tedious  as  well  as  a  useless  task  to  dwell  minutely  on 
the  numerous  theories  that  have  been  framed  of  perception.  In  certain 
important  particulars  nearly  all  of  them  coincide ;  whUe  in  others, 
equally  if  not  more  important,  they  are  for  the  most  port  at  variance. 

Bemocritus  taught  that  perception  was  the  result  of  the  impressions 
made  on  the  organs  of  sense  by  images  (ctiSwXa),  which  constantly 
emanated  from  bodies,  and  varied  according  to  the  conformation  of 
their  originals.    (Plut. '  Plac/  Phil./ 1.  iv.,  ch.  8,  &c.) 

Plato,  in  the  seventh  book  of  his  '  Republic '  (ad  init)  illustrates  the 
manner  in  which  we  perceive  objects,  by  the  figure  of  a  cave,  in  which 
men  Ue  bound,  so  that  they  can  turn  their  eyes  only  to  one  part  of  it, 
where  rays  from  a  distant  light  stream  in,  and  shadows  of  bodies, 
supposed  to  pass  between  them  and  the  light,  are  beheld,  the  bodies 
themselves  being  invisible.  He  thus  conceived  that  we  perceive  only 
the  shadows  of  things,  and  not  things  themselves. 

This  opinion  of  Plato  was  substantially  the  same  with  that  of  his 
scholar  Aristotle,  and  of  the  Peripatetics  generally.  Aristotle  ('  De 
An./  L  iii.,  c.  2,  3)  taught  that  as  the  senses  sannot  receive  material 
objects  themselves,  they  receive  their  imagea  These  images  are  the 
only  objects  of  perception  to  the  mind.  As  impressed  upon  the  senses, 
they  are  term«l  sensible  species;  more  spiritualised,  they  become 
objects  of  memory  and  imagination,  and  are  termed  phantasms ;  still 
further  refined,  so  as  to  be  objects  of  science,  they  are  named  intel- 
ligible species. 

Th^  theory  of  Kpicurus  was  little  other  than  a  modification  of  that 
of  Aristotle.  He  supposed  that  bodies  are  continually  sending  off 
from  their  surfaces  slender  films  or  spectres  of  such  subtlety  that  they 
easily  penetrate  by  the  senses  to  the  brain.  (Lucret.,  1.  iv..  v,  34, 
46,&c.) 

Locke  employs  an  illustration  of  the  manner  of  perception  that 
appears  to  have  been  borrowed  from  that  of  Plato :— "  Methinks,"  he 
says, "  the  understanding  is  not  much  unlike  a  closet  wholly  shut  from 
light,  with  only  some  little  light  opening  left  to  let  in  external  visible 
resemblances,  or  ideas  of  things  without.  Would  the  pictures  coming 
into  a  dark  room  but  stay  there,  and  be  so  orderly  as  to  be  found 
upon  occasion,  it  would  very  much  resemble  the  understanding 
of  a  man  in  reference  to  all  objects  of  sight  and  the  ideas  of  them." 

The  similitude  of  Locke,  or  rather  of  Plato,  may  be  applied  to  all 
the  ^stems  of  perception  that  have  ever  been  formed,  by  merely 
substituting  ideas,  and,  in  the  case  of  Humey  impressions,  for  what 
were  anciently  denominated  species  and  phantasms.  AU  these  theories 
agree  in  maintaining  that  images  are  the  only  immediate  objects  of 
perception  to  the  mind.  Hume,  Berkeley,  and  others  indeed  hold  that 
these  are  the  exclusive  objects;  but  the  common  hypothesis  admits 
the  existence  of  things  of  which  these  are  but  the  representatives,  and 
which  we  mediately  discern.  It  may  be  sufficient  to  remark  con- 
cerning these  opinions,  that  they  are  diametrically  opposed  to  the 
testimony  of  our  own  consciousness.    Instead  of  mforming  us  that 


images  alone  are  the  direct  objects  of  our  perception,  oonsciousneBB 
intimates  nothing  respecting  images  at  all.  Unless  its  representations 
are  altogether  deceptive,  it  is  not  things  within  the  nund,  but  things 
external  to  it,  that  we  perceive ;  not  images  of  objects,  but  the  very 
objects  themselves.  This  is  testimony  to  which  we  yield  instinctive 
credence.  It  is  too  cogent  and  unquestionable  to  be  set  aside  by 
reasoning  of  any  kind,  far  less  by  reasoning  based  upon  certain 
imagined  relations  subsisting  between  matter  and  spirit  which  we  are 
incapable  of  apprehending,  and  the  application  to  mind  of  laws  which 
apply  solely  to  the  objects  of  physical  investigation. 

One  observation,  intentionally  deferred,  remains  still  to  be  made 
respecting  perception,  namely,  that  it  is  greatly  modified  by  habit  and 
by  the  cultivation  taid  development  of  &e  otiier  powerv.  Thus  the 
perceptions  of  a  man  and  those  of  a  child,  both  oontemplaiing  a  piece 
of  complex  machinery,  the  one  being  aware  of  its  principles  and 
arrangements,  the  other  completely  ignorant  of  them,  must  in  some 
respects  considerably  differ.  In  like  manner  the  perceptions  of  a  blind 
man,  by  means  of  those  organs  of  sense  which  are  unimpaired^  are 
distinguished  in  many  particulars  from  those  of  the  individiud  who  has 
never  been  without  the  faculty  of  vision.  Numerous  instances  of  a 
similar  kind  might  easily  be  specified.  A  full  account  of  acquired  per- 
ceptions, such  as  t^ose  alluded  to,  is  stUl  a  desidemtum  in  ^is  dqart- 
ment  of  philosophical  inquiry. 

PERCH  or  POLE.  This  measure,  though  now  mostly  used  as  a 
square  measure  (a  perch  usually  meaning  a  square  perch,  or  a  square 
of  a  perch  in  lexigth  and  breadth),  was  originally  a  measure  of  length, 
arising  out  of  the  custom  of  measuring  small  portions  of  land  by  a  staff 
or  pole.  The  word  pertiea,  from  which  it  comes,  means  a  wooden  staff 
But  the  pole  with  which  land  was  tneasured  not  only  differed  very 
much  in  different  countries,  but  in  different  parts  of  the  same  country. 
Ducange  and  his  editors  find  records  of  the  use,  in  different  parts  of 
England  and  France,  of  perches  of  7i,  10  (the  oldest  En^^ish),  12, 15, 
16, 18,  20, 21,  22,  25,  and  27  feet.  Here  is  but  another  instance  (as 
in  Mile  and  League)  of  the  tendency  of  measxures  to  lengthen.  Forty 
perches  (quarantena),  under  the  name  of  forty-long  or  furlong,  became 
a  common  measure  of  length ;  and  a  piece  of  land  forty  perdies  long 
and  one  deep,  was  called  perticata,  (Spelman,  cited  by  Ducange.) 
Thus  the  perch  and  furlong,  though  afterwards  received  into  the  sys- 
tem of  measures  which  ends  with  the  mile,  originally  formed  no  part 
of  it  whatever.    [Mile.] 

By  an  early  statute,  entitied  '  Compositio  Ulnarum  et  Perticarum/ 
the  perch  was  fixed  at  164  ^^^>  ^^  ^^^  yards  and  a  half;  and  four 
perticate  (though  that  word  is  not  used)  were  defined  as  an  acre. 

A  perch  is  the  quarter  of  a  chain,  and  a  square  perch  contains  30| 
square  yards. 

PERCHLORIC  ACID.    [CHLORnns.] 

PERCHLORINATED  QUINONE.    [QumoNE.] 

PERCHLOROXYNAPHTHALIC  ACID  (C^HClgO.).  Odoroxy- 
napkthalesie  acid»  When  perddoroxynaphthyl  is  placed  in  contact 
with  potash  it  is  instantly  transformed  into  a  magnificent  carmine- 
coloui^ed  body,  which  is  the  potash  salt  of  this  add.  The  add  itself  is 
yellow,  insoluble  in  water,  but  soluble  in  boiling  alcohol.  The  ammonia 
salt,  which  is  of  a  bright  red,  is,  like  the  potash  salt,  quite  insoluble 
in  water.    This  add  may  be  regarded  as  pentachlorinated  alizarine. 

PERCHLORRUBIAN.    [Madder,  CoLOURma  Matters  of.] 

PERCUSSION,  CENTRE  OF,  the  point  of  a  system  which  moves 
about  a  fixed  axis,  at  which  a  force  may  act  in  'such  a  manner  as  to 
produce  no  pressure  on  the  axis.  Its  distance  from  the  axis  is  the 
same  as  that  of  the  centre  of  oscillation.    [Oscillatton,^ 

PERCUSSION,  in  medicine,  is  the  method  of  elicitmg  sounds  by 
striking  the  surface  of  the  body,  for  the  purpose  of  determining  the 
condition  of  the  organs  subjacent  to  the  parts  struck. 

This  means  of  diagnosis  was  first  employed  by  Avenbrogger  in  the 
middle  of  the  last  century ;  it  was  afterwards  extensively  adopted  by 
Corvisart  in  investigating  the  diseases  of  the  heart,  but  its  v|Jue,  like 
that  of  all  the  other  branches  of  auscultation,  was  not  fully  appreciated 
till  Laennec  made  them  {he  subject  of  his  peculiar  study.  Since 
his  time,  its  value  has  been  considerably  enhanced  by  the  labours  of  M. 
Pioiry. 

Everybody  knows  that  when  a  hollow  body  is  struck,  there  is  a 
vibration  produced  in  the  air  within  it,  which  being  communicated 
through  the  walls  to  the  external  air,  produces  a  ringing  sound,  whose 
tone  varies  with  the  size  of  the  hollow  body,  the  matenal  of  which  it 
is  composed,  and  many  other  circiuistances ;  but  that  if  the  same 
body  be  filled  with  a  fluid  or  a  nearly  solid  substance,  no  other  sound 
is  produced  than  that  which  results  from  the  striking  together  of  two 
sofid  bodies  of  the  same  materials  as  the  wall  of  the  cavity  and  the 
substance  with  which  it  is  struck.  On  these  circumstances  the  practice 
of  percussion  is  based.  If  any  part  of  the  body  beneath  whidi  there 
is  a  hollow  organ,  or  one  containing  air  in  tubes,  be  struck,  a 
resonance  is  produced ;  if  any  part  which  lies  over  a  solid  or  a  fluid  be 
similarly  struck,  the  sound  emitted  ia  merely  the  dull  noise  of  two 
solid  and  rather  soft  bodies. 

The  modes  of  employing  percussion  are  various.  The  simplest  and 
most  convenient  is  to  place  one  finger  of  the  left  hand  flat  upon  the 
part  to  be  examined,  and  to  strike  it  lightiy,  but  rather  sharply,  with 
the  ends  of  the  three  first  flngers  of  the  right  hand  set  dose  together 
on  the  same  level    Instruments  called  pleximeters  have  been  invented 
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by  M.  Piorry  and  others ;  they  are  composed  of  small  plates  of  oork, 
india-rubber,  light  wood,  or  ivory,  which  being  held  by  their  edges  or 
by  a  handle,  are  placed  on  the  part  to  be  examined,  and  struck  with 
the  fingers,  or  with  a  small  hammer.  Whether  the  hsmimer  and  plexi< 
meter  or  the  fingers  are  used,  care  should  be  taken  that  the  blows  are 
always  given  with  the  same  or  an  exactly  estimated  degree  of  force,  and 
that  they  should  fall  perpendicularly  to  the  surface  of  the  organ  to  be 
examined. 

Percussion  is  chiefly  employed  in  the  diagnosis  of  diseases  of  the 
lungs,  heart,  and  abdominal  organs.  [Phthisis;  Heart,  Diseases 
OF,  Ac] 

The  lungs  being  chiefly  composed  of  tubes  and  cells  filled  with  air, 
there  is  a  certain  degree  of  resonance  when  the  chest  over  any  part  of 
them  is  struck ;  but  the  character  of  the  sound  varies  somewhat  both 
in  intensity  and  in  tone,  according  to  the  part  of  the  chest  examined, 
and  the  thickness  and  softness  or  hardness  of  its  walls :  in  all  parts 
however,  when  the  lungs  are  healthy,  there  is  resonance.  ^  When 
however  the  lung  is  covered  by  fluid,  or  has  the  quantity  of  air  in  it 
lessened  by  obstruction  of  the  air-tubes,  or  by  deposits  of  fluid  or  solid 
substances  in  or  around  the  cells,  the  resonance  of  the  chest  directly 
over  the  port  afiected  is  diminished  or  entirely  lost,  and  in  extreme 
cases  the  only  sound  obtained  by  percussion  is  the  dull  sound  of  the 
contact  of  the  fingers  with  the  wall  of  the  chest.  When,  on  the  other 
hand,  the  air-celSt  are  dilated,  and  the  lungs  contain  a  greater  pro- 
portion of  air  than  is  natural  to  them,  as  in  emphysema  of  the  lungs, 
the  resonance  of  the  chest  is  in  a  corresponding  degree  increased.  The 
various  degrees  between  perfect  dullness,  such  as  occurs  when  the  lung 
is  covered  by  fluid  [Htdrothorax],  or  rendered  solid  by  inflammation 
[Lungs,  Diseases  op],  or  by  tubercular  deposition  [Phthisis],  and  the 
highest  degree  of  resonance  in  emphysema  are  numerous,  but  are  of 
coiurse  appreciable  only  by  a  veiy  practised  ear  and  hand.  To  them 
the  evidence  they  aS'ord  is  scarcely  less  valuable  than  that  obtained 
from  the  use  of  the  stethoscope,  with  which  the  practice  of  percussion 
should,  in  all  diseases  of  the  chest,  go  hand  in  hand* 

In  the  healthy  state,  the  chest,  when  struck  over  the  region  of  the 
heart,  emits  a  duller  sound  than  that  which  proceeds  from  the  rest  of 
its  walls.  In  the  natural  size  of  the  heart  this  region  occupies  a  space 
of  an  inch  and  a  half  or  two  inches  square,  situated  just  to  the  left  of 
the  sternum,  at  the  level  of  the  fourth  and  sixth  ribs.  When  either 
the  heart  itself  is  enlarged,  or  a  quantity  of  fluid  is  accumulated  in  the 
pericardium,  the  extent  of  this  less  resonant  region  is  increased  in  a 
corresponding  degree;  but  the  changes  of  sound  which  it  emits  depend 
greatly  on  the  coincident  condition  of  the  lungs,  and  the  extent  to 
vchich  their  anterior  margins  overlap  the  front  of  the  heart. 

By  percussion  on  the  abdomen  one  may  obtain  information,  approxi- 
mating to  truth,  of  the  size  of  all  the  solid  organs,  by  the  extent  of 
the  dullness  of  sound  in  their  respective  regions ;  and  of  the  degrees  of 
inflation,  and  even  of  the  nature  of  the  contents  of  the  digestive  canal 
and  the  peritoneal  cavity,  whether  solid,  liqmd,  or  aeriform;  but  the 
evidence  thus  obtained  is  on  the  whole  less  definite  in  the  diseases  of 
the  abdominal  organs  than  in  those  of  the  heart  and  lungs. 

(M.  Piorry,  J)e  la  Percumon  medicUe,  Paris,  1828 ;  Bennett,  Inh^ 
duetion  to  the  Study  of  Clinical  Medicine,  1860 ;  Weber,  On  Auscultation 
(snd  Percussion,  tnmslated  by.  Cockle,  1854.) 

PEREIRIN.  An  alkaloid  of  febrifuge  qualities,  but  of  uncertain 
composition,  found  in  the  bark  of  the  VaUesia  inedita. 

PERFUMERY,  considered  as  a  branch  of  manufacture,  is  chiefly 
chemical  in  its  nature;  but  its  chemistry  is  of  that  peculiar  kind 
which  relates  almost  wholly  to  the  odour  of  substances,  whether 
animal,  vegetable,  or  mineral, — whether  natural  or  artificial.  The 
relations  of  the  substances  to  light  and  colour,  or  to  solidity  and 
liquidity,  are  of  quite  secondary  importance ;  so  long  as  the  invisible 
odour-bearing  particles  are  given  off,  and  conveyed  by  the  air  to  the 
organ  of  smell,  all  substances  may  take  rank  among  perfumes — except, 
of  course,  such  as  yield  an  impleasant  odour.  It  is  generally  admitted 
that  perfumes,  if  pleasant,  exercise  a  cheering  and  exhilarating 
influence  on  the  human  system,  and  revive  the  spirits  when  fatigued 
or  depressed.  The  connection  between  the  brain  and  the  organ  of 
emell  is  too  close  to  allow  the  former  to  be  quite  uninfluenced  by 
anything  which  affects  the  latter. 

Without  touching  here  upon  the  physiological  or  medical  relations 
of  perfumes,  we  shall  say  a  few  words  concerning  their  production  as 
a  branch  of  trade.  Limueus  divided  scents  into  seven  kinds,  Touray 
into  five,  and  De  Haller  into  three.  Mr.  Rinmiel,  himself  a  perfumer, 
who  read  a  paper  on  this  subject  before  the  Society  of  Arts  in  1860, 
groui>a  the  scents  mostly  used  in  perfumery  imder  eighteen  kinds, 
represented  by  the  following  types: — ^roee,  jasmine,  orange-flower, 
tuberose,  violet,  balsam,  spice,  clove,  camphor,  sandal,  citrine,  lavender, 
mint,  aniseed,  almond,  musk,  amber,  and  fruit  flavour.  The  principal 
branches  of  the  perfumery  trade,  connected  with  these  eighteen  kinds 
of  scents,  are  the  making  of  scented  soaps,  the  compounding  of 
perfumes,  and  the  production  of  numerous  minor  articles  for  the 
toilet.  Perfumed  soaps  are  made  on  the  same  general  principle  as 
common  soap,  but  in  smaller  quantity,  with  greater  care,  and  with 
the  addition  of  certain  odoriferous  substances.  The  removal  of  the 
excise  restrictions  has  been  the  cause  of  much  improvement  in.  this 
art,  the  perfumer  being  at  libertv  to  make  more  varied  experiments 
than  were  before  permitted.     The  perfumed  liqtdds  and  pastes  are 


very  numerous.  The  basis  of  most  of  them  is  obtained  by  treating 
with  alcohol  the  pomade  or  oil  extracted  from  flowers.  There  are 
also  many  toilet-waters,  such  as  eau-de-oologne,  and  the  once-famous 
Hungary  water,  manufactured  chiefly  with  an  alcoholic  basis.  Lavender- 
water  was  formerly  distilled  with  alcohol  from  fresh  flowers;  but 
it  is  now  made  more  economically  by  digesting  the  essential  oil  in 
alcohol. 

The  substances  mostly  used  in  the  manufacture  of  perfumery  are 
of  animal  origin,  such  as  musk,  civet,  and  ambergris ;  fiowers,  such  as 
jasmine,  rose,  orange-flower,  violet,  jonquil,  narcissus,  &c. ;  herhSf  such 
as  the  leaves  and  stalks  of  peppermint,  fennel,  thyme,  marjoram,  spike, 
rosemary,  verbena,  &c.;  frviis  of  the  citrine  kind,  such  as  orange, 
lemon,  &nd  cedrat ;  spices,  such  as  cassia,  cinnamon,  cloves,  mace,  and 
nutmeg ;  vooods,  such  as  sandal- wood,  rosewood,  cedar-wood,  and 
sassafras ;  roots,  such  as  orris-root  and  the  Indian  kus-kus ;  seeds,  such 
as  aniseed,  dill,  and  carraway;  and  gvms,  such  as  benzoin,  styrsCx, 
myrrh,  camphor,  and  several  balms  or  balsams.  Most  of  the  odoriferous 
principles  are  extracted  by  distillation;  but  the  aroma  of  flowers  is 
now  very  often  obtained  by  the  agency  of  fatty  bodies.  Scented 
pomades  and  oils  are  produced  either  by  maceration  or  by  absorption ; 
the  former  for  the  less  delicate  flowers,  and  the  latter  for  such  as 
the  jasmine  and  tuberose,  which  cannot  bear  a  high  degree  of  heat 
without  losing  their  scent.  Mr.  Rimmel  states  \ha,t  at  three  towns 
in  the  South  of  France  there  are  no  less  than  100  firms  engaged  in 
obtaining  pomades  and  essential  oils  from  flowersj  consuming  annually 
the  following  quantities  and  value  of  flowers : — 

1,760,000  lbs.  Orange  flowers    .        •        .        .  £82,000 

550,000  „     Rose  flowers    •        •        •        •    •  10,000 

110,000  „     Jasmin  flowers    •        «        •        •  6,000 

66,000  „      Violets    ••••••  7,000 

66,000  „     Cassia         •        .  *      •        •        .  10,000 

33,000  „     Tuberose 8,000 

The  rose-water,  orange-flower-water,  scented  pomades,  and  essential 
oils,  obtained  from  these  materials  have  a  value  of  nearly  300,000/. 
M.  Piver,  of  Paris,  adopts  a  peculiar  mode  of  obtaining  the  perfumes 
of  plants  by  bringing  a  condensed  current  of  air  to  bear  upon  the 
scented  particles,  and  forcing  them  to  combine  with  a  kind  of  ointment. 
M.  Millon,  another  French  perfumer,  extracts  the  aroma  of  flowers 
by  means  either  of  ether  or  sulphuret  of  carbon,  both  of  which  are 
powerful  solvents. 

The  extent  of  this  manufacture  ir  much  larger  than  is  generally 
supposed.  Mr.  Rimmel  sts^tes,  from  data  which  he  has  been  able  to 
obtain,  that  there  are  40  manufacturing  perfumers  in  London  alone, 
employing  from  20  to  100  hands  each;  that  our  imports  of  essential 
oils  and  perfumery  materials  reaches  200,0002.  annually;  that  the 
retail  value  of  all  the  perfumery  made  in  the  United  Kingdom  caimot 
fall  far  short  of  1,000,000/.  a  year ;  and  that  there  are  80  manufacturing 
perfumers  in  Paris,  employing  2000  to  3000  hands.  Mr.  Rimmel 
gives  the  names,  place  of  production,  and  form  or  condition,  of  about 
seventy  substances  employed  by  the  manufacturing  perfumer.  The 
prices  affixed  to  some  of  these  are  extraordinary — civet,  12.  per  oz. ; 
musk,  12.  10s.  per  oz. ;  ambergris,  22.  per  oz. ;  essential  oil  of  Acacia 
famesiaina,  42.  per  oz. ;  essential  oil  of  jasmine,  62.  per  oz. ;  while  attar 
of  roses,  in  its  choicest  and  most  concentrated  form,  runs  up  to  122. 
per  oz.,  or  threefold  the  value  of  pure  gold,  weight  for  weight. 

It  is  worthy  of  mention,  that,  although  manufacturing  perfumers, 
such  as  Mr.  Rimmel  in  the  paper  above  adverted  to,  and  Mr.  Septimus 
Piesse,  in  a  recent  volume  relating  to  the  subject,  dwell  chiefly  on  the 
obtaining  of  perfumes  from  flowers,  fruits,  and  other  pleasant  sub- 
stances ;  chemists  are  well  aware  of  methods  by  which  perfumes  can  be 
obtained  in  a  very  different  way,  and  from  substances  which  do  not  at 
all  accord  with  the  names  given  to  the  perfumes.  Dr.  Lyon  Playfiur, 
in  his  lecture  on  the  Results  of  the  Great  Eidtdbition  of  1851,  said :  "  A 
peculiarly  foetid  oil,  termed  fusel  oil,  is  formed  in  making  brandy  and 
whiskey;  this  fusel  oil,  distilled  with  sulphuric  acid  and  acetate  of 
potash,  gives  the  oil  of  pears.  The  oil  of  apples  is  made  from  the  same 
fusel  oil,  by  distillation  from  sulphuric  acid  and  bichromate  of  potash. 
The  oU  of  pine-apples  is  obtained  from  a  product  of  the  action  of 
putrid  cheese  on  sugar ;  or  by  making  a  soap  with  butter,  and  Hiiifilling 
it  with  alcohol  and  sulphuric  acid;  and  is  now  largely  employed  in 
England  in  making  pine-apple  ale.  OU  of  grapes  and  oil  of  cognac,  used 
to  impart  the  flavour  of  French  cognac  to  British  brandy,  are  little  else 
than  fusel  oil.  The  artificial  oil  of  bitter  almonds,  now  so  largely 
employed  in  perfuming  soap,  and  for  flavouring  confectionary,  is  pre- 
pared by  the  action  of  nitric  acid.  Many  a  fair  forehead  is  damped 
with  eau  de  milleflewrs,  without  knowing  that  its  essential  ingredient  is 
derived  from  the  drainage  of  j  cowhouses."  This  lecture  elicited  some 
objections,  on  the  ground  that,  although  agreeable  scents  may  be 
obtained  from  offensive  substances,  it  does  not  follow  that  they  are  so 
in  practice ;  but  probably  the  manufacturer  who  went  to  such  "sources 
would  not  be  likely  to  own  it  publicly. 

PERIBOLUS.    [Temple.] 

PERICARDITIS.    [Heabt,  Diseases  of  the.] 

PERIGEE,  the  point  of  the  moon's  orbit  in  which  she  is  nearest  to 
the  earth. 

PERIHB'LION,  the  point  of  the  earth's  orbit  in  which  it  is  nearest 
to  the  sun.    [Aphelion.] 

PERI'METER,  the  circuit,  or  bounding  line,  of  a  plane  figure;  a 


395 


PERIOD. 
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term  usually  applied  to  rectilinear  figures  only,  but  without  any  par- 
ticular reason  for  the  restriction. 

PERIOD,  a  name  given  to  the  recurring  part  of  a  Cihcvlatusq 
Decimal. 

PERIODIC  ACID.    [Iodine.] 

PERIODIC  FUNOTiONS.  The  general  consideration  of  periodic 
magnitude,  that  is,  of  magnitude  which  varies  in  such  manner  as  to  eo 
through  stated  cycles  of  changes,  each  cycle  being  a  reiteration  of  the 
preceding  one,  is  the  subject  of  Tbigonometrt.  Though  that  science 
derives  its  name  from  the  measurement  of  triangles  (as  geometry  does 
from  that  of  the  earth),  its  resources  have  been  cultivated  and  its 
methods  expanded  until  no  definition  short  of  the  preceding  will 
express  its  object  or  convey  an  idea  of  its  powers. 

In  the  article  cited  will  therefore  be  explained  the  mode  of  measure- 
ment applied  to  periodic  magnitude  :  the  present  ond  is  intended  for 
nothing  ihore  than  to  point  out  a  peculiarity  of  some  classes  of 
algebraic  functions  which  has  procui^ed  for  them  the  name  of  periot^io 
functions. 

The  calculus  of  Functions  considers  only  forms,  and  the  operations 
necessary  to  convert  one  given  form  into  another,  or  to  satisfy 
equations  in  which  some  forms  of  operation  are  unknown.  Periodic 
functions  are  those  which,  performed  any  given  number  of  times  on  a 
variable,  reproduce  the  simple  variable  itself.  Thus  \  —  x  and  —  x 
are  periixlic  functions  of  the  second  order,  since 

1  —  (1  -  a:)  s=  ar,     —(-«)««. 

Again,  1  :  (1  —  x)  is  a  periodic  fimction  of  the  third  order,  since,  if  we 
begin  with  x,  and  write  I  :  (1  ^x)  for  x  three  times  in  succession,  we 
end  with  x  also — 

•^1  a:  —  1 


l—ad' 


X 


X, 


Periodic  functions'  are  remarkable  in  the  calculus  of  functions  for 
ihe  simplicity  with  which  questions  connected  with  them  can  be 
solved,  when  compared  with  the  difficulty  of  solution  of  cases  in  which 
non-periodic  functions  enter.  Their  principal  properties  are  here  briefly 
pointed  out :  for  further  information,  consult  Babbage's  '  Examples  of 
Functional  Equations'  (appended  to  Peacock's  'Examples'),  or  the 
article  on  the  Calculus  of  Functions  contained  in  the  '  Encyclopaedia 
M etropoUtana,'  where  further  references  will  be  found. 

Let  ^  be  a  function  of  x ;  abbreviate  ^{<f>x)  into  ^x ;  ^{^x)  into 
^x,  ftc. :  then,  if  ^  be  a  periodic  function  of  the  nth  order,  ^*x  =  x. 

Let  r  he  one  of  the  nth  roots  of  unity,  then  rx  is  the  simplest 
periodic  function  of  the  nth  order ;  but  very  simple  ones  of  the  form 
{1  +  bx)  :  {o  ^  kx)  may  be  obtained  by  making 

6'  —  2  he  cos  0  +  c^ 

*  '^        2(1  +cMe) 

where  0  means  the  nth  part  of  any  multiple  of  four  right  angles.  For 
instance, if  n  »  4, 0  may  «=  90%  and  oos  0  s  0,  whence k=  (b*  +  c^  :2; 
whence 

2  +  2bx 

2c  -  (6^  +  c»)a? 

is  a  periodic  function  of  the  fourth  order. 

Let  Ox  be  any  function  of  x  whatsoever,  and  e~i«  its  Iitverse 
function,  so  that  SS~^x  =  x;  then  if  ^  be  a  periodic  function, 
S^Br-ix  is  also  periodic.  Thus  1  ^  x  being  p^odio  of  the  second 
Older,  so  are  log  (1  ~  «* ),  V(l  —  a^*),  sin-'  (1—  sin  x),  Ac.  Ac. 

Let  S^^^x  be  called  a  derivative  of  ^ ;  then  if  ^  and  ^x  be  two 
periodic  functions  of  the  nth  order,  either  can  in  an  infinite  number  of 
ways  be  made  a  derivative  of  the  other.  Thus  one  of  the  ways  in  which 
1  :  a;  is  a  derivative  of  ^  a;  is  •-*•«•»  Let  1,  r,  r«, . . . .  t*"^  be  all  the  n 
roots  of  unity,  let  Pq  be  any  function  of  x  and  y,  and  let  p^^  be  the  same 
function  of  ^  and  4^,  p,  of  ^x  and  4^,  Ac    From  the  equation 

Pp  +  r  Pj  +  r»  p,  +  . . , ,  +  r»-i  p,__i  =  0, 

find  y  in  terms  of  x ;  say  y=9x.  Then  will  ^=6^,  or  r^ss%^0-\x; 
that  is,  r^tx  is  expressed  as  a  derivative  of  ^*  ' 

For  example,  let  ^  =  —  a?,  \f^c  =  1  —  ;e,  be  the  i>eriodio  functions, 
of  the  second  order ;  then  r  =  -^  1.  Let  Pq  =  ox  -h  2^,  then  the  pre- 
ceding equation  becomes 

.  oa;  -f-  6y  +  (  —  1)(—  oa:  +  6  1  —  y)  =  0; 

6  —  2aa:  h  —  26y 

ory=:©x-    -26— >  ^'»  ^       2a 

^  _,        6-2oJ- (6~  26a:):2a} 
0^e-»ar  =  t       ^ f        S  ^  1  -  ar. 

26 

The  periodic  functions,  as  before  observed,  are  those  whose  relations 
are  naost  easily  obtained.  For  example,  [let  aa;,  /Sa;,  yx,  be  given 
functions  of  a;,  and  ^  an  unknown  function,  to  be  det^mined  by  the 
equation 

^  =  iSa:  +  yx<pax. 

If  aa;  be  not  periodic,  there  are  two]  difficulties  in  the  way,  each  most 
frequently  insuperable :  first,  the  determination  of  some  one  solution 
of  this  equation;    secondly,  the  determination  of  the  Invariable 


function  of  this  eauation,  or  the  solution  of  t^ox  =  ^x.  But  when  ax 
is  periodic,  both  cufficulties  can  be  overcome  and  a  general  solution 
given.  iSay  a*x  =  x,  then  r^x  is  any  symmetrical  function  of  x,  ax, 
a^x, ....  a"~*a;;  and  if  B,,,  B.,  Ac,  be  Bx,  fiax,  Ac.,  and  c^  c,,  Ac,  be 
Tce,  yax,  Ac.,  the  general  solution  divides  into  two  cases,  in  the  first  of 
which  t^ie  solution  does  not  depend  on  the  invariable  function. 
The  most  general  case  gives 


^  X  ^ 


Bo  +  Cq  Bj  +  Cj.  Ci  B,  +  .  .  4-  C<,Ci  .  .  C,,_iB,_i 


1  —  Cq  C|  O,  •  .  .  .  Ch^i 

In  this  case  the  preceding  is  the  most  complete  and  only  solution. 
But  if  Cq  and  b^,  Ac.,  be  such  that  the  numerator  and  denominator  of 
the  preceding  both  vanish,  the  general  solution  is 

n^=(n-l)Bo  +  (»-2)ctBi  +  (»-.8)CoO^B, 

+  ,»  .,  +  Oq  0^  Og  .  .  •  0,^8  Dn-fl 
+  (1  +  Oo  +  00  Oi  +  .  .  .  •  +  Pd  Ox  .  .  .  On^)  1^X, 

For  demonstration  and  extension,  see  the  article  cited  in  tha 
'  Encyc.  Metrop.,'  §§  192-198,  and  235. 

PERIODS  OF  REVOLUTION.  In  the  present  article  we  rfmply 
describe  the  names,  commencements,  lengths,  and  uses  of  those  periods 
which  it  is  most  requisite  the  reader  should  find  distinctly  explained 
in  a  work  of  reference,  premising  some  explanation  of  the  way  in  which 
comparison  of  difierent  periods  gives  new  periods. 

By  a  period  we  mean  a  definite  portion  of  time,  beginning  from  a 
given  epoch,  or  ara,^  which,  being  repeated  again  and  again,  wul  serve 
to  divide  all  time  subsequent  to  the  epoch  (or  precedent,  if  the  rqje- 
titions  be  also  carried  backwards  from  the  epoch)  into  eqn^  parts,  for 
the  purposes  of  common  reckoning  and  historical  chronology.  A  period 
ia  then  a  finite  portion  of  time  used  for  measurement,  just  as  a  toot  or 
mile  ia  used  for  measurement  of  length. 

Periods  may  be  divided  into  natural  and  artificial ;  the  f onner  imme- 
diately suggested  by  some  recurrence  of  astronomical  phenomena ;  the 
latter  arbitrarily  chosen.  Since,  however,  time  cannot  be  preserved 
and  handed  down  as  if  it  were  material,  it  is  natural  that  &e  know- 
ledge of  artificial  periods  should  be  preserved  by  representing  the 
number  of  natural  periods  which  they  contain ;  nor  is  it  to  be  supposed 
that  artificial  periods  were  ever  invented  in  a  perfectly  arbitrary 
manner,  or  were  indeed  ever  anything  more  than  convenient  collections 
of  natural  periods. 

When  one  period  is  contained  an  exact  number  of  times  in  another, 
each  recommencement  oi  the  larger  one  is  also  a  reconmieucement  of 
the  smaller  one  ;  thus,  the  day  being  exactly  twenty*four  hours,  if  any 
one  day  begin  at  the  beginning  of  an  hour,  all  days  will  do  the  same. 
But  if  the  smaller  period  be  not  a  measure  of  the  laiiger,  a  longer 
period  may  be  imagined,  which  in  this  article  we  shall  call  a  eycUj 
consisting  of  the  interval  between  the  two  nearest  moments  at  which 
the  smaller  and  larger  ^riods  begin  together.  Thus,  a  week  of  seven 
days  and  a  month  of  thirty  days  give  a  cycle  of  seven  months  or  thirty 
weeks,  these  two  periods  being  equal.  If,  however,  the  two  periods 
can  be  measured  by  a  larger  number  of  days,  the  cycle  may  be  made 
smaller ;  thus,  a  month  of  30  days  and  a  year  of  365  days,  or  a  month 
of  6  times  five  days,  and  a  year  of  73  times  five  days,  would  give  a 
cycle  of  6  X  73  times  five  davs,  that  is  of  6  years  or  73  months. 

When  two  natural  periods  are  expressed  by  complicated  fractions  of 
days,  the  method  explained  in  Fraotions,  CoNTunrsD,  will  serve  to 
show  nearly  how  many  of  one  period  make  up  an  exact  number  of  the 
other.  Thus  the  tropical,  or  common  year  being  365*24224  days,  and 
the  lunation  being  29*53059  days,  both  approximate,  it  appears  that 
86,524,224  lunar  months  would  be  2,953,059  years  nearly.  To  reduce 
this  long  9ycle  to  others  more  convenient  for  use,  and  as  accurate  as 
the  number  of  figures  employed  will  permit,  proceed  as  in  the  article 
cited  with  the  fraction 

2,953,059 

36,524,224 

The  quotients  obtained  are  12,  2,  1,  2,  1,  1,  17*  Ac.,  at  which 
we  stop,  because  the  appearance  of  so  large  a  quotient  as  17,  shows 
that  the  result  of  the  preceding  quotients  is  extremelv  near.  The 
successive  approximations  derived  from  the  first  six  quotients 


_1 

12 


26 


87 


99 


11 
136 


19 
235 


Or  235  lunations  make  19  years  very  nearly. 

The  period  in  which  all  others  are  expressed  is  the  day,  which  Is  not, 
as  many  suppose,  the  simple  time  of  revolution  of  the  eaith,  but  [Day] 
the  average  time  between  noon  and  noon.  To  distinguish  it  from 
other  days  it  Ib  called  the  mean  tolar  day. 

The  year,  or  the  time  between  two  vernal  equinoxes,  is  not  a  uniform 
period,  nor  does  the  average  of  one  long  period  give  preoMely  the  same 
as  another.  [Yeab.]  For  chronologiciEd  purposes,  however,  it  is 
useless  to  take  account  of  this  variation,  and  865*2422414  days,  the 

*  These  terms  are  used  aynon jmoiuly  bj  moat  chronologers :  bat  aome  mean 
bj  tera  the  whole  of  the  time  which  is  measured  from  the  epo^A.  The  ear  of  the 
reader  will  perhaps  be  familiar  with  both  of  the  phrases, "  the  dth  eentory 
of  the  Christian  aara,"  and  **  tho  5th  centurj  after  the  Christian  stra.'* 
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year  of  aatronoxnen  in  our  day,  may  be  considered  as  more  than  suffi- 
ciently exact  for  any  time.  In  fact  the  year  is  made  to  consist,  in  the 
long  nin,  of  S65'2425  days,  and  a  cycle  of  400  yearo  is  necessary  to  the 
complete  explanation  of  this  fraction.  Supposing  the  years  from 
▲.D.  2001  to  A.D.  2400,  both  inclusive,  each  fourth  year  is  leap-year, 
beginning  with  2004,  except  only  2100,  2200,  and  2300,  which  gives  in 
the  400  years  S66  days  to  each  year,  and  97  intercalated  days ;  while 
adding  97  days  to  400  years,  adds  on  the  average  97-400ths  or  '2425 
of  a  day,  to  each  year.  As  it  is  of  considerable  miportance  distinctly 
to  comprehend  an  intercalated  cycle,  that  is  one  in  which  fractions  are 
disregarded  until  they  amount  to  a  unit,  when  they  are  corrected,  to 
use  a  common  phrase,  in  the  lump,  we  put  down  the  effect  of  the 
correction  which  is  made  in  the  year  1840,  being  leap-year.  In  1886, 
immediately  after  the  last  intercalation  was  made,  the  sun  was  in  the 
yemal  equinox  at  about  39  minutes  after  1  p.m.  qu  the  20th  of  March, 
and  the  equinoxes  then  took  place  as  follows : — 

1836  Sim  in  eqtiinox  at  1^  39n  p.m.  Maroh  30 

1837  „  at  7i»  23"*  P.M.  March  20 
18S8  „  at  l^  1B«  JL,U.  March  21 
1830  „  at7h  im  A.U,  March  21 
1840  ..  at  0^  4ln  rM,  March  20 


If 


The  intercalation  of  1840  (but  for  which  the  sun  would  hate  come 
on  the  equinox  at  41  minutes  past  noon  on  the  tweniy-Jirtt)  has  over- 
done the  correction,  bringing  the  equinox  nearer  to  noon  than  in  1836 
by  58  minutes.  Now  this  over-correction  of  nearly  an  hour  in  four 
years  ie  set  nearly  right  by  leaving  out  the  correction  three  times  in 
400  years;  a  proviidon  the  necessity  of  which  may  be  imagined, 
though  its  exactness  cannot  be  appreciated  from  the  preceding  rough 
calculation. 

The  Gregorian  year,  therefore  (or  the  year  in  the  Qregorian  refor- 
mation of  the  kalendar),  is  a  portion  of  a  cvcle  of  400  years  of  365 
days,  97  of  which  have  an  additional  day.  [ICalexdab.]  The  Julian 
year,  in  use  before  the  Gregorian  reformation,  is  a  portion  of  a  cycle 
of  4  years  of  365  days,  one  of  which  has  an  additional  day.  With- 
out a  perfect  comprehension  of  the  manner  in  which  the  incom- 
mensurability of  the  year  and  day  is  remedied,  no  progress  can  be 
made  in  the  understanding  of  thi  nature  and  use  of  chronological 
periods. 

An  JBIra  means  either  the  commencement  of  an  indefinite  reckoning, 

or  of  a  succession  of  periods.    In  the  article  ^ba.  will  be  found  the 

complete  description  of  the  most  important  fcras ; '  but  as  it  often 

happens  that  for  reference  the  mere  time  of  an  obscure  or  uncommon 

aera  is  wanted  without  explanation,  we  subjoin  an  extensive  list, 

merely  giving  the  leading  words,  and  the  date  ▲.D.  or  B.c.  of  the  vulgar 

Christian  ssra.     It  is  to  be  remembered  that  the  birth  of  Jesus  Chnst 

is  supposed  to  have  taken  place  in  the  fourth  year  B.o.  of  this  common 

sera.     The  figures  following  the  years  refer  to  months  and  days :  thus 

A.D.  729  . 6 .  13  would  stand  for  *  the  l3th  day  of  June,  a.d.  729.    We 

do  not  mean  to  say  that  the  events  in  the  following  list  did  take  place 

in  the  vears,  far  less  in  the  months,  or  on  the  days,  which  are  set  down : 

but  only  that  those  who  used  them  as  seras,  took  them  as  having 

happened  in  those  years,  months,  and  days.      Thus  the  death  of 

Alexander,  according  to  Clinton,  took  place  in  B.o.  323,  which  is  most 

likely  to  be  right ;  but  if  those  who  afterwards  made  an  sera  of  this 

deatii,  reckoned  from  the  12th  of  November  B.O.  324,  that  day  is  the 

sera,  whether  the  event  happened  then  or  not. 


Mundane  »ra  of  Constantinople  .  b.o. 
Civil  nra  of  Constantinople  •  •  .  b.o. 
Mnodane  sra  of  Alexandria  •  .  b.c. 
Mundane  mra  of  Antioch  •  •  .  b.c. 
Commencement  of  Julian  period  •  b-.c. 
Common  mundane  mra  (Abp.  Usher)  b.c. 
Mundane  »ra  of  the  Jews  .  •  .  b.c. 
Civil  Jewish  sera      •        .        .        .b.c. 

Caliyug  (Hindu) b.c. 

iKra  of  Abraham  (Eusebius)      •        .  B.C. 

Olympiads b.c. 

Building  of  Borne  (Yarro)  •  •  b.c. 
Building  of  Bome  (Cato)  •  .  .  b.o. 
JEra  of  Nabonassar  (Babylonian)  •  b.o. 
Metonio  cycle  •  •  •  •  .  b.o. 
Calippic  period  •  •  •  •  b.c. 
Julian  reformation  .  •  •  .  b.o. 
Death  of  Alexander  .  •  •  .  b.c. 
JExsL  of  the  Seleucida  •        •        .    .  b.o« 

JSra  of  Tyre b.o. 

Mm  of  Yicramiditya  (Hindu)        •    .  b.c. 

C«««n  Bra  of  Antlod.  {  ^'^J^ ;  l^ 

Spanish  eora  •  •  •  •  .  b.c. 
£ra  of  Aetium  •  •  •  •  .  b.o. 
First  leap-year  of  the  Augustan  re- 

formation a.d.  8 

iEra  of  the  Ascension  (as  used  in  the 

Chnmiole  of  Alexandria)  •        •    .  a.d.  88 

*  There  is  some  inoorrectness,  but  great  convenience  la  this.  Astronomers 
now  sometimes  use  such  a  notation  as  18d9'Gl,  not  to  denote  1850  years  and 
81-lOOtha  of  a  year,  but  the  moment  at  which  fil.lOOths  of  the  IBdSth  year 
hateeUpaed* 


6508 . 8 .  31  (or  4  •  1) 

5508.0.1 

5503 .  8  .  20 

5403  .0.1 

4718.1.1 

4004 

8761  (vernal  equinox) 

3761.10.1 

3101 

2016.10.1 

776.7.1 

753.4.21 

752.4.21 

747.2.26 

432.7.15 

330 

45 

3lt4.11.13 

312.9.1 

125.10.10 

57 

49 

48 

88.1 

30.1 


1 
1 


.  A.D.  77 

.Vd.  384.9.17 


1 
0 

le 

IG 


Mn  of  flalivahan  (Hindu)         • 

iEra  of  Diocletian,  or  of  Martyrs 

Indiction  of  Constantinople        .         .  a.d.  312 

JEra  of  the  Armenians  .         ...  a.d.  552 

Hci^ira a.]>.  622 

^ra  of  Tesdegird         .        .        .     .  ▲.».  632 
Gregorian  reformation,  or  new  style  .  a.d.  1583 
English  adoption  of  the  Gregorian 
reformation  .        •        •        •        .  a.d;  1753 

Among  the  various  sources  of  confusion  may  be  noticed — 1,  an  old 
practice  of  astronomers,  who  call  the  year  immediately  preceding  and 
following  the  vulgar  miA,  not  1  but  0,  as  calculation  requires ;  2,  the 
discrepancies  arising  from  different  times  of  beginning  the  year.  The 
most  important  of  these  to  the  Knglish  reader  is  the  following : 
Before  the  change  of  style  in  1752,  and  from  the  14th  century  to  that 
time,  the  legal  and  ecclediastical  year  began  on  the  25th  of  March, 
though  it  was  very  common  in  writings,  &c.,  to  begin  it  on  the  1st  of 
January.  Hence  January,  February,  and  twenty-four  days  of  March, 
were  in  one  year,  according  to  lawyers,  &c. ;  and  in  another  according 
to  others.  Thus  the  Revolution,  so  called,  of  1688,  took  place  in  the 
February  of  that  legal  year,  or,  as  we  should  now  say,  February,  1689. 
It  is  frequently  written  thus:  February,  16 8g,  or  February,  1688-9. 
Thus,  King  Charles  was  beheaded  January  30, 164^,  or  January  30, 
1648-9. 

We  now  come  to  the  artificial  periods  which  are  of  most  use  in 
chronological  researches  :  these  are — 

1.  The  cycle  of  the  sun,  or  more  properly  the  cycle  of  Sundays. 

2.  The  cycle  of  the  moon,  or  of  nineteen  years,  or  of  the  Grolden 
number,  or  of  the  Primes,  or  the  Metonic  cyole  with  its  »ra  altered. 
[Meton,  in  Bioa.  Div.] 

3.  The  cycle  of  indictions. 

4.  The  Paschal  cycle. 

5.  The  Julian  period. 

1.  The  cycle  of  the  sun  is  a  period  of  23  years,  compounded  of 
7  and  4,  the  numb^  of  days  in  a  week,  and  the  number  of  years  in 
the  interval  of  two  leap-years.  This,  in  the  old  style,  makes  the 
Sundays  return  to  the  same  days  of  the  year ;  evexy  year  of  the  cycle 
being  in  this  respect  eiactly  the  same  as  the  same  year  of  the  pre- 
ceding  cycle.  Thus,  the  year  A.O.  1  being  the  tenth  in  its  solar  cyole, 
and  the  Dominical  Lettjsk  being  for  that  year  b,  or  the  2nd  of- 
January  being  Sunday,  the  2nd  ox  January  was  also  Sunday  in  the 
year  ▲.!>.  (1  +  28),  or  a.d.  29,  also  in  A.D.  (29  +  28),  or  a.d.  57,  &g. 

The  series  of  dominical  letters  for  the  complete  solar  cycle  is  as 
follows :  attaehfed  to  each  dominical  letter  is  what  is  called  the 
ccmcurrtnt  of  the  year,  meaning  the  number  of  days  elapsed  over  and 
above  a  complete  ntmiber  of  weeks,  from  the  beginning  of  the  cycle 
(not  including  the  first  day)  to  that  of  the  year  in  question,  the  con- 
current  being  written  7  where  0  would  perhaps  have  been  better. 


1     OF   1 

8     E      3 

15     C     4 

33    A     6 

2     £      2 

9     DC  4 

16     B      5 

23     O      7 

8     D     8 

10     B      6 

17     AO  7 

34     F      1 

4     C      4 

11     A     6 

18     F      1 

35     £D  8 

5     BA  6 

13     0     7 

19     £      3 

36     0      4 

6     O     7 

13     FE  3 

20     D      3 

27     B      5 

7     F     I 

14     D     3 

31     CB    5 

28     A      6 

Connected  vnth  this  table  is  one  of  what  were  called  solar  tY^u2ars 
(regulators  would  have  been  the  modem  term),  one  for  each  months  as 
follows : —  ' 


Jan.      3 

April     1 

July     1 

Oct. 

3 

Feb.      5 

May      8 

Aug.     4 

Not. 

5 

March  5 

Jane     6 

Sept.     7 

Dec 

7 

The  table  given  in  DoMnfiOAL  Letter  would  save  some  of  the 
following  process,  which  however  it  is  better  to  give. 

Old  Style, — To  find  the  port  of  the  solar  cycle  in  which  any  given 
year  is  found.  If  the  year  be  a.d.,  add  9  and  divide  by  28;  the 
remainder  (or  28  if  the  remainder  be  0)  is  the  year  of  the  solar  cycle 
required.  But  for  a  year  B.O.,  deduct  10  from  the  date,  and  divide  by 
28 ;  the  remainder  deducted  from  28  gives  the  year.  The  dominical 
letter  and  ooncuxrent  are  then  taken  from  the  preceding  table.  And 
to  find  on  what  day  of  the  week  the  first  day  of  any  month  fell,  to  the 
concurrent  of  the  year  add  the  regular  of  the  month,  the  sum  (dimi- 
nished by  7,  if  it  can  be  done)  shows  the  day,  1  being  Sunday, 
2  Monday,  &c.  (But  in  leap-year  one  day  later  must  be  taken  for 
every  month  aiter  February.)  Thus  to  find  the  day  on  which  the  aera 
of  the  Hegira  fell,  or  July  16,  622  A.D.,  622  +  9  or  681  divided  by  28 
gives  the  remainder  15,  which  is  the  year  of  the  cycle.  The  concurrent 
is  4,  which  added  to  ^e  regular  of  JiUy  1,  gives  5,  or  Thursday  for 
the  1st  July,  and  Friday  for  the  16th;  whence  Friday  is  the  day 
required. 

The  perpetuity  of  the  solar  cycle,  in  the  connection  of  its  numbers 
with  the  dominical  letters,  &c,  is  destroyed  by  the  new  style,  in  which 
a  similar  cycle  of  no  less  than  2800  years  exists.  Up  to  the  end  of 
this  century,  however,  the  cyde  of  28  years,  as  it  now  exists,  will 
remain  undisturbed/  and  it  may  therefore  be  worth  while  to  give  the 

*  Sinee  ▲.».  1900  it  not  leap-year,  the  whole  oyola  will  then  be  overthrown, 
but  Bince  a.d.  2000  is  leap-year,  it  may  be  reoo&struoted  so  as  to  lasttUl  3100. 


990 


PERIODS  OF  REVOLUTIOK. 


PERIODS  OF  REVOLUTIOlir. 


4M 


years  of  the  solar  cycle  answering  to  the  decads  of  the  centuiy,  and 
the  table  o  dominical  letters,  concurrents,  and  regulars : — 


1891,  18    ;    i820,     9    I    1840,     1 
1810,  27    I    1830,  19    |    1850,  11 


1860,  31    I    1880,  IS 
1870,     S        1890,  28 


1     ED  1 

8    C     3 

15    A     4 

32     F     6 

2     C      3 

9    BA  4 

16     Q     5 

23     £     7 

S     B     3 

10    O     6 

17     FE   7 

24     D     1 

4     A     4 

11     F     6 

18     D     1 

25     CB  3 

6     OF  6 

12     £     7 

19     C      2 

26     A     4 

6    £     7 

18    DC  2 

20    B     S 

27     O     5 

7    D     1 

14    B     8 

21     AG  5 

28    F     e 

Jan.      8 

April    2 

July      2 

Oct.      3 

Feb.     6 

May      4 

Aug.     5 

Nov.     6 

March  6 

June     7 

SepU     1 

Dec.      1 

To  find  the  1st  of  April,  1836  :  the  year  is  25  of  the  cyde,  and  leap- 
year,  and  the  concurrent  3  added  to  2,  the  regular  of  April,  with  1 
allowed  for  leap-year,  gives  6,  or  Friday. 

There  are  many  perpetual  cUmajiaca,  as  they  are  called,  by  which 
such  questions  as  the  preceding  can  be  solved  by  reference,  without 
calculation.  But  when  the  almanac  of  a  particular  year  is  wanted  in 
totality,  there  must  be  thirty-five  distinct  almanacs  set  out,  to  meet 
every  possible  location  of  Easter-day,  with  an  index  by  which  the  year 
is  to  idiow  which  almanac  to  turn  up.  Several  of  the  monastic  oxders 
constructed  almanacs  for  themselves  on  this  principle,  with  their  own 
peculiar  days  of  ceremony  duly  entered  :  and  M.  Francoeur  published 
a  general  one  at  Paris  in  1842.  V)n  this  hint  Mr.  De  Mox-gan  con- 
structed his  '  Book  of  Almanacs,*  1851,  in  which  the  wJiole  almanac  of 
any  year,  the  moon  *  excepted,  is  turned  up  at  once,  whether  in  old  or 
new  style. 

2.  The  cycle  of  the  moon  is  that  of  19  years,  which  is  very  nearly 
235  complete  lunations,  as  follows :  the  235  mean  lunations  of 
29*53059  days  each  make  6989*69  days,  while  19  years  of  365  days 
each  give  6935  days,  and,  allowing  4f  days  for  leap-years,  693975  days. 
Hence  235  lunations  fall  short  of  19  Julian  years  by  '06  of  a  day,  or 
one  day  in  about  317  years.  During  a  period  of  300  years,  and  as  far 
as  the  mean  place  of  the  moon  is  concerned  [Easteb],  the  newand 
full  moons  of  the  cycle  of  nineteen  years  would  fall  on  the  same  days. 
On  the  assumption  of  235  lunations  exactly  corresponding  to  19  years, 
all  the  rules  for  finding  Easter  are  founded;  and  in  the  steadiness 
with  which  this  false  assumption  was  held  to,  lies  the  value  of  Easter 
in  chronology.  If  the  astronomers  had  been  allowed  to  vary  Easter 
according  to  the  latest  improvements  in  determining  the  moon's  place, 
the  chronology  of  the  details  of  the  different  years  of  the  middle  ages, 
confused  as  it  sometimes  is,  would  rarely  have  been  anything  but 
confusion ;  in  chronological  reckoning  nothing  is  of  any  importance 
compared  with  keeping  to  one  unvaried  rule;  and  the  reformation 
(so  called)  of  the  calendar  was,  in  our  opinion,  anything  but  an 
improvement. 

Chronologists  have  two  cycles  of  nineteen  years  each,  the  first  of 
which  is  the  cycle  of  nineteen  years  (so  called),  or  of  the  golden 
number,  and  the  second,  which  begins  three  years  later,  they  call  the 
lunar  cycle.  These  of  course  only  differ  in  their  time  of  commence- 
ment, the  year  4  of  the  first  cycle  being  always  1  of  the  second.  To 
show  the  manner  in  which  accuracy  was  attempted,  it  is  worth  while 
to  quote  the  date  of  one  charter,  from  the  '  Art  de  verifier  les  Dates,' 
particularly  as  all  the  dates  are  quite  exact :  **  Acta  sunt  hsec,  anno  ab 
incamatione  Domini  hcix.,  indictione  n.,  epacta  xvil,  concurrente  rvr., 
cyclus  lunaris  v.,  cyclus  decemnovennalis  vra.,  regtUaris  paschsB  iv., 
terminus  paschaUs  xnn.  kal.  Maii,  dies  pasch^  yil  kal.  Mali,  hmse 
ipsius  (diei  paschse)  xxl" 

After  what  has  been  said  on  Easter,  there  is  no  occasion  to  enter 
on  that  subject  here. 

The  epact  of  the  year  is  usually  stated  as  being  the  moon's  age  at 
the  beginning  of  the  year  :  this  is  a  correct  definition  as  to  the  epact  of 
the  Gregorian  calendar,  but  not  so  as  to  that  which  preceded.  The 
epact  of  the  old  calendar  is  a  number  depending  on  the  year  in  such 
manner  that  the  epact  of  the  year,  increased  by  what  was  called  the 
lunar  regular  of  any  month,  gives  (with  deduction  of  29,  if  necessary) 
the  age  of  the  moon  on  the  first  day  of  that  month;  so  that  the  age  of 
the  moon  at  the  beginning  of  the  year  is  the  epact,  together  with  the 
regular  of  January.  Thus  the  epact  of  every  year  may  be  increased  or 
diminished  at  pleasure,  provided  all  the  numbers  in  the  table  of 
r^^lars  be  sm  much  diminished  or  increased ;  and  different  tables  of 
epacts  will  be  found  in  different  works,  the  difference  being  of  course 
compensated  in  the  regulars,  or  else  in  the  rule  for  applying  them. 
The  epact  of  each  year  of  the  cycle  of  19  years  must  be  11  more  than 
that  of  the  preceding,  abating  30  as  fast  as  it  arises ;  this  must  be  the 
case  in  every  table,  and  the  most  common  table  of  epacts  gives  29  as 
the  epact  of  the  first  year  of  the  cycle,  10  as  that  of  the  second,  21  as 
that  of  the  third,  &c.  Corresponding  to  this,  9  is  the  regular  of 
January,  10  of  February,  &o.  It  is  not  worth  while  to  give  the  table, 
not  only  because  it  is  now  useless,  even  for  old  chronology,  but  because 

*  Means  are  added  of  finding  the  new  or  full  moons  of  any  year,  within  a 
day,  without  any  calculation :  and  also  means  of  calculation  to  find  them  within 
two  hours* 


it  fails  for  those  years  of  the  decemnovennal  cycle  in  which  two  faQ 
moons  come  in  the  same  month. 

Again,  the  annual  regular,  or  the  regular  cited  in  charters  (as  in  our 
previous  quotation,  where  it  is  called  the  paschal  regular),  is  neither 
the  solar  regular  described  in  the  former  part  of  this  article,  nor  the 
lunar  reguSy  just  mentioned,  but  a  third  regular  belonging  to  the 
whole  year,  and. which,  added  to  the  concurrent  previously  deacribed, 
gave  (7  being  abated,  if  necessary)  the  last  day  of  the  moon  preceding 
the  paschal  moon.  Thus,  a.d.  874,  the  concurrent  being  4  and  the 
annual  r^ular  5,  their  sum  9  diminished  by  7,  or  2,  gives  Monday  as 
the  last  day  of  the  ante-paschal  moon. 

The  paschal  term  (terminus  paschalis)  mentioned  in  the  quotation, 
meant  simply  the  fourteenth  day  of  the  paschal  moon. 

3.  The  Indiction  was  an  edict  of  the  Koman  emperors,  fixing  the 
tribute ;  and  as  one  such  edict  was  supposed  to  have  appeared  eveiy 
fifteen  years,  years  were  naturally  reckoned  according  to  their  distance 
from  the  year  of  indiction.  There  is  doubt  about  the  fint  origin  of 
indictions,  about  their  meaning  and  .their  earliest  date :  all  ^re  have 
here  to  do  with  is  the  fact,  that  from  Athanasius  downwards,  they 
were  more  or  less  employed  by  ecclesiastical  writers  in  deecribing 
epochs.  The  popes  afterwards  adopted  this  mode  of  dating,  and  the 
common  indiction*  found  in  chronological  tables  begins  so  that  ▲.D.  313 
is  the  first  year  of  the  first  cycle  of  indiction,  each  cycle  containing  15 
years.  At  this  rate,  a  J).  1  was  the  fourth  year  of  an  imaginaxy  pre- 
ceding indiction,  and  the  remainder  of  three  more  than  the  date  of  any 
year  divided  by  15  will  give  ito  poEition  in  ite  cycle  of  indiction.  Thus 
1239,  increased  by  3  and  divided  by  15,  gives  the  remainder  12,  or 
A.I).  1239  is  the  twelfth  year  of  a  cycle  of  indiction. 

4.  The  paschal  cycle  is  one  composed  of  28  and  19  years,  or  532 
years,  during  which  time  the  cycles  of  the  sun  and  of  19  yean  run 
through  all  their  combinations,  and  recommence  them  again.  Accord- 
ing to  the  old  system,  then,  this  is  the  cycle  of  Easter  Days,  which 
begin  again  in  the  same  order  when  it  is  finished:  A.D.  1  was  the  second 
year  of  the  first  paschal  cycle,  being  also  2  of  the  cycle  of  19  years,  and 
10  of  its  solar  cycle.  The  paschal  cycle  of  the  Gregorian  calendar 
would  be  53,200  years. 

5.  The  Ji^n  t  period  was  imagined  by  Joseph  ScaUger,  and  is  a 
combination  of  the  solar  cycle,  the  cycle  of  19  years,  and  that  of 
indictions.  Now  28  x  19  x  15  gives  7980  years,  which  is  the  length  of 
the  period  in  question.  It  was  made  to  begin  at  a  year  b.c.,  whidi 
was  the  first  year  of  each  cycle — ^namely,  B.O.  4713  years.  Hence,  sub- 
tract any  year  B.c.  from  4714,  or  add  any  year  a,d.  to  4713,  and  you 
have  the  year  of  the  Julian  period  answering  to  the  date  used.  The 
advantage  (if  it  be  one)  of  this  period  is,  that  by  dividing  the  year  in 
it  by  28, 19,  and  15,  the  remainders  show  the  years  of  ^  the  different 
cycles  belonging  to  the  Julian  date  used,  remembering  when  the 
remainder  is  nothing  to  substitute  the  divisor  instead. 

For  the  history  of  periods  not  absolutely  used  in  chronology,  see 
their  several  names,  such  as  Metonic  Cycle,  under  Meton,  in  Bioo.  Div., 
Saros,  Sothiao  Pebiod,  &c.,  &c. 

Astronomical  periods,  actually  existing  in  nature,  may  be  divided 
into  (2a^«,  connected  ^dth  the  rotations  of  planets  round  their  axes; 
numths,  connected  with  the  rotation  of  satellites  round  their  primaries; 
l/ears,  connected  with  the  rotations  of  primary  planets  round  the  sun ; 
and  seadar  periods,  connected  with  riow  changes  of  the  elements  of 
orbits.  The  most  convenient  period  of  measurement  is  the  civil  or 
mean  solar  day  at  the  earth,  being  the  average  interval  between  noon 
and  noon.    [Synopio  Revolution.] 

«  This  period  being  divided  into  hours,  &c.,  the  actual  rotation  of  the 
earth  is  23''  56"*  4*'09,  and  is  called  the  sidereal  day.  The  average 
interval  between  two  transits  of  the  moon  over  the  meridian  is  24*'  50" 
28**32,  which  might  be  called  the  mean  tide-day.  The  rotation  of  the 
moon  is  the  time  of  her  revolution  round  the  earth  [Mook]  ;  and  the 
rotations  of  the  planets  are  as  follows  (in  sidereal  time)  so  as  to  make 
24*^  the  rotation  of  the  earth : — 


d.  h»   nu 

h.  m. 

Sun 

Mercnry     . 
Venus     • 
Earth 
Mars 

.  25     8 

34     5^ 
33  31 
24 
24  38 

Jupiter.        •        .    9  56 
Saturn      .        •    •  10  29| 
UranuB  unlQiOTni. 

Neptune  unknown. 

• 

Various  months  are  described  in  the  article  Moon,  the  only  ones 
here  necessary  to  cite  being  the  one  already  \ised,  of  29^  12^  44"  2**9, 
or  29*^*53059,  the  average  interval  from  new  moon  to  new  moon,  and 

*  The  first  indiction  of  ConBtantine  is  variously  stated  to  have  been  ▲.!».  312, 
318.  814,  and  815. 

f  Some  say  that  the  name  was  In  honour  of  his  father,  Julius  ScaUger ;  some 
that  it  was  called  tram  the  Julian  year.  The  diserepancy  need  never  have 
arisen,  for  Joseph  Scaliger  sayn,  **  JuUanam  Tooavimusquia  ad  annum  JuUanttoi 
acoommodata."  ('De  emend,  temp.,'  ed.  1629,  Geneve,  p.  361.)  The  false 
account  was  probably  fostered  by  the  great  honour  in  which  Joseph  Soaliger  held 
his  father,  whose  son  he  frequently  called  himself  in  his  title-pages.  But  this 
name  referred  to  a  very  different  person.  The  treatise  Just  quoted  first  appeared 
in  1583,  Just  after  the  reformation  of  the  calendar:  and  Scaliger  was  a  warm 
opponent  of  ClaTius  in  this  matter.  He  stood  up  for  the  old  Julian  year.  In 
the  very  first  mention  of  the  period  which  oecurs  (Preface,  p.  ii.},  he  says, 
*'  Qui  anno  JuUano,  quic  omnium  formarum  temporibus  est  oonvenientissinsy 
utivolct,  is  •  •  •  .  componct  elegantissimam  periodum  annorum  79£0,  .  •  •** 
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274  7k  48-  11I.5,  or  27''S2166,  the  aotual  time  of  revolution  of  the 
moon  in  the  heavenB.  The  satellites  of  Jupiter,  Satoni,  and  Uranus 
hare  revolutions  round  their  primaries  aa  f oUows : — 


Jopiter*! 


Batnni's 


d*  h.  m. 

d. 

Pint  S.   «       « 

.     1  18  28       or       1*7691 

Second  8»    k 

,    •    8  IS  14 

3-5518 

Thirds.  • 

•     7     8  48 

7-1546 

POQTth  S*      • 

.    .  16  16  SS 

16*6888 

Bing       • 

.    0  10  82 

0-4370 

Firsts.       • 

,     .    0  22  88 

0*9427 

Scoond  S.         • 

.     1     8  68 

1*8702 

Third  8.      • 

>    .     1  21  18 

1*8878 

Fourth  8a         • 

.     2  17  45 

2*7895 

Fifth  S. 

.    •     4  12  25 

4-5175 

Sixths.  . 

.  15  22  41 

15-9453 

Seventh*  8. 

,    •  21     7     8 

21-2972 

Eighths. 

.70     7  55 

79-3296 

The  following  are  the  old  statemenls  relative  to  the  sateUites  of 
Uranus,  as  given  by  WUliam  HerscheL  Such  an  article  as  this  is  not 
the  place  to  enter  upon  ihe  doubts  relative  to  these  bodies. 

da      h.     nU  da 


Unmiu'B   Firsts.     •        •    , 

5  21  25 

5*8926 

Second  S.       • 

.       8  16  58 

8-7068 

Third  S.    •        •    . 

,     10  23     4 

10*0611 

Ptnrth  S«       • 

.     18  10  56 

13-4559 

Fifth  8«      •        • 

.     38     1  48 

38-0750 

Sixth  8. 

.  107  16  40 

107-6944 

Keptnne*s  SatelUte     . 

5  21     8, 

5-8769 

The  civil  year  is  the  tropical  year,  or  the  time  of  revolution  of 
the  sun  from  the  vernal  equinox  to  the  same  again.  Owing  to  the 
motion  of  the  equinox  [Prbcession],  this  year,  or  865'  6^  48"*  49*'7|  or 
360*''2422414,  is  shorter  than  the  actual  revolution  of  the  earth  round 
the  sun,  which  is  365<>  6^  9"  9«'6,  or  365<''2568612.  Again,  the  atumor 
Uttic  year,  being  that  in  which  the  earth  moves  from  its  nearest  point 
to  the  sun  to  the  same  again,  is  865^  6^  13"*  49**3,  or  865<*'2595981. 
The  following  is  the  list  of  the  actual  revolutions  of  the  planets  round 
the  Sim,  each  to  a  tenth  of  a  day,  including  the  verified  periodic 
comets,  so  &r  as  their  times  are  known  : — 


Days. 

Days. 

Mtrenry 

.      88*0 

Do  yioe*8  Comet .    1998-0 

Venns      • 

•    224-7 

Brorsen's  Comet .    2042*0 

Zarth  . 

.     365*3 

BieU'B  Comet      .    2394-0 

Mars 

.    687-0 

Faye's  Comet .    .    2718*0 

Encke'i  Comet 

.  1210-0 

Jnpiter       .        .    4832-6 

Vesta 

.  1325-7 

Sstam   .        .    .  10750-2 

Jeno    .        « 

.  1592-7 

Ursnns       .        .  80686*8 

Ceres        •        • 

.  1681*4 

Halley's  Comet  75  to  76 

Pallas  . 

.  1686-5 

years. 

Of  sectdar  periods,  the  most  important  are,  the  revolution  of  the 
moon's  node,  in  18*6  years ;  of  the  earth's  perihelion,  from  the  vernal 
equinox  to  the  vernal  equinox  again  (the  latter  also  moving),  or 
21,000  years,  and  the  revolution  of  the  equinoxes  themselves,  in 
26,000  years. 

PERICECI  {inpioueoi),  an  old  astronomical  term  for  those  who  have 
the  same  latitude,  but  opposite  longitudes. 

PRRIPATETICS  (vtpfiretnrruroi)  is  the  name  given  to  an  ancient 
philosophical  sect.  It  was  so  designated  from  the  circumstance  of  its 
founder,  Aristotle,  being  accustomed  to  deliver  his  doctrines  while 
walking  in  the  grove  of  tiie  Lyceum  in  the  suburbs  of  Athens.  [Aris- 
totle, in  Bioo.  Div.]  There  is  scarcely  any  department  of  human 
knowledge  of  which  tiie  writiogB  of  Aristotle  do  not  treat.  It  would 
far  exceed  the  limits  of  this  article  to  give  a  full  detail  of  his  opinions. 
Such  of  them  only  as  characterised  the  school  which  he  originated  can 
be  referred  to,  and  even  these  must  be  briefly  noticed.  They  have 
relation  chiefly  to  his  general  physical  and  metaphysical  principles.  To 
his  system  of  logic,  with  the  additions  subsequently  made  to  it  by  his 
disciples,  it  is  unnecessaiy  particularly  to  advert    [Oroanon.] 

Previous  to  Aristotle's  time  it  was  commonly  supposed  by  those  who 
had  speculated  respecting  the  origin  of  the  universe,  that  there  is  an 
eternal  substance  from  which  bodies  are  made,  and  on  which  forms  are 
impressed,  and  to  which  the  name  of  matter  was  assigned.  This  matter 
was  understood  to  have  been  always  in  motion,  to  consist  of  indefi- 
nitely small  particles,  and  to  have  been  collected  and  united  in  bodies 
by  the  agency  of  an  intelligent  principle.  It  was  further  supposed 
that  the  original  particles  had  certain  properties  by  which  they  differed 
from  each  other,  and  by  which  the  constitution  of  the  bodies  which 
they  composed  was  determined.  Empedocles  and  others  taught  that 
there  were  four  primary  elements,  which  are  the  bases  of  all  corporeal 
forms ;  Anaxagoras  and  his  followers  maintained  that  bodies  exactly 
represent  the  form  of  each  of  their  constituent  particles :  wldle  Plato 
held  that  essential  forms  have  an  actual  existence  in  the  divinity,  and 
that  by  the  union  of  these  with  matter  the  formation  of  bodies  is 
effected. 

Rejecting  all  these  theories,  Aristotle  assumed  the  underived  and 

*  Dbeovered  in  1848  by  LaaseU  and  Bond. 
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independent  existence  of  two  opposite  principles.  But  since  such  prin- 
ciples by  their  contrariety  would  destroy  each  other,  the  existence  of  a 
third  was  requisite.  These  he  conceived  to  be  matte^^orm,  and 
privation,  the  first  two  being  the  constituent  principles  ofxnings,  and 
the  last  being  accidentally  connected  with  them.  The  first  matter  was 
imagined  to  be  entirely  destitute  of  all  qualities,  to  exist  potentially, 
and  to  be  the  subject  in  which  forms  are  made  to  inhere.  Form  he 
explained  to  be  the  essence  of  a  thing,  or  that  which  constitutes  it 
what  it  is.  How  the  first  matter  and  form  were  brought  into  union 
so  as  to  produce  bodies  does  not  appear ;  xmless  nature,  the  meaning  of 
which  term,  as  employed  by  Aristotle,  it  is  not  easy  to  apprehend, 
accomplishes  the  union. 

Aristotle  distinguished  causes  into  the  material,  the  formal,  the 
efficient,  and  the  final ;  the  first  being  that  of  whidb  thhigs  are  made, 
the  second  that  by  which  they  are  what  they  are,  the  third  that  by  the 
agency  of  which  anything  is  produced,  and  the  last  the  design  of  ito 
production.  Having  thus  provided  for  the  existence  of  substances 
generally,  Aristotle  divides  them  into  three  classes:  the  eternal, as 
the  heavens ;  the  perishable,  as  the  bodies  of  animal  a ;  and  the  immu- 
table nature,  or  prime  mover,  as  it  was  otherwise  called.  This 
prime  mover,  which  occupies  the  place  of  God  in  his  system,  was 
considered  to  be  an  eternal,  incorporeal,  and  simple  intelligence,  and 
the  original  source  of  all  motion,  being  itself  unmoved.  Ite  agency 
extended  directly  to  the  first  celestial  sphere,  and  mediately  through 
similar  inferior  intelligences  to  the  lower  spheres,  and  by  them  to  the 
universe  at  large. 

Sensible  bodies  were  divided  by  Aristotle  into  simple  and  compound ; 
simple  bodies  being  those  elements  which  result  from  the  combination 
of  primary  matter  and  form,  and  compound  bodies  those  which  proceed 
from  elementary  combinations.  In  bodies  thus  distinguished  there 
are  certain  active  and  passive  qualities,  which  constitute  their  spedfio 
difference,  and  by  which  they  mutually  tend  to  transform  each  other 
into  their  own  nature.  In  consequence  of  tiie  action  of  the  first 
mover,  whether  direct  or  indirect,  on  matter,  there  is  a  continual 
succession  of  dissolution  and  reproduction ;  reproduction  taking  place 
when  the  essence  of  a  body  is  entirely  changed,  and  only  an  augmenta- 
tion or  diminution  when  its  accidental  qualities  tmdergo  mutation. 

Such  is  an  imperfect  sketoh  of  Aristotle's  general  doctrine  of  physics. 
His  opinions  respecting  man  may  be  shortly  simimed  up.  The  prin- 
ciples of  the  soul  and  of  animal  life  he  thought  to  be  identical,  giving 
them  the  common  designation  of  entelecheia  (^yrs Asxcm),  or  perfect 
energy.  The  faculties  of  the  soul  he  oonsidered  to  be,  the  nutritive, 
by  which  life  is  produced  and  preserved ;  the  sensitive,  byVhich  we 
perceive  and  feel ;  and  the  rational,  by  which  we  understand.  The 
sensitive  faculty  takes  cognisance  of  extonal  objeote  by  means  of 
ite  oigans,  which  are  adapted  to  produce  the  various  sensations  of 
sight,  hearing)  &c.  The  senses  receive  forms  or  sensible  specie!  in  the 
same  manner  as  wax  receives  the  impression  of  a  seiJ.  Fancy  is  the 
perception  which  resulte  from  the  immediate  operation  of  the  senses ; 
while  memory  is  derived  from  fancy,  and  is  the  effect  of  imsges  formed 
in  the  soul  by  the  senses.  The  intellectual  or  rational  f  acul^  is  of  two 
kinds,  either  active  or  passive.  Passive  intellect  receives  the  form  of 
things,  and  is  the  seat  of  species.  Active  intellect  is  either  simple  or 
complex:  rimple  when  it  engages  in  the  close  i^preheosion  of  ito 
object;  complex  when  it  combines  simple  conceptions  so  as  to  engender 
belief.  IntoUectual  action  is  theoretical  when  it  contemplates  what  is 
simply  true  or  false,  and  practical  when  it  determines  what  is  good  or 
evil,  and  thus  gives  rise  to  volitions. 

Whether  Aristotie  believed  in  the  immortalily  of  the  soul  or  not, 
has  not  been  clearly  ascertained.  From  his  notion  thai  the  soul  is  a 
power  externally  transmitted  into  the  body,  it  has  been  inferred  that  he 
held  it  to  be  mortal,  and  that  it  ceased  to  have  a  separate  existence 
after  the  dissolution  of  the  body. 

Aristotle's  school  in  the  Lyceum  was  continued  for  about  twelve 
vears.  In  consequence  of  the  hostility  of  his  enemies,  who  accused 
him  of  propagating  impious  tenets,  he  retired,  soon  after  tiie  death  of 
Alexander,  to  Chalcis,  where  he  died.  Before  withdrawing  from  his 
public  labours  however  he  appointed  Theophrastus,  of  Erssus  in 
Lesbos,  his  successor  in  the  chair.  The  opinions  of  Theophrastus 
differed  in  some  respecte  from  those  of  Aristotie,  but  he  taught  with 
great  success,  and  was  attended  by  about  two  thousand  scholars.  He 
was  followed  consecutively  by  Straton  of  Lampsacus,  Lyoon,  or  Olycon 
of  Troas,  Ariston  of  Ceos,  and  Critolaus  the  Lydan.  With  Diodorus 
of  Tyre,  who  came  immediately  after  Critolaus,  the  uninterrupted  suc- 
cession of  the  Peripatetic  school  terminated,  about  the  140th  Olympiad. 
Among  the  early  followers  of  the  Stagirite,  who  did  not  fill  the  chair, 
were  several  eminent  philosophers.  The  most  distinguished  of  these 
were  Dicasarchus,  a  Messenian,  Eudemus  of  Rhodes,  and  Demetrius 
Phalereus. 

The  Peripatetic  doctrines  were  introduced  into  Rome  in  common 
with  the  other  branches  of  the  Greek  philosophy  by  the  embassy  of 
Critolaus,  Cameades,  and  Diogenes,  but  were  littie  known  till  che  time 
of  Sylla.  Tyrannion,  an  eminent  grammarian,  and  Andronicus  Rhodius, 
were  the  firat  who  brought  the  writings  of  Aristotie  and  Theophrastus 
into  notice.  The  obscurity  of  Aristotie's  writings  tended  much  to 
hinder  the  success  of  his  philosophy,  but  it  neverSieless  soon  gained  a 
considerable  number  of  supporten.  During  the  reign  of  the  Csrsars,  it 
acquired  all  ite  ancient  influence ;  and  till  the  time  of  Ammonius,  the 
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preceptor  of  Plutarch;  was  taught  with  great  purity.  After  that  it 
ynB  <uvided  into  two  fleets,  conidflting  rsspectiTeiy  of  those  who  wished 
to  adhero  strictly  to  Aristotle,  and  those  who  were  disposed  to  amalga- 
mate his  doctrines  with  tliose  of  other  schools.  Julius  Otesar  and 
Augustus  patronised  the  Peripatetic  philosophy.  Under  Tiberius, 
Caligula,  and  Claudius,  its  adherents,  in  common  with  those  of  other 
sects,  were  either  banished  or  obliged  to  remain  silent  on  the  subject 
of  their  peculiar  tenets.  This  was  the  case  also  during  the  greater 
part  of  the  reign  of  Nero,  although  during  the  early  part  of  it  philo- 
sophy was  favoured.  The  chief  Peripatetics  in  the  first  century  of  the 
Roman  empire  were  Sosigenes  of  Egypt,  who  wrote  a  commentary  on 
Aristotle's  treatise '  De  Coslo,'  Boethus  of  Sidon,  who  is  mentioned  by 
Strabo  as  having  been  his  fellow-student  in  the  Aristotelian  philosophy, 
and  Nicolaus  of  Damascus  in  Syria. 

Ammonius  the  Peripatetic  made  great  exertions  to  extend  the 
authority  of  Aristotle ;  but  about  his  time  the  Platonists  began  to 
study  his  writings,  and  prepared  the  way  for  the  establishment  of 
the  Eclectio  Peripatetics  under  Ammonius  Saccas,  who  flourished 
about  a  century  subsequent  to  Ammonius  the  Peripatetic.  Even  after 
this  period  however  some  were  still  found  who  adhered  exclusively  to 
AristoiJe.  The  most  celebrated  of  these  was  Alexander  of  Aphrodi- 
sias,  who  was  a  public  professor  of  the  Peripatetic  philosophy,  under 
Beptimius  Severus,  in  Alexandria  or  in  Athens.  Many  of  the  Eclectic 
Aristotelians  wrote  conuuentaries  on  his  works,  some  of  which  are  still 
extant.  The  principal  of  these  writers  were  Themistius,  who  flourished 
during  the  reigns  of  Constantius  and  Theodosius  the  Qreat;  Olympic- 
dorus,  who  lived  about  a  century  later :  and  Bimplicius  CHlix,  in  the 
time  of  the  emperor  Justinian. 

After  this  period,  philosophy  in  general  languished.  But  in  that 
mixture  of  ancient  opinions  with  theological  dogmas  which  constituted 
the  philosophy  of  the  middle  age,  the  nysteTD.  of  Aristotle  undoubtedly 
predominated.  About  the  12tiQ  century  it  had  many  adherents  among 
•the  Saracens  and  Jews,  particularly  in  Spain ;  and  at  the  same  period 
dso  it  began  to  be  diligently  studied,  though  not  without  much  oppo- 
sition, among  the  ecclesiastics  of  the  Chnstian  church.  Out  of  this 
latter  oircumstonoe  gradually  arose  the  Scholastic  philosophy,  which 
took  its  tone  and  complexion  from  the  writings  of  Anstotfe,  and  which 
continued  long  to  perplex  the  minds  of  men  with  its  frivolous  though 
subtile  speculations.  The  authority  of  Aristotle  received  a  severe 
shock  at  the  Reformation,  but  it  survived  the  fall  of  the  Scholastic 
system.  His  opinions  were  patronised  by  the  Roman  Catholic  church, 
on  account  of  their  supposed  favourable  bearing  on  certain  doctrines  of 
^th ;  and  although  Luther  and  others  of  the  Reformers  determinedly 
opposed  them,  they  were  maintained  by  such  men  as  Melancthon,  who 
himself  commented  on  certain  portions  of  the  works  of  the  Stagirite. 
Many  individuals  distinguished  for  their  genius  and  learning  exerted 
themselves  to  revive  the  Peripatetic  philosophy  in  its  primitive  purity, 
nor  did  it  cease  to  have  numerous  lUastrious  supporters  until  the  time 
of  Baoon,  Qrotlus,  and  Des  Cartes. 

PERPPHERY,  the  Greek  word  for  circumference;  term  applied 
both  to  reotilinear  and  curvilinear  figures. 
PBRIPNEUMONY.  [LuNos,  DibeaBeb  of  thh.] 
PERIPTERAL  or  PERIPTEROS.  [Temple.] 
PERI'SCII  (whose  shadows  move  round).  In  those  latitudes  which 
are  high  enough  to  have  the  sun  for  twenty-four  hours  together,  the 
shadows  make  complete  revolutions ;  whence  tiie  inhabitants  may  be 
oalled  Perisoii  (IltpCaicioi). 
PERISCOPIC  SPECTACLES.  [Spbctacleb.] 
PERITONITIS  is  an  inflammation  of  the  peritoneum.  It  may 
exist  either  as  an  acute  or  as  a  chronic  disease.  The  chief  symptoms 
of  the  acute  form  are  psin,  swelling,  and  tenderness  of  the  abdomen, 
accompanied  with  fever  and  a  frequent,  small^  and  hard  pulse.  The 
pain  in  peritonitis  is  usually  much  more  severe  than  that  of  any  other 
inflammatory  disease  of  the  intestines  or  other  abdominal  organs.  It  is 
acute  and  cutting,  and  sometimes  ooours  in  paroxysms ;  it  is  generally 
diffused,  but  occasionally  it  is  almost  confined  to  a  single  part  of  the 
abdomen ;  but  its  most  distinguishing  character  is  that  it  is  greatly 
increased  by  pressure,  so  that  in  a  severe  case  the  patient  cannot 
mipport  so  much  as  the  weight  of  the  bed-clothes,  but  lies  on  his  back 
inth  his  knees  drawn  up,  and  breathes  quickly  and  lightly,  moving  the 
diaphragm  as  little  as  possible,  so  as  to  avoid  the  pain  which  its 
pressure  would  excite  in  the  inflamed  parts.  The  bowels  in  cases  of 
peritonitis  are  usually,  but  by  no  means  constantly,  constipated; 
oommonlv  also  there  are  i>resent  nausea,  vomiting,  and  hiccup,  and 
jUmoet  always  excessive  thirst  and  prostration  of  strength.  If  not 
checked  in  its  course,  acute  ^ritonitis  usually  terminates  fatally  in 
from  five  to  ten  days ;  the  patient  becoming  more  and  more  depressed, 
and  all  the  symptoms  regularly  increasing  tUl  within  a  short  time  of 
dfi&th,  when  the  pain  commonly  ceases,  and  a  deceptive  improvement 
an  many  of  the  other  signs  of  the  disease  takes  place. 

The  usual  morbid  effects  of  peritonitisare  the  eftusion  of  serum  with 
lymph  or  pus  into  the  cavity  of  the  abdomen,  and  adhesions  of  the 
opposite  surfaces  of  the  seven!  organs  within  it.  After  death  from 
acute  pentonitis.  the  walls  of  the  abdomen  and  the  surfaces  of  the 
organs  chiefly  or  alone  affected,  are  found  thickened,  swollen,  and 
vascular,  covered  with  blotches  of  dilated  blood-vessels,  and  more  or 
lois  firmly  adhering  together  by  the  lymph  which  is  effused  between 
them,  and  which,  if  the  patient  survives  for  a  certain  lengUi  of  time 


beeomeA  vasoulari  and  Is  converted  into  the  usual  tissue  of  adhesionfl 
or  false  membranes.    [Inflammation.] 

The  causes  of  peritonitis  are  various.  Like  other  acute  inflamma- 
tions, it  may  occur  after  exposure  to  cold,  or  the  other  common 
excitants  of  disease ;  but  it  is  more  certainly  produced  by  injuries  of 
the  peritoneum,  as  by  tumours  developed  within  the  abdomen,  by  the 
obetructiona  which  occur  in  strangulated  hernia,  and  intussusception, 
of  which  it  is  a  constant  consequence,  by  the  spreading  of  disease  from 
the  adjacent  viscera,  by  heavy  blows  and  falls  on  the  abdomen,  by 
penetrating  wounds  inflicted  in  operatipns  lor  hernia  or  in  other 
circumstances,  by  the  passage  of  foreign  bodies  into  the  cavity  of  the 
abdomen,  and  especially  by  the  ulcerative  perforation  or  anadental 
rupture  of  any  of  the  organs  contained  within  it,  and  the  eeca^  of 
their  contents, 'circumstances  which  are  'produetive  of  the  most  cer- 
tainly and  rapidly  fatal  form  of  the  disease. 

From  these  causes  acute  peritonitis  may  occur  at  all  periods  of  life, 
but  it  more  frequently  affects  persons  of  the  middle  age  than  any 
others.  Women  in  ohild-bed  are  peculiarly  liable  to  it.  They  may  be 
attacked  either  with  common  peri^nitis,  presenting  no  remarkably 
peculiar  symptoms  or  effects ;  or  they  inay  have  that  which  ia  especially 
called  puerperal  peritonitis.  In  cases  of  the  latter  disease,  however,  Uie 
peritonitis  is  not  always  the  most  important  symptom,  but  must  niher 
be  regarded  merely  as  one  of  the  coincidents  of  the  peculiar  fever  by 
which  the  patient  is  affected^  and  which  often  assumes  the  character  of 
an  epidemic 

The  treatment  of  peritonitis  may  commence  with  local  bleeding  by 
the  applicatioot  of  leeches  to  the  aodon^en.  Qeneral  bleeding  may  he 
had  recourse  to  where  the  symptoms  are  severe  and  the  patient's 
strength  will  bear  it.  Hot  fomentations  should  be  assiduously  applied 
to  the  abdomen.  Of  internal  medicines  the  most  effec^ial  is  calomel, 
of  which  three  or  four  doses  of  five  grains  or  more,  with  one  or  two 
grains  of  opium,  should  be  given  at  intervals  of  about  four  houFs,  and 
afterwards  smaUer  doses  till  4  slight  salivation  is  produced.  During 
aU  the  time  of  Uie  treatment,  the  lowest  diet  only  should  be  allowed, 
unless  the  patient  is  evidently  sinking.  In  that  case,  and  generally  in 
the  later  stages  of  the  disease,  a  more  nutritious  diet  may  be  given, 
but  there  is  perhaps  no  affecUoo  in  which  relapses  are  so  liable  to 
occur  in  consequence  of  the  early  or  injudicious  use  of  wtimnlating 
food. 

Acute  peritonitis  sometimes,  after  fifteen  or  twenty  days'  con- 
tinu^ce,  assumes  a  chronic  form.  Sometimes  peritonitis  from  its 
commencement  is  of  slow  progress ;  the  pain  being-  but  alight  or  dis- 
coverable only  by  considerable  pressure,  and  the  swelling  or  tension  of 
the  abdomen  occurring  only  at  a  late  period  of  -  the  -disease.  Its  more 
important  symptoms  are  the  low  fever,  the  constant  thirst,  the  hectic 
flushings  of  the  face,  the  emaciation,  lan^or,  and  regularly  increasing 
debility  by  which  it  is  accompanied.  It  rarely  proves  fabd  Ull  after 
many  months  have  elapsed ;  and  its  effects  are  foynd  after  death  to  be 
thickening  and  increaiBed  density  of  all  the  peritoneal  coverings,  in- 
creased vascularity  or  blackness  of  their  surfaces,  which  in  many  cases 
are  beset  with  vast  numbers  of  minute  grayish- white  tuberdes,  and 
effusions  of  serum  with  lymph  or  pus  wherever  the  adjacent  organs  are 
not  connected  together  by  the  adhesions.  The  chronic  form  of  disease 
is  always  the  rrault  of  a  scrofulous  state  of  the  bo4y  and  is  seldom 
cured.  The  treatment  of  chronic  peritonitis  is  usually  unsatufactoiy 
and  of  doubtful  benefit.  Local  bleedings  should  be  employed,  and 
blisters  or  other  counter-irritants  should  be  applied  over  the  abdomen. 
The  diet  should  be  light  and  nutritioue,  and,  as  often  as  they  seem 
necessary,  mild  purgatives  maybe  administered.  FVictioos  of  oint- 
ments containing  mercuiy  or  iodine  are  abo  iiseful,  and  iodine  should 
be  administered  intemaUy  when  the  patient  is  of  a  scrofulous  con- 
stitution. 

PERJURY,  by  the  common  law  of  England,  is  the  offe&ce  of  falsely 
swearing  to  facts  in  a  judicial  proceeding.  To  constitute  this  offence 
the  party  must  have  been  lawfully  sworn  to  speak  the  truth  by  some 
court,  judge,  or  officer,  having  authority  to  administer  an  oath ;  and, 
tmder  the  oath  so  administered,  he  must  wilfully  anert  a  falsehood  in 
a  judicial  proceeding  respecting  some  fact  material  to  the  subject  of 
inquiry  in  that  proceeding.  In  a  legal  sense  therefore  the  term  has 
a  much  narrower  import  than  it  has  in  its  popular  acceptation.  It 
is  said  by  Sir  Edward  Coke  (3  'Inst.,'  166)  that  "the  deposition 
must  be  direct  and  absolute,  and  not  ut  puiai,  nor  ricui  memintt, 
nor  ut  credit,'*  ftc. ;  but  this  doctrine  has  been  long  since  exploded ; 
and  it  is  now  clear  that  a  person  may  commit  perjury  by  swearing 
that  he  heUevei  a  fact  to  be  true  which  he  kno«$  to  be  false.  It 
is  immaterial,  with  reference  to  the  offence  of  perjury,  whether 
the  false  statement  has  received  credit  or  not,  or  whether  any 
injury  has  been  sustained  by  an  individual  in  consequence  of  it^ 
The  characteristic  of  this  offence  therefore,  by  the  law  of  England, 
is  not  the  violation  of  the  religious  sanction  of  an  oath,  nor  the 
wrong  done  to  the  person  or  property  of  another,  but  the  injuiy 
done  to  the  administration  of  justice  by  false  testimony  or  informs' 
tion  in  a  judicial  proceeding. 

The  history  of  perjury  at  common  law  is  entirely  dependent  upon 
the  history  of  the  trial  by  jury.  Where  it  is  mentioned  by  Bracton 
and  Fleta,  these  ancient  authors  allude  exclusively  to  the  offence  of 
jurors  in  giving  a  wilfully  &lse  verdict;  and  as  the  juiy  appear  to 
liave  been  originally  merely  witnesses,  speaking  firom  their  personal 
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knowledge  Of  the  f aciB>  and  tfwom  to  tpedh  ike,  truth,  their  miaooa- 
duct  in  giying  a  false  decision  might  m  justly  treated  as  perjury. 
As  population  and  oivilisation  increased,  Uie  nature  of  the  trial  by 
jury  became  changed,  and  witnesses  were  called  in  order  to  inform  the 
jurors  respecting  facts  of  which  the  latter  were  conmionly  ignorant, 
though  the  institution  was  originally  founded  upon  the  presumption 
that  they  must  necessarily  be  acquainted  with  them.  It  is  probable 
that  this  alteration  did  not  take  place  at  once,  but  that  it  was  one  of 
those  gradual  introductions  by  means  of  which  laws  silently  ad^t 
themselyes  to  changes  in  national  habits  and  circumstances.  At  all 
STents,  there  is  no  trace  in  the  statutes  or  ii;i  the  reported  proceedings 
of  tiie  courts,  of  any  penal  law  against  perjury  in  witnesses,  as  dis- 
tingoished  from  that  of  jurors,  earlier  than  the  reign  of  Henry  VIII. 
The  date  of  the  introduction  of  the  witness's  oath  to  speak  the  truth, 
io  use  at  the  present  day,  i^  unknown,  and  no  form  of  process  for 
Mcuiing  the  attendance  of  witoesses  (except  where  they  were  added  to 
the  jury)  seems  to  nave  existed  before  the  reign  of  Elizabeth. 
These  facts  tend  to  show  that  the  offence  of  perjury  has  been  gradu- 
ally moulded  into  its  present  definite  character,  by  the  corresponding 
change  in  the  functions  of  the  juiy.  This  change  however  was 
complete  in  the  time  of  Sir  Edwsurd  Coke,  as  he  defines  perjury 
nearly  in  the  same  terms  in  which  it  is  described  in  the  modem  text* 
books.  (3  '  Inst;  163.) 

A  defendant  in  equity  is  guilty  of  perjury  by  false  swearing  in  his 
answer  to  a  plaintiys  bilL  He  is  in  fact  also  a  witness,  for  he  is 
lound  to  answer  on  oath  to  the  noatter  contained  in  the  bill»  and 
the  plaintiff  may  read  the  whole  or  any  integral  portion  of  the 
answer  as  evidence  against  him.  In  the  case  of  an  answer  in  equity, 
the  ofiiance  of  false  swearing  faUs  exactly  within  the  definition  given 
abovei 

The  pnnishmenis  of  perjuxy  by  the  common  law  ware,  fine  and 
imprisonmenty  and  the  piUory,  which  latter  punishment  was  abolished 
in  1837.  To  these  woi  added  an  incident  probably  derived  from 
the  punishment  of  jurors  in  ancient  times,  namely,  a  perpetual  in- 
capacity to  give  evidence  in  courts  of  justice.  A  statute  of  Geo.  II. 
allowed  imprisonment  with  hard  labour  for  seven  years,  or  transpor- 
tation for  a  like  period,  to  be  imposed  as  the  punishment  for  this 
offence ;  the  effect  of  recent  enactments  has  been  that  perjury  is  now 
punishable  by  imprisonment,  with  or  without  hard  labour,  or  penal 
servitude  for  that  term. 

Subornation  of  perjury  consists  in  wilfully  procuring  any  person 
to  dommit  perjury;  and  it  is  essential  to  this  offence  that  the  false  oath 
should  be  actually  taken.  The  same  punishment  i«  assigned  to  sub- 
ornation as  to  perjury.  / 

Besidee  perjuxy  and  subornation  of  perjury  at  common  law>  the 
statute  5  Ells.,  c.  9,  contains  a  legishitive  enactment  respecting  these 
ofibnoes;  but  as  this  enactment  is  more  Umited  than  the  common 
law,  both  in  the  definition  of  the  crime  itself  and  in  the  punish- 
ment to  be  applied  to  it,  it  has  seldom  been  foimded  upon  in  recent 
times ;  and  within  the  last  century  there  have  been  few  if  any  instances 
of  prosecutions  under  this  statute.  There  are  also  many  statutes  by 
which  oaths  are  required  as  a  sanction  to  statements  of  facts  under  a 
variety  of  circumstances,  and  otherwise  than  in  judicial  proceedings ; 
and  these  statutes  frequently  declare  that  false  swearing  in  such  cases 
shall  amount  to  perjury,  and  be  punishable  as  such« 

In  those  cases  in  which  a  solemn,  declaration  may  be  taken  in  lieu  of 
an  oath  [Oath],  the  offence  of  making  the  declaration  falsely  is  the 
same  as  perjury,  and  punishable  in  Uke  manner. 

PSBMi^GANIC  ACID.    [Manoaness.] 

PERMUTATIONS.    [Combikations.] 

PERNAMBUCO-WOOD,  COLOUBINa  MATTER  OF.  [BftAaHr. 
Wood,  CoiiOUBiNa  Mattxb  of.] 

PERPENDICULAR  (overhanging),  the  name  given  in  geometry  to 
a  line  or  plane  which  meets  another  line  or  plane  without  inclining  to 
one  side  or  the  other,  so  as  to  appear  to  proceed  directly  towards  the 
other  line  or  plane.  The  subject  will  be  conndered  in  •  mi^ematioal 
point  of  view  under  Riqet  AiiroLB. 

PERPETUAL  MOTION.  [Motion.] 
.  PERPETUATION  OF  TESTIMONT.  A  party  who  has  an 
interest  in  property,  but  not  such  an  interest  as  enables  him  io> 
mediately  to  prosecute  his  claim,  or  a  party  who  is  in  poeseMion  of 
property  and  fears  that  his  right  may  at  some  future  time  be  dis- 
puted, is  entitled  to  examine  witnesses  in  order  to  preserve  that 
testimony,  which  ma>y  be  lost  by  the  death  of  sudi  witnesses  before 
he  can  prosecute  his  daim,  or  before  he  is  called*  on  to  defend  his 
right.  This  is  effected  by  such  party  filing  a  bill  in  equity  against 
such  persons  as  are  interested  in  disputing  his  chum,  in  wliich  bill  he 
prays  that  the  testimony  of  his  witnesses  may  be  perpetuated.  This 
is  Uie  only  relief  that  the  bill  prays.  If  the  prayer  of  th^  bill  is 
granted,  the  evidence  of  the  witnesses  will  be' taken  in  the  usual  way. 
The  depositions,  when  taken,  are  sealed  up  and  retained  in  the  custody 
of  the  court.  When  they  are  required  to  be  used  as  evidence,  they 
can  be  so  used,  by  permission  of  the  court,  by  the  party  who  ha0  filed 
nis  bill  or  those  who  claim  imder  him,  and  they  can  be  read  by  the 
direction  of  the  court  as  evidence  on  a  trial  at  law,  if  it  is  then 
proved  that  the  witnesses  are  dead,  or  from  any  sufficient  cause  oao- 
not  attend.  If  the  witnesses  are  living  when  the  trial  takes  place', 
and  can  attend,  they  must  be  produced.    A  defendant  to  such  a  bill 


may  cross-examine  the  witnessss  and  he  is  entitled  to  use  their 
depositions  as  evidence  in  his  favour  at  a  future  trial  (1  '  Mer.,' 
434.) 

A  bill  to  perpetuate  testimony  may  be  filed  by  any  person  who 
has  a  vested  interest,  however  smaU,  in  that  thing  to  which  he  lays 
claim.  The  parties,  defendants  to  such  bill,  are  those  who  have 
adverse  interest  to  the  plaintiff.  In  order  that  the  testimony  which  t 
the  plaintiff  seeks  to  perpetuate  may  be  good  evidence  for  him  at  the 
trial,  he  must  make  all  proper  parties  defendants  to  his  bill,  who  may 
be  generally  described  to  be  such  persons  as  would  be  necessary  parties 
to  a  bill  in  equity  by  the  plaintiff  to  enforce  or  maintain  his  rights,  if 
a  court  of  equity  could  take  cognisance  of  the  matter,  and  the  question 
between  the  plaintiff  and  audi  parties  could  then  be  raised.  The 
evidence  so  taken  may  be  read  at  the  hearing  of  a  cause,  or  at  a  trial  at 
common  law  against  all  such  parties  to  the  bill,  and  Hhose  who  claim 
through  or  under  them.  The  act  5  &  6  Vict.,  o.  69,  entitled  ''  an  act 
for  perpetuating  testimony  in  certain  cases"  makes  no  change  in  the 
procedure  of  the  courts  in  suits  of  this  kind. 

A  bin  to  perpetuate  testimony  must  not  be  confounded  with  the 
practice  of  examining  witnesses  De  bene  esse.  The  bill  to  perpetuate 
testimony  has  been  already  described.  The  examination  of  witnesses 
De  bene  esse  is  only  resorted  to  when  an  action  has  been  brought,  and 
the  plaintiff  is  afraid  that  his  witnesses,  owing  to  age  or  infirmity,  may 
die  before  the  trial  can  take  place,  or  he  has  only  one  witness  to  an 
important  facl^  Both  these  are  in  a  sense  proceedings  to  preserve  or 
perpetuate  testimony;  but  the  one  is  applicable  before  the  matter 
which  may  be  in  dispute  can  be  the  subject  of  judicial  investigation, 
and  the  other  when  an  action  has  been  already  brought.  But  under 
the  reformed  practice  of  the  courts  of  chancery  and  common  law  a 
bill  to  examine  witnesses  De  bene  esse  appears  to  be  no  longer 
necessary. 

Witnesses  may  be  examined  De  bene  esse  in  a  suit  in  equity,  when 
it  is  necessaiT  to  secure  their  evidence  at  a  period  of  the  suit  prior  to 
the  regular  tmie  for  examination  of  witnesses  in  the  cause.  But  this 
is  only  a  provisional  examination,  and  the  evidence  can  only  be  used  in 
case  the  witnesses  cannot  be  examined  At  the  proper  time  for  the 
examination  of  witnesses  in  the  cause.  The  value  of  the  practice  is 
znuch  diminished  in  consequence  of  changes  in  modem  practice,  by 
the  operation  of  which  tiie  length  of  time  between  the  institution 
of  a  suit  and  its  coming  to  the  issue  is  greatly  abridged.  (Daniel's 
'  Ch.  Pract.;  3rd  ed.,  p.  736.) 

PERPETUITY,  the  technical  term  for  a  yearly  payment  or  atmuit^ 
which  is  to  continue  for  ever ;  also  tolled  a  perpetual  annuity. 

PERPETUITY  lUw).    fSBTTLKiiinrr.] 

P£ES£PHONE  (n^N^ff^yi}),  or  PER8EPH0NEIA  (nep^s^raa), 
caUed  by  the  Romans  PROSERPINA,  was  the  daughter  of  Zeus  and 
Demeter.  (Hesiod. '  Theog.'  913.)  She  was  carried  off  by  Pluto  while 
gathering  flowers  in  the  Nysian  plam  (Homer, '  Hymn  in  Demet  /  17),and 
made  the  queen  of  the  regions  of  the  dead.  Demeter,  inconsolable  for 
the  loss  of  her  daughter,  afflicted  the  world  with  sterility ;  till  at  length 
Zeus  consented  to  the  return  of  Persephone  to  her  mother;  but  as 
she  had  eaten  food  in  the  regions  below,  she  was  obliged  to  spend  one 
third  of  the  year  with  Fluto,  and  was  allowed  to  pass  the  other  two- 
thirds  with  Demeter.  The  tale  of  the  rftpe  of  Persephone  is  related  at 
length  in  the  Homeric  Hymn  to  Demeter,  and  by  Ovid  and  daudian. 
The  last  two  writers  state  that  Proserpina  was  gathering  flowers  near 
the  city  of  Enna  in  Sicily,  when  she  was  carried  off  by  Pluto.  In 
Homer,  Pers^hone  is  mentioned  as  the  goddess  of  Hades  ('  Od.,'  xi. 
217) ;  but  her  rape  by  Pluto  is  not  mentitnied  either  in  the '  Hiad '  or 
*  Odyssey.' 

Persephone  is  frequently  called  Eora  (K^pq)#  that  is,  the '  Maiden,* 
by  the  Attic  writers.  This  goddess  and  her  mother  Demeter  were 
also  worshipped  under  the  name  of  the '  Great  Qoddesses  *  {al  ftrydkou 
9«iU,  Pausan.,  viii.  81,  §  1.)    [Dsmktkb.] 

Representations  of  Persephone  are  very  numerous  in  Greek  art. 
The  most  dommon  in  pure  Greek  sculpture  are  in  coimection  with  her 
mother ;  several  are  mentioned  under  Demeter.  Later  she  is  perhaps 
most  commonly  represented  as  being  carried  off  by  Pluto :  this  was  a 
very  favourite  type  on  Greeco-Romaa  sarcophagi,  referring  to  the  grief 
caused  by  the  untimely  or  unexpc»cted  carrying  away  of  a  beloved  one  by 
Death.  Sometimes  Persephpne  is  seen  enthroned  beside  Pluto.  She 
appears  as  a  younger  Demeter,  but  is  of  a  graver  and  more  severe 
countenance  :  the  Hera  of  Uie  lower  regions. 

PERSEPOLITAN  ARCHITECTURE.    [Persian  AECHrraoTUBB.] 

PERSEUS  (constellation)^  The  mythological  story  of  Perseus  is 
well  known  :  in  tiie  heavens  the  constellation  is  surrounded  hy  Andro- 
meda, Aries,  Taurus,  Auriga,  Camelopardalus,  and  CJEMsiopeiA.  Of  the 
two  principal  stars  a  and  0  (the  latter  of  which  is  called  Algol),  the 
former  is  situated  in  the  breast  of  the  figure,  the  latter  in  the  head  of 
Medusa^  which  he  carries  in  his  left  hand.  The  following  are  the 
princip^  stars : — 
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No.  In  Catalofpie 
of  Flamsteed. 

25 

S3 

39 

41 

44 

45 

51 
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Anodation. 

968 
1048 
1129 
1138 
1207 
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4 

3 

3 

4 

4 

4 
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PERSIAN  ARCHITECTURE.  Looking  at  the  scanty  and  imperfect 
remaina  of  the  architecture  of  ancient  Peraia,  architecta  and  arch»o* 
logista  were  unable  to  trace  in  them  the  evidenoe  of  a  wholly 
independent  style,  yet  found  many  difficulties  in  reconciling  their 
characteriaticB  with  those  of  the  buildings  of  ancient  Egypt,  the  only 
known  architecture  to  which  that  of  Persia  bore  any  marked  resem- 
blance. The  remarkable  disooyeries  of  MM.  Botta  and  Layard  have, 
however,  shown  pretty  decisively  what  had  indeed  been  suspected 
before  (Miiller,  '  Handb.  der  Archaologie,'  §  242),  that  Persian  archi- 
tecturo  waa  really  an  imitation  or  development  of  that  of  Assyria. 
[NnnsvKH,  Abohiteotube  of.]  The  sculptured  slabs  of  ancient  Nineveh, 
the  human-headed  bulls,  the  bull-headed  capitals,  and  even  many 
particulaiitles  in  the  arrangement,  are  seen  to  have  been  reproduced 
at  PersepoUa  and  Susa.  Persepolia  the  capital,  and  Pasai^^MlaB  the 
dwelling-place  and  the  grave  of  the  kings  of  ancient  Persia,  were 
contemporary  with  the  later  days  of  Babylon  the  mighty,  and  in 
all  of  uiem  the  same  peculiar   cuneiform   inscriptions   are  found. 

[CUNEIFOHM.] 

For  the  origin  of  Persian  architecture  we  need  not  therefore  look 
farther.  The  remaina  of  the  two  kinds  are,  however,  veiy  different. 
The  exhumed  buiklings  of  Aasyna  are  essentially  palaces.  What  have 
been  examined  of  ancient  Persia  seem  to  consist  chiefly  of  temples,  or 
temple-palaces,  and  tombs. 

The  most  extensive  and  remarkable  ruins  occur  on  the  site  or  in 
the  vicinity  of  Persepolis,  the  ancient  capital  They  consist  of  a  series 
of  separate  grand  haUs,  probably  intended  for  public  receptions  and 
religious  ceremonies,  in  which  the  monarch  took  part.  One  of  these 
halls  has  been  called  the  palace  of  Darius,  another  that  of  Xerxes, 
and  there  are  traces  of  several  others ;  but  including  all  of  these  the 
plan  would  have  been  exceedingly  limited,  and  inadequate  to  the 
accommodation  required  for  the  court  of  an  eastern  prince  and  a 
numerous  retinue,  unless  the  buildings  originally  extended  much 
beyond  the  actual  ruina.  P^bably,  as  has  been  suggested,  the  actual 
residences  of.  the  family,  court,  and  dependents  of  the  king,  were 
detached  buildings,  which,  being  **  composed  of  inferior  materiids,  have 
been  waahed  away,  or  they  dwelt  in  the  neighbouring  palace  in  the 
town  of  Istakr,  or  in  some  of  the  buildings  on  the  plain  which  are  now 
in  ruins.*'    (FeigusBon). 

The  present  inhabitants  call  the  chief  ruin  in  Persepolis  Tak- Jamschid, 
or  the  residence  of  Jamschid  (supposed  by  them  to  have  been  its 
foimder) ;  recent  authoritiefl  regard  it  aa  the  hall  or  palace  of  Xerxes. 
Bv  the  Mohammedans  it  ia  called  Tchil-Minar,  or  the  Fortv  Columns, 
of  which  number,  however,  scarc^y  half  are  now  remaming.  The 
ruins  stand  upon  an  artificial  eminence  formed  of  admirably  built  marble 
maaoniy.  This  height  oonaists  of  three  terraces,  and  extends  upwards 
of  400  yards  from  north  to  south,  and  about  300  from  east  to  west. 
Though  it  may  be  described  as  a  panJlelognun  in  its  general  shape,  tiiis 
platform  is  not  perfectly  regular  in  plan,  being  indented  by  projections 
and  recesses,  wluch  follow  the  sinuosities  of  the  superficies  of  &e  rock 
itself;  neither  is  it  one  uniform  level  throughout,  those  parts  which 
were  covered  with  buildings  being  somewhat  llevated  above  the  rest. 
The  height  above  the  plain  from  which  the  rock  rises  varies  consider- 
ably in  different  places,  in  some  being  not  more  than  14  feet,  and  in 
others  40.  On  every  side  except  the  east,  where  it  adjoins  a  hill 
forming  a  lofty  screen  or  background«to  it,  tlie  platform  is  enclosed  by 
walls  or  parapets  constructed  of  large  blocks  of  masoniy.  As  that 
opposite  the  loftier  jg^ound  to  the  east,  the  west  side  (1425  feet  in 
extent)',  may  be  considered  the  principal  one  or  front,  and  acoordingly 
here  we  fina  the  entrance,  not,  however,  in  the  centre,  but  about  mid- 
way between  that  and  the  north-west  angle.  The  ground  is  here 
somewhat  more  than  20  feet  below  the  terrace,  owing  to  which  there 
is  a  considerable  ascent.  This  gave  the  architect  an  opportunity  of 
which  he  availed  himself,  to  make  the  entrance  by  a  grand  staircase 
which  formed  a  principal  feature  in  the  composition.  Instead  of  being 
formed  by  wide  flights  of  steps  in  a  direct  line  leading  to  the  entrance, 
it  consists  of  two  separate  ramps  or  flights  in  contrary  directions, 
which  return  again  to  the  upper  limding-plaoe.  The  lower  staircases  are 
of  large  unadorned  courses  of  masonry :  the  upper  flights  are  profusely 
ornamented  with  sculptured  relievi.  Facing  the  upper  landing-place, 
but  at  some  little  distance  from  it,  is  a  propylon,  t>r  lofty  mass  forming 
a  doorway,  somewhat  similar  to  those  in  Egyptian  architecture,  and  a 
little  beyond  it  a  second  entrance  of  the  same  kind,  which,  as  Mr.  Fer- 
gusson  believes,  was  the  opposite  entrance  to  the  same  pile,  which  was 
in  fact  a  distyle  hall,  having  its  roof  supported  by  four  pillars,— pro- 


bably one  of  those  Gates  of  Justice  common  throughout  the  east,  and 
of  which  mention  is  frequent  in  the  Old  Testament  Like  the  Egyptua, 
these  propyla  dimimsh  upwards,  and  are  crowned  by  a  cavetto,  or  bdllow 
cornice :  they  are  also  adorned  with  fanciful  cblossal  figures  of  animals, 
partly  in  low  and  partly  in  high  r^ef ,  sculptured  on  thmr  sides, — a 
human-headed  winged  bull  being  sculptured  on  each  of  the  janibe  of 
the  first  entrance  almost  identical  in  character  with  those  found  in  the 
palaces  at  Nineveh  and  Ehorsabad;  whilst  at  the  opposite  entranoe 
are  bulls  without  wings.  Other  but  smaller  halls  are  on  either  side. 
On  the  right  of  this  is  the  grand  hall,  the  approach  to  ^diich  is  by 
another  double  flight  of  stairs,  the  sides  of  which  are  lined  by  treUe 
rows  of  bassi-relievi  slabs,  with  figures  of  processions,  Ac,  like  those 
found  at  Nineveh.  The  principal  mass  of  building  now  remsining 
lies  on  the  south  or  rig^t  hand  of  the  entranoe  just  described,  and 
extends  westward.  This  structure  contains  vrithin,  not  a  spacioos 
hall  suited  for  entertainments,  but  one  filled  with  lines  of  columns,  six 
in  each  line,  so  as  to  form  a  number  of  aisles  intersecting  each  other. 
Such  a  grove-like  arrangement  of  numerous  pillars  is  altogether  unlike 
anything  in  Oredan  aitshitecture,  but  a  siimlar  disposition  of  pillais 
prevailed  among  the  Egyptians,  as  mi^  be  seen  in  the  plan  of  the  temple 
at  Edfu  [EoTFTiAN  Abchitectube],  where  both  the  pronaos  amd 
vestibule  are  in  the  same  manner  j>o2y«fyfar,  or  filled  with  eolunma, 
although  they  occupy  a  smaller  space,  and  are  consequentiy  not  so 
numerous.  A  more  remarkable  example  is  the  temple  of  Kamak, 
described  in  the  same  article.  In  front,  and  flankiniB;  each  side  of  the 
great  hall,  are  hexastyle  porticoes,  the  columns  bemg  two  de^ 

There  are  on  the  platform  several  halls  or  buildings,  some  appearing 
to  have  had  four,  others  sixteen,  thirty-two,  and  one  a  hundred  pillars. 
This  last  was  a  decastvle  hall  of,  as  would  seem,  about  225  feet  each 
way,  but  as  its  entire  height  (according  to  Mr.  Fergusson)  was  barely 
25  feet,  it  was  of  low  proportions.  It  had  a  portico  in  front  flanked 
by  two  colossal  bulls,  on  pedestals  18  feet  long  and  5  feet  hig^ ;  and 
the  flanks  of  the  doorway  were  sculptured  with  representations  of  the 
king  on  his  throne,  and  of  various  mythological  subjects ;  but  it  had 
no  lateral  porticoes,  and  was  altogether  inferior  in  magnificenne  to  the 
hall  of  Xerxes. 

From  a  careful  comparison  of  the  remains  at  Persepolis  and  Susa 
with  those  of  Assyria  and  tiie  representations  of  a  Persian  palace  oo 
the  tomb  of  Darius  at  Naksh-i-Rustam,  Mr.  Fergusson  oonjectuies 
('  Palaces  of  Nineveh  and  Persepolis  Restored')  that  two  orden  of 
pillars  were  employed  to  support  the  roofs  of  the  palace  of  Xerxes, 
one  vrith  double  bull  capiteJs,  the  other  with  tae  Ionic  volutes 
such  as  are  seen  in  the  columns  of  the  northern  portico  and  gene- 
rally in  interiors.  Brackets  of  wood  he  thinks  supported  the  beams 
of  the  roof,  at  least  intemaUy,  the  double  bull  capital  surmount- 
ing the  Ionic  scrolls  on  the  .outside.  The  palace,  he  thinks,  "  sup- 
ported a  raised  platform  or  talar,  on  its  roof ;  identical  with  that 
represented  in  the  tomb  (of  Darius  at  Naksh-i-Rustam)  on  which 
the  fire-altar  was  placed  at  which  the  king  used  to  worship,  or 
on  which  he  was  wont  to  exhibit  himself  to  his  subjects  on  state 
occasions."  On  tiie  whole,  Mr.  Fergusson  states  as  the  result  of  his 
studies  of  Assyrian  and  Persian  ai^tecture  in  general,  and  of  this 
building  in  paiticular,  that "  presuming  it  be  sculptured  and  painted  as 
richly  as  other  buildings  of  its  age  and  class,  which  it  no  doubt  was, 
it  was  not  only  one  of  the  laigest,  but  one  of  the  most  qplendid 
buildings  of  antiquity.  In  plan  it  was  a  rectangle  of  about  300  feet 
by  350,  and  consequentiy  covering  105,000  square  feet ;  it  was  thus 
luger  than  the  hypostyle  hsll  at  Kamac,  or  any  of  the  largest  temples 
of  Qreece  or  Rome.  It  is  larger,  too,  than  any  medisoval  cathedral 
except  that  of  Milan ;  and  although  it  has  neither  the  stone  roof  of  a 
cathedral,  nor  the  massiveness  of  an  Egyptian  building,  still  its  siae 
and  proportions,  combined  with  lightness,  and  the  beau^  of  ita  decora- 
tions, must  have  made  it  one  of  the  most  beautiful  buildings  ever 
erected,  and  both  in  design  and  proportion  far  surpassing  ti^ose  of 
AaeynB,  though  possessing  much  of  detaU  or  ornament  so  similar  as  to 
be  ahnost  identical  in  style."  ('  Hsndbook  of  Aich.'  L  197.)  Of  the 
splendour  of  the  building  there  can  be  no  question,  but  of  its  mpassittg 
beauty  we  must  take  leave  to  doubt. 

The  taller  columns  at  Persepolis  are  of  gray  marble,  5  feet  9  indkes 
in  diameter,  and  65  feet  8  inches  in  height ;  while  the  shorter ;  or  those 
with  ^e  Ionic  scroll,  are  40  feet  to  the  bottom  of  the  capital,  that^ 
including  the  Ionic  scroll,  being  16^  feet :  they  are  therefore  of  veaj 
slender  proportions.  Of  some  of  these  columns  the  shafts  are  cona- 
mented  with  a  kind  of  zigzag  or  Vandyke  pattern,  after  the  manner 
of  the  fragment  found  near  the  Treasury  of  Atreus  at  Myceme ;  while 
others  are  fluted,  but  the  channels  are  exceedingly  narrow,  bung  forty, 
or  double  the  number  of  those  of  a  Doric  column.  The  bases  and 
capitals  are  still  more  singular,  both  of  them  being  veiy  deep  and  of 
fanciful  shape  and  outline.  The  most  remarkable  are  formed  by 
placing  two  bulls'  heads  and  fore-parts  back  to  back:  Those  with 
Ionic  volutes  have  the  volutes  set  vertically  instead  of  horizontally. 
Mr.  Fergusson  has  given  restored  copies  of  the  bull-headed  columns, 
and  those  with  Ionic  volutes,  from  Persepolis  and  Susa  in  his  buikUng 
called  the  Assnian  Court  at  the  Crystal  Palace,  SydenhauL 

At  PasargadsB  there  are  vast  artificial  platforms,  and  extensive  ruins ; 
but  none  sufficientiy  uninjured  to  permit  of  their  identification  with 
any  particular  edifice,  or  even  to  determine  to  what  kind  of  building 
they  belong.    The  great  platform  about  300  feet  square,  and  nearly  40 
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feet  high,  is  formed  of  14  courses  of  large  blocks  of  white  marble^  each 
stone  being  beautifully  fitted  and  clamped  to  its  neighbour,  and 
bevilled  at  the  joints, — it  is  therefore  admirable  as  an  example  of 
ancient  Persiaii  masonry,  but  of  little  architectural  value.  Other  marble 
platfoims  occur  on  which  also  buildings  have  onoe  doubtless  stood, 
but  of  which  no  vestiges  remain.  In  the  plain  are  a  fragment  or  two 
of  large  isolated  pillars ;  and  a  curious  tower-like  structure  of  white 
marble  9  feet  square,  and  49  feet  high.  This  is  probably  one  of  the 
fire-temples  of  the  audent  Persians.  A  simil^  building  is  found  at 
Istakr  opposite  the  tombs  of  Naksh-i-Rustam.  It  is  of  marble ;  and 
the  lower  part  being  solid,  it  is  entered  by  a  door  some  height  from 
the  ground.  There  is  a  small  square  upper  chamber,  the  roof  of 
which  is  formed  by  large  slabs  of  stone ;  and  this  roof  is  said  to  still 
show  marks  of  fire. 

At  Susa,  Mr.  Loftus  discovered,  in  1843,  the  foundations  of  a 
temple-palace  almost  identical  in  plan  with  the  Oreat  Hall  of  Xerxes 
at  Persepolis,  and  which  though  more  ruinous  than  that  building,  has 
served  to  complete  our  knowledge  of  the  portions  there  wanting. 
Many  fragments  of  bases  and  capitals,  like  those  of  Persepolis,  but 
rather  richer  in  detail,  were  also  found  among  the  ruins  of  Susa. 
Inscriptions  on  the  bases  of  the  columns  record  the  names  of  Baiius  and 
Xerxes  as  the  builders,  and  Artaxerxes  Memnon  as  the  restorer  of  the 
edifice.  Other  names  also  occur.  This  may  have  been,  as  has  been 
suggested,  the  very  hall  of  Shushan,  described  in  the  book  of  Esther ; 
and  at  any  rate  the  account  there  given  (c.  L  v.  6)  of  the  splendour  of  the 
fittings,  me  columns  of  marble,  and  the  coloured  marble  pavement,  on 
which  "^ere  beds  or  thrones  of  gold  and  alver,  will  serve  to  indicate 
the  magnificence  of  the  hall  when  in  its  pristine  gloiy. 

At  Naksh-i-Rustam  are  several  tombs  and  sepulchral  chambers 
hewn  out  of  the  perpendicular  face  of  rocks.  For  Uxe  most  part  these 
excavations  are  very  shallow,  and  consist  chiefly  of  an  architectural 
frontispiece  or  poxtico  richly  adorned  with  sculpture  and  other 
decorations.  The  most  remarkable  is  the  Tomb  of  Darius,  the  son  of 
Hystaspes,  at  the  foot  of  Mount  Rachmed,  near  the  river  Bendemir, 
the  ancient  Araxes.  This  monument  has  a  portico  of  four  columns, 
whose  capitals  have  figures  of  the  foreparts  of  animals  projecting  from 
their  sides.  There  are  also  two  rows  of  sculpture  above  the  portico, 
with  a  figure  of  the  king  above  standing  opposite  a  fire-altar,  and  over 
aU  a  winged  deity  is  seen  floating  in  the  air.  As  already  mentioned, 
the  whole  frontispiece  of  this  tomb  appears  to  be  intended  to  represent 
the  royal  palace :  an  excellent  engraving  of  it  is  given  in  Coste  and 
Flandin's '  Perse  Ancienne.'  The  only  example  of  a  consth-ucted  tomb 
occurs  at  PosaigadiB,  where  a  small  temple  stands  on  the  summit  of  a 
low  pyramid  of  stone  steps,  aroimd  which,  but  at  some  little  distance, 
is  traceable  a  peristyle  or  colonnade :  this  is  ascertained  from  the 
descriptions  in  Greek  writers  to  be  the  Tomb  of  Cyrus. 

(Sir  R.  K.  Porter,  Travels,  vol.  L ;  Chardin,  Morin,  iLO,,\Travds  ;  Hirt> 
Banhmat ;  Flandin  and  Coste,  Pene  Ancieune  ;  Fergusson,  PaloGa  of 
Nineveh  and  PenepoUt  Reatored  ;  Handbook  of  Architectvarc) 
PERSICA.    [Peach.] 
PERSONAL  ACTIONS.    [Actions.] 

PERSONALTY  AND  PERSONAL  PROPERTY.  [Chattels.] 
PERSPECTIVE,  a  term  popularly  given  to  an  application  of 
geometrical  principles,  by  means  of  which  a  pictorial  outline  of  a 
certain  class  of  objects  may  be  delineated  on  a  plane  surface.  Thus 
understood  it  has  been  defined  to  be  the  art  of  representing  on  a  plane 
surface  the  outlines  of  objects  in  the  same  forms,  positions,  and 
relative  proportions  which  they  bear  to  each  other  in  nature  as  seen 
from  a  given  point.  A  perspective  representation  corresponds  in  fact 
to  a  section  of  a  cone  of  rays,  the  apex  of  which  is  injthe  eye  of  the 
observer  (62,  64).  In  other  words,  if  a  pane  of  glass  were  interposed 
between  us  and  any  object  or  objects  which  we  were  viewing  through 
a  small  hole  (or  tight),  and  we  were  to  trace  on  the  glass  an  accurate 
outline  of  the  objects  as  they  appeared  on  it,  that  outline  would  be  a 
perspective  representation :  and  it  is  the  purpose  of  the  art  of  per- 
spective to  show  how  this  may  be  done  if  the  necessary  data  be 
iumished.  Perspective  constitutes  however  onlj  a  specific  case  of  a 
more  general  application  of  the  geometrical  principles  above  alluded  to, 
which  enable  us  to  make  constructions  relating  to  geometrical  aolid$, 
bearing  the  same  relation  to  geometry  of  three  dimensions  that 
practical  bears  to  theoretical  plane  geometry.  In  the  present  article 
these  principles  will  be  explained,  and  their  application  to  perspective 
be  shown  (66  et  »eq), — specifically  with  reference  to  geometrical  soUds, 
but  capable  of  extension  to  the  objects  delineated  in  pictorial  repre- 
sentations. 

The  analyst,  in  his  investigations  of  symbolieal  expressions  for  the 
relations  of  geometrical  magnitudes,  refers  these,  according  to  the 
species  of  magnitudes  under  consideration,  either  to  co-ordinate  lines 
on  a  plane,  or  to  co-ordinate  planes,  assumed  at  pleasure  in  space. 
[Co-ordinates.]  The  draughtsman,  or  practical  geometrician,  makes 
his  constructions  on  the  lines  and  figures  themselves,  whan  they  lie 
wholly  in  one  plane;  and  when  he  has  to  make  constructions  on 
gc<nnetrical  solids,  he  is  compelled  to  refer  the  various  points,  lines^ 
and  figures  connected  with  or  constituting  those  solids  to  one  or  more 
planes,  to  efiect  his  object ;  and  from  constructions  on  these  planes  he 
can  determine  the  umknown  quantities  of  the  original  solids  by  means 
of  i^eJT  ^projections,  as  they  are  termed,  knowing  the  conditions  under 
which  these  projections  were  obtained. 


1.  The  series  of  points  of  any  geometrical  solid  are  most  simply 
supposed  to  be  referred  to  a  pkne  by  parallel  right  lines,  passing 
through  them  perpendicular  to  the  plane ;  the  intersections  of  these 
lines  with  the  plane  are  termed  the  projectUms  of  the  original  points  on 
that  plane. 

2. 'Let  us  conventionally  designate  the  original  points  by  Italic 
capital  letters,  and  their  projections  by  small  letters ;  thus  p  means 
a  point  in  space,  p  its  projection  on  a  phme. 

S.  The  points  I,  in,  n,  on  a  plane  at 2,  are  therefore  understood  as 
referring  to  the  points  in  space,  situated  in  right  lines  passing  through 
I,  m,  n  respectively,  perpendicular  to  that  plane ;  but  these  projections 
alone  do  not  define  the  relations  between  the  original  points ;  for  I,  m,  n 
are  each  the  projections  of  an  infinite  number  of  original  points,  of  all 
in  short  through  which  each  projecting  line  may  pass.  To  define  the 
specific  points  l,  jt,  n,  we  must  consequentlv  not  only  have  I,  m,  n, 
but  the  lengtlis  respectively  of  the  projectmg  lines  lZ,  jrm,  jn»,  or 
the  diBtancee  at  which  x,  ir,  m  are  respectively  situated  from  their 
projections. 


4.  This  second  series  of  essential  data  is  furnished  by  the  projections 
L,  M,  N  of  the  original  points  on  a  second  co-ordinate  plane  B  T  z,  per- 
pendicular to  the  first,  and  therefore  parallel  to  the  former  projecting 
fines,  by  which  2,  m,  n  were  determined ;  while,  conversely,  the  first 
plane  must  be  parallel  to  the  projecting  lines  by  which  L,  M,  N  are 
determined.  For  if  a  third  plane  be  conceived  to  pass  through  the 
two  projecting  lines  XL,  xi,  of  any  point  l,  and  therefore  necessarily 
perpendicular  to  the  two  co-ordinate  planes,  the  intersections  of  this 
third  plane  with  the  two  latter  will,  together  with  the  two  projecting 
lines  themselves,  form  a  rectangle ;  consequently  the  distance  of  any 
projection  L,  from  the  common  intersection  TZ  of  the  co-ordinate 
planes,  is  equal  to  the  length  of  the  projecting  lint  xi,  which  is  parallel 
to  it ;  while,  conversely,  Sie  distance  of  the  other  projection  I  of  the 
same  point  l  from  the  same  common  intersection  is  equal  to  the  length 
of  the  projecting  line  ll. 

5.  Let  us  designate  the  third  plane  just  described  as  the  projecting 
plane  of  an  original  point.  It  follows  as  a  corollary  £rom  this  definition 
of  the  plane,  that  the  projecting  planes  of  a  series  of  points  L,  M,  n  are 
parallel  to  each  other,  and  perpendicular  to  both  co-ordinate  planes,  as 
well  therefore  as  to  the  common  intersection  t  z  of  those  co-ordinate 
planes. 

6.  Let  TZ  always  designate  the  common  intersection  of  the  two 
co-ordinate  planes ;  let  the  projections  L,  M,  N  be  termed  the  plans^  and 
the  projections  I,  m,  n  the  elevations  of  the  original  points  l,  m,  n.  It 
follows  that  if  an  original  point  lie  in  either  co-ordinate  plane,  its 
projecting  line  will  coincide  with  that  plane,  and  its  projection  on  the 
other  will  be  a  point  in  t  z. 

7.  Let  us  next  consider  a  right  line  lm,  supposed  to  join  or  pass 
through  two  points  in  space  l,  jr.  Then  the  right  line  lm  joining  or 
passing  through  the  plans  of  t,  and  m,  is  called  the  plan  of  l  m,  and  I  m 
is  the  devation  of  the  same  original  line. 

8.  It  is  obvious,  from  the  preceding  definitions,  that  the  plan  and 
elevation  of  any  original  right  line  i.  ir  in  space  are  the  intersections 
with  the  co-ordinate  planes  respectively  of  two  planes  p»^'"g  through 
the  original  line  perpendicular  to  the  oo-ordinate  planes. 

9.  We  will  distinguish  the  projecting  plane  of  an  original  line  lm, 
by  which  the  plan  of  that  line  may  be  conceived  as  produced,  as  the 
plan-projecting  plane  ot  lm ;  and  the  projecting  plane  by  which  lm  is 
produced,  as  the  elevation-projecting  plane.  But  tiie  reader  must  not 
confound  ike  projecting  plane  of  an  original  point,  which  is  necessarily 
perpendicular  to  both  co-ordinate  planes,  with  the  projecting  plane  of 
an  original  line;  which,  though  necessarily  perpendicular  to  one 
co-ordinate  plane,  may  be  parallel,  perpendicular,  or  oblique  to  the 
other,  accoxxling  as  the  original  line  is  parallel,  perpendicular,  or 
oblique  to  that  other  co-ordinate  plane.  Nevertheless  the  projecting 
plane  of  an  original  Line  will  always  intersect  that  co-ordinate  plane,  to 
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which  it  is  not  neoeesanly  perpendicular,  in  a  line  which  is  perpen- 
dicular to  T2» 


10.  Besides  the  plan  and  elevation,  there  are  two  other  elements 
regarding  an  original  line  which  it  ia  neceaaary  to  consider ;  these  are 
the  points  in  which  that  line  itself  intersects  A.e  two  co-ordinate  planes. 
The  principles  of  projection  furnish  us  with  ihe  following  theorems 
relating  to  these  pomts,  and  to  the  plan  and  elevation  of  the  line. 

11.  If  the  original  line  be  parallel  to  both  co-ordinate  {danes,  it  can 
intersect  neither,  and  both  its.  plan  and  elevation  are  parallel  to  Y  z. 
It  is  dear,  on  this  supposition^  that  the  original  line  is  itself  also 
parallel  to  TZ. 

12.  If  the  original  Hue  be  perpendicular  to  one,  and  therefore  parallel 
to  the  other  co-ordinate  plane,  the  projection  on  that  other  plane  will 
be  parallel  to  the  original^  and  perpendicular  to  TZ,  while  the  projection 
on  the  first  will  be  a  point,  that  in  which  the  original  line  itself 
intersects  that  co-ordinate  plane. 

13.  If  the  original  line  be  oblique  to  one,  and  yet  parallel  to  the 
other  co-ordinate  plane,  its  projection^  on  that  to  which  the  line  is  not 
parallel  will  be  parallel  to  Tz;  while  its  projection  on  the  co-ordinate 
plane,  to  which  the  original  is  parallel,  will  cut  x  z  in  the  projection 
of  the  ^Int  in  which  Uie  original  intei^sects  the  former  co-ordinate 
plane. 

14.  If  the  original  line  be  oblique  to  both  co-ordinate  planes,  neither 
its  plan  nor  elevation  can  be  parallel  to  T  z ;  the  plan  of  the  line  wlU 
cut  T  z  in  the  projection  of  the  point  of  intersectibn  of  the  original 
with  the  co-ordinate  plane  in  which  its  elevation  lies ;  while  that 
elevation  will  cut  Tz  in  the  projection  of  the  intersectiou  of  the 
original  with  the  plane  in  which  the  plan  lies. 

15.  It  also  follows  that  the  projed^ig  line  of  the  point  in  which  an 
original  line  intersects  either  co-ordinate  plane  coincides  witli  the 
intersection  bf  the  projecting  plane  of  that  line. 

16.  If  an  original  hne,  oblique  to  both  co-ordinate  planes,  lie  in  a 
plane  perpendicular  to  them  both,  its  plan  and  elevation  wHl  both  be 
perpendicular  to  t  z,  since  its  two  projecting  planes  will  coincide  with 
that  in  which  the  line  lies.  In  this  case  the  plan  and  elevation  could 
not  furnish  sufficient  data  for  determining  the  original  lines,  since  they 
would  be  common  to  every  Une,  in  the  perpendicular  plane,  which 
was  not  parallel  to  either  pjane  of  projection ;  if  however  we  have,  in 
addition  to  the  indefinite  plan  and  elevation  of  the  line,  those  of  two 
points  in  it,  or  the  two  points  in  -vdiich  the  original  line  cuts  thtt  two 
co-ordinate  planes,  then  the  original  line  is  determined. 

17.  Let  us  next  consider  in  what  manner  an  original  plane  may  be 
conceived  to  be  referred  to  two  co-ordinate  planes.  It  is  clear  that  as 
only  one  plane  can  be  drawn  through  a  straight  lino  and  a  point,  or, 
which  is  the  same  thing,  through  the  two  legs  of  a  plane  angle,  the 
plans  and  elevaltions  of  any  two  lines  through  which  the  plane  passes 
will  determine  it.  But  the  intersections  of  the  original  plane  with 
the  two  co-ordinate  planes  furnish  a  datum  regarding  it  of  more  direct 
application. 

18.  The  intersections  of  an  original  plane  with  the  co-ordinate 
planes  are  termed  its  traces, 

19.  The  traces  of  a  plane  on  either  co-ordinate  plane  will  obviously 
pass  through  the  points  in  which  two  or  more  lines  lying  in  the  original 
plane  intersect  that  co-ordinate  plane. 

20.  If  an  original  plane  be  parallel  to  one  co-ordinate  plane,  its 
trace  on  the  other  will  be  parallel  to  t  z. 

21.  If  an  original  piane  be  perpendicular  to  either  co-ordinate  plane, 
its  trace  on  the  other  will  be  perpendicular  to  T  z,  at  the  point  in  which 
the  trace  on  the  first  plane  meets  that  line ;  and  the  plane  oblique 
angle  formed  by  the  trace  and  t  z  will  be  the  measure  of  the  dihedral 
angle  formed  by  the  original  with  the  other  co-ordinate  planes.  If  an 
original  plane  be  perpendicular  to  a  co-ordinate  plane,  its  trace  on  that 
plane  will  be  the  common  projection  of  all  lines  in  the  original  plane, 
and  will  pass  through  the  projection  of  all  points  in  that  onglnal 
planei 


22.  If  the  original  plane  be  parallel  to  y  z,  its  traces  on  the  co- 
ordinate planes  will  both  be  psu^el  to  Y  z,  and  therefore  to  each  other  ; 
but  in  every  other  case,  if  the  original  be  oblique  to  both,  or  meet 
both  co-ordinate  planes,  its  traces  on  them  must  intersect  in  a  point 
of  Y  z.  And  if  the  plane  be  perpendicular  to  both  co-ordinate  planea^ 
both  its  traces  will  be  perpendiciilar  to  Y  z. 

23.  il  two  original  lines  are  parallel,  the  plans  of  those  lines  will  be 
parallel,  as  will  also  be  their  elevations ;  buC  the  plans  or  the  elevations 
only  of  two  lines  may  be  parallel,  although  the  lines  themselves  are 
not  so,  the  parallelism  of  either  t&e  plans  or  elevations  simply  arising 
from  the  accidental  parallelism  of  the  plan  or  elevation  projecting 
planes  of  the  original  lines. 

24.  An  analogoiiB  theorem  applies  to  two  original  planes :  if  these  be 
parallel,  their  traces  on  both  co-ordinate  planes  will  be  parallel ;  bat  if 
their  traces  are  parallel  on  one  plane  only,  it  simply  indicates  that  the 
original  planes  intersect  each,  other  in  a  Ime  parallel  to  that  co-ordinate 
plane. 

25.  The  placFSs  of  two  lines  may  cut  one  another,  as  may  abo 
the  two  elevations,  and  yet  the  originals  may  not  lie  in  one  plane,  and 
therefore  cannot  meet  each  other.  If  two  original  lines  really  inter- 
sect, the  points  in  which  the  plana  and  elevations  cut  each  other 
must  lie  in  the  projecting  plane  of  the  point  in  which  the  oriiginals 
meet. 

26.  The  projections  of  equal  parallel  lines  will  be  equal  pftr&llels, 
in  the  ratio  to  the  originals  of  the  cosine  of  the  angle  in  which  those 
originals  are  inclined  to  the  plaue  of  projection,  to  radius.  If  two 
lines  forming  an  angle  be  parallel  to  two  others,  whether  lying  in 
the  same  or  different  planes,  th&  projections  of  each  two  lines  will 
form  equal  angles. 

27.  The  plane  angles,  which  are  t}ie  projections  of  equal  angles, 
will  be  equal,  provided  the  original  angles  are  similarly  placed 
with  respect  to  the  traces  of  the  planes  in  which  those  ori^nals  lie ; 
or  else  when  the  original  angles  lie  in  a  plane  parallel  to  either  co- 
ordinate plane,  and  wen  the  projected  angles  must  be  equal  to  the 
originals. 

28.  Hence,  since  the  projection  of  every  parallelogram  is  a  parallelo- 
gram ( 23 ),  the  angles  of  the  projection  corresponding  to  the 
adjacent  angles  of  the  original  figure  will  also  be  complementary  to 
each  other. 

29.  If  an  original  plane  and  line  be  mutually  perpendicular,  the  pro- 
jection of  the  line  will  be  perpendicular  to  the  trace  of  the  plane  on  each 
co-ordinate  plane.  For  since  the  projecting  plane  of  the  line  must> 
on  this  supposition,  be  perpendicular  both  to  the  original  and  to  the 
co-ordinate  plane,  and  consequently  so  to  their  common  intersection, 
which  conunon  intersection  is  the  trace  of  the  plane,  this  projecting 
plane  wiU  cut  the  co-ordinate  plane  in  a  line,  namely  the  projection  of 
the  original,  perpendicular  to  the  trace  of  the  plane. 

30.  If  a  line  in  an  original  plane  be  parallel  to  a  co-ordinate  plane, 
the  projection  of  that  line  will  be  parallel  to  the  trace  of  the  plane ; 
and  conversely,  i£  the  projection  of  a  line  situated  in  a  pLme  be 
parallel  to  the  trace  of  that  plane,  the  original  line  is  parallel  to  the 
co-ordinate  plane  in  which  that  trace  lies. 

81.  These  theorems  on  projections  would  be  useless  to  tlie  practical 
geometrician  so  long  as  the  co-ordinate  planes  are  supposed  to  retain 
their  relative  situation  in  space;  to  enable  him  \o  malie  the  requisite 
constructions  on  the  projections,  and  to  determine  the  unknown  mag- 
nitudes entering  into  the  original  solids  by  means  of  the  projections  of 
the  known  ones,  he  supposes  the  one  co-ordinate  plane  turned  round 
on  the  conunon  intersection  Y  z  till  the  two  planes  coincide  in  one  and 
the  same  plane  :  by  this  supposition  the  relations  to  Y  z  of  the  lines, 
points,  and  traces,  on  the  plane  which  is  supposed  to  be  turned  round, 
remain  imaltered;  while  the  principles  on  which  the  projections  are 
made  allow  of  the  correct  interpretation  of  the  new  relations  which 
the  projections  of  original  points  and  lines  on  one  plane  assume 
with  regard  to  the  projections  of  the  same  points  and  lines  on  the 
other  plane,  when  these  two  co-ordinate  planes  are  supposed  to  coincide 
in  one.  \ 

82.  The  same  method  of  bringing  two  planes  into  one  may  be 
applied,  or  rather  conceived  to  be  applied,  to  the  projecting  floMc  of 
any  original  point  or  line,  this  projecting  plane  being  supposed  turned 
round  on  the  projection  of  the  line  till  the  plane  coincide  with  the  co- 
ordinate plane,  that  is  to  say,  a  construction  can  be  made  with  the 
projection  of  a  line  founded  on  this  supposition,  by  which  a  line  may 
be  found  representing  the  original  line  as  brought  into  the  co-ordinate 
plane ;  and  by  an  analogous  construction,  an  original  plane  may  be 
constructed  as  if  turned  rotmd  on  its  trace  till  it  coincide  vdth  the  co- 
ordinate plane. 

83.  This  principle  may  be  carried  still  farther :  thus  a  construction 
can  be  made,  founded  on  the  supposition  that  an  original  plane  has 
been  turned  round  on  its  intersection  with  another  such  plane  till  they 
coincide,  and  this  compounded  plane,  if  we  may  use  such  an  expression, 
has  been  again  turned  round  on  its  trace  till  it  has  been  brought  into 
the  common  plane  of  projection. 

34.  It  must  hence  be  understood  that  the  practical  application  of 
the  theoiy  of  projections  is  entirely  synthetical,  that  is,  the  draughts- 
man, first  drawing  a  line  to  represent  Y  z,  proceeds  from  this  simple 
assumption  to  draw  the  projections  of  certain  points  and  lines  of  a 
solid,  on  which  he  proposes  to  operate,  from  their  known,  assumed,  or 
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given  relations  to  each  other^  and  from  their  conventional  relations  to 
Uie  supposed  co-ordinate  planes,  which  may  in  every  case  be  conceived 
to  be  BO  situated  as  to  facilitate  these  constructions.  Having  thus  got 
the  projections  of  known  or  given  lines,  he  proceeds  from  these  data  to 
.ascertain  the  absolute  magnitudes  of  lines  and  angles  depending  on 
these  given  ones,  by  making  the  constructions  allnded  to,  founded  on 
the  supposition  of  projecting  lines  and  planes  being  turned  round  on 
the  projections  determined  by  them,  tfll  they  coincide  with  the  co- 
ordinate planea 

35.  If  a  plane  be  tiumed  round  on  its  intersection  with  another,  a 
line  in  the  former  will  make  the  same  angle  with  tl^at  intersection, 
when  the  two  planes  are  bronght  into  one,  that  the  Une  made  with 
that  intersection  when  the  planes  were  in  situ.  The  two  lines  which 
are  the  intersections  of  the  projecting  plane  of  a  point  (5)  with  the 
coordinate  planes  in  situ,  which  lines  have  been  shown  to  be  equal 
respectively  to  the  projecting  lines  (4)  of  that  point,  will  be  both 
perpendicular  to  T  z,  and  therefore  wUl  coincide  in  one  line  perpen- 
dicular to  that  line  tz,  when  the  two  eo-ordinate  planes  coincide 
in  one. 

36.  The  two  co-ordinate  planes  in  situ  form  four  dihedral  angles, 
and  an  ori^nal  point  may  be  situated  in  any  one  of  these ;  that  is  to 
say,  of  a  system  of  related  original  points  referred  to  those  planes, 
some  one  or  more  may  be  in  different  dihedral  angles :  it  is  essential 
that  the  learner  should  know  how  to  assign  the  relative  situation  of  the 
original  points  in  space  from  the  relative  fldtuatton  of  their  plans  and 
elevations  to  T  z. 

37.  Let  ns  disUngmsh  the  lour  dihedral  angles  thus  t — 


I. 


M 


Ifl 


N 


w 

1.  -^x+y]  the  point  p,p*is  n  the  dihedral  angle  No.  1. 

2.  — x  +  y;        „         L,i  „  „  No.  2. 

3.  — «— y;       „         M,wi         „  „  No.  3. 

4.  +a?--y;       „         N,»  „  „  No.  4. 


38.  Our  limits  will  only  admit  of  two  or  three  examples  of  ele- 
mentaiy  constructions  to  illustrate  the  subject  of  projections,  referring 
to  the  ^eorem  on  which  each  step  of  the  constmctiDn  is  founded. 

Gwtn  a  point  vpin^a  given  tine  A  f,  ap,  to  draw  a  plane 
through,  F,p  parpendMular  to  Iht  given  Une.\ 

89.  Draw  ft  line  f  q  through  p,  perpendicular  to  the  plan  of  the  line, 
for  that  of  a  line  parallel  to  the  co-ordinate  plane,  and  lying  in  the 


plane  sought  J  then  (20)  pg,  parallel  to  T  z,  will  be  the  elevation  of 
tliiaparalleL    The  line  pq,^)^  meets  the  co-ordinate  plane  in Q,j (13)  q 

'  The  point  p,  p,»  *  the  line  ab,  a6,»  *  the  plane  m,  m«/  sifni/y  the  point, 
une,  or  plane,  the  plans,  elevations,  or  traces  of  which  are  a,  a :  as,  a6 :  uc. 
3««.  respectively.  -»»»». 

t  This  is  the  form  of  ennndation  of  a  prob.  in  solid  geometry,  and  is  to  be 
'008  interpreted :  Given  the  projections  p  and  jp,  on  two  co-ordinate  planes 
"U'posed  to  be  bronght  into  one,  of  a  point  P  situated  in  an  original  line  of 
JJhich  the  corresponding  projections,  a  p,  ap,  are  given ;  to  draw  the  lines 
\inceg)  wbioh  will  represent  the  intersections  of  a  plane  with  those  co-ordinate 
Pun^,  this  plane  being  supposed  to  pass  throngh  p,  and  to  be  perpendicular 


therefore  will  be  a  point  in  one  trace  of  the  plane  sought :  and  since 
this  trace  must  be  perpendicular  to  the  elevation  of  the  line,  M7»  drawn 
through  g  perpendicular  to  a  p  will  be  that  trace.  The  same  con- 
struction, applied,  mutatis  mutandis,  to  the  other  projection  of  the 
point,  will  furnish  a  point  in  the  horizontal  trace  of  the  plane  sought, 
which  trace  must  be  drawn  through  R  perpendicular  to  a  P.  The  two 
traces  thus  found  will  intersect  each  other  in  a  point  of  t  z  (22). 

(riife»  a  plane  hu,  m  n,  and  a  point  A^a:  to  draw  a  line  through  the 
point  perpendicular  to  the  plane,  and  to  determine  the  point  in  yiiich 
thi»  Une  cuts  the  given  plane, 

40.  Through  A,'a  draw  lines  perpendicular  to  the  given  traces  LKH 
for  the  indefinite  projections  of  the  perpendicular  sought  (29) :  from 
the  point  n,  in  which  ak  cuts  tz,  draw  N n  perpendicular  to  T z  for  the 
intersection  with  the  other  co-ordinate  plane  of  the  plan-projecting 
plane  of  the  perpendiouli^  (0) ;  and  from  L,  in  which  a  p  cuts  M  l,  draw 
li  {  perpendicular  to  T  z :  the  point  I  is  the  elevation  of  the  point  in 
which  the  plan-projecting  plane  of  the  perpendicular  outs  the  trace 
LM,  M  { ;  and  n  is  that  in  which  the  same  plane  cuts  the  trace  M  n. 
Consequently  n  /  is  the  elevation  of  the  intersection  of  the  same  plan- 
projecting  plane  with  the  original  plane.  Now  it  is  obvious  that  the 
|)oint  sought  must  lie  in  this  intersection ;  consequently  the  point  p, 
in  which  ap  cuts  n  I,  must  be  the  elevation  of  the  point  in  which  the 
perpendicular  intersects  the  given  plane. 

41.  The  plan  p  of  the  point  may  be  obttdned  by  drawing  vp 
perpendicular  to  T  z  (36),  to  cut  a  k,  the  indefinite  plan  of  the  line ;  or 
by  applying  the  foregoing  construction,  mutatis  mutandis,  to  the  other 
projections. 

To  draw  a  line  through  a  given  point  p,p,  to  maJce  any  proposed  angle 

iciih  a  given  line  AB,ah,  •     . 

42.  If  the  proposed  line  is  to  be  paraUd  to  the  given  one,  lines 
drawn  through  the  projections  of  the  given  point,  paradlel  respectively 
to  those  of  the  given  Une,  will  be  the  projections  of  tiie  line  sought 
(23) ;  but  if  the  lines  are  not  to  be  parallel,  join  p,5>  with  any  two 
points  A,  a,  B,  b,  taken  at  pleasure  in  the  given  Ime.  a  B  p  will  therefore 
be  the  plan,  and  a  bp  the  elevation  of  the  triangle  thus  formed.  Find 
the  traces,  UL,  Ln,  of  the  plane  of  this  triangle,  by  finding'the  points  in 
which  any  two  of  its  sides  intersoet  the  oo-oi^clinate  planes  (19),  sinoe 
these  points  must  lie  in  the  traces  required.^ 


43.  Draw  u  n  perpendicular  to  t  z,  to  out  the  traces  anywhere  at 
pleasure  in  points  u,n;  the  line  u  m,  n  is  consequently  the  traces  of  a 
plane  assumed  at  pleasure  as  perpendicular  to  both  co-ordinate  planes 
(22),  and  cutting  the  given  plane  u  L »  in  a  line,  the  projections  of 
which,  of  coiuse,  coincide  with  the  traces  of  the  plane.  The  length  of 
this  line,  or  the  real  distance  between  the  points  u  n  when  in  situ,  is 
obtained  by  making  m»'  in  Y  z  equal  to  w  M ;  then  the  hypothenuee 
m'n  is  the  intersection  of  the  given  plane  with  the  assumed  plane, 
brought  into  the  plane  of  iMt)jection  by  the  rotation  on  m  n  of  this 
assxmied  plane. 

44.  From  u  and  L,  as  centres,  with  m'n,  L«  for  radii  respectively, 

*  The  sides  of  the  triangle  may  mo«t  the  co-ordinate  planes  in  dUIbrent 
dihedral  angles ;  the  projections  of  two  of  these  points,  through  whifh  the  same 
trace  must  pass,  may  therefore  lie  on  contrary  sides  of  ts.  The  traces  of  all 
planes  should  be  drawn  indefinitely  extended  on  each  side  of  this  line  ys,  or 
are  to  be  conceived  as  so  extended  when  circumstances  do  not  admit  of  their 
being  shown  so 
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dewaibe  area  cuttjng  in  n'.    Join  h  »',  L  n' ;  < 

quentl;  (32)  repneenta  that  portion  of  tiie  givBD  [jane  WLn  inter- 
cepted between  the  co-ordinate  pUne*  and  the  line  u m,  mn,  brought 
into  the  oo-otdinate  pUae  by  bein^  turned  round  on  the  trace  ■  l,  and 
by  thii  rotation,  bringing  the  original  of  the  triangle,  l\B,  pab,  along 
with  it.  To  draw  thii  triangle  m  thu>  brought  into  the  co-ordinate 
planes,  produce  pb,  p6,  to  cut  the  two  traces  in  D  and  e  respectively, 
make  l  t'  equal  to  ht,  join  D  t".  In  the  same  manner  the  hnea  a'  p' 
a'  b'  ara  obtained,  conatituting  the  original  triangle  as  brought  into  the 
co-ordinate  plane  in  tbe  manner  described. 

45.  The  pointa  a  a,  B  A,  vp,  lying  in  the  origina]  plane,  will  dncribe 
arcs  of  circlee  during  the  rotation  of  thai  plane  on  its  traoe :  the  planes 
of  these  circlee  must  obviously  be  perpendicular  to  the  original  plane 
and  to  the  co-ordinate  plane,  and  conaequently  cut  the  co-o>dinate 

S'ana  in  lines  or  traces  perpendicular  (o  h  l,  that  of  the  original  plane, 
ance  if  lines  be  drawn  through  a,  b,  and  p,  perpendicular  to  hl,  they 
will  paaa  through  a',  V,  and  p',  since  the  traces  of  theae  planan  will  be 
the  projectioni  of  all  Unea  lying  in  them,  and  therefore  of  the  circular 
arcs  alluded  to  (21),  iu  which  the  points  a',  h',  and  p'  lie.  By  this 
mesns  tbe  points  a',  V ,  and  p'  may  be  found,  or  verified  if  previously 
obtained  on  any  otlier  principle. 

16.  Draw  p'  a'  to  make  Uie  proposed  angle  witli  a'  b'  * ;  then  the 
plan  A,  and  devation  of  the  point  a',  in  which  tbe  proposed  line  meeta 
the  given  one  in  tbe  given  angle,  may  be  determined  hvm  a'  by  the 
oonverse  prooeeding  to  that  by  which  a',  V,  and  p'  were  obtuned. 
And  laatly,  P  A,  ji  a  will  be  the  projections  of  the  line  as  required. 

47-  The  foregoing  oonstructjon  might  have  been  made  with  the  trace 
L  a  instead  of  L  M ;  but  the  triangle,  when  brought  into  the  co-ordinate 
plane  on  the  Buppoaition  of  the  rotation  of  the  plane  of  that  triangle  on 
L  n,  would  not  coincide  with  n'  b'p'. 

48.  If  a  Itne  be  conceived  to  move  always  perpendicular  to  a  co- 


—  ^__,   —  —        J ;  this  projection 

being  the  section  of  the  cylindroidal  surface  formed  by  the  g« — ''  ~ 

line.    If  the  curve  be  any  other  than  a  circle  or  an  ellipse, ^_  _ 

jection  can  only  be  practically  described  by  finding  the  projectiona  of 
a  sufficient  number  of  points  of  the  origmal,  from  some  known  pro- 
perty of  the  curve,  or  from  the  mode  of  its  generation;  and  the 
required  projection  must  be  drawn  by  hand  through  tbe  points  thua 
determined.  It  Is  obvious  that  the  projection  of  any  (Jane  curve 
which  is  parallel  to  the  co.ordinate  plane  must  be  equal  and  similar  to 
the  ori^vial  But  it  the  original  curve  be  a  circle,  or  an  ellipse,  the 
projecting  line  during  its  motion  will  generate  a  right  or  oblique  cylin- 
drical suHace,  the  section  of  which  by  the  co.ordinatfl  plane  must  he 
eiUier  a  circle  or  an  ellipse. 

49.  Whatever  may  be  the  oblique  poaitjan  of  an  original  drde  with 
respect  to  the  coordinate  plane,  there  must  be  one  diameter  which  is 
psrallel  to  that  plane ;  now  the  projection  of  this  diameter  being  equal 
to  the  original,  must  be  greater  than  those  of  all  the  other  diameters 
of  tbe  oTijpnal  circle,  which  aro  all  neoeeaarily  oblique  to  the  plane 
and  since  the  projection  of  every  diameter  must  be  a  diameter  of  thi 
projected  curve,  Uie  projection  of  Qua  parallel  one  must  be  Uie  majoi 
axis  of  the  ellipse.  This  diameter  of  tbe  original  circle  parallel  to  thi 
co-ordinate  plana  is  that  which  is  paralld  to  the  trace  of  the  plane 
The  conjugate  aiia  of  the  ellipsewill  be  the  projection  of  that  "' 
of  the  original  circle  which  ia  parpendicular  to  the  former, 
trace  of  the  plane. 

GO.  The  projection  of  a  sphere  on  a  co-ordinate  plane  must  be  a 
circle  of  tJie  same  radius  as  the  iqihere,  this  circle  being  the  projection 
of  that  great  circle  of  the  solid  which  is  parallel  to  the  co-ordinate 

ei.  In  the  applications  of  practical  geometry  to  the  arts,  the  object 
ia  either  to  delineate  the  forms  to  which  materials  are  to  bo  reduced, 
or  to  guide  workmen  in  making  and  putting  together  machinery ;  or,  in 
the  oonatrucUon  of  edificea  of  eveiy  desoription. 

£3.  Owing  to  the  symmBtry  of  the  machines  or  edifices,  the  forms 
most  oommouly  r«iuired  to  be  delineated  are  reducible  to  series  of 
IrectanguUr  geometrical  aolids,  the  planes  of  which  are  either  p«»llel 
or  perpendicular  to  the  horizon.  The  plans,  elevations,  sectiona,  pro 
(ilea,  &o.,  furnished  to  the  workman  by  the  draughtsman,  are  thi 
projections  on  rectangular  co-ordinate  planes,  assumed  to  be  paralle 
to  the  planea  of  the  machines  or  edifices,  nude  to  a  reducedsoale , 
the  plan  being  such  a  projection,  made  on  a  horizontal  pUne,  and 
the  elevation  on  a  vortical  plane.  When  the  building  or  engine  is 
supposed  to  be  laid  open,  by  being  cut  by  a  plane,  so  aa  to  show  ita 
interior,  the  projection  made  on  thia  supposition  is  termed  a  eection,  or 
profile, 

53.  It  is  obvious,  from  these  assumptions,  that  the  various  plane 
rectilinear,  or  mixed,  figures  which  are  produced  by  the  intersectiora 
or  boundaries  of  the  various  (urfaces  of  the  original  objects,  ara  repre- 
sented on  the  draughtsman's  plana,  4c.,  by  figures  similar  to  the 
original  forms ;  and  that  those  plane  aurfaces  of  the  original  object 
which  are  vertical  to  the  horiion  appear  only  aa  right  lines  on  a  plan, 
bounding  the  figures  which  are  tha  representativea  of  original  pUnee 
pBtaUe!  to  the  horizon  ;  and,  conversely,  these  last-mentioned  aurfacM 

1  Itie  aide  of  the  assnmid 
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represented  by  lines  in  the  elantioai,  whila  the  *«rtical  plane 
figurea  of  the  origmal  are  projected  into  similar  plane  figures  on  these 
UevatioDS  or  profiles. 

S4.  Henoe  two,  at  least,  and  commonly  three,  such  projections,  on 
rectangular  co-ordinate  planes,  are  requimle  to  convqy  an  idea  of  the 
forms  of  an  original  object ;  but  since  these  forma  of  the  origtoal  are 
represented  of  their  true  dimensions  and  proportiona,  such  projectiona 
are  auScient,  and  indispensable,  as  guides  to  the  me^ianica  who  are  to 
construct  or  put  together  the  edifice  or  machine. 

65.  The  principles  of  projection  enable  ua,  as  far  as  regard*  the 
rectangular  parallelopiped,  tbe  B(^d  of  moat  frequent  occurrence,  to 
combine  the  two  purposes  for  which  such  projectiona  are  employed  ; 
that  ia,  to  convey,  by  one  image  or  figure,  an  accurate  idea  of  Uw 
relative  position  of  (he  parallel  and  vertical  planea  of  an  originat  object, 
reducible  to  this  form,  and  at  the  same  lime  to  preserve  one  constant 
and  oorreet  proportion  between  the  magnitudes  of  the  original  and  of 
its  representative.* 

56.  It  has  been  shown  [26,  27)  that  the  projectiona  of  definite  rigbt 
lines,  inclined  in  equal  angles  to  the  co-ordinate  plane,  will  be  in  a 
oorwtant  proportion  to  the  originals ;  if,  therefore,  tbe  three  }dana 
right  angles  iorming  a  solid  angle  of  a  rectangular  parallelopided  be 
inclined  in  equal  dihedral  angles  to  the  co-ordinate  plane,  all  lines 
parallel  to  (he  three  edges  of  that  solid  angle  will  be  projected  into 
lines  bearing  one  constant  ratio  to  the  originals,  and  farming  with  each 
other  equal  angles,  which  aro  the  projections  of  the  right  ones  tonned 
by  the  original  lines. 


meeting  in  either  end  of  that  diagonal  wiU  form  angles  of  120*  wilk 


each  other,  and  the  throe  prujoctions  of  the  edges  ftt  o 
will,  respectively,  bisect  the  equal  angles  formed  by  those  of  the  edges 
at  the  other  extremity ;  while  the  lines  joining  tha  ends  of  these  six 
equal  radii,  which  lines  must  obviously  form  a  regular  hexagon,  will 
be  the  projections  of  the  remaining  edges  of  the  solid.  Each  face  of 
the  cube  is  projected  into  an  equilateral  rhombus,  as  aosr,  bcdo.  Ami. 
BFOO,  Ac,  the  aides  of  which  form  angles  re^ectively  of  120*  and  of 
60°  each.  If  tha  aide  of  the  cube  be  unity,  the  equal  projections  of 
those  aides  will  be  '8165,  which  is  equal  to  the  cosine  of  the  angle  at 
which  the  originals  an  inclined  to  the  co-ordinate  plane.  The  original 
diagonala  of  the  three  faces,  ab,  bd,  da,  are  obviously,  from  the 
nmmetiy  and  position  of  the  solid,  parallel  to  (he  co-ordinate  plane ; 
their  projections  are  therefore  equal  to  those  originsls,  or  sro  each 
equal  to  V,2sl'4112  ...  If  an  original  solid  be  made  up  of  rvdangulai 
parallelapipads,  having  their  faces  mutually  parallel,  and  the  co- 
ordinate, or  plane  of  projection,  be  ateumed  aa  equally  inclined  to  the 
thniB  faces  forming  any  of  the  solid  angles,  the  projections  of  all  its 
edges,  and  of  all  tinea  parallel  to  them,  would  be  in  the  constant  ratio 
to  the  originals  of  '8164:  \;  the  dimensions,  consequently,  of  thoee 
originals,  aa  measured  in  the  directions  of]  lines  which  would  ba 
isometrically  projected,  may  be  set  off  from  any  scale  along  the 
isometric  projections  of  any  lines  psrallel  to  the  edges  of  Uie  original 
eolids,  and  a  figure  or  image  of  the  original  oonatruoted  wfaic^  would 
show  the  three  principal  aeriee  of  planes  of  which  that  original  was 

£8.  The  projections  of  all  circles  equally  inclined  to  the  co-ordinate 
plane  will  be  mmilar  ellipses ;  the  axes  of  these  eUipsee,  when  repre- 
senting circlee  lying  in  planes  parallel  to  the  faces  of  a  cube  equally 
inclined  to  the  co-ordinate  plane,  will  be  to  each  other  in  the  ratio  of 
the  diagonals  of  the  rhombus  representing  the  inscribed  or  circum- 
scribing square  isometrically  projected.  The  following  simple  method 
of  constructing  a  scale  for  determining  the  lengths  of  the  axes  of  the 
isometric  projection  of  a  circle  will  be  of  service  to  the  practical 
draughtsman.  Construct  a  right-angled  triangle  the  base  and  perpen- 
dicular of  which  are  in  the  ratio  of  the  aide  to  the  diagonal  of  a  square, 
oraa  1  :  1-4142.  Set  off  the  length  of  the  isometric  projection  of  the 
circumscribing  square  of  any  original  cirele  along  the  aide  of  this 
triangle,  from  the  acute  anf^e,  and  draw  a  line  parallel  to  the  other 
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Bide  from  tbe  point  thua  marked  off;  this  parallel,  and  the  aegment  of 
the  hypotheniue  cut  off  by  it,  will  be  the  minor  and  major  axes  of  the 
ellipse.  Since  the  major  axis  of  the  elliptic  projection  of  a  circle  is 
always  equal  to  the  diameter  of  that  circle  {i9),  the  major  axis  of  the 
isometrioil  projection  of  a  circle  is  equal  to  the  side  of  the  circum- 
scribing  square.  Hence  the  axes  of  the  elliiwe  and  the  side  of  the 
circumscribing  square,  when  isometrioally  projected,  are  as  V8 : 
^1;    v/2. 

59.  The  projecting  lines  and  planes  are  assumed  perpendicular  to 
the  rectangular  co-ordinate  planes,  simply  to  facilitate  we  construction ; 
but  it  is  obvious  that  lines  and  figures  may  be  projected  on  a  plane  by 
parallel  projecting  lines,  making  any  angle  with  the  plane  of  projec- 
tion ;  such  projections  are  termed  Miqw,  but  as  they  are  but  seldom 
employed,  we  shall  only  here  give  two  general  theorems  relating  to 
them;  since  we  shall  have  occasion  to  recur  to  this  subject  in  a 
subsequent  part  of  this  article.  The  oblique  projection  of  a  straight 
line,  figure,  or  curve,  lying  wholly  in  a  plane  parallel  to  the  co- 
ordinate plane,  will  be  similar  and  equal  to  the  original;  and  the 
oblique  projections  of  parallel  right  lines  will  be  parallels. 

60.  The  oblique  projection  of  a  sphere  must  be  an  ellipfle,  for  the 
parallel  projecting  Unes  which  are  tangential  to  the  sphencal  surface 
must  always  form  a  right  cylinder,  the  oblique  section  of  which  must 
be  an  ellipse.  The  major  axis  of  this  ellipse  will  be  the  intersection 
with  the  co-ordinate  plane  of  one  perpendicular  to  it,  and  passing 
through  the  oblique  projecting  line  of  the  centre  of  the  sphere.  This 
major  axis  will  consequently  pass  through  the  perpendicular,  or 
ordmary  projection  of  the  centre  of  the  sphere.  The  conjugate  axis 
must  clearly  be  equal  to  the  diameter  of  the  sphere. 

61.  We  now  proceed  to  show  how,  by  a  modification  of  the 
principles  of  projection,  an  image  of  an  object,  or  a  pictorial  outline  of 
it,  may  be  obtained^  It  is  however  only  to  buildings,  engines, 
machines,  &c.,  consisting,  of  strictly  geometricsd  forms,  that  this 
modified  projection  can  be  applied ;  since  the  constructions  by  which 
these  projections  are  obtained  are  as  strictly  geometrical  as  those  by 
which  we  obtain  the  projections  of  such  objects  on  co-ordinate 
planes. 

62.  Each  point  on  the  surface  of  an  object  is  seen  in  the  direction  of 
a  straight  line,*  supposed  to  be  drawn  from  that  point  to  the  eye,  and 
representing  tlie  reflected  ray  of  light  by  which  that  point  is  rendered 
visible.  The  rays  from  eveiy  point  of  that  surface  will  obviously  form 
a  geometrical  solid  pyramid,  the  surface  of  which  will  be  composed 
of  those  rays  which,  touching  the  object,  might  be  supposed  prolonged 
in  the  same  straight  direction  beyond  it,  without  penetrating  its 
surface.  But  when  considering  the  subject  of  outline  alone,  we  need 
only  regard  such  of  the  internal  rays  of  the  pyramid  as  proceed  from 
lines  on  the  surface  of  the  object,  produced  by  the  intersections  of 
portions  of  that  surface  not  continuous :  and  from  our  limitation  of  the 
class  of  objects,  such  lines  must  be  either  straight,  or  else  geometrical 
curves ;  resulting  from  the  mutual  intersection  of  planes  and  curved 
surfaces  with  each  other. 

68.  The  general  pyramid  of  rays  will  therefore  be  made  up  of  a 
series  of  others,  having  one  common  vertex,  and  for  their  several  bases 
the  perimeter  of  a  portion  of  continuous  surface. 

64.  If  we  imagine  these  pyramids  of  rays  cut  by  a  plane,  the 
common  section  will  obviously  be  an  outline  of  the  object  as  it  would 
present  itsdf  to  an  eye  placed  at  the  vertex,  each  line  and  ^int  of  the 
section  coinciding  with  the  corresponding  line  and  pomt  of  the 
original. 

65.  As  long  as  the  object  and  the  spectator's  eye  retain  the  same 
relatire  position,  it  is  immaterial  in  what  direction  or  at  what 
distance  the  plane  cuts  the  pyramids  of  rays ;  for  the  lines  and  points 
produced  at  each  position  of  the  plane  must  necessarily  coincide  with 
the  originals  when  viewed  from  the  vertex ;  although  the  outlines  on 
the  plane  would  vaiy  for  each  of  its  podtions.  But  each  of  these 
different  outlines  would  suggest  to  the  mind  the  same  original  com- 
bination of  forms,  provided  it  be  viewed  from  the  true  vertex,  and 
cannot  be  a  correct  representation  or  image  of  the  object,  if  viewed 
from  any  other  point,  t 

66.  When  we  revert  to  the  connection  between  this  subject  and 
drawing,  in  the  common  acceptation  of  the  word,  we  shall  point  out 
the  precautions  l^t  must  be  taken  by  the  draughtsman,  when  applying 
the  principles  of  projection  to  the  pictorial  delineation  of  objects,  to 
prevent  his  dewing  from  appearing  distorted  when  viewed  indifferently 
from  other  than  the  correct  point,  which  it  must  inevitably  be  on  most 
occasions.  But  at  present,  dismissing  all  considerations  of  light, 
rision,  and  art,  we  shall  proceed  to  treat  this  branch  of  the  subject  of 
projections,  tenned  perspective,  in  a  purely  geometrical  manner. 

67.  Insteiul  of  the  simple  elements  alone,  which  entered  into  the 

*  We  need  hardly  ftUude  to  tbe  modlfioatton  of  this  aascrtioa  rendered 
neeumry  hy  the  effects  of  atmospheric  refraction.  It  is  evident  that  the  forwu 
of  objects  which  can  be  seen  by  the  eye  at  one  time  are  in  no  way  inflnenoed  by 
these  effects,  which  may  therefore  be  neglected  in  treating  this  subject. 

t  There  is  a  common  toy  which  well  illnstrates  thi«  subject ;  we  aUnde  to  a 
distorted  image  of  a  building,  which,  when  viewed  from  a  certain  fixed  point, 
presents  a  natural  appearance.  This  distorted  image  is  a  correct  section  of  a 
pyramid  of  rays  supposed  to  proceed  l^m  the  building  to  the  point  in  question, 
»nd  therefore  when  viewed  from  that  true  vertex,  conveys  the  same  impression 
that  the  bnUdiug  itwlf  would  do. 
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constructions  for  determining  lines  and  points,  referred  to  a  coK>rdinate 
plane,  by  parallel  lines  perpendicular  to  that  plane,  we  have  in  per- 
spective projection  the  additional  elements  of  the  convergence  of  the 
projecting  hnes,  or  rays,  intersecting  the  pkne  at  different  angles, 
depending  conjointly  on  the  distance  of  their  point  of  convergence 
from  the  original  lines,  and  from  the  plane.  This  variation  in  the 
conditions  necessitates  a  different  course  of  proceeding :  in  the  former 
kind  of  projection  the  object  of  our  constnictions  was  to  determine 
magnitudes ;  in  that  we  are  about  to  consider,  our  object  is  to  delineate 
i^parent  and  not  real  form. 

68.  The  following  definitions  are  here  given  to  avoid  unnecessary 
repetitions.  The  plane,  on  which  the  projection  is  supposed  to  be 
formed,  and  which  is  represented  by  the  drawing  board  or  paper  on 
which  the  constructions  are  made,  ymJil  always  be  termed  the  plane  of 
the  picture* 

69.  The  point  of  convergence  of  the  royt ,  or  projecting  lines,  or  the 
vertex  of  the  pyramids  of  rays,  will  be  designated  as  the  vertex, 

70.  The  centre  of  the  picture  is  the  point  in  which  a  line,  through  the 
vertex,  perpendiculsr  to  the  plane  of  the  pictiue,  medts  that  plane ; 
and  the  length  of  this  perpen<hcular,  from  the  vertex  to  the  centre  of 
the  picture,  is  the  dietance  of  the  picture  or  vertex :  this  term  will  also 
be  applied  to  the  line  itself  when  we  have  occasion  to  refer  to  it. 

71.  The  vertical  plane  is  one  passing  through  the  vertex,  parallel  to 
the  plane  of  the  picture. 


72.  Let  XT  z...  and  u  T  E  s,  in  the  figure,  be  the  plane  of  the  picture 
and  the  vertical  plane;  v  in  the  latter  being  the  vertex.  Let  bb'  be 
any  straight  line  taken  as  an  elementary  Orinnal  object :  the  rays  from 
every  point  in  bb*  will  lie  in  one  plane,  thomtersection,  h'  6",  of  which 
with  the  plane  of  the  picture  will  be  the  indefinite  perspective  pro- 
jection or  image  of  B  b'  :  the  projecting  pUne  (9)  passing  through  any 
original  line  B  b'  and  the  vertex  will  also  intersect  the  vertical  plane  in 
a  line  ▼  d,  parallel  to  6'  6''.    v  n  is  <A«  direeior  of  the  original  line. 

73.  If  the  original  line  B  b"  were  parallel  to  the  plane  of  the  picture, 
and  therefore  also  to  the  vertical  pluie,  its  indefinite  image  and  director 
would  be  parallel  to  the  original  line.  But  if  b  b''  be  not  parallel  to 
the  plane  of  the  picture  and  vertical  plane,  it  must  intersect  them 

both.  ,         *    . 

74.  The  point  A,  in  which  any  original  line  cuts  the  plane  of  the 
picture,  iJi  termed  its  inteneetin^  p<mU;  and  d,  in  which  it  cuts  the 
vertical  plane,  is  termed  the  datum  point  of  that  original  line. 

75.  If  a  line  v  f  be  supposed  to  pass  through  the  vertex,  parallel  to 
any  original  line  B  b",  it  will  out  the  plane  of  the  picture,  if  the  original 
line  itself  be  not  parallel  to  that  plane.  This  line  vp  is  termed  the 
radial  of  b  b",  and  the  point  P,  in  which  this  radial  cuts  the  plane  of 
the  picture,  is  the  vamehing  poifU  of  the  original  lin& 

76.  If  any  original  line  pass  through  the  vertex,  its  radial  will 
coincide  with  it,  and  the  point  in  which  such  a  line  cuts  the  plane  of 
the  picture  will  not  only  be  its  common  intersecting  and  vanishing 
points,  but  also  the  common  image  of  all  points  in  the  original  line,  and 
consequentiy  of  the  entire  line  itsell 

77.  It  follows  from  these  theorems  that  the  original  line,  its  director, 
its  radial,  and  its  image,  all  lie  in  its  projecting  plane,  and  therefore  its 
image  must  pass  through  its  intersecting  and  vanishing  points ;  while 
its  oQrector  must  pass  through  its  station  point :  and  that  these  four 
lines  must  form  a  parallelogram,  unless  the  original  line  be  parallel  to 
the  plane  of  the  picture ;  in  which  case  the  director  and  radial  will 
coincide  in  one  line,  lying  in  the  vertical  plane,  parallel  both  to  the 
original  and  to  its  image. 

78.  Let  us  now  consider  the  projection  or  image  of  any  point  b  m 
an  original  line  bb",  and  the  edtuation  ci  that  image  in  the  indefinite 
one  of  the  line,  according  to  the  position  of  the  point  b. 
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If  B  be  at  A,  i^e  interseotmg  point  of  b  b"  (74) ;  B  and  ita  image  h* 
•will  coincide.  If  B  lie  in  that  part  of  ab  which  is  on  the  contrazy  side 
of  the  plane  of  the  picture  to  that  on  which  the  vertex  is  situated,  ite 
ima«;e  b  will  lie  between  the  intersecting  and  vacishing  points,  a,  p,  of 
the  hne :  and  if  b  be  supposed  to  recede  farther  and  farther  irom  the 
former,  the  nearer  to  the  latter  ^/ill  its  image  approach ;  so  that  tha 
vanishing  point  is  the  Umit  of  the  successiTe  images  of  points,  farther 
and  &iiher  distant  from  the  vertex,  or  it  may  be  considered  as  the 
image  of  an  infinitely  distant  point  in  the  original  line. 

79.  If  the  point  b'  be  situated  between  the  intersecting  and  station 
points  of  the  line,  ita  image  1/  will  be  on  the  contrary  aide  of  tiie  intei> 
secting  point  to  liiat  on  which  the  vanishing  point  f  is  situated;  and 
if  B  be  the  station  point  D  of  tiie  original  line,  it  oan  have  no  image,  or 
its  image  may  be  considered  at  aa  infinite  distance  from  the  vanishing 
point  in  either  direction. 

80.  If  the  point  b"  lie  on  the  contrary  side  of  the  vertical  plane  to 
that  on  which  the  plane  of  the  picture  is  situated,  its  image  6^  will  lie 
on  the  contrary  side  of  the  vanishing  point  to  that  on  which  the  inter- 
sedang  point  is  situated ;  and,  as  before,  the  vanidiing  point  may  be 
considered  as  the  limit  of  the  images  in  this  dirration ;  or  as  the  image 
of  a  point  in  the  original  line  at  an  infinite  distance  from  the  stataon 
point  in  either  direction. 

81.  Let  two  or  more  original  lines  be  conceived  as  lyinginan  original 
plane  t  z,  and  suppose  a  plane  w,  which  will  be  termed  ike  vanuhing 
plane  of  the  original  one,  to  pass  through  the  vertex  parallel  to  that 
original  plane.^  The  lines  T  z,  d  e,  in  which  an  original  plane  cuts  the 
plane  of  the  picture  and  the  vertical  plane,  are  called  the  intersecting 
and  station  lines,  respectively,  of  that  plane ;  and  the  lines  w  p,  t  v  t, 
in  which  the  vanishing  plane  cuts  the  same  two  planes,  are  called  the 
vanisking  line  andparaUel  of  the  vertex  to  that  original  plane. 

82.  The  intersecting,  station,  and  vamshing  lines,  and  the  parallel  of 
the  vertex,  are  all  parallel  to  each  other,  these  four  lines  being  the 
mutual  intersections  of  two  parallel  planes  by  two  other  parallel 
planes. 

83.  The  intersecting  and  station  points  (74)  of  any  original  lines, 
lying  in  one  plane,  are  points  in  the  intersecting  and  station  lines  of 
that  plane :  and  the  vanishing  points  of  the  same  origmal  lines  lie  in 
the  vanishing  line  of  that  plane ;  for  the  radials  of  the  originals  must 
lie  in  the  vanishing  plane  of  that  in  which  the  original  lines  lie :  and 
these  radials  must  form  with  each  other,  and  with  the  parallel  of  the 
vertex,  angles  respectively  equal  to  those  which  the  original  lines  form 
with  each  other  and  with  the  intersecting  or  station  lines. 

84.  The  vanishing  line  and  pM^lel  of  the  vertex  to  any  plane  will 
be  those  also  of  all  planes  whatever  which  are  p£u:allel  to  the  first :  and 
the  radial  and  vanidiing  point  of  an  original  line  will  be  those  also  of 
all  lines  parallel  to  the  first,  whether  they  lie  in  one  plane,  or  in  dif- 
ferent ones. 

85.  The  perspective  projections,  or  images,  of  any  number  of  original 
parallel  lines,  will  be  either  parallel  lines,  parallel  to  the  originals  (73) 
or  will  be  lines  passing  through  the  respective  intersecting  pomtsof 
those  originals  (77),  and  through  their  common  vanishing  point;  and 
the  points  in  which  the  indefinite  im^es  of  origuial  lines,  not  parallel 
out  one  another,  will  be  those  of  the  points  in  which  the  originals  cut 
one  another. 

86.  It  has  been  shown  that  the  image  of  a  line  is  parallel  to  that 
Ime  s  director ;  if,  therefore,  two  or  more  lines  have  a  common  station 
pomt,  and  consequently  a  common  director,  or  if  the  station  points  of 
two  or  more  hues  lie  in  one  director,  the  images  of  those  lines  in  either 
case  will  be  parallel  Imes ;  and  in  these  cases  only  can  original  lines 
not  parallel,  have  parallel  images.  ' 

87.  The  ratios  which  exist  between  the  definitive  images  and  the 
onpnal  segments  of  lines  are  easUy  deducible,  either  geometricaUy  or 
analyticaUy ;  but  as  these  theorems  do  not  lead  to  rules  of  frequent 
practical  utihty,  we  forbear,  with  one  or  two  exceptions,  entering  into 
them.    Let  b"  b  represent  a  finite  portion  of  an  original  line,  bisected 

by  the  pomt  B',  thai  the  rays  vb",vb',vb,  and  the fadialvp  of  b"b, 
will  be  harmomcal  hues;  the  definite  image  of  the  original  line  will 
consequently  be  harmonically  divided  by  the  images  6',  6,  of  b'  and  b 
^iX*^®  ^""^^  PT*  ^  Conversely,  if  any  segment  of  an' 
md^temiageof  ahne  be  bisected  by  a  point,  the  segment  of  the 
ongnal  hne  between  its  station  point  and  the  origmal  of  the  unage 
farthest  from  thaf.  fttAfiinn  vv^;Tif  «^ii  i^  i .•__7i_   j.  .,   -,  ,      .T^ 


bisected  by  the  vanishing  point  p. 

88.  If  an  original  finite  line  ab  be  paridlel  to  the  plane  of  the 
picture  ite  image  a  6  will  be  to  a  B  in  the  ratio  of  the  distance  of  the 
P^ure  (70)  to  tiie  perpendicular  distance  of  the  plane,  parallel  to  the 
picture  m  which  ab  Ues  from  the  vert»x;  and  if  ab  bedivided  by  a 
pomt  D  m  any  ratio,  the  imM;e  ab  wiU  be  divided  by  rf,  that  of  Din 
the  same  ratio.  ^  ^    '  ^^  wx  « lu 


♦  Wo  shall  continQs  to  employ  the  same  convintional  notation  as  before 
small,  thu*  a  &  is  the  image  of  a  b,  and  so  on.  ««w«»  oy 


to  the  perpendicular  distance  of  the  plane  of  the  original  figure  from 
the  vertex;  and  the  area  of  the  image  will  be  to  that  of  the  original,  aa 
the  squares  of  these  lines.  If,  therefore,  the  distance  of  the  picture  be 
equal  to  that  of  the  original  parallel  plane  from  the  vertex,  the  image 
of  an  original  figure  in  that  plane  will  be  equal,  as  well  as  similar,  to 
the  original :  this  may  occur  ^  the  original  plane  coincide  with  that  of 
the  picture,  or  if  the  vertex  be  at  equal  distancef  -  from  both,  and  lie 
between  them;  or  if  the  vertex  be  infinitely  and  therefore  equally 
distant  from  both  on  the  same  side.* 

2)0.  If  an  original  plane,  or  planes,  be  parallel  to  the  plane  of  the 
picture,  their  vanishing  plane  will  coincide  with  the  vertical  plane :  no 
Buoh  planes  can  therefore  have  any  vanishing  line. 

91.  If  an  original  plane,  or  planes,  be  perpendicular  to  the  pLme  of 
the  picture,  their  vanishiiig  plane  will  pass  through  the  distance  of  the 
picture  (70);  consequently  the  vanishing  hne  of  such  plane^  or  planes, 
will  pass  through  the  centre  of  the  picture, 

92.  If  an  oriiginal  plane  pass  throu^  the  vertex,  ite  vanishing  pl^oe 
will  coincide  with  it ;  the  intersecting  and  vanishing  lines  will  there- 
fore coincide  in  one,  as  will  also  the  station  lines,  and  parallel  of  the 
v^*tex;  and  the  images  of  all  lines  and  plane  figures,  in  sudi  an 
original  plane,  will  coincide  in  one  line^  that  in  which  the  plane  itself 
cute  the  plane  of  the  picture. 

98.  The  vanishing  planes  of  two  original  planes  will  form  the  same 
dihedral  angle  that  the  original  planes  form  with  each  oUier,  and  the 
line  in  which  the  vanishing  planes  intersect  will  pass  through  the 
vertex  and  be  parallel  to  that  in  which  the  original  planes  intersect 
each  other ;  it  will,  therefore,  be  the  radial  of  this  latter-named  inter- 
section. The  intersection  of  the  two  vanishing  planes,  or  this  ladiaj^ 
will  out  the  plane  of  the  picture  in  the  vanishing  point  of  the  inter- 
sections of  the  original  planes,  which  vanishing  point  will  obviously  be 
the  intersection  of  the  two  vanishing  lines  determined  by  the  two 
vanishing  planes. 

94.  It  follows,  therefore,  that  the  line  in  which  two  original  planes 
cut  one  another  will  have  for  ite  vanishing  point  Uiat  in  which  the  two 
vanishing  lines  of  the  original  planes  cut  each  other,  and  that  the 
intersecting  point  of  the  common  intersection  of  two  original  planes 
will  be  that  in  which  the  intersepting  lines  of  tiiose  planes  cut  eadi 
other. 

95.  Every  vanirfiing  plane  is  supposed  to  have  an  auxiliary  one,  per- 
pendicular both  to  it  and  to  the  plane  of  the  picture,  and  therefore 
passing  through  the  distance  of  the  picture :  tins  auxiliary  vanishing 
plane  will  cut  tba  plane  of  the  picture  in  an  ttuxUiary  vcaUsking  liuc 
perpendicular  to  tiie  principal  one,  and  passing  through  ita  centre,  and 
also  perpendicular  to  the  intersecting  lines  of  the  original  planes.  The 
line  in  which  the  auxiliary  vanishing  plane  cute  the  principal  vanidiing 
plane  is  termed  the  principal  radial  of  the  original  plane,  or  planes,  to 
which  the  vanishing  plane  pertains.  This  principal  radial  is  obviously 
perpendicular  to  the  principal  vanishing  line,  and  meete  it  in  ite  centre^ 
which  will  consequently  be  the  vanishing  point  of  all  lines  in  the 
original  planes  perpendicular  to  their  iatersecting  lines. 

96.  The  principal  radial  will  form,  with  the  distance  of  the  picture 
and  with  the  auxiliary  vanishing  line,  angles  equal  respectively  to  the 
oomplement.of  the  angle,  and  to  the  angle  itodf,  which  the  original 
planes  make  with  the  plane  of  the  picture. 

97.  The  auxiluay  radial  of  any  vanishing  plane  Ss  one  lying  in  the 
auxiliary  vanishing  plane,  and  perpendicular  to  the  principal  radial ; 
this  auxiliary  radial  is  that  of  all  lines  perpendicular  to  the  original 
planes,  the  common  vanishing  point  of  which  is  the  point  in  which  the 
auxiliary  radial  meete  the  auxiliary  vanishing  line.  This  auxiliary 
vanishing  point  is  the  image,  or  projection  of  the  pointe  in  which  the 
auxiliary  radial  intersecte  aU  the  original  planes  to  which  the  principal 
vanishing  plane  is  common. 

98.  The  auxiliary  vanishing  plane,  being  perpendicular  to  the 
original  planes,  as  well  as  to  their  vainishing  pJane,  and  to  the  pl»ie  of 
the  picture,  will  intersect  those  original  planes  in  lines  perpeoElicular 
to  their  intersecting  lines,  and  parallel  to  their  principal  radial. 

99.  It  follows  from  these  definitions,  that  the  vanishing  Ihies  of  all 
planes  perpendicular  to  one  or  more  parallel  original  planes  wiU  pass 
through  the  auxiliary  vanishing  point  of  those  planes. 

100.  If  the  original  plane,  or  parallel  planes,  be  perpendicular  to  the 
plane  of  th«  picture,  their  principal  radial  will  coincide  with  the 
distance  of  the  picture.  Their  auxiliary  radial  will  be  parallel  to  the 
plane  of  the  picture ;  and  the  vanishing  lines  of  all  planes,  perpen- 
dicular to  the  original  planes,  will  be  paralld  to  each  other,  and 
perpendicular  to  the  vanishing  line  of  the  original  planes. 

101.  If  a  circle  be  supposed,  described  in  an  original  plane  on  the 
point,  as  a  centre,  in  which  the  auxiliary  radial  cute  that  plane,  all 
lines  touching  that  circle  will  be  intersections  with  that  original  plane, 
of  vanishing  planes  of  other  original  planes,  inclined  to  the  firet  in  a 
certain  angle.  The  point  in  which  any  one  of  these  tangente  to  the 
circle  cute  the  intersecting  Hne  of  the  first  original  plane  will  there- 
fore be  a  point  in  the  vanishing  line,  to  be  determined  by  each  such 

*  From  this  theorem  the  relation  between  perspootlve  proJeotLoOp  and  pro. 
jeotion  on  a  oo^rdiaate  plane  by  parallel  lines,  either  perpendicolar  or  oblique  to 
that  plane,  will  be  at  once  pereeired ;  the  latter  being  the  limit  of  the  perspective 
image,  ae  the  vertex  of  the  eonverging  rays  may  be  sapposed  to  become  more 
and  more  distant  ihm  the  original ;  or  the  former  may  be  ooaiideied  as  a 
perspective  projection,  the  vertex  being  at  an  infinite  diitance. 
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vazuBhixig  pkne  rcspcotivtlj,  while  the  Tanishing  point  of  each  such 
intersection  in  the  originAl  plane  will  he  a  second  pcont  in  the  ▼anishing 
line  of  the  plane  inclined  to  the  former.  Therefore  HjAb  Tanishing  line 
will  be  determined,  if  these  two  points  be  found. 

102.  For  if  a  right  eonical  surface  be  imagined  formed  round  the 
auxiliary  radial  as  an  axis,  having  the  vertex  for  its  apex,  and  its  side 
forming  with  that  axis  the  complement  to  the  angle  the  secondary 
original  planes  form  with  the  first;  the  vanishing  planes  of  these 
secondary  original  ones  will  touch  that  conical  surface  in  a  Hne,  which 
wiU  be  the  principal  radial  of  each  such  vanishing  plane ;  and  there- 
fore each  vanishing  plane  will  cut  the  first  original  plane  in  a  line 
tangential  to  the  bircuLir  section  of  the  conical  surface  by  Uiat  original 
plane.  Again,  the  point  in  which  these  tangents  to  the  circular  section 
cut  the  intersecting  line  of  the  first  original  plane,  will  be  common  to 
the  intersections  with  the  plane  of  the  picture  of  each  vanishing  plane 
respectively,  or  to  the  vanishing  line  as  above  stated. 

103.  Constructions  can  be  made,  founded  on  these  general  theorems, 
by  which  the  perspective  projection  of  plane  figures,  or  solids,  may  be 
obtained  on  a  plane,  taken  to  represent  the  plane  of  the  picture,  and 
all  other  original  or  vanishing  planee  brought  to  coincide  with  it  by 
being  turned  round  on  their  intersections  with  each  other,  and  with 
the  assumed  plane  of  the  picture. 

104.  If  an  original  phme  be  supposed  turned  round  on  its  intersect- 
ing line  till  it  coincide  with  the  plane  of  the  picture,  the  relatioDs  of 


lines  in  the  plane  to  each  other,  and  to  the  intersecting  line,  will  not 
be  afiected  by  so  doing.  And  if  the  vanishing  plane  of  tiiat  original 
plane  be  also  turned  round  on  the  vanishing  line  m  the  same  direction, 
the  same  observation  will  apply  to  the  radials  of  original  lines  in  the 
original  plane,  which  will  preserve  their  original  relative  position  to 
that  vanishing  line :  these  radials  will  be  therefore  parallel  to  the 
original  lines  respectively,  when  both  they  and  the  original  lines  are 
brought  into  the  same  plane. 

105.  Since  the  principal  radial  is  perpendicular  to  the  vanishing  line, 
this  radial  will  coincide  with  the  auxiliary  vanishing  line  when  the 
vanishing  plane  is  brought  into  the  plane  of  the  picture. 

106.  But  if,  as  frequently  occurs,  the  constructions  must  be  made 
on  the  supposition  that  the  original  plane  has  been  turned  round  on 
its  intersecting  line  in  one  direction,  and  the  corresponding  vanishing 
plane  turned  round  on  its  vanishing  line  in  the  contrary  direction ;  the 
radials  will  not  be  parallel  to  the  original  lines  on  this  supposition, 
when  the  two  planes  coincide  in  one.  These  radials  must  therefore  be 
drawn,  making  the  same  angles  with  the  parallel  of  the  vertex  and 
with  the  auxiliary  vanishing  line,  that  the  original  lines  make  with  the 
intersecting  line,  and  with  fines  perpendicular  to  it. 

107.  As  an  example  of  the  application  of  the  foregoing,  principles, 
let  it  be  required  to  draw  the  perspective  projection  of  a  tetrahecbon, 
of  a  given  magnitude,  its  position  with  respect  to  the  vertex  and  the 
plane  of  the  picture  being  also  given  or  &«8umcd. 
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108.  Draw  t  z  •  at  pleasure,  to  represent  the  intersecting  line  of 
one  plane  of  the  solid ;  and  take  any  point  o  for  the  centre  of  the 
picture.  Through  o  draw  07*  perpendicular  to  T  2  for  the  auxiliary 
vanishing  line  of  the  plane  (95),  also  draw  o  v  parallel  to  T  z,  and  equal 
to  the  given  distance  of  the  picture  (70) ;  this,  and  the  following  steps 
in  the  construction,  being  founded  on  the  supposition  of  the  auxiliary 
vanishing  plane  (95)  being  turned  round  on  o  v',  till  it  coincide  with 
the  plane  of  the  picture.  Make  the  angle  c  v  (/  equal  to  the  comple- 
ment of  that  at  which  the  plane  of  the  tetrahedron  is  assumed  to  be 
mcUned  to  the  plane  of  the  picture  (96),  vo'will  be  the  principal 
radial  of  the  plane,  and  o'  the  centre  of  its  vanishing  line ;  consequently 
a  line,  p,  p^,  drawn  through  o',  parallel  to  t  z  J82),  will  be  that  vanish- 
ing line.  Draw  VQ,  perpendicular  to  vc',  lor  the  auxiliary  radial, 
cutting  V  &  the  auxiliary  vanishing  line,  in  Q  the  auxiliary  vanishing 
point  of  the  plane  of  the  original  tetrahedron. 

109.  Draw  ZR  parallel  to  vc'for  the  intersection  of  the  auxiliary 
vsmiahing  plane  with  the  original  one ;  r  therefore,  in  which  z  r  meets 
^  Q,  will  represent  the  point  in  which  the  auxiliary  radial  meets  the 
original  plane. 

110.  Make  c'  ▼'  in  that  line  equal  to  o'  v,  and  through  V  draw  a 
pMjkUel  to  Tz,  which  will  represent  the  vertex  and  its  parallel  (81) 
"J^ught  into  the  plane  of  the  picture  by  the  turning  of  the  vanishing 
plane  on  the  vanishing  line  P3  p^. 

In  this  and  some  sabaeqnent  figures,  the  bracket  with  a  letter  to  it  is 
jntended  to  Blgnify  that  that  letter  applies  to  the  point  of  convergenee  of  the 
w  fc^'*"  indicated ;  as  for  example  in  this  figure,  r^  refers  to  the  point  In 
^Mch  P3  r^^  and  Pj  »,  wonid  meet.  It  mnat  be  observed  also,  that  reference 
"in  some  places  made  to  lines  or  points,  not  shown  in  the  figures,  to  prevent 
confusion. 


111.  Draw  the  equilateral  triangle  ABDfor  the  face  of  the  tetra- 
hedron in  its  given  or  assumed  position  with  respect  to  the  intersecting 
line  of  its  plane  and  the  centre  of  the  picture:  this  construction 
implies  that  the  original  plane  of  that  face  has  been  turned  round  on 
TZ,  in  the  same  direction  the  vanishing  phme  was  turned  round  in. 
Through  V  draw  the  radials  of  the  sides  of  the  triangle 


on  P.Pi. 


parallel  to  them,  and  cutting  the  vanishing  line  in  P^,  p^,  p.,  the 
vanishing  points  of  those  sides ;  the  perspective  images  of  which  being 
drawn  through  the  intersecting  and  vanishing  points  of  the  sides 
respectively,  will  form  the  image  ah  dot  the  given  faca 

112.  If  the  original  triangle  had  been  assumed  as  lying  between  the 
intersecting  and  station  lines  of  its  plane,  ▲bo  would  have  been  above 
the  former  line,  and  its  image  ahd  below  it ;  if  that  plane  be  supposed 
turned  round  in  the  same  direction. 

If  rays  be  drawn  from  Y*  through  A,  B,  and  D,  they  will  be  found  to 
pass  through  the  images  a,  h,  d  of  tiiose  points,  and  recourse  must  fre- 
quently be  had  to  this  mode  of  determining  the  image  of  a  point  in  a 
Hne,  when  circumstances  prevent  the  possibility  of  determining  it  by 
means  of  the  image  of  another  line,  also  passing  through  the  original 
point.  Or  if  the  distances  of  any  points  in  a  line,  as  ▲,  b,  from  its 
intersecting  point,  be  set  off  from  that  point  along  the  intersecting 
line,  and  the  radial  of  the  line  be  laid  ofif  sdong  the  vanishing  line,  from 
the  vanishing  point,  of  the  original  line ;  then  lines  drawn  frcm  the 
former  points  in  the  intersecting  line  to  the  point  in  the  vanishing 
line,  win  out  the  image  of  the  original  line  in  those  of  the  points  a,  d.* 

•  Let  T  be  the  Intersecting  point  of  an  original  line  t  a,  and  9  its  vanishiiig 
point,  T  p  being  its  Indefinite  image  ;  then  if  t  a  and  p  v  be  drawn  in  any, 
whatsoever,  but  opposite  directions,  parallel  to  each  other,  ya  being  made 
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118.  By  one  or  other  of  these  prindplea,  the  imageB  of  any  definite 
right  lines,  and  therefore  of  any  rectilinear  figure,  may  be  obtained. 
For  one  or  more  original  lines  may  be  always  assumed  as  passing 
through  one  or  more  points,  the  images  of  which  are  required ;  so  that 
the  indefinite  images  of  the  assumed  lines  will  give  those  of  the  points 
sought,  by  its  intenections  with  the  images  of  other  lines,  in  which 
those  points  lie :  and  these  aasimied  lines  may  be  so  taken  as  to  define 
the  images  with  more  precision,  or  to  obviate  the  necessity  of  drawing 
radials  of  lines  but  little  inclined  to  the  intersecting  lines  of  the  planes 
in  which  they  lie.  z  b  is  the  perpendicular  distance  of  the  point  in 
which  the  auidUaiy  radial  outs  the  original  plane  from  its  intersectizur 
line ;  B  therefore  is  the  centre  of  the  circular  section  of  the  conical 
surEace  before  alluded  to  (102).  Make  z  b'  in  z  y'  equal  to  z  b  :  draw 
T  B  to  make  at  v,  with  v  b,  the  complement  of  the  angle  at  which  the 
faces  of  the  tetrahedron  are  inclined  to  each  other.  From  b',  as  a 
centre,  with  bb  for  a  radius,  describe  a  circle.  Draw  lines  to  touch 
this  circle,  parallel;  reepectiyely  to  a  B,  b  d,  a  d.  Through  the  point  />, 
in  which  the  tangent  parallel  to  ab  cuts  tz,  and  through  Pj,  the 
vanishing  point  of  a  b,  draw  Fj  f«,  the  vanishing  line  of  the  face  of  the 
solid  meeting  the  face  abd  in  ab  :  and  on  the  same  principles  F|Fe> 
p,  p^  the  vanishing  lines  of  the  two  remaining  faces  are  found ;  then 
p«  p^,  F^  in  which  these  vanishing  lines  intersect  each  other,  will  be  the 
vanishing  points  (94)  of  the  edges  of  the  solid,  and  lines  accordingly 
drawn  horn  a,b,d  to  these  points  will  complete  the  image  of  uie 
tetrahedron. 

114.  Simple  as  is  the  construction  above  described,  for  finding  the 
: vanishing  lines  of  planes  making  any  proposed  angle  with  a  given  plane, 
it  may  frequently  be  avoided  by  availing  ourselves  properly  of  the 
symmetry  of  the  solid  to  be  delineated,  ^us,  in  tiie  example  before 
us,  after  finding  the  image,  a,  b,  d,  of  one  face  of  the  tetrahedron,  we 
miighthave  determined  the  image  of  the  centre  of  that  face  by  drawing 
those  of  the  perpendiculars  on  each  side  of  the  triangle  from  the 
opposite  angles ;  a  line  drawn  through  this  centre  and  through  Q  would 
be  the  image  of  one,  perpendicular  to  the  plane  of  the  triuigle  (97) ; 
this  line  would  pass  through  the  vertex  of  the  pyramid,  or  through  the 
angular  point  in  which  Uie  other  three  faces  meet,  by  finding  the 
image  of  this  point,  which  can  be  easily  done  by  first  determining  the 
intersecting  point  of  the  perpendicular,  and  the  intersecting  line  of  any 
plane  in  which  it  lies ;  then  lines  drawn  from  a,  b,  and  d  to  this  image 
e  would  complete  the  figure. 

115.  When  a  vanishing  line  is  obtained,  it  is  frequently  requisite 
to  determine  its  centre  and  distance,  or  its  principal  ra£al;  this  is 
done  by  the  construction  employed  to  determine  the  vanishing  line 
Pj  Pg.  Thus,  to  determine  the  centre,  &c.,  of  vanishing  line  p^  P^,  draw 
a  parallel  to  it  through  o,  making  c  y"  equal  o  v,  the  distance  of  the 
picture ;  also  draw  c  Y*"  perpenoUcular  to  the  vamshing  line  for  its 
auxiliary  one,  cutting  the  former  in  &'  its  centre.  Hake  o"  V  equal 
o"  v",  the  principal  radial ;  then  v"'  p,,  v*'  p^,  v"'?^  being  drawn,  they 
will  be  the  radials  of  the  three  sides,  ab,eb,ea,  of  the  face  of  the 
solid,  and  will  be  found,  accordingly,  to  make  an^es  of  60*  with  each 
other  (88).  The  radial  V  p^  wiU  aJso  be  found  'equal  to  v*  p^,  th^ 
lines  representing  one  and  the  same  line,  only  brought  into  the  plane 
of  the  picture  by  the  rotation  of  two  di£ferent  vanishing  planes  on  their 
vanishing  lines. 

116.  The  perspective  projection  of  a  curve  may  always  be  found  by 
means  of  the  images  of  a  sufficient  number  of  points  in  the  original,  or 
by  the  projection  of  some  inscribed  or  circumscribed  polygon ;  it  the 
curve  be  a  plane  one :  in  this  case  the  image  of  a  tangent  to  the 
original  curve  will  be  a  tangent  to  the  image  of  that  curve.  For  if  the 
image  of  the  tangent  meet  that  of  the  curve  in  more  than  one  point, 
these  points  must  be  the  images  of  points  in  the  original  curve  tiurough 
which  the  original  of  the  tangent  must  pass :  whidi  is  contrary  to^e 
supposition.  But  there  are  some  theorems  regarding  the  perspective 
projection  of  a  circle,  and  constructions  founded  on  them,  wnich  ought 
to  be  well  understood  by  the  draughtsman. 

117.  The  rays  from  the  circimiference  of  a  circle,  obviously,  form  a 
conical  surface,  the  section  of  which,  Inr  the  plane  of  the  picture,  will 
be  one  of  the  conic  sections.  If  the  original  circle,  or  base  of  the  cone 
of  rays,  be  parallel  to  the  plane  of  tibe  picture,  tiie  image  will  be  a 
circle,  the  radius  of  which  will  be  to  that  of  the  original  in  the  ratio  of 
the  distance  of  the  picture  (70)  to  the  distance  of  the  plane  of  the 
original  circle  from  the  vertex  (89). 

118.  If  an  original  circle  do  not  touch,  or  cut,  the  station  line  of  its 

equal  to  the  distance  of  a  poiat  a  in  the  original  from  its  inteneetiag  point, 
and  rv  equal  to  the  length  of  the  radial  of  the  line ;  then  a,  v  being  Joined, 


vw 


AV  will  ent  rr  in  a,  the  image  of  the  point  a.  For  howeter  the  llnec  ta,  rr 
may  be  drawn,  the  triaac^et  tao,  aft  will  be  similar;  the  anteoedenU  ta, 
rv  being  oonstsnt,  the  consequents  to,  at  mutt  be  so  likewise.  When  this 
prindple  is  applied,  the  two  parallels  may  be  so  taken  that  the  line  va  Joining 
their  eztremities  may  ent  tp  at  nearly  right  angles,  and  to  define  the  point 
with  prceision. 


plane,  its  image  will  be  an  eUipte  wherever  the  plane  of  the  piotare 
may  be ;  unless  the  section  by  the  plane  of  the  picture  hi^pen  to  be  a 
suboontnry  one,  an  exception  to  which  we  ahall  recur  on  a  subsequent 
occasion.  If  the  station  line  be  a  tangent  to  the  circle,  its  image  will 
be  a  parabola  ;  and  if  that  line  cut  &e  drde^  the  image  will  be  the 
opposite  branches  of  an  A$})0iio2a,  lying  on  oontnury  sides  of  the 
vanishing  line  of  the  original  plane  (8(i), 


119.  Let  KVLM  be  an  original  circle,  ab  being  the  station  line  (81) ; 
the  image  of  the  oirde  will  in  this  instance,  be  an  ellipse.  Draw  the 
diameter  o  D  to  the  drde,  perpendicular  to  ab  ;  and  let  o  be  the  point 
in  0  D  thious^  which  Uie  chords  of  the  tangente  from  all  points  in  a  b 
pass,  aooox^ig  to  the  well  known  property  of  the  oirde.  Let  ▼ 
represent  the  vertex,  the  vertical  plane  being  supposed  to  be  turned 
round  on  the  station  line  a  B,  till  it  coincide  with  the  plsne  of  the 
drde ;  v  v'  being  the  director  perpendicular  to  the  station  line.  Make 
DB,  in  D B,  equal  to  the  tangent  to  the  circle  drawn  from  p ;  bisect  v £ 
by  a  perpendicular,  cutting  ab  inP;  onF  asa  centre,  with  f  v  or  F  e 
for  a  radius,  intersect  a  b  in  a  and  b,  and  draw  lines  through  these 
points  and  through  o ;  kl,  m  n  will  be  the  originals  of  the  axis  of  the 
elliptic  image  of  the  given  curcle,  wherever  the  plane  of  the  picture  may 
be  assumed,  and  at  whatever  angle  that  plsne  and  the  vertical  one  be 
inclined  to  the  plane  of  the  circle. 

120.  If  A,B  be  two  points  in  a  B,  such  that  each  is  in  the  chord  of 
the  tangents  from  the  other  point  produced,  then,  from  the  properties 
of  the  circle,  a  s,  b  x  will  be  equal  respectively  to  the  tangents  a  s, 
BL,  drawn  from  Uiose  points;  and  the  squaro  on  a  b  is  equal  to  the 
sum  of  the  squares  on  a K,  B  L,  or  on  ae,  b  E.  x  thereforo  lies  in  the 
ciroumferonce  of  a  circle  described  on  a  B  as  a  diameter.  Since  the 
angle  a  v  B,  made  by  the  directors  of  a  L,  B  N  is  a  right  angle  by  con- 
struction ;  the  images  of  a  l,  b  N  will  be  perpendicular  to  each  other, 
and  parallel,  respectively,  to  those  of  the  tangents  a  n,  a  m;  b  l,  b  k 
having  the  same  station  points  with  the  chords  k  l,  m  n.  Again, 
since  a  L  is  harmonically  divided  in  K  and  o,  and  b  n  in  m  and  a, 
the  image  of  k  l  vrill  be  bisected  by  that  of  o,  and  the  image  of  mk 
will  be  also  bisected  by  the  image  of  a  (87) :  hence  those  images  being 
diameters  to  the  ellipse,  mutually  bisecting  each  other,  and  pazalld 
reciprocally  to  the  tangents  which  are  the  images  (86)  of  a  x,  a  m,  b  k, 
b  l,  the  images  of  k  l,  m  ir  must  be  conjugate  diameters,  and  since 
those  diameters  are  perpendicular  to  each  other,  they  must  be  the  axes. 

121.  If  v',  the  foot  of  the  director  v  v',  coincided  with  d,  or  if  v  v' 
were  in  the  auxilieiy  vanishing  plane,  the  perpendicular  to  v  e  would 
be  parallel  to  ab, and  pq,  SB  would  be  the  originals  of  the  axes, 
which  accordingly  would  be  parallel  and  perpendicular  to  the  inter- 
secting line.  But  in  every  other  position  of  v  v',  with  rdterenoe  to  the 
circle,  these  axes  must  be  oblique  to  that  intersectixig  line,  while  the 
angles  they  form  with  it  will  vaiy  according  to  the  distance  of  t'  from, 
D,  and  according  to  the  length  of  the  director  v  v'. 

122.  The  points  q  and  e  will  not  be  common  to  two  or  mora  con- 
centric [cirdee,  the  originals  of  the  axes  of  tho  elliptic  projecUons  of 
concentric  ciroles  will  not  be  in  the  same  straight  lines,  nor  will  they 
have  the  same  station  points,  except  in  the  case  of  v'  and  D  ooinciding, 
when  the  originals  of  the  axes  will  be  paraUd  and  perpendicular  to  a  & 

123.  If  A  B  touched  or  cut  the  original  cirde,  the  originals  of  the 
axes,  &C.,  of  the  parabolic  or  hyperbolic  projections  might  be  found  on 
the  same  prindples :  but  as  these  curves  do  not  often  occur  in 
practical  perspective  drawing,  we  shall  not  dwdl  on  the  subject, 

124.  The  only  solids  with  curved  surfaces  that  need  be  considered 
aro,  the  cylinder,  the  cone,  and  the  sphere. 

125.  If  a  line  be  conceived  to  pass  through  the  vertex,  paraUd  to 
the  axis  of  a  cylinder,  whether  right  or  obUque,  two  planes  passing 
through  this  paralld  will  touch  the  cylinder  in  two  lines  of  its  surface, 
also  paralld  to  its  axis,  which  will  be  the  originals  of  the  straight  out- 
line of  the  perspective  projection,  or  image,  of  that  cylinder. 

126.  These  two  tangential  planes  will  cut  the  |plane  of  the  base  of 
the  solid,  or  that  of  any  section  of  it  whatsover,  m  two  lines,  which 
will  be  tangents  to  the  curve  of  that  section.  And  the  parallel  io  the 
axis  through  the  vertex  is  obvioudy  the  radid  of  that  axis,  which,  by 
its  intersection  with  the  plane  of  the  picture,  will  determine  the 
vanishing  point  of  that  axis;  and  this  vanishing  point,  it  must  be 
rememb^^,  is  the  image  of  the  point,  in  any  origind  jHane,  cutting 
the  cylinder  in  which  the  two  tangents  to  the  curve  of  the  section  in 
that  plane  meet,  which  have  been  shown  to  be  the  originals  of  the 
outline  of  the  solid. 

127.  If  therefore  the  image  of  the  base  or  of  any  section  of  the 
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cylinder  by  a  plane  be  obtained,  lines  drawn  tangents  to  thUi  image 
through  the  vaniflhing  point  of  the  axis  will  give  this  straight  parts  of 
the  outline  of  the  solid ;  these  outlines  must  also  be  tangents  to  every 
other  curve  which  is  the  image  of  any  section  of  the  original  cylinder. 
128.  If  a  line  pass  through  the  vertex  and  the  apex  of  a  cone,  and 
meet  the  plane  of  its  base,  or  any  other  plane  cutting  the  cone,  two 
lines  drawn  through  the  point  of  intersection  tangents  to  the  curve  of 


the  section  will  be  the  intersections  ^th  that  plane  of  two  others 
passing  through  the  vertex  and  tangential  to  the  surface  of  the  solid* 
and  these  two  planes  will  touch  the  cone  in  lines  which  will  be  the 
originals  of  the  outline  of  its  image. 

129.  The  ray  just  mentioned  passing  through  the  apex  of  a  cone  is 
analogous  to  the  radial  of  a  cylinder  passing  through  the  vertex,  the 
cylinder  being  considered  as  a  cone,  with  its  apex  infinitely  distant. 


180.  If  the  line  through  the  vertex  and  the  apex  of  a  cone,  or  the 
ray  of  that  apex,  be  partilel  to  the  plane  of  its  base,  or  of  any  section, 
the  tangents  to  the  base  lying  in  its  plane,  or  in  that  of  such  section, 
must  be  drawn  parallel  to  that  ray,  and  the  image  of  the  apex  will  be 
the  vanishing  point  of  these  parallel  tangents. 

131.  Let  o  be  the  centre  of  the  picture;  ab,  bisected  in  e,  being 
given  as  the  image  of  a  diameter,  parallel  to  the  plane  of  the  picture, 
of  a  sphere  *  «,  therefore  being  the  image  of  its  centre  (88).  Draw  an 
indefinite  line  through  o  and  «,  and  o  Y  perpendicular  to  it,  equal  to 
the  asBqzned  distance  of  the  picture ;  take  any  point  «  at  pleasure  in 
ec,  but  as  far  from  e  as  convenient ;  draw  a  /3  through  c  perpendicular 
to  ae,  making  ca,  e^,  equal  to  ea,  eb.  Join  ve  and  set  off  its  length 
each  way  from  eio  I  and  m  along  a  line  perpendicular  to  o  e. 

182.  By  this  construction  <  m  is  a  vanishing  line,  of  which  e  ia  the 
centre,  v  e  equal  to  its  principal  radial,  and  c  e  its  auxiliary  vanishing 
line  (95) ;  I  and  m  will  obviously  be  the  vanishing  points  of  the 
diagonals  of  eveiy  square,  lying  in  original  planes  having  Im  for  their 
vanishing  line,  the  sides  of  that  square  being  parallel  and  perpendicular 
to  the  intenecting  line  of  its  plane ;  aooordin^y  the  quadrilateral 
fghiiB  the  image  of  such  a  square,  lying  in  such  a  plane,  and  the  line 
n$  being  made  equal  to  the  given  image  of  a  diameter  of  the  sphere, 
ajS  and  a6  are  the  images  of  equal  oii^^ial  lines  parallel  to  the  picture 
and  equally  dirtant  from  it,  or  both  lying  in  a  plane  psurallel  to  that  of 
the  picture.  If  therefore  an  elUpse  be  described  in /g  hi,  touching  the 
aides  in  the  points  a$yZ,  and  having  its . transverse  axis  in  o«,  this 
ellipse  will  be  the  image  of  an  original  circle  equal  to  a  great  one  of 
the  i^ere,  and  having  its  plane  parallel  to  that  passing  through  the 
vertex  and  the  centre  of  the  sphere,  or  this  original  circle  may  be 
regarded  as  the  oblique  plan,  on  a  i^ane  parallel  to  it,  of  the  section  of 
the  sphere  by  the  vanishing  plane,  the  projecting  linos  being  parallel 
to  the  plana  of  the  picture. 

183.  Draw  Yn  perpendicular  to  t  e,  cutting  eoian,  and  through  n 
draw^  a  vaniriiing  line  perpendisular  to  en,  or  having  e  n  also  for  its 
Mxiliary  vanishing  line;  make  no,  np,  each  equal  to  the  auxiliary 
Tadial  v n;  make  er,  es,f  in  Im,  each  equal  to  the  temi-canjugaU  axis 
of  the  ellipse  last  drawn,  and  complete  the  trapezium  wxyztM  the 
image  of  a  square  having  op  for  its  vanishing  line,  and  its  sides 
par^l  and  perpendicular  to  the  intersecting  line  of  its  plane.  An 
ellipse  described  in  wxy  s,  having  its  transverse  axis  in  tn,  will  be  the 
outhne  of  the  sphere. 

134.  For  n  being  the  auxiliarv  vamshing  point  of  the  plane  of  the 
original  of /^  A  »,  op  ia  the  vanishing  line  of  all  planes  perpendicular  to 
that  original  plane,  and  intersecting  it  in  lines  parallel  to  the  phme  of 
the  picture.  The  original  square  of  the  quadrilateral  wx y  z  is  there- 
fore perpendicular  to  the  plane  of  the  original  of  fg hi,  or  to  the 
^^lushing  plane  passing  through  the  vertex  and  centre  of  the  tpheare, 
«ow  it  will  be  seen  that  the  conjugate  axis  of  the  ellipse  in  fghi  is 
the  tbU^  plan  (59)  of  the  ^oid  of  the  tangents  from  the  vertex  to 
uie  flection  of  the  sphere  by  the  vanishing  plane,  which  choid  of  the 
ttogents  must  be  a  diameter  of  the  snu^  dicle  of  the  solid,  consti- 
tuting the  original  of  its  apparent  outline ;  this  small  circle  bemg  the 
oMe  of  the  cone  of  rays  tangential  to  its  surface  (62),  and  having  its 
plane  perpendicular  to  that  of  the  vanishing  plane  passing  through  the 
▼ertex  and  centre  of  the  sphere ;  wxyzia  consequently  the  image  of 

*  ah  need  not  bo  perpendlenlar  to  the  line  m  ;  it  is  shown  so  In  the  figure, 
to  SToId  nnneoessary  lines ;  hat  as  everj  diameter  of  the  sphere  whloh  lies  la  a 
Plue  panUel  to  that  of  the  pletore  is  also  partial  to  that  plane,  oft  may  make 
■ny  infle  whatever  with  ce. 

t  The  poiau  r»,  aft,  are  not  the  same,  though  they  eaanot  be  dirtingnlshed  in 
w»e  figure. 


the  square  circumscribing  the  circular  base,  and  the  inscribed  ellipse 
that  of  the  circle  itself,  or  Uus  ellipse  is  the  outline  of  the  sphere. 

185.  If  the  distance  of  the  vertex  (70)  be  supposed  to  be  indefinitely 
great,  compared  to  the  magnitude  of  the  object  to  be  represented,  the 
pyramid  of  rays  may  be  conceived  to  become  a  prism,  or  the  rays  to  be 
parallel.  On  this  supposition  the  vanishing  points  of  the  lines  of  the 
original  object  would  be  indefinitely  distant  from  the  centre  of  the 
picture,  and  the  images  of  parallel  original  lines  woidd  be  parallels 
llie  isometric  projection  of  a  parallelopiped  (57)  is  obviously  a  limited 
esse  of  this  kmd,  the  limitation  beiqg  necessary  from  the  object  in 
view,  which  induces  us  to  adopt  that  kind  of  projection.  But  there 
are  occasions  on  which  it  is  desirable  to  delineate  rectilinear  objects 
pictorially,  which  from  their  small  relative  size,  and  from  other  con- 
siderations, do  not  require  the  application  of  perspective  projection, 
and  which  would  not  be  adequately  represented  by  an  isometnc  one. 
In  such  cases  the  draughtsman  may  readily  accompush  his  purpose  by 
combining  the  principles  of  projection  on  co-ordinate  planes  with  per- 
spective, as  in  tiie  f oUowing  example. 


186.  Let  a  hexagonal  figure,  abedefg,  be  drawn,  with  the  condition 
that  each  pair  of  opposite  sides  shall  be  parallel,  and  consequently 
equal ;  from  the  angles  a,  e,^f  draw  lines  parallel  to  ti^e  alternate  sides, 
and  meeting  in  a  point  d,  and  from  the  intermediate  angles  b,  e,^  draw 
lines  parallel  to  the  remaining  sides  respectively,  and  meeting  in  A. 
The  figure  thus  formed  will  be  the  orthographic ot  orthogonal  projection 
of  a  cube,  under  certain  unknown  conditions  of  inclination  of  the  plane 
of  projection  to  the  projecting  lines,  and  of  these  to  the  original  planes 
of  the  solid. 

137.  The  projections  of  the  centres  of  each  face  of  the  cube,  as  q, 
may  be  found  by  drawing  the  diagonak,  as  ae,  bd,  and  if  lines  be 
drawn  through  the  centres  of  each  pair  of  opposite  faoBs,  oa  pr,  which 
lines  will  obviously  be  parallel  to  the  edges  of  the  solid,  and  perpen- 
dicular to  the  planes  of  the  faces,  they  mH  pass  through  the  vertices 
of  right  pyramids  placed  on  each  iace.  By  making  the  altitude  of 
these  pyramids,  as  pg,  equal  to  haH  the  projection  of  the  parallel  edges 
bf,  &c.,  of  the  solid,  we  obtain  the  remaining  angles,  /,  m,n,  o,p,r,  of 
the  solid  termed  a  rhomboidal  dodecahedron,  one  diagonal  of  each 
face  of  which  is  one  edge  of  the  original  cube. 

188.  By  previously  constructing  the  projection  of  a  cube  in  the 
manner  just  described,  the  sides  of  which  will  furnish  a  scale  of  the 
ratio  of  the  projections  of  anv  lines  parallel  to  the  edges  of  that  cube, 
the  projection  of  any  parallelopiped  may  be  obtained,  and  from  this 
again  the  image  of  any  symmetrical  solid  deduced.    In  this  manner 
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the  forms  of  crjstalB  can  be  drown  with  ihe  most  perfect  accuracy,  and 
a  most  distinct  conception  obtained  of  them  and  of  the  relative  position 
of  their  planes.  And  by  analogous  constnictions  diagrams  of  the 
theorems  of  solid  geometry  may  be  drawn,  which  would  greatly  facili- 
tate the  study  of  analytical  geometry. 

139.  It  has  been  stated  that  perspective  projection  is  principally 
employed  to  furnish  a  pictorial  outline  of  a  building,  machine,  Sec.,  or 
to  convey  an  idea  of  an  object  of  that  description  to  the  spectator,  but 
to  do  this  the  perspective  outHhe  must  excite  in  his  mind  the  ideas  of 
the  real  forms  of  that  object  in  their  relative  situations,  such  as  would 
be  excited  by  the  object  itself^  when  viewed  from  a  given  point.  But 
there  are  limitations  to  the  apparent  forms  of  objects,  arising  from  the 
structure  of  the  eye  and  the  laws  of  vision,  which  the  draughtsman 
must  never  lose  sight  of,  when  he  practically  applies  the  purely  geo- 
metrical principles  we  have  deduced,  or  otherwise  he  may  produce  an 
accurate  projection  of  an  object  which  would  be  perfectly  unintelligible 
to  an- ordinary  spectator;  as  the  outline  of  the  sphere,  deduced  in  the 
preceding  example,  would  be  to  an  uninitiated  eye. 

140.  Since  the  eye  can  only  embrace  at  one  time  a  very  limited  field 
of  view,  in  order  to  see  the  whole  of  an  object  without  changing  the 
place  of  the  eye,  the  spectator  must  not  be  nearer  to  it  than  a  certain 
distance,  for  otherwise  he  would  have  to  turn  his  head  to  see  the 
successive  parts,  and  at  each  such  change  of  position  the  apparent 
forms  of  those  parts  just  escaping*  from  his  view  Would  undergo  a  con- 
siderable modification,  arising  £rom  the  structure  of  the  eye  itsell 
Few  persons  are  aware  of  these  modifications,  owing  to  the  effects  of 
habit  and  the  result  of  the  judgment,  which  induce  us  unconsciously 
to  assign  the  real  and  constant  forms  we  know  the  ports  of  the  object 
to  possess  to  the  apparent  forms  under  which  those  parts  are  seen. 
Indeed  it  requires  a  considerable  degree  of  abstraction  and  education 
of  the  eye  to  make  the  mind  cognisant  of  the  fact,  that  it  is  never  the 
real  form  of  an  object  that  presents  itself,  &  truth  familiar  to  artists, 
who  know  that  persons  when  first  attempting  to  draw  an  object  before 
them  by  eye,  invariably  draw  it  as  they  know  it  to  be,  and  not  as  they 
really  see  it. 

141.  We  have  stated  that  the  perspective  projection  of  an  object  is 
rarely  viewed  from  the  precise  point  from  which  alone  it  ought  to  be 
viewed,  so  that  the  forms  in  the  projection  may  suggest  the  ideas  of 
the  original  forms  whence  they  were  deduced ;  consequently  the  out- 
line should  not  in  aily  part  deviate  greatly  from  what  we  may  call  the 
average  form  under  which  the  true  one  would  present  itself  to  the  eye. 
To  efi'ect  this  accordance  the  draughtsman  miiist  assume  his  point  of 
view,  or  vertex,  at  such  a  proportiozial  distance  from  the  object  itself, 
or  from  the  imaginary  model  of  it,  that  the  rays  from  the  points  of  it 
farthest  apart,  may  not  contain  an  angle  greater  than  60**  at  most,  and, 
if  circumstances  allow  of  it,  of  not  more  than  45^  In  short  the 
pyramid  of  rays  from  an  object  to  the  vertex  should  be  included 
within  a  cone  the  angle  at  the  apex  of  which  is  not  greater  than  that 
above  named. 

142.  The  distance  of  the  vertex  from  the  object  being  determined 
from  these  considerations,  and  its  ptNBition  with  respect  to  the  various 
parts  of  the  original  object  decided  on,  by  the  conditions  of  the  kind 
of  view  of  that  object  it  is  proposed  to  delineate,  the  position  of  the 
plane  of  the  picture  should,  generally  speaking,  be  perpendicular  to 
the  axis  of  the  cone  or  pyramid  of  rays  before  alluded  to ;  but  the  fol- 
lowing principles  must  determine  more  accurately  its  situation. 

148.  From  the  frequency  of  their  occurrence  under  circumstances 
favourable  for  the  observation,  the  eye  is  accustomed  to  the  apparent 
convergence  of  long  horizontal  parallel  lines,  as  in  streets,  aisles  of 
cathedrals,  long  avenues  of  trees,  or  walls,  &c.,  but  perpendicubr 
X>arallel  lines  are  rarely  if  ever  long  enough  to  cause  this  optical  effect. 
Now  we  have  proved  that  the  projections  of  parallel  lines  never  can 
be  parallel  unless  the  originals  are  parallel  to  the  plane  of  the  picture ; 
if  therefore  the  draughtsman  were  to  assume  that  plane  noi  parallel  to 
the  vertical  lines  of  a  building,  &c.,  the  convergence  of  the  projections 
of  these  lines  would  offend  the  eye  of  a  person  looking  at  his  drawing, 
as  being  at  variance  not  only  with  his  judgment  of  the  real  parallelism 
of  the  Unes  in  question,  but  even  with  his  daily  uncultured  observa- 
tion* But  there  is  another  optical  phenomenon  regarding  the  appear- 
ance of  long  parallel  lines,  which  we  must  briefly  allude  to,  because  it 
throws  considerable  light  on  the  distinction  between  the  apparent 
forms  of  objects  as  seen  by  the  eye,  which  forms  are  functions  of  the 
angles  solely  under  which  the  original  forms  are  seen,  and  the  figures 
on  a  plane,  resulting  from  the  section  by  that  plane  of  the  pyramids  of 
rays  from  those  onginal  forms,  which  sectional  forms  are  functions  of 
the  arcs  subtending  those  angles. 

144.  If  a  spectator  stand  opposite  two  or  more  long  horizontal 
parallel  lines,  as  those  of  the  facade  of  a  long  building,  or  of  a  garden 
wall,  for  example,  he  very  palpably  perceives  the  apparent  convergence 
of  these  parallels  in  both  direictions,  as  they  recede  from  him  to  the 
right  and  left ;  on  reflection,  he  is  therefore  convinced  that  the  apparent 
form  of  the  really  parallel  straight  lines  are  curves,  produced  by  the 
varying  angles  under  which  the  equal  ordinates  between  the  parallels 
are  seen,  as  they  become  more  and  more  distant  from  the  eye. 

145.  The  parallel  projections  of  such  long  horizontal  lines,  which 
would  result  from  the  plane  of  tiie  picture  being  assumed  parallel  to 
the  originals,  would  reassume  their  natural  apparent  curvature,  if 
viewed  from  the  correct  vertex ;  but  if  not,  their  parallelism  would 


offend  the  eye  as  being  at  variance  with  daily  Experience,  and  stiH 
more  would  any  attempt  to  draw  on  a  plane  the  apparent  curvatcre  of 
the  lines  in  question  be  reprehended  as  being  contrary  to  the  renlict 
of  the  judgment,  which  decides  that  the  originals,  being  straij^t  lines, 
ought  not  to  be  represented  by  curves. 

146.  The  draughtsman,  consequently,  must  never  assume  his  plane 
of  the  picture  pfffallel  to  the  longest  side  of  a  building,  &c.,  howerer 
much  he  may  be  tempted  to  do  so  from  the  facility  of  making  his  con- 
structions under  this  condition,  when  the  projections  of  such  a  side 
would  subtend  at  the  vertex  an  angle  of  more  than  15°  or  20°. 

147.  Keeping  these  conditions  in  view,  the  draughtsman  may  assume 
the  distance  of  his  picture,  or  its  distance  from  the  vertex,  e&tirely 
according  to  his  own  convenience,  since  it  is  only  the  absolute  nugni- 
tude  of  the  image  or  projection  which  is  altered  by  the  difereot 
distances  of  the  picture,  the  figure  of  the  image  being  similar  on  all 
parallel  planes,  as  long  as  the  vertex  and  object  remain  the  same.  Fc^r 
the  sake  of  facility  of  construction,  he  will  generally  assume  hia  plane 
of  the  picture  as  coinciding  with  some  principal  vertical  line  of  the 
object  or  model. 

148.  The  shadow  of  any  object  is  obviously  the  projection  of  it  on  a 
surface,  by  converging  on  parallel  lines  or  rays,  according  as  the  lumi- 
nary is  supposed  to  be  at  a  finite  or  at  an  infinite  distance,  a^  the  bon 
may  be  considered  to  be  as  regards  terrestrial  objects.  When,  the^^ 
fore,  we  have  obtained  the  projection  of  an  object  by  the  pzinciplo 
just  explained,  they  will  also  enable  us  to  obtain  the  projection  of  iti 
shadow  on  one  or  more  planes  or  surfaces,  as  supposed  to  be  cast  bj 
an  artificial  light  or  by  the  sun ;  the  problem  being  simply  to  deter- 
mine the  projection  of  the  intersection  of  a  pyramid  or  prian  ot  nj8 
passing  from  a  given  or  assumed  point  through  the  pointa  of  a 
projected  object. 

149.  If  the  object  be  pertpedivdy  projected,  and  the  lamiiiaiy  be 
the  sun,  the  vanishing  point  of  the  parallel  rays,  whose  direction  must 
be  given  or  assumed,  v^  represent  the  sun,  nnce  that  vanishing  poiat 
is  tibe  image  of  a  point  infinitely  distant. 

150.  Although  our  power  of  forming  correct  oonoeptions  of  the  true 
form  of  an  object,  as  derived  from  a  projection  or  pictorial  reprennta- 
tion  of  it,  is  much  increased  by  the  addition  of  light  and  shade,  and  of 
shadows  of  the  object  correctly  projected  by  rules  identical  with  thooe 
by  which  its  outline  was  obtained,  yet  as  soon  as  we  thus  ^iproadi  the 
domain  of  a  higher  art,  that  of  painting,  the  mathematical  pradaoB  of 
the  shadows  we  should  obtain  by  our  rules  must  yield  to  more 
important  considerations  connected  with  the  ait  alluded  to.  ^  Hanee 
it  is  that  the  draughtsman  seldom  applies  the  geometrical  priDCipIes 
for  finding  the  true  shadows  of  the  engine,  building,  or  aaak^gous 
object,  the  outline  of  which  he  has  delineated ;  for  at  an  early  ittge  o^ 
his  practice  in  drawing  he  ought  to  have  acquired  suf^deDt  knowledge 
of  art  to'be  able  to  add  to  his  outline  the  eflfeet  ol  light  and  ihade 
without  any  gross  violation  of  truth  of  nature,  and  with  a  better 
pictorial  effect  than  he  could  ensure  by  geometrical  rules;  We  aball 
consequently  only  give  two  simple  examples  relating  to  the  frojecticm 
of  shadows,  rather  as  affording  additional  illiistTations  of  the  prffl« 
oiples  of  projections,  than  for  any  praotioal  utility  as  regards  the 
specific  subject  of  shadows. 

151.  Let  the  line  c  s,  e^,  passing  through  the  centre  o, «,  of  a  qnere, 
be  given  as  the  direction  of  the  solar  rays ;  it  is  proposed  to  ^'f^^'^J 
the  shadow  of  that  sphere  on  the  given  plane  L  k  n.  It  is  obriovutaat 
the  problem  is  to  determine  the  section  of  the  right  cylindrical  *™f*' 
formed  by  the  system  of  parallel  rays,  which  are  tangential  to  tne 
spherical  surface,  by  the  plane  L  M  » ;  and  that  the  great  circle  of  tfie 
sphere  passing  through  the  points  in  which  these  rays  too^  ^  ^  . 
the  base  of  the  cylinder,  and  the  boundary  between  the  iHttDunatea 
hemisphere  and  that  in  shadow.  i 

152.  Drawee',  oc',  perpendicular  to  the  projections  of  the  »▼.  ^"J 
make  them  respectively  equal  to  the  distances  of  the  centre  of 
sphere  from  the  co-orcUnate  planes ;  o'a,  c'  T,  drawn  through  ^^P^^^^^ 
in  which  the  given  ray  cuts  the  co-ordinate  planes,  will  repreeajt 
ray  brought  into  the  co-ordinate  planes  by  the  turning  rojj?"  ^ 
projecting  planes  on  its  projections ;  draw  a'  h',  d* «',  P^^^  v*    S-g 
c'  T,  d  t,  making  them  equal  to  the  diameter  of  the  sphere;  "^*" 
drawn  through  of,  h\  parallel  to  e^T,  wiU  represent  the  *^  7 'i 
touchmg  the  surface  of  the  sohd  and  lymg  in  the  P«>i®^.^??^7rtY: 
the  given  ray  brought  into  the  co-ordinate  plane  along  with  that    ,  ^ 
these  lines  will  cut  CT  in  qr,  the  vertices  of  the  n»j<n'M«^*^ 
elliptic  outUne  of  the  rfiadow  of  the  sphere  on  t^i^.^^'^^'Yl  toCT 
The  conjugate  axis  Q  P  wiU  be  given  by  drawing  Knee  P^T^w«nte 
tangents  to  the  projection  of  the  sphere;  for  these  last  P^'^'^^Ljs 
will  be  the  boimdaries  of  the  projections  of  the  cylinder  of  i^-       ^ 
drawn  through  a',  h\  parallel  to  cc',  will  cut  CT  in  the  vertices^;  ; 
of  the  conjugate  axis  of  the  eUiptic  prelection  of  the  ^^^^^^  Je 
rating  the  illuminated  hemisphere  from  that  in  shade ;  a  cass^  jjculaf 
to  the  circular  projection  of  the  sphere,  drawn  through  c  perpen 

to  0  T,  will  be  the  major  axis  of  this  ellipse.  .   ^  ^ 

153.  For  the  plane  of  the  great  circle,  of  which  ^^**.  **  "^ra^ 
jection,  is  obviously  by  the  construction  perpendicular  to  ***^^7^  ^^^^ 
and  the  plane  of  this  circle  is  cut  by  the  projecttng  phme  of  ,^r^^  ^f 
ray  OT  In  the  original  of  ab,  while  the  diiuneter  di  is  *?*',^^f]|  plane 
the  interaection  with  the  plane  of  the  same  great  cij^lc»  "7  ^^. 
passing  through  the  given  ray  0  s,  c «,  and  perpendicular  to 
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in;  pUna  of  tlie  giTsii  ray.  I  toe  aphere,  aod  the  eliiptic  abadow 

>p[ui«d  to  t^  other  proj«cttoii,  tJi*  '  c(M>r£iutte  plsDe,  ma;  be  obtuued. 


1 55.  It  U  clear  that  in  thu  example  the  two  elliptic  outlioes  of  tiie 
thadowB  of  tbe  sphere  on  tiie  co-ordinate  planes,  must  cut  T  z  is  two 
CDmmon  points ;  beause  Uie  ecgmeate  of  the  ellipse  ou  either  aide  of 
1 1  of  each  ouUine  in  the  projection  on  the  one  ca-ordinate  plane  of 
th&t  portion  of  llie  cylinder  of  rava  which  forms  od  the  other  co-ordi- 
natfl  plane  the  portion  of  the  outoie  of  tie  shadow  on  tha  same  side 
of  Ti.  (L,  perpendicular  to  tz,  is  tie  trace  of  the  elevation  pro- 
jecting  plane  of  Cb,  ei;  o,  o,  ia  the  point  in  which  this  same  plane  cuts 
the  trace  of  the  givea  plane,  consequently  L  0  is  the  plan  of  the  inter- 
section of  those  two  plimee,  and  t',  in  which  this  line  is  cut  by  the  plan 
of  the  ray  c  B  is  the  intersection  of  that  ray,  and  the  Riven  plane ;  the 
fleTation  f  of  the  same  intersection  may  be  obtained  by  applying  the 
same  constructions  to  the  other  traces  and  projections. 

159.  The  two  pair  of  parallel  planes,  which  are  respeotiTely  perpen- 
dicular to  the  co-ordinate  planes,  and  therefore  to  each  other,  and 
which  are  parallel  to  the  giTen  ray,  touch  the  sphere  in  the  points  A,  o; 
a,  i  ;  n,  d  ;  E,e.  These  four  planes  will  be  cut  by  the  plane  L  M  n  in 
a  paralleiogram,  the  sides  of  the  projections  of  which  must  bo  parallel 
to  those  of  the  ray  0  s,  c,  i,  and  ti  the  lines  L  0,  ir  n.  Draw  ( :,'  per- 
pendicular to  e/,  and  make  tij  equal  toiL;  join  ol',  whioh  will 
repreeent  the  intersection  of  the  projecting  plane  with  lmb;  draw 
lines  through  if,  e",  parallel  to  c'  (,  and  from  the  poinlE  in  which  these 
parallels  cut  o  l'  draw  parallels  to  l'  (  to  cut  o  f ;  ag;iin  lines  drawn 
through  tbeae  last  intersections  parallel  to  w  n  will  bo  the  two  sides  of 
the  eleratioc  of  the  rectangle  above  mentioned  ;  the  parallel  tangents 
at  a  and  i  will  complete  the  figuru;  and  Dl,  urn,  will  cut  the  opposite 
sidei  in  the  points  in  which  the  elliptic  outline  i^  the  shadow  of  the 
sphere  will  touch  those  Kides,  or  tbo  points  which  represent  the  ehadows 
of  d,  e,  a,  and  I. 

157.  The  plan  of  this  parallelogram  may  be  determined  in  the  same 
manner,  or  by  the  other  eonstruotions  explained  for  detonnining  the 
projection*  on  the  other  co-ordinate  plane  from  those  already  deter- 
mined on  the  first,  and  which  are  sufBciently  indicated  in  the  figure 
to  rettder  further  description  of  them  unnecessary. 

158.  If  I,  represent  a  luminona  body,  and  p  a  point,  then,  by 


"ypning  ■  plane  to  psM  through  them,  the  intersection  of  tbat  plane 
with  the  plane  on  which  the  shadow  is  oast  will  cut  tha  ny  L  F  m  q, 
the  shadow  of  tha  point.  To  detomina  this  intacBection,  we  have  only 
to  draw  two  parallel  lioes  throu^  h  and  t,  in  any  direction,  and  deter- 


mine the  points  t  and  o,  or  f,  p',  in  which  ^ese  parallels  meet  the 
plane  of  the  shadow:  uicn  Ip,  lf  being  drawn,  they  will  cut  each 
other  in  q,  the  shadow  of  the  point.  This  is  the  principle  employed 
in  the  following  construction. 

159.  Let  a  6  f:(ie/j  be  the  paispeotive  projection  of  a  cube,  o  being 
the  centre  of  the  picture,  c  v  tiie  distance  of  the  picture,  F,  x  the 
vaniihiBg  line  of  tho  face  ahcd,  and  T z  its  interaeoting  line ;  whilo 
y*  E'  is  that  of  the  face  efg,  parallel  to  the  former.  Let  T  z  and  w  z  bo 
given  as  the  vanisbing  and  intersecting  lines  of  a  plane,  on  which  the 
idiadow  of  the  cube,  as  cast  by  the  luminous  *  body  given  in  podtjon, 
i*  to  bo  determined. 

160.  I  z,  xw,  being  drawn,  will  represent  tjie  lines  in  which  the 
plane  of  the  shadow  intersects  thoea  of  the  pandlel  faces  of  the  solid 
(941.  If  w«  suppose  planes  parallel  to  that  of  the  picture  to  pass 
through  the  various  points  of  the  cube,  as  a,  these  vdll  intersect  the 
two  original  planes  in  lines,  as  a  a,  a  a',  parallel  to  yz,  zw;  and  a  line, 
a  a',  through  the  point  of  the  cube,  parallel  to  the  auxiliary  vanishing 
line,  will  meet  an'  in  the  point  a',*  which  will  ije  the  oblique  pro- 
jection of  the  point  a  on  tbe  plane  of  the  shadow.  Therefore,  by 
drawing  lines  through  the  points  a,  b,  e,  d,  parallel  to  T  z,  to  cut  X  e  in 
1,  $,  .  .  i,  then  lines  parallel  to  w  z,  through  a,  0, ...  1,  will  cut  lines 
parallel  to  w  o',  drawn  through  a,  b,  e,  d,  in  the  obhque  projectione  of 
those  pointii  <m  the  plane  of  the  shadow,  and  by  referring  «,  /,  o  . . .  to 
w  I,  in  the  same  way,  we  obtain  tho  oblique  projections  of  the  other 
angles  of  the  cube. 

181.  Since  the  sides  of  the  cube  a  6,  ed,  ef,  &c,  are  F*r»liela,  their 
oblique  projectiona  will  be  parallels  (59),  consequently  the  imagea  of 
these  parallela  o'  5',  t'  d',  e"/,  &c.,  will  have  a  common  vanisbing  point 
p'  in  the  vanishing  hne  of  the  plane  in  which  the  oblique  projections 
lie;  for  the  same  reason,  a'^,b'tl,f^,  &c.,  will  have  a  common  vanish- 
ing point  ^,  in  T  X,  Now  it  is  obvious  that  the  vanishing  pointe  ^„ 
l",,  are,  by  tn  extensian  of  the  principle,  the  oblique  projections  on  the 
plane  of  the  shadow  of  the  vanishing  points  P,  P,  of  tbe  original  sides 
of  the  cube ;  omisequently  the  farmer  may  be  determined  from  the 
last-named  vanishing  points  by  simply  drawing  lines  through  them 
parallel  to  w  c  to  out  1 1  in  p',,  p*,. 

162,  If  t  had  been~given  as  the  image  of  the  point  in  which  a  line 
through  the  luminary  porpaniiioular  to  the  plane  T  z  met  that  plane, 
the  image  *  of  the  luminarywould  be  determined  by  making  h',  drawn 
to  the  auxiliary  vanishing  point  Q,  the  image  of  the  given  perpendicular 
height  of  the  luminary  above  the  original  plane.  A  line  through  * 
parallel  to  W  C  will  meet  eft  produced  in  I,  the  oblique  projection  of 
the  luminary  on  tho  plane  iz.*  Its  oblique  projection  I'  on  the  phmo 
of  the  shadow  may  be  either  determined  as  those  of  a,  b,  c,  d,  Ac,  were, 
or  by  drawing  a  line,  as  at,  at  pleasure,  to  out  the  vanishing  line  x  p 
in  some  vanishing  point ;  this  vaoishios  point  may  be  transferred  to 
X  T  by  a  parallel  to  Ow;  then  a  line  drawn  through  o',  the  oblique 
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projection  of  a,  to  thii  tMiiitm«d  TuuBhing  point,  will  cut  *  I  pro- 
ducod  ia  I',  the  obliqus  pTojsctioii  of  Uie  luminu;  od  tlie  plana  of  Iha- 


PERUVIAN  ABCHITECrnRE.  a 

ISS.  Drtw  lines  through  I'  ind  thiougtl  Qia  obIiqil«  {rojeotioo 
a',  H,  c',  (f,  «',  Ac,  inteneoting  eatoh  such  line  by  ^ho  Imninoui  nj 
*a,  *t,  'e,  Ac.,  in  tlie  ihidom  a*  V,  iT,  kc,  of  the  u^n  of  thoeobe, 


and  these  pdnta  being  joined,  tho  finira  thus  produced  will  be  tho 
image  of  the  shadow  of  the  cube  on  the  plane  as  proposed. 

161.  The  oblique  projecting  lines  a  a',  Ac,  were  assumed  pafallel  to 
the  pioturs  and  its  auxiliar;  plaoe,  idiuplj  fcir  fadlitr  of  construction, 
or  else  the  points  a,  b,  c,  t,  f,  &o.,  mig^t,  as  veil  u  tiie  Inminsry ,  have 
beea  projected  on  Uie  plane  of  ihe  shadow  by  lines  in  say  direotioii, 
prorided  these  llnea  were  psrallels  scoording  to  the  above  principle 
(IBS). 

16S 
the  sides  of  the  cube ;  thsn  the  images, 

shadows  of  the  parallel  liaas  of  the  original  solid  will ... 

in  the  corresponding  line  drawn  through  *  and  the  Yscishing  point  □( 
those  originals.  For  the  plsnes  psssing  through  *  and  the  psnllels 
ab,  ed,  ef,  &e.,  w.ast  intecsect  in  a  common  line,  passing  tliTough  * 
and  puallel  to  those  originsls  :  this  conunon  intersection  will  there' 
fore  liaTe  the  same  vanishing  point,  f,,  aa  those  originals;  the  line  *P, 
represents  thst  common  intersection,  ff  ow  the  shadows  a!'b',  tfcT,  fy 
are  the  intersections  of  the  before-mentioned  planes  by  another,  namely, 
by  the  pUne  of  the  shadow,  and  these  intersections,  f^i",  f^fT,  &c., 
must  meet  each  other  in  a  point  in  *f,  the  common  intersection  of  the 
planes  psning  through  *  and  the  original  lines.  The  same  rsuoning 
applies  to  the  other  shsdows  of  the  corresponding  parallel  sides  of 
the  cube. 

PEBSULPHOHTDROLTAITIC  ACID.  Synonymous  with  hgiro- 
ptrt^fAoaiaitK  acid.    [CtAnocEH.] 

PERSDLPHOHOLYBDEyiC  ACID.  .rMoLiBDEHim,  Sulphida  of.l 

PERTURBATIONS.    [GnayilArioH.] 

PERTUSSIS.    [HoopiKo-ConoH.] 

PERUriAN  ARCHITECTURE.  Remuns  of  ancient  Perurian 
buildings  are  dispersed  over  the  western  parU  of  South  America,  from 
the  equator  to  IS*  S.  lat.,  especially  over  the  Monta&a.  Nothing 
certun  is  known  of  their  date,  but  the  oldest  ia  attributed  to  Manco 
Capac,  the  traditional  founder  of  andsnt  Perurian  civilisation,  who 
is  Bud  to  have  flourished  shout  three  centuriee  before  the  conquest  of 
Peru  by  the  Spaniards,  or  1300  a-d.  These  remains  are  characterised 
by  simplicity,  aymme^,  and  solidity.  There  are  no  columns,  pilasters, 
or  arches,  and  tiie  buildings  exhibit  a  oogular  uniformity  and  a  com- 
plete want  of  all  eiteiior  omunenlfl.  The  structures,  whether  mere 
wslls  or  building  ore  all  of  stone ;  the  blocks  in  Home  instsoces  bebg 
squared  and  laid  in  horizontal  courses,  in  others  consisting  of  huge 
polygonal  masses;  while  in  both  the  doorways  and  openings  for 
ugbt  are  formed  of  jambs  inclined  towards  the  top,  and  covered  with  a 
luge  stone  as  a  lintel ;  being,  in  &ct,  in  all  respects  almost  the  exact 
counterpart  of  the  Petssgian  masonry  of  Greece  find  Italy  [PBLASOian 
Abohitbcidrb] — a  circnnuitance  the  more  remartable  since,  if  Peruvian 
tradition  be  not  altogether  at  fault,  some  eighteen  oenturies  must  have 
elapsed  between  thelatest  example  of  Pelaagio  construrtion  in  Europe 
and  the  earliest  in  Peru. 

The  great  road  of  the  Incas,  which  runs  from  Quito  to  Cuzco  and 


the  tablo-land  of  the  Dessgnadero,  is  made  of  enonnoos  minwi  oi 
porphyry,  and  it  ia  sidll  neany  perfect  in  several  parts  of  the  UootalU. 
Humboldt  ohtained  an  ancient  Peruvian  cutting  instnunent,  whid> 
had  been  found  in  a  mine  not  far  from  Cuico  :  the  material  coisiEttd 
of  91  ports  of  capper  and  6  of  tin,  a  composition  which  rendered  it 
hard  enough  to  be  used  nearly  like  steeL  With  iosbiunents  nude  of 
this  materutl  the  Peruvians  cut  the  enormous  masses  of  which  Ihnr 
buildings  wore  composed.  Some  of  the  buildings  near  Cusoa  contain 
stones  40  feet  long,  20  feet  wide,  and  nearly  7  feet  thick.  Tbcet 
■tones  are  fitted  together  with  great  skill,  and,  as  it  was  supposed, 
without  cement.  But  Humboldt  discovered  in  some  ruins  s  thm  Iijer 
of  cement,  consisting  of  gravel  and  an  argillsceoua  earth;  in  dther 
ediflces,  he  says,  it  is  composed  of  bitumen.  These  stones  are  ill 
parallelopipedons,  and  worked  with  such  exactness  that  it  would  be 
impossible  to  perceive  the  joinings  if  their  exterior  surface  vers  quite 
level  1  but  being  a  little  convex,  the  junctures  form  slight  deprtsioiu, 
which  conRtitute  the  only  exterior  onument  of  the  buildings.  The 
doors  of  the  buildings  are  from  7  to  S)  feet  high.  The  sidei  of  the 
doors  are  not  parallel,  but  approach  each  other  tomids  the  lop.  The 
niches,  of  which  several  occur  in  the  inner  side  of  the  walli,  hire  the 
form  of  the  doors. 

The  walls  of  Cuzco  are  formed  of  huge  polygonal  blocks  of  tioiMtone, 
from  S  to  10  feet  in  length,  and  the  same  in  width,  and  admirably 
fitted  to  each  other  vrithout  cement,  precisely  like  those  thovn  in  the 
cut  of  the  Walls  of  Epirus  in  Feumu/lS  AHCHTtxcTtimE ;  bat  it  ii 
remarkable  that  not  only  is  the  masonry  almost  perfect  of  itji  kind, 
but  that  the  walls  are  planned  aa  f  ortiScations  with  s  d^ne  of  ekiU 
that  excites  the  hif^est  admiration  of  the  military  engineer. 

Hie  oldest  known  building  in  Peru  is  that  called  the  house  of  Kum 
Capac,  which  stands  on  an  idand  in  the  lake  of  Titjcsca.  U  is  built  of 
rauier  small  irregular  polygonal  blocks  of  stones ;  ia  curvilinar  in  pi*" 
and  has  small  rude  towers.  The  interior  is  divided  into  omall  aquue 
rooms,  which  are  lighted  only  from  the  doorways.  Not  iar  frooi  it  u 
a  later  and  less  rude  building  of  two  stories,  known  as  the  Hon* 
of  the  Virgins  of  the  Sun.  It  is  nearly  squsra  in  plan,  snd  is 
divided  into  twelve  small  square  rooms  on  each  story,  those  eo 
the  ground-floor  being  lightsil  by  the  doorways,  and  those  above 
mostly  by  very  narrow  windows,  but  some  sre  without  any  opening 
or  light. 

The  most  eitenuve  Peruvian  buildings  occur  b  the  tabis-Und  of 
Cuioo,  which  was  the  most  ancient  seat  of  the  monarchy  of  the  Inoaa 
There  are  also  sndent  remains  within  the  boundaries  of  the  prsKSt 
republic  of  Ecuador.  Near  the  ridge  called  Chidnche,  not  far  &«" 
the  volcano  Cotopaii,  are  tho  ruins  of  a  larpi  building  ealied  Ibe 
Palace  of  the  Incas.  It  was  a  aquare,  of  which  each  side  was  about 
SO  yards  long,  and  it  bad  four  doois.  The  interior  was  divided  ipU) 
eight  apartments,  three  of  which  si«  still  in  tolemble  preaavstico. 
Not  tmr  &om  the  mountain-pass  of  Assusy  is  a  building  <»lled  lopf- 
piles,  or  the  Fortress  of  CaHar,  consisting  of  a  Ivall  of  very  large  atonee. 
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about   5  or  6  yards  high ;  it  has  a'  regular  oval  form,  of  which  the 
greatest  azia  is  nearly  40  feet  long. 

In  the  ruins  of  the  town  of  Chulcanas^in  the  department  of  Truxillo, 
near  the  boundary-line  between  Peru  and  Ecuador,  Humboldt  had  an 
opportunity  of  observing  the  construction  of  the  private  buildings  of 
the  Peruvians,  and  he  observes  that  they  consist  of  one  room  only,  and 
that  probably  the  door  opened  into  a  court-yard. 

Of  the  andent  Peruvian  tombs,  the  majority  are  square  in  plan : 
have  the  burial-place  in  the  basement;  a  small  chamber  above, the 
door  to  which,  at  some  height  from  the  ground,  is  the  only  opening 
into  the  tomb ;  and  flat  roob.  Some  of  the  tombs  appear  to  have 
had  domicular  roo& ;  and  remuns  of  a  few  tombs  occur  dzoular  in 
plan. 

(Humboldt,  Vuei  des  OordUliret  ei  McnmunU  det  Pevqpla  Indiginet; 
Rivero  e  Tschudi,  Antigtwdades  Peruamat;  Qailhabaud,  Monmnena 
AncUnB  €t  Modemes :  Fergusson,  Handbook  of  ArekUechure,) 

PERUY IC  ACID.  A  colourless,  inodorous,  crystalline  acid,  formed 
by  acting  upon  guanine  by  a  mixture  of  chlorate  of  potash  and  hydro- 
chloric aoid. 

PERUVIN.    [Sttbone.] 

PESTILENCE  is  a  general  term  applied  to  those  diseases  of  an  epi- 
dcmio  character  which  afifect  large  masses  of  a  population,  and  are 
remarkable  for  their  destruction  of  hmnan  life.  The  two  forms  of 
disease  to  which  this  term  is  most  frequently  applied,  are  plague  and 
Asiatic  cholera. 

Plague  is  a  disease  of  so  &tal  and  malignant  a  nature,  that  to  this 
very  circtimstance  it  probably  owes  its  nomenclature.    The  nosological 
definition  of  this  disease  by  fir.  Cullen  is  perhaps  as  correct  as  can  be 
given  in  few  words : — "  A  typhus  fever,  in  the  highest  degree  contagious, 
and  accompanied  with  ex^me  debility.    On  an  uncertain  day  of  the 
disease,  there  is  an  eruption  of  buboes  or  carbuncles."    Dr.  Patrick 
Ruasell,  who  practised  at  Aleppo  during  the  plague  of  1780-1-2,  informs 
us  that  its  progress  at  its  commencement  is  much  the  same  in  the 
several  parts  of  the  Levant  as  in  the  cities  of  Europe.    It  advances 
slowly,  fluctuating  perhaps  for  two  or  three  weeks ;  and  although  at 
that  period  it  generally  proves  fatal,  yet  it  is  often  unattended  by  its 
chanusteristic  eruptions.    Indeed  the  cases  in  which  the  eruption  is 
wanting  constitute  the  most  rapidly  fatal  type  of  the  disease.    The 
general  derangement  of  tiie  system  which  uwen  in  an  attack  of  the 
plague,  is  much  like  that  which  commences  the  course  of  ordinary 
fever.     A  sense  of  cold,  with  some  shivering,  which  U  soon  followed 
by  heat  and  acceleration  of  the  pulse,  with  giddiaess,  headache,  depres- 
sion of  BtroQgth  and  spirits,  white  tongue,  vomiting  or  diarrhooa,  and 
great  oppression  about  the  prsecordia^  are  among  the  first  symptoms  of 
the  disease.    These  are  succeeded  by  a  burning  pain  about  uie  pit  of 
the  stomach ;  by  a  peculiar  muddiness  of  the  eyes ;  by  coma,  delirium, 
and  other  affections  of  the  sensorium,  which  terminate  by  death  in 
some  cases  on  the  second  or  third  day,  before  the  pathognomic  sym- 
ptoms, buboes  and  carbuncles,  have  appeared.  In  other  cases  these  last 
mentioned  symptoms  are  present,  together  with  purple  spots  and 
ecchymoses,  wMch  belong  to  the  plsgue  in  common   with   other 
malignant  fevers.    Though  these  are  the  ordinary  symptoms  of  plsgue, 
they  are  not  invariably  observed  in  the  same  individual ;  but  many 
vanetiea  occur,  which  chiefly  have  reference  to  the  greater  or  less 
virulence  of  the  disease,  and  we  absence  or  presence  of  some  particular 
symptoms.    Thus,  we  are  informed  by  Sydenham  that  in  the  in&ncy 
of  the  great  plague  of  London  scarce  a  day  passed  but  some  of  those 
who  were  seized  with  it  died  suddenly  in  the  streets,  without  having 
had  any  previous  sickness;  the  purple  spots,  which  denote  immediate 
death,  coming  out  all  over  the  body,  even  when  persons  were  abroad 
about  their  business ;  whereas  after  it  had  continued  for  some  time,  it 
destroyed  none,  unless  a  fever  and  other  symptoms  had  preceded. 
Dr.  Russell  describes  six  classes  or  varieties  of  plague,  in  some  of 
which  the  fever  appears  to  have  been  very  violent,  while  in  othen  it 
was  proportionally  mild.    The  most  destructive  forms  of  the  disease, 
according  to  this  author,  were  marked  by  severe  febrile  symptoms ; 
and  the  infected  of  this  class  seldom  or  never  had  buboes  or  carbuncles. 
The  bubo  however  was  the  most  frequent  concomitant  afterwards; 
carbuncles,  on  the  contrary,  were  remarked  in  one-third  of  the  infected 
only,  and  were  seldom  obsored  at  Aleppo  earlier  -than  the  month  of 
May,  near  three  months  after  the  disease  began  to  spread.    The  car- 
buncle increased  in  the  summer,  was  less  common  in  the  autumn,  and 
▼ery  rarely  was  observed  in  the  winter.    The  absence  of  bubo  and 
carbuncle  at  the  commencement  of  the  plague  has  been  one  of  the 
grounds  of  contention  among  writera  as  to  the  real  nature  of  the 
disease.    Diemerbroech  and  some  othen  assure  us  that  no  one  symptom 
is  paUiognomonic  of  plague,  and  Dr.  Russell  concludes  that "  the  plague, 
under  a  form  of  all  othen  the  most  destructive,  exists  without  its 
characteristic  symptoms,  can  admit  of  no  doubt.*'     From  all  the 
evidence  upon  this  subject  that  we  have  been  able  to  collect,  it  plainly 
appears  that  authon  are  by  no  means  agreed  on  the  existence  of  the 
piBgue  as  a  distinct  disease.    The  symptoms,  morbid  changes,  history, 
uid  mode  of  propagation  of  plague,  bear  so  close  a  resemblance  to 
thoie  of  the  malignant  typhus  of  this  country,  that  it  is  difficult  to 
yogud  them  otherwise  man  as  types  of  the  same  disease.    Tlus  opinion 
is  strengthened  by  the  authority  of  Dr.  Mackenzie,  who  resided  thirty 
"ears  at  Constantinople.    "  The  annual  pestilential  fever  of  that  place,"^ 
e  observes,  "  very  much  resembles  that  of  our  gaols  and  crowded 
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hospitals,  and  in  only  called  plague  when  attended  with  buboes  and 
carbuncles."  Sir  John  Pringle  too  observes,  "  that  though  the  hospital 
or  gaol  fever  may  differ  in  species  from  the  true  plague,  yet  it  may  be 
accounted  of  the  same  genus,  as  it  seems  to  proceed  from  a  like  cause, 
and  ia  attended  with  similar  symptoms."  The  buboes  which  charac- 
terise plague  coiudst  of  inflammatory  swellings  of  the  glands  in  the 
groin  and  armpits ;  the  parotid,  maxillary,  and  cervical  glands  some-  - 
times,  but  leas  frequently,  become  afiected.  These  buboes  may  either 
suppurate  or  gradually  disperse  :  when  suppuration  occun,lt  ia  seldom 
tiU  the  fever  has  begun  to  abate,  and  is  manifestly  on  the  decline,  as 
about  the  eighth  or  ninth  day.  Carbuncles  consist  of  inflamed  pustules, 
or  angry  pimples,  which,  instead  of  suppurating,  frequently  terminate 
in  mortification.    They  may  be  seated  on  any  part  of  the  body. 

The  morbid  changes  that  are  met  with  in  the  bodies  of  those  who 
die  from  plsgue  are  very  similar  to  what  we  find  in  typhus,  yellow  fever, 
and  in  the  carcases  of  snimals  that  have  died  in  consequence  of  a  putrid 
matter  injected  into  their  veins.  The  vesBels  of  the  brain  and  its  mem- 
branes are  gorged  with  a  dark  coloured  blood;  the  lungs  and  liver 
present  traces  of  inflammation  or  of  gangrene ;  patches  of  inflammation 
and  ulceration  are  met  with  in  the  stomach  and  intestines ;  the  heart  is 
of  a  pale  red  colour,  easily  torn,  and  full  of  black  blood,  which,  according 
to  M.  Magendie,  never  coagulates.  These  changes  however  are  not 
always  found,  and  the  same  absence  of  appreciable  oiganic  lesion  is 
sometimes  observed  in  typhus  and  other  diweases  which  prove  rapidly 
fataL  Ko  age,  sex,  or  profession  appean  to  enjoy  an  immunity  from 
plague,  nor  does  one  attack  secure  the  individual  from  future  infec- 
tion ;  but  it  has  been  observed  that  old  peraons,  women,  and  children 
sufiiar  less  frequently  and  severely  from  its  attacks  than  robust  adults. 
Some  persons  also,  who  exercise  particular  trades,  as  knackera,  tannen, 
water^carrien,  bakers,  and  oilmen,  seem  to  share  this  advantage ;  while 
smiths  and  cooks  were  noticed,  during  the  campaign  in  Egypt,  to  be 
more  particularly  liable  to  it.  One  law  appean  to  be  univerul  in  all 
plsgues,  namely,  that  the  poor  are  the  first  and  chief  sufferers.  In 
Grand  Cairo,  Constantinople,  and  Aleppo,  it  is  in  the  low,  crowded, 
and  filthy  parts  of  those  cities,  occupied  by  the  poorest  people,  that  the 
plague  commits  its  greatest  ravages.  The  celebrated  plague  of  Mar- 
seille, in  the  year  1720,  fint  appeared  in  a  part  of  the  city  noted  for 
the  sordid  filui,  crowded  state,  tHod  wretohednen  of  the  poor  inhaln- 
tants.  This  was  likewise  true  of  London,  where,  from  tne  same  cir- 
cumstance, it  obtained  the  appellation  of  the  Poor^s  Plague.  Like 
many  other  diseases,  plague  is  observed  in  two  forms:  first,  as  an 
indigenous  and  local  disease,  peculiar  to  the  inhabitants  of  certain 
countries,  and  from  which  they  are  never  entirely  free ;  and  secondly, 
as  a  raging  and  fatal  epidemic,  not  confined  to  its  original  seat,  although 
exhibiting  itself  there  in  its  most  intense  forms.  It  is  the  epidemic 
variety  of  this  fatal  malady  that  has  engrossed  so  much  attention  from 
the  earliest  times  down  to  the  present  {  snd  we  shall  therefore  briefly 
pass  in  review  some  of  the  principal  oiccumstaaces  which  attend  its 
origin,  progress,  and  termination. 

It  has  been  observed  that  nearly  all  plagues  have  been  preceded  by 
certain  natural  signs,  and  by  a  greater  mortality  froa  malignant 
diseases  generally  than  at^other  times.  Among  these  precursory 
signals,  great  and  sudden  atmoq>heric  vioisBitudes  have  been  noted. 
Livy  (v.  18)  attributes  the  origin  of  a  pestilenee  to  this  cause.  "  Hie 
year  was  remarkable,"  he  obsOTCS,  "  for  a  cold  and  snowy  winter,  so 
that  the  roads  were  impassable  and  the  Tiber  eompletel  v  frosen.  Tiaa 
deplorable  winter,  whether  it  was  from  the  unseasonable  state  of  the 
air,  which  suddenly  changed  to  an  opposite  state,  or  from  some  other 
cause,  was  succeeded  by  intense  heat,  pestilential  and  destructive  to  all 
kinds  of  animals."  But  in  the  great  plague  of  Athens,  of  which 
Thucydides  has  given  so  minute  a  description  (iL  48,  &c.),  he  observes 
that  the  year  of  the  plague  was  particularly  free  from  all  other 
diseases ;  and  he  mentions  nothing  unusual  as  having  occurred  in  pre- 
ceding years.  The  city  however  was  then  greatly  over-crowded  wiUi 
inhabitants,  a  great  part  of  the  population  having  taken  refuge  within 
the  walls  of  Athens  (iL  16),  in  consequence  of  the  war.  [Pebioleb, 
Bioo.  DiY.]  Russell  informs  us  that  the  winter  of  17^-7,  which  pre- 
ceded the  petechial  fever  of  1758  at  Aleppo,  and  the  plague  of  1759- 
60-1-2  in  different  parts  of  Syria,  was  excessively  severe.  Olive-trees 
which  had  withstood  the  weather  for  fifty  yean  were  killed.  In  the 
following  summer  a  dearth  ensued  from  the  failure  of  the  crops,  and 
so  severe  a  famine,  that  parents  devoured  their  own  children,  and  the 
poor  from  the  mountains  offsred  their  wives  for  sale  in  the  markets  to 
buy  food.  The  connection  between  famine  and  pestilence  has  been 
noticed  in  all  ages  of  the  world.  An  enormous  increase  of  insects  has 
frequently  been  observed  to  precede  a  i>estilsoce.  We  are  informed 
by  Short,  that  in  1612  Constantinople  was  infested  with  crowds  of 
grasshoppen  of  great  size  that  devoured  every  green  thing,  and  the 
next  year  (1613)  the  pkgue  carried  off  200,000  inhabitantaof  that  ei^. 
In  1612,  swarms  of  locusts  laid  waste  the  yegetable  kingdom  in 
Provence;  and  in  1618  the  plague  appeared  in  different  parts  of 
France.  Locusts  and  pestilence  are  freauently  mentioned  together  in 
the  sacred  writings ;  and  we  find  that  uie  plagues  of  Egypt  exhibited 
a  series  of  phenomena,  rising  in  progression  from  comiption  of  the 
riven  and  muntains,  swarms  of  insects,  murrain  among  cattle,  thunder 
and  thick  darkness,  and  a  tribe  of  inferior  diseases,  to  that  fatiaX  pesti- 
lence which  swept  away  the  first-bom  of  the  Egyptians.  In  fine, 
dearth  or  unwholesome  provisions^  pestilence  among  cattle,  great 
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abundance  of  insecte,  absence  or  death  of  birds,  blight  and  mildew, 
appear,  with  few  exceptions,  to  have  separately  o^  conjointly  preceded 
or  att^ded  all  such  calamities.  Plague  is  usually  preceded  by  other 
diseases  which  occasion  great  mortality.  Lord  Bacon  has  observed 
that  "the  lesser  infections  of  small-pox,  purple  fever,  agues,  &c.,  in  the 
preceding  summer  and  hovering  all  winter,  do  portend  a  great  pesti- 
lence the  summer  following ;  for  putrefaction  rises  not  to  its  height  at 
once ; "  and  Dr.  Mead  states,  as  a  general  fact,  that  fevers  of  extraordi- 
nary malignity  are  the  usual  forerunners  of  plague.  Indeed  nearly  all 
the  most  remarkable  plagues  of  the  last  two  centuries  have  been  pre- 
ceded by  malignant  fevers.  The  increased  number  of  deaths  from,  this 
source  will  be  seen  by  on  examination  of  the  London  BUls  of  Mortality 
at  the  three  last  plague  epochs  in  this  country,  an  abstract  from  which 
we  here  present,  showing  the  number  of  deaths  from  other  diseases 
besides  the  plague,  in  1625, 1636,  and  1665,  with  that  of  the  year 
before  and  after  respectively : — 


Yeari. 

Commod 
DiaeaMfl. 

Plague. 

1624 
1625 
1626 

12,199 

18,848 

7,400 

10,651 

12,959 

8,681 

11 

85,4ir 

184 

1635 
1636 
1687 

10*400 
•      8,082 

1664 
1665 
1666 

18,291 
28,710 
10,840 

6 

68,596 

1,998 

The  season  of  the  year  in  which  plague  commits  its  greatest  ravs^es 
differs  in  different  countries.  In  Europe  it  has  invariably  raged  most 
violently  and  fatally  in  the  summer  and  autumnal  mentis,  especially 
in  September.  ThuB,  in  the  plague  of  London  in  1665,  the  deaths 
from  the  plague  were:  in  June,  690;  in  July,  4129;  in  August, 
20,046;  in  September,  26,280;  in  October,  14,873;  in  November, 
8449  ;  and  in  December  liiey  were  under  1000.  In  Egypt  it  com- 
mences in  the  autumn,  and  prevailB  till  the  beginning  of  June,  and  the 
vernal  equinox  is  the  period  of  tKe  greatest  fatality.  Extremes  of 
heat  and  cold  generally  check,  and  not  unfrequently  entirely  arrest  its 
progress.  In  tropical  dimates  the  disease  is  unknown,  and  in  Egypt, 
according  to  Alpinus,  to  whatever  degree  pestilence  nday  be  raging,  as 
soon  as  the  sun  enters  Cancer  it  entuwly  ceases.  The  cold  weather  of 
northern  climates  has  been  observed  to  check  the  ravages  of  plague ; 
and  in  these  countries,  when  it  has  broken  out  in  the  autumn,  its 
course  has  been  arrested  during  the  winter  months.  With  respect  to 
the.  progress  and  termination  of  plague,  the  disease  appears  to  be  sub- 
ject to  the  same  laws  as  regulate  the  course  and  termination  of  other 
epidemics :  it  is  most  fatal  at  its  first  outbre»ik,  and  becomes  less 
virulent  as  it  increases  m  extent.  The  increased  mortality  which 
occurs  daring  the  advance  of  plague,  and  which  we  have  before  shown 
to  be  at  its  height  in  the  month  of  September,  arises  from  the  in- 
creased extension,  and  not  from  the  greater  malignancy  of  the  disease. 
With  its  progress  and  decline  there  l^as  usually  been  observed  a  pro- 
gressive increase  and  decrease  in  the  whole  train  of  diseases,  and  those 
which  had  immediately  preceded  plague,  on  its  decline  reappeared. 
The  former  fact  will  be  seen  by  a  reference  to  the  table  we  have  given 
aboveb 

The  causes  of  plague  hav\^  been  referred  by  some  to  a  vitiated 
atmosphere,  engendered  by  epidemic  and  endemic  causes,  and  wholly 
independent  of  contagion;  while  <5thers  have  attributed  it  solely  to  the 
ktter  influence.  The  truth  probably  lies  between  these  extremes,  and 
we  have  little  doubt,  from  an  examination  of  the  evidence  on  both 
sides  of  the  question,  that  both  these  causes  do  occasionally  operate  in 
the  propagation  of  plague.  As  the  foundation  of  quarantine  establish- 
ments rests  entirely  on  the  supposition  of  the  contagious  nature  of 
plague,  we  shall  examine  how  fir  this  can  be  supported  by  a  reference 
to  facts.  It  is  asserted  by  the  contagionists  that  plague  iift  transferred 
from  individual  to  individual  in  aU  the  ascertained  modes  in  which 
diseases  are  thus  communicated— by  contact,  hy  inoculation  witi  the 
matter  of  buboes,  through  the  atmosphere,  and  by  fomites.  According 
to  them,  its  appearance  in  Western  Europe  has  been  always  owing  to 
imported  contalion ;  and  where  ptrict  isolation  from  all  infected  indi- 
viduals and  articles  has  been  observed,  there  it  has  never  appeared.  It 
is  admitted  however  by  several,  among  whom  may  be  mentioned  the 
respected  names  of  Sydenham,  Russell,  and  Mead,  that  a  pecuHar 
atmospheric  condition  is  essential  to  the  spread  of  plague;  ybt  they 
maintain  that  this  is  inadequate  to  its  production  without  importation 
hj  fomites,  or  the  arrival  of  a  diseased  person  from  an  infected  district. 
In  support  of  this  opinion,  they  refer  to  the  histories  of  the  different 
plagues  that  have  visited  Europe,  and  above  all  to  that  which  ravaged 
MaraeiUe  in  the  year  1720.  Its  introduction  into  this  city  was  traced 
to  the  arrival  of  three  ships  or  lazarettos,  which,  by  some  means  or 
other,  for  we  learn  not  how,  communicated  the  disease  to  a  woman 
hvmg  m  the  Rue  de  I'Escale.  This  person  being  received  into  the 
HdtelDieu,twoof  thenuraeswho  assisted  at  her  reception,  and  the 
matron  who  changed  the  linen,  were  taken  ill  the  next  day,  and  died 


after  a  few  hours.  In  a  short  time  it  destroyed  physicians,  surgeons^ 
apothecaries,  confessors,  and  all  the  other  officers  and  servants,  with 
the  whole  of  the  poor  in  the  hospital,  including  above  800  foundlings. 
The  priests  and  moqks  who  attended  the  infected  suffered  in  the  same 
manner  as  the  medical  assistants:  and  lastly,  of  230  galley-slaves, 
employed  in  going  into  the  infected  houses  and  burying  tiae  dead,  220 
perished  in  the  space  of  ten  or  twelve  days.  Dr.  Bancroft  justly 
observes  that  "  it  is  fortunate  for  mankind  that  the  communication  of 
.th(9  contagion  of  the  plague  depends  upon  the  co-operation  of  so  m^my 
favourable  circumstances,  and  particularly  upon  that  of  a  suitable 
temperature,  and  of  certain  aptitudes  and  susceptibilities  in  the  human 
subject ;  for  without  such  requisites,  or  such  obstacles  to  its  propa>- 
gation,  the  earth  might  have  long  since  become  desolate." 

Those  who  contend  for  the  non-contagiousness  of  plague^  and  tho^- 
fore  for  the  abolition  of  the  quarantine  laws,  maintain  that  these  Uws, 
however  strictly  enforced,  have  not  succeeded  in  shutting  out  the 
plague  from  pestilential  districts :  and  that  countries  not  poaaesaiDg 
indigenous  sources  of  pestilence  are  not  visited  with  this  disease, 
although  unprotected  by  quarantine  establishments.  They  likewise 
adduce  numerous  instances  of  persons  in  constant  communication  wi& 
plague  patients,  and  even  wearing  their  clothes,  escaping  the  disease. 
Odessa  has  one  of  the  best  organised  quarantine  establishments  in  tiie 
world;  yet  not  long  ago  the  plague  broke  out  in  it,  entered  the  town, 
destroyed  a  number  of  inhabitants,  and  ceased  at  a  particular  season. 
In  1835  the  harem  of  the  pasha  of  Egypt  consisted  of  about  300 
persons ;  but  notwithstanding  the  severest  cordon,  the  plague  entered^ 
and  seven  died  within.  The  cordon  was  composed  of  500  men,  who 
were  in  constant  contact  with  the  town,  where  the  disease  was  raging 
violentlv ;  of  these  only  three  died,  so  that  the  proportion  of  those  who 
perished  within  to  i,h6ae  without  was  nearly  as  4  to  1.  The  plague  of 
1665,  which  ravaged  most  parts  of  this  kingdom,  never  visited  Oxford, 
although  the  terms  were  kept  there,  and  the  coiirt  and  both  houses  of 
parliament  were  held  there ;  a  dose  correspondence  too  was  maintained 
between  this  citv  and  the  metropolis,  where  it  was  raging.  The 
Persians,  although  their  country  is  every  year  surrounded  by  the 

Slague,  seldom  suffer  anything  by  it  themselves.  **  The  Turks  and 
[oors/'  says  Bruce,  "  immediately  after  St.  John's  dav,  expose  in  the 
market-places  the  clothes  of  the  many  thousands  that  have  died  of  the 
plague  during  its  late  continuance ;  and  though  these  consist  of  fuis, 
cotton,  silk,  and  woollen  cloths,  which  are  stufn  the  most  retentive  of 
the  infection,  no  accident  happens  to  those  who  wear'  them."  dot 
Bey,  who  while  at  the  head  of  the  medical  department  in  Egjrpt, 
treated  thousands  of  cases,  says,  that  removed  from  malaria  or  miasm, 
he  has  never  known  the  plague  to  be  communicated  by  contact  Ho 
has  twice  inoculated  himself  vrith  the  pus  and  blood  of  those  affected 
with  plague,  but  without  producing  the  disease.  Others,  however,  who 
have  performed  this  operation  on  themselves,  have  Contracted  the 
disease  and  died. 

This  fuHy  agrees  with  the  evidence  that  was  given  before  a  select 
committee  of  the  House  of  Comti^ons,  on  the  contagion  of  plague,  in 
1819.  It  appears  from  the  Custom-house  returns,  that  none  of  the 
expurgators  of  goods  in  Great  Britain,  at  the  quarantine  establishments, 
have  ever  taken  the  plague.  What  then  are  we  to  regard  as  the  caxise 
of  pestilence,  and  whence  is  it  to  be  sought  f  Undoubtedly  in  the 
miasm  of  pestiferous  soils;  or  of  crowded,  ill-ventilated,  and  filthy 
localities.  When  plague  has  at  any  time  become  epidemic,  these  axe 
the  spots  in  which  it  has  first  planted  itself,  and  in  which  it  has 
committed  the  greatest  devastation.  Notwithstanding  the  obvious- 
ness of  this  fact,  it  is  a  remarkable  circumstance  in  connection  with 
the  history  of  plague,  that  no  people  in  the  world  have  been  willing  to 
acknowledge  their  own  country  to  be  the  first  or  indigenous  seat  of 
pestilence.  The  doctrine  that  it  is  imported  and  net  indigenous,  is  as 
prevalent  in  Turkey  as  it  is  in  Egypt  The  Egyiiiioa  Levaotines  insist 
that  it  has  never  been  an  Egvptian  endemic,  but  has  been  imported  by 
travellers  or  goods;  while  the  Turks  contend  that  it  is  from  Egypt. 
In  the  eloquent  language  of  Dr.  Hancock,  "Egypt  disowns  it ;  Ethiopia 
has  no  sudi  progeny;  Syria  is  too  genial  for  its  production;  and  Con- 
stantinople harbours  it  through  neglect  or  sufferance.  As  to  the 
north,  how  could  the  temperate  climate  of  Britain  generate  a  principle 
so  terribly  destructive  ? "  Facts,  however,  are  too  numerous  and 
weighty  to  allow  us  a  moment's  hesitation  on  this  point.  Wherever 
civilisation  has  advanced,  there  plague  has  receded,  till  it  is  now  only 
to  be  foimd  lurking  among  the  swamps  of  Egypt  or  revelling  in  the 
filth  of  Constantinople.  It  is  the  spring,  we  haVe  seen,  that  is  so  fatal 
to  the  Egyptians,  about  which  time  south  winds  prevail,  loaded  with 
putrid  emanations  from  animal'  and  vegetable  substances  in  the  lakes 
formed  by  the  retiring  waters  of  the  Nile.  In  June,  Hie  vrind  is  in 
the  north,  |>assing  over  the  Mediterranean,  and  this  is  the  most  healthy 
and  salubnous  season.  In  Constantinople,  the  month  of  August  is 
most  fatal,  and  this  is  the  season  of  the  year  when  decomposition  goes 
on  with  greatest  rapidity.  The  exemption  of  the  city  of  Oxford,  in 
the  plague  of  1665,  is  a  strong  proof  of  the  correctness  of  these 
opinions.  The  following  words  from  Quincy  ore  much  to  the  purpose  : 
"Dr.  Plott  observes,  the  reason  why  Oxford  is  now  much  more 
healthful  than  formerly,  to  be,  the  enlaigement  of  the  city,  wliereby 
the  inhabitantiL  who  ore  not  proportionately  increaBed^  are  not  so  close 
crowded  together;  and  the  care  of  the  magistrates  in  keeping  the 
streets  clear  from  filth.    For ' formerly,'  he  says,  'they  used  to  kill  all 
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zoaimer  of  cattle  within  the  walls,  aad  Buffer  their  dung  and  ofiBilB  to 
lie  in  the  streets.  Moreover  about  those  times,  tiie  Isis  and  CherweU, 
through  the  carelessness  of  the  to^msmen,  being  filled  with  mud,  and 
the  common-sewers  by  such  means  stopped,  did  cause  the  ascent  of 
malignant  vapours  whenever  there  happened  to  be  a  flood.  But  sinoe 
that,  by  the  care  and  at  the  charge  of  Richard  Fox,  bishop  of  Win- 
chester, in  the  year  1517,  those  rivers  were  cleansed,  and  more  trenches 
cut  for  the  water^s  free  passage,  the  town  has  continued  in  a  veiy 
healthful  condition,  and  in  a  particular  manner  so  free  from  pestQentiAl 
diseases,  that  the  sickness  in  1665,  which  raged  in  most  parts  of  the 
kingdom,  never  visited  any  person  there,  although  the  tenms  were 
there  kept,  and  the  court  and  both  houses  of  parliament  did  there 
redde.*  "  Now  what  was  done  in  Oxford,  as  early  as  1517,  to  remedj^ 
its  unhealthineas,  has  since  been  done  in  sdl  the  prindpal  cities  of  this 
coimtry  and  on  the  Continent.  Accordingly  we  find  that  the  plague 
has  not  visited  us  since  1665.  Holland,  which  has  no  system  of 
quar4ntine,  has  experienced  an  exemption  corresponding  to  that  of  our 
own  country.  Paris  has  not  been  attacked  since  1668,  and  a  century 
has  elapsed  since  the  plague  of  KarseUle. 

TncUment  of  Ploffue.  ^The  preventive  treatment  of  plague  will  be 
gathered  from  what  we  have  said  respecting  the  causes  of  this  disease, 
and  the  most  effectual  barriers  that  can  be  opposed  to  its  future  intro- 
duction into  Europe,  are,  to  adopt  again  the  language  of  Dr.  Hancock, 
''the  barrier  of  cleanliness  in  our  towns  and  villages  against  filth  and 
crowded  habitations;  the  barrier  of  Christian  charity  towards  our 
poor  against  &mine  and  distress;  the  barrier  of  peace  against  the 
desolating  evils  of  war ;  and  the  barrier  of  industry  against  the  vice  of 
sloth."  With  regard  to  remedial  measures,  it  appears  little  can  be 
done  towards  furesting  the  progress  of  plague  after  it  has  once  declared 
itself  in  an  individual  Our  efforts  therefore  are  limited  to  removing 
the  patient  from  those  sources  of  miasm  which  give  origin  to  his 
disease,  and  in  placing  him  in  those  conditions  which  are  most  favour- 
able for  his  recovery.  Free  exposure  to  fresh  idr,  supporting  the 
strength,  and  regulating  the  secretions,  are  the  ocdy  means  which 
promise  much  chance  of  succesa  When  this  plan  is  adopted,  we  have 
the  authority  of  our  latest  writers  on  this  subject  for  declaring  that 
the  mortality  of  the  disease  may  be  considerably  diminished.  Thirty 
per  cent,  only,  of  those  attacked,  die  under  this  mode  of  treatment ; 
while  in  the  lazaretto  at  Alexandria,  90  per  cent,  died  in  1883,  and  77 
in.  1836.  With  respect  to  the  management  of  buboes  and  oarbimcles, 
they  must  be  treated  in  the  way  which  is  found  efficacious  in  their 
removal  when  uncomplicated  with  plague,  and  if  by  these  means  we 
are  unable  to  effect  their  dispersion,  suppuration  may  be  promoted 
by  the  employment  of  emollient  cataplasins  or  any  other  mUd 
stimulant. 

In  the  following  chronological  table  of  some  of  the  principal  plagues 
upon  record,  we  have  purposely  omitted  the  mention  of  many  which, 
although  described  under  that  name,  are  obviously  a  different 
disease  ;  even  among  those  we  have  selected,  the  vagueness  with 
which  the  symptoms  of  some  are  described,  leave  us  in  doubt  whether 
the  disease  was  the  same  as  that  which  at  present  goes  under  the  name 
of  plague : — 

B.C.  I 

1491.  The  plague  of  Egypt.    (Exodus,  xiL) 

1490.  „        in  the  Wilderness.    (Numbers,  xi.) 

1250.  „        of-aigina.    (Ovid's  '  Metam./ Hb.  vii.  523.) 

1190.  „        in  the  Grecian  camp  at  the  siege  of  Troy.  (Homer's 

'Iliad;  book,  i.) 
1141.  f,        among  the  Philistines.    (1  Sam.,  v.  vL) 

1017.  ,t        in  C^aan.    (2  Sam.,  xxiv.) 

788.  „        ofBome.    (Plutarch's 'Life  of  Bomulus.') 

464.  „  „  (Livy,  iiL  6;  Dion.  HaUoar.,  lib.  x.) 

454.  »       •       w  (^ivy*  iii.  32.) 

437.  „  „  (Livy,  iv.  21, 25.) 

430.  „        of  Athens.    (Thucydides,  ii.  48,  &c.) 

404.  „        of  Carthage.    (Justin,  xix.  2;  Died.  Sic.  xiiL,xiv.) 

366.  „        of  Bome.    (Livy,  vii.  1 ;  Short,  *  On  Air.') 

296.  „  „  (Livy,  x.  81,  Ac ;  Oroeius,  iiL  21.) 

213.  In  the  Carthaginian  and  Bomon   armies   before  Syracuse. 

(Livy,  XXV.  26.) 
182-177.  Rome  and  aU  Italy.    (Livy,  xli.  21.) 
126.  Numidia  and  Carthage.    (Livy, '  Epit./  60 ;  OroeiuB,  lib.  5.) 
▲J). 
68.  Home.    (Tacitus, '  Annals/  xv.  47 ;  xvl  13 ;  Orosius,  libr  vii ; 

'  Univers.  Hist.,'  voL  xiv.,  139.) 
167,  and  few  following  years.     Rome,  and  a  laxge  part  of  the 
known  world.    (Am.  Marcellinus,  lib.  xxiii ;  Echard's '  Rom. 
Hist.,'  vol.  iL,  815,  &c.) 
187.  Rome  and  Italy.    (Herodian,  lib.  i.) 
252-270.  Rome  and  a  large  portion  of  the  globe.    (Sionaras,  lib. 

xii. ;  Gibbon,  voL  i  10.) 
407.  Most  of  Europe,  Asia,  and  Africa.    (Nicephorus,  xiii.  6,  86 ; 

Magdeburg,  cent.  v.  18.) 
542-590.  A  plague  raging  with  intermissions,  in  most  parts  of  the 

world.    (Niceph.,  xvii.  18 ;  '  Ecdes.  Hist.,'  lib.  iv.  29.) 
1345-1350.  Europe,  and  most   parts  of   the  world.      (Boccacdo 
'  Decameron,'  '  Prima  Giomata ; '   Muratori,   iiL    588,  &c. ; 
Yillari ;  Short '  On  Air,'  voL  1, 165 ;  '  Univ.  Hist.'  vol  xxxiL) 


1562  and  1568^  London  and  most  of  the  pxindpal  cities  of  Europe. 

(Short,  voL  L ;  Thuanus.) 
1575  and  1576.  Ital^  and  most  ^arts  of  Europe.   (ThuanuSj  lib.  IxiL ; 

Short,  voL  i ;  Hercurialis, '  On  the  Pl^pe  of  Venice.') 

1580  and  1581.  Grand  Cairo  and  different  parts  of  France.  (Thuanus.) 

1600  and  1603.  London  and  various  parts  of  Europe.    (Maitland's 

'Hist,  of  London;'  Mignot^  'Hist,  of  the  I'urkish  Empire,' 

p.  256.) 

1611  and  1613.  Constantinople,  iVance.    (Riverius,  lib.  xvxL ;  Short, 

▼oLL;  Kignot.) 
1625.  London  and  various  parts  of  Europe.    (Short.) 
1635  and  1636.  London,  Nimoguen,  and  several   other   places  in 

Europe.    (Diemerbroeck, '  Tractatus  de  Peste.') 
1655  and  1656.  Host  of  Europe.    Naples  suffered  very  severely, 
three-fourths  of  its  inhabitants  having  perished.  '  Univ.  Hist.,' 
voL  xxviiL,  818. 
1663-65.  London  and  most  parts  of  England  and  Hollands    (Syden- 
ham; ' Cit^  Remembrancer; '  Hodge's  'Loimologia.') 
1702-11.  North  of  Europe.  (Described,  especially  as  it  appeared  in 

Danzig,  by  Dr.  Gottwald ;  and '  Univ.  Hist.,  voL  xxxv.)' 
1720.  Of  Marseille.    (Chicoyneau's  '  Traitd  de  la  Peste ; '  Bertiand's 

'  Relation  Hist,  de  la  Peste  de  Marseilles.') 
1743.  Aleppo.    (Its '  Natural  History;  by  Dr.  Alex.  RusselL) 
1751.  Constantinople.    (Chenier's '  Morocco,'  vol  iL,  275.) 
1760-62.    Aleppo,  Jerusalem,  and  Damascus.    ('  A  Treatise  of  the 

Plague,  &&;  by  Dr.  Patrick  RusselL) 

1770  and  1771.  Constantinople,  Poland,   and  Russia.     (Described, 

especially  as  it  appeared  in  Moscow,  by  Mertens ;  and  '  Ann. 

Regist,'  1772,  p.  165.) 

1783-85.  Egypt,  Dahnatia,  Constantinople,  &c.    (Yolney's '  Travels, 

vol  L,  192 ; '  Courant;  October  28, 1783,  and  October  27, 1785.) 

1799.  In  the  French  army  in  Egypt.    (Sotira,  'M^moire  sur  la 

Peste  observde    en    Egypte  pendant  la  Sejour  de  I'Arm^e 

d'Orient  dans  cette  Contrfe;'    Baron  Larrey,  'Description 

d'Egypte,&a') 

For  further  accounts  of  the  plague,  as  it  has  appeared  more  recently, 

see  Tully's '  Hist,  of  the  Plague  in  tiie  Islands  of  Malta,  Gozo,  Corfu, 

Cephalonia,  &c./  1821 :    also  Dr.  Bowring's  '  Observations   on  the 

Oriental  Plague  and  on  Quarantine,  9lo,/  1838;  and  Dr.  Andrew 

White, '  On  Plague  and  Quarantine/  1846.         , 

.    PestilaUial,  Bpickmic,  cr   Asialic  Cholera  is  a  disease   not   lees 

fatal  than  that  described  in  the  preceding  article ;  and  in  its  endemic 

origin,  its  occcasional  epidemic  eruptions,  its  selection  of  victims,  and 

the  localities  which  it  itivages,  it  bears  a  striking  resemblance  to  plague. 

Its  essential  character  is,  however,  perfectly  distinct,  as  will  be  seen  by 

the  following  accouixt  of  the  symptoms  of  cholera.    The  disease  has 

two  well-marked  stages :  the  cold  or  choleraic,  called  also  the  stage  of 

eolXapse ;  and  the  hot  or  febrile  stage,  or  that  in  which  reaction  takes 

place.    The  first  is  generally  preceded  by  certain  premonitory  symptoms, 

among  the  most  prominent  of  which  is  diarrhoea,  accompanied  usually 

with  languor  and  some  degree  of  nausea;  the  dejections  are  feecal  and 

bilious,  and  often  very  copious.    The  commencement  of  the  purging 

may  precede  the  accession  of  the  febrile  stage  for  several  days,  or  only 

a  &w  hours  may  elapse.    It  is  important  not  to  think  lightly  of  this 

disorder  during  the  prevalence  of  epidemic  cholera,  for  many  a  life 

might  have  been  preserved  if  timely  warning  had  been  taken*  and 

ftjppropxJAte  treatment  adopted  for  removing  it,  before  ^e  accession  of 

the  symptoms  about  to  be  described. 

Symptoms  of  the  cold  ttage. — ^The  time  of  its  invasion  is,  in  the 
majority  of  instances,  from  two  to  four  o'clock  in  the  momiog.  The 
patient  is  attacked  with  uneasiness  of  the  stomach,  to  which  speedily 
succeed  vomiting  and  purging  of  a  watery,  colourless,  and  inodorous 
fluid,  similar  to  barley-water,  or  more  frequently  to  rice-^wattr;  some- 
times it  is  like  milk,  and  occasionally  yellowish ;  but  the '  conjee-stools,' 
as  they  are  termed,  which  consist  of  albuminous  flsJ^es  floating  in  serum, 
or  discharges  of  pure  serum,  are  of  the  most  frequent  occurrence. 
These  discharges  are  attended  with  severe  cramps  in  the  extremities, 
especially  in  the  calves  of  the  legs,  and  are  succeeded  by  exhaustion, 
giddiness,  and  sinking  of  tiie  pulse;  the  pul^e  is  small,  weak,  and 
accelerated ;  and  after  a  certain  interval  becomes  imperceptible.  The 
qkin  is  cold  from  the  commencement ;  and  as  the  disease  advances,  it 
becomes  gradually  cplder,  and  is  covered  either  with  a  profuse  sweat  or 
a  clammy  moisture.  The  temperature  of  the  whole  body  is  lower  than 
naturaL  The  features  are  shrunk  and  anxious :  there  is  restiessness 
and  agitation,  with  great  thirsi,  heartburn,  and  hurried  respiration. 
Notwithstanding  the  coldness  of  the  body  externally,  the  patient  com- 
plains of  heat,  and  tiirows  off  his  bed-clothes.  As  the  cold  increase^ 
the  skin  frequentiy  becomes  blue;  t&e  eyes,  which  are  dull  and 
suffused,  seem  drawn  into  and  fixed  at  the  bottom  of  their  sockets ;  the 
tongue  is  cold  but  moist;  the  voice  is  feeble,  hollow,  hoarse,  and 
interrupted;  but  the  mental  functions  remain  undisturbed  to  the  last. 
At  this  advanced  period  tiie  collapse  is  complete,  the  respiration  very 
slow,  and  the  patient,  who  suffers  little  or  no  pain,  presents  the  appear- 
ance of  a  person  wno  has  been  dead  for  some  time.  The  urine  is 
usually  suppressed  throughout  the  whole,  of  this  stage ;  but  the  dejec- 
tions, becoming  thinner  and  thinner,  continue  to  the  last.  Some 
patientsy  although  blue,  cold,  and  pulseless,  have  sufficient  strength  to 
go  about;  many,  however,  die  of  ^diaustion  before  all  these  symptoms 
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have  declared  themselves.  In  the  majority  of  caaies  the  spasmodic 
symptoms  are  first  ohserved,  and  aftenTards  the  ooUapse ;  the  former 
are  characterised  by  pain,  evacuations,  and  moans ;  the  second,  by  the 
suppression  of  voice,  urine,  and  heat  If,  however,  the  patient  get  over 
the  cold  stage,  that  of  reaction  commences.  The  coldness  and  blueness 
gradually  diinppear ;  the  pulse  returns,  increasing  in  force  and  frequency; 
to  the  pale  or  blue  cheek  succeeds  the  flush;  the  eye  brightens;  the 
tongue,  which  was  of  a  dirty  white,  becomes  cleaner  and  dry ;  vomit- 
ings are  less  frequent,  but  diarrhoea  continues;  and  there  is  some 
tenderness  of  the  abdomen,  with  thirst,  great  disgust  of  food,  and 
intense  headache.  The  urine,  however,  is  secreted ;  and  if  all  goes  on 
well,  at  the  end  of  two  or  three  days  the  features  assume  their  usual 
expression ;  the  stools  are  less  frequent  and  more  natural ;  the  strength 
and  appetite  begin  to  return ;  the  pulse  resumes  its  ordinary  character ; 
and  the  patient  is  convalescent  Several  varieties  occur  in  the  duration 
and  intensity  of  cholera,  and  complications  are  sometimes  produced  of 
a  character  not  less  fatal  than  the  disease  itsell  We  are  informed  by 
M.  Dalmas,  that  soldiers  attacked  in  full  march  will  retire  from  the 
ranks,  lay  down  their  arms  by  the  roadside,  and  expire  in  two  hours. 
During  the  prevalence  of  the  last  epidemic  in  India,  several  instances 
were  heard  of  at  Houbley  and  other  places  in  that  country,  of  natives 
being  struck  with  the  disease  while  walking  in  Uie  open  air ;  th^  fell 
down,  retched  a  little,  complained  of  vertigo,  deafness,  and  blindness, 
and  expired  in  a  few  minutes.  This"  rapidly  fatal  form  of  cholera  has 
not  been  observed  in  this  coimtiy.  The  most  severe  cases  that  we 
have  met  with  generally  lasted  five  or  six  hours;  but  the  average 
duration  of  the  &tal  cases,  when  they  did  not  terminate  in  consecutive 
fever,  was  from  twelve  to  fourteen  hours.  When  reaction  was  esta- 
blished, and  fever  supervened,  the  duration  of  &tal  cases  was  from 
four  to  ten  days.  As  a  general  rule  to  g^de  us  in  forming  a  prognosis, 
it  may  be  stated  that  the  more  complete  is  the  collapse,  the  greater  is 
the  danger;  and  if  the  patient  survive  it,  the  more  violent  and 
malignant  is  the  subsequent  fever.  The  cases  in  which  spasms  and 
vomiting  are  most  violent  ^  by  no  means  tiie  most  dangerous. 

Mciibid  Anatomy  of  (Z&o/era.— Dissection  presents  us  with  nothing 
satisfactory  by  which  we  can  j  udge  of  the  nature  of  the  disease.  There 
ie  general  venous  congestion  of  iJl  the  important  organs  in  the  body ; 
but  it  is  rare  that  any  traces  of  inflammation  are  discovered.  The 
gall-bladder  is  mostly  distended  with  bile,  and  its  ducts  are  con- 
stricted. In  the  stomach  and  intestines  is  found  either  a  transparent 
or  a  turbid  serous  fluid,  mixed  with  a  white  opaque  substance  m  the 
form  of  flakes,  and  similar  in  all  respects  to  tiie  matters  ejected  during 
life.  The  mucous  membrane  Uning  the  intestinal  canal  is  most 
frequently  of  a  pale  white  colour,  and  somewhat  more  soft  and  pulpy 
than  in  its  natural  condition ;  but  occasionally  some  degree  of  vascu- 
larity is  observed.  The  urinary  bladder  is  empty  and  contracted. 
With  respect  to  the  blood,  it  is  found  to  be  more  viscid,  and  darker 
coloured  than  natural,  which  arises  from  a  deficiency  of  its  saline  and 
wateiy  components,  and  a  relative  increase  of  its  solid  constituents. 
In  1000  pa^rts  of  serum.  Dr.  (yShaughnessy  found  188  of  albumen, 
whereas  healthy  serum  contains  only  78  parts.  On  comparing  the 
blood  with  the  matter  found  in  the  intestines,  it  is  manifest  that  the 
latter  contains  all  the  ingredients  of  tiie  blood,  except  the  red  ^obules ; 
and  that  the  aqueous  and  saline  parts  pass  out  of  the  circulation  more 
rapidly  than  the  albuminous.  This  state  of  the  blood  explains  the 
congestion  more  especially  in  the  lungs,  and  accounts  for  the  derange- 
ment of  the  functions  of  the  respiratofTsystem. 

Bistory  and  SUiHttict  of  C^o^ero.— There  appears  to  be  little  doubt 
•that  pestilential  cholera  has  from  time  immemorial  visited  the  vuiou9 
populations  of  the.world.  It  was  described  by  Sydenham  in  the  itth 
century,  and  various  outbreaks  are  recorded  dunng  the  18th  century. 
It  however  excited  the  greatest  attention  in  Europe  during  the  second 
quarter  of  the  present  century.  That  this  form  of  cholera  is  more  t>r 
less  indigenous  in  Europe  is  the  opinion  of  most  medical  writers  at  the 
present  day.  The  circumstances  which  cause  the  sporadic  form  to 
assume  a  contagious  and  epidemic  character  are  not  well  understood. 
During  the  present  century  Europe  has  sustained  ^ree  outbreaks  of 
this  disease.  The  fint  in  1828-29,  80  and  81 ;  the  second  in  1847-i8, 
and  49 ;  the  third  in  1852-8,  and  4.  The  history  of  the  first  outbreak 
is  as  follows : — It  originated  in  the  district  of  Nuddeah  and  in  some 
other  |)arts  of  the  delta  of  the  Ganges,  about  the  end  of  Kay  or  the 
beginning  of  June,  1817.  During  Uiat  year  it  did  not  extend  beyond 
the  territoi^  of  Lower  Bengal;  but  in  1818  and  the  early  part  of  1819 
it  diflused  itself  throughout  the  extreme  length  and  breadth  of  the 
Indian  peninsula,  yet  leaving  untoudied  many  districts  placed  between 
its  b'nes  of  movement.  Its  progress  along  the  lines  selected  was 
wonderfully  uniform,  bemg,  for  some  successive  months,  at  the  rate  of 
about  one  degree  in  a  month.  As  early  as  1818,  it  extended  itself 
beyond  the  boundaries  of  Hindustan  into  the  Birmese  empire  and 
other  parts  of  Eastern  Asia,  and  making  gradual  progress  thrt)ugh 
these  countries,  reached  China  in  1820,  and  in  the  following  year 
visited  the  numerous  and  populous  islands  of  the  Indian  Archipelago. 
The  Isle  of  France  sufTered  its  invasion  in  1819,  and  some  cases 
occurred  in  the  same  year  at  one  point  in  Bourbon.  In  1821  it 
extended  along  the  shores  of  the  Persian  Qulf ,  and,  during  this  and 
the  following  year,  spread  through  parts  of  Arabia,  Persia,  and  Syria> 
and  closely  threatened  Europe.  It  appeared  in  the  Russian  territories 
in  1828,  at  Tefflis^  Orenburg,  and  Astrakan ;  but  its  farther  northern 


and  western  progress  was  stopped  for  a  time.    It  however  reappeared 
in  Orenbux^g  in  1828,  and  agam  in  1829,  and  in  1830  advanced  throt^ 
the  southern  provinces  of  tiie  Ruasian  empire,  tiU  it  reached  Moscow 
on  the  28th  of  September  of  that  year,  and  Petersburg  the  year 
following.    Warsaw  was  attacked  in  March,  1831 ;  Danxdg  in  May ; 
Berlin,  in  August;  Hambuxg  and  Sunderland  in  October ;  and  London 
and  Paris  in  1882.    At  the  end  of  1838  it  had  reached  Mexico  and 
several  other  parts  of  America.    We  see  that  the  course  of  the  ejndemic 
was  principally  from  east  to  west,  and  it  was  observed  that  prior  to  its 
appearance  in  many  countries,  and  during  its  conttnuanoe,  eastcriy 
winds  were  uncommonly  prevalent ;  but  most  accurate  and  extensive 
meteorological  observations,  made  daily  during  the  continuance  of  the 
disease,  prove  that  neither  variations  of  temperature,  fluctuations  of 
the  barometer,  change  of  wind,  nor  the  prevalence  nor  absence  of 
moisture,  affect  in  the  slightest  degree  its  duration  or   intensity. 
Bowel  complaints  appear  to  have  pre^ded  the  cholera  in  most  places, 
and  to  have  continued  for  some  months  after  its  cessation.    In  many 
localities  the  disease  existed  only  for  a  few  weeks,  while  in  others  it 
lingered  for  several  months.    In  the'  first  case,  the  mortality  was 
invariably  high ;  in  the  last,  the  malignancy  of  tiie  disease  goMrally 
diminished  as  its  stay  was  prolonged.    Into  whatever  country  or  town 
the  disease  advanced,  its  first  and  most  deadly  fury  was  expended  upon 
the  poorest  and  most  miserable  of  the  population,  and  upon  those  who 
inhabited  crowded  districts,  or  low  humid  localities  bordering  on  a  pott 
or  river.    Among  this  class  of  individuals  whole  families  were  some- 
times cut  (^by  it ;  indeed  it  is  a  peculiar  feature  of  epsdemio  cholera 
that  its  ravages  are  confined  almost  exclusively  to  the  poor.    When 
the  disease  has  appeared  in  a  fiunily  occupying  a  station  in  life  above 
the  labouring  class,  we  have  the  authority  of  Dr.  Brown  for  declaring 
that  in  every  case  it  has  been  confined  to  the  individual  first  attacked, 
and  has  not  in  any  instance  spread  to  the  other  members  of  the  fanuly. 
The  mortality  from  this  disease  is  very  great ;  but  it  varies  somewhat 
in  different  countries  and  at  different  stages  of  its  epidenue  career. 
During  its  early  prevalence  in  India,  in  1817  and  1818,  we  learn,  from 
the '  Report  to  uie  Medical  Board  at  Bombay,'  that  there  is  reaaon  to 
believe  that  of  1294  cases  which  received  no  medical  assistance,  every 
individual  perished ;  and  it  is  added,  that  it  is  not  ascertained  that  any 
person  has  recovered  to  whom  medicine  had  not  been  administered. 
This  appalling  statement  however  is  without  parallel,  and  it  is  grati- 
fying to  know  that  where  the  premonitory  symptoms  have  been 
combated  by  early  and  judicious  treatment,  the  mortality  has  always 
been  diminished.     This  is  strikingly  exemplified  by  the  statistical 
records  kept  at  our  different  military  stations  m  various  parts  of  the 
world.    In  all  situations  and  tmder  all  modes  of  treatment,  about  one 
in  two  died  of  the  cases  in  civil,  and  one  in  three  of  those  in  the 
military  hospitals ;  a  result  doubtless  to  be  attributed  to  the  strict 
surveillance  exercised  over  the  troops,  by  which  nearly  one-half  of  the 
cases  among  them  were 'noticed  in  the  premonitory  stage,  and  con- 
sequently could  be  treated  with  a  greater  prospect  of  success  than 
those  in  the  dvil  hospitals,  where  the  great  majority  of  the  patients 
were  far  advanced  in  the  disease  before  they  applied  for  medical  aid. 
Of  the  severe  cases  however  the  mortality  is  probably  nearly  the  same 
in  all,  being  about  60  per  cent^    One  of  the  most  extraordinary 
features  of  this  epidemic,  observes  Major  Tulloch,  is  that  the  propor- 
tion of  deaths  to  ue  number  attacked  has  been  very  nearly  alike  in  all 
the  military  commands  of  which  the   medical  records  have  been 
investigated  :  for  instance — In  the  United  Kingdom,  the  deaths  were 
1  in  8^ ;  in  Gibraltar,  1  in  p4 1  ^^^  Nova  Scotia,  1  in  8^ ;  in  Canada,  1 
in  8 ;  in  Honduras,  1  in  8 ;  in  the  Mauritius,  1  in  8).    The  Mauritius 
appears  to  be  the  only  exception  to  this;  so  that  either  the  epidemic 
was  less  severe  in  its  character,  or  the  remedies  employed  were  more 
successful 

The  influence  of  age  on  the  mortality  by  this  disease  among  the 
troops  of  the  line  serving  in  Canada  is  exemplified  in  the  following 
table  :— 

Batio  of  Deaths  at  each  Age,  per  1000 
Age.  of  strength  by  Epidemic  Chden. 

Under  18  .       ,        .        .  — 

18  to  25  .        .        .    .  15-5 

25  to  88  .        •        .  28* 

88  to  40  .        .        .    .  86-6 

40  to  50  .        .  70-6 

It  appears  from  the  authority  to  which  we  are  indebted  for  the 
foregoing  table,  that  females  were  attacked  in  very  nearly  the  same 
proportion  as  rnales,  but  that  the  cases  proved  more  generally  fatal 
Children  were  in  a  great  measure  exempt,  though,  when  attacked,  they 
rapidly  sunk  imder  it.  The  greater  mortality  of  the  disease  in  females 
has  also  been  observed  in  this  country.  Dr.  Ogden  informs  us  that  of 
145  fatal  cases  of  cholera  at  Sunderlimd,  68  were  males  and  82  females. 
The  information  which  we  possess  on  the  relative  mortelity  of  the 
disease  in  the  different  races  of  mankind  is  rather  meagre.  Tlie  native 
Indians  of  North  America  suffered  from  it  in  an  equal  degree  with  the 
white  population;  and  the  same  was  observed  with  regard  to  the 
Sepoys  ii^  our  Indian  army.  In  the  Mauritius,  whose  population  in 
1831  was  90,000,  of  which  25,000  were  whites  and  the  rest  coloured, 
the  total  number  of  deaths  recorded  in  the  civil  and  military  hospitals 
was  1327.    Of  these  168  were  whites,  162  coloured^  and  997  blacks, 
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principally  negroes,  wHo  aeemed  peculiarly  subject  to  the  4iMMe.  At 
this  date,  more  than  2000  out  of  4300  slaves  belonging  to  government 
were  cut  off  by  it^  and  of  those  belonging  to  the  planters  nearly  as 
many. 

The  disease  as  it  appeared  in  Europe  in  the  two  last  outbreaks  pro- 
Banted  no  new  features.  There  was  the  same  great  mortality  at  the  onset. 
It  travelled  from  city  to  city  in  the  same  manner  and  gradually  die- 
appeared.  It  broke  out  in  England  in  1848,  and  wjis  present  in  London 
in  1849.  It  subsided  and  again  appeared  in  1853,  and  in  London  in 
1854.  Since  that  time  it  has  gradually  subsided,  and  no  great  epidemic 
has  occurred  in  Europe  since. 

The  number  of  persons  attacked  in  a  community  by  cholera  has 
varied  very  considerably.  In  no  instance  has  a  whole  population  been 
attacked  during  an  outbreak.  In  the  marching  corps  of  our  army  the 
number  attacked  has  been  from  17  to  330  for  1000  men.  Moreau  de 
Jonn^  has  given  the  following  estimate  for  the  numbers  attacked  in 
the  countries  of  Europe. 


1^'ranco 

.  1  in  800 

Belgium  .        ..  1  in  120 

Russia     . 

.    .  1  in    20 

Great  Britam  and 

Austria 

.  lin    80 

Ireland     .        .  1  in  181 

Poland    . 

.    .  1  in    82 

Holland  .        .    .  1  in  144 

Prussia 

.  1  in  100 

Germany     .        .  1  in  700 

(Jauaes  of  ChoUrcu — ^That  the  whole  series  of  phenomena  results 
from  the  action  of  a  morbific  poison  on  the  body,  there  can  •  be  no 
doubt ;  that  this  morbific  matter  is  indigenous  to  some  countries, 
and  apparently  has  its  origin  in  certain  peculiar  conditions  of  the  soil, 
la  supposed  to  be  true  from  the  effects  which  we  find  to  be  produced 
upon  animal  bodies  living  in  these  districts.  But  why  the  miasm 
arising  from  the  overflow  of  the  Nile  should  produce  plague ;  that  of 
the  Ganges,  cholera ;  that  of  the  parts  situated  in  the  tropics,  yellow 
fever;  or  our  own  marshes,  simple  intermittent — we  are  ^atirely 
ignorant ;  nor  can  we,  in  the  present  state  of  our  knowledge,  at  all 
account  for  the  epidemic  spread  of  some  of  these  endemic  diseases. 

Notwithstanding  the  extensive  knowledge  acquired  from  the  recent 
outbreaks  of  the  disease  in  Europe,  no  consistent  theory  of  its  cause  has 
been  proposed.  Whilst  its  history  would  seem  to  ^Int  out  the  produc- 
tion of  a  poison  in  the  interior  of  Asia,  which  was  gradually  conveyed  to 
other  paxis  of  the  world,  there  is  not  wanting  evidence  to  show  that 
wmilar  epidemics  have  occurred  without  any  trace  of  such  origin. 
It  seems  not  impossible  that,  imder  certain  meteorological  or  other 
external  circumstances,  the  ordinary  diarrhcoa  or  cholera  of  a 
district  may  acquire  a  contagious  character;  that  is,  the  body  mi^ 
generate  a  poisonous  matter,  which,  being  carried  into  an  otherwise 
healthy  system,  may  engender  the  disease.  Such  a  contagious  cha- 
racter is  occasionally  asstmied  by  diseases  which  do  not  ordinarily 
prasent  this  character,  as  erysipelas  and  dysentery.  The  following 
summary  of  the  various  theories  which  have  been  entertained  to 
account  for  the  spread  of  cholera  is  given  by  Dr.  Aitken,  in  his  'Science 
and  Practice  of  Medicine ' : — 

1.  "  That  the  disease  spreads  by  an  atmospheric  influence,  or  epi- 
demic constitution  by  a  succession  of  local  outbreaks,  and  l^t  the 
particular  localities  affected  are  determined  by  certain '  localising  con- 
ditions,' which  are,  first,  all  those  well-known  circumstances  which 
render  places  insalubrious ;  and  second,  a  susceptibility  to  the  disease 
in  the  inhabitants  of  such  places,  produced  by  the  habitual  respiration 
of  an  impure  atmosphere." 

2.  **  That  the  cause  of  cholera  is  a  morbific  matter,  which  undergoes 
increase  only  within  the  human  body,  and  is  propagated  by  means  of 
emanations  from  the  bodies  of  the  sick;  in  other  words,  simply  by 
contagion." 

3.  *'  It  is  supposed  that  the  poison  of  cholera  is  swallowed,  and  acts 
directly  on  the  mucous  membrane  of  the  intestines,  and  is  at  the  same 
time  reproduced  in  the  alimentary  canal,  and  passes  out  mudh  increased 
with  the  discharges;  and  that  these  discharges  afterwards,  in  various 
ways,  but  chiefly  by  becoming  mixed  with  the  drinking  waters  in 
rivers  and  wells,  reach  the  alimentary  canals  of  other  persons,  and 
produce  the  like  disease  in  them." 

4.  "  Assuming  that  the  cause  of  cholera  is  a  morbific  matter,  or 
poison,  it  is,  supposed  that  it  is  reproduced  only  in  the  air,  and  within 
the  bodies  of  those  whom  it  affects,  and  that  its  diffusion  is  due  to  the 
agency  of  the  atmosphere." 

5.  "  It  is  supposed  that  the  cholera  poison  is  increased  by  a  species 
of  fermentation,  or  other  mode  of  reproduction,  in  impure,  damp,  and 
stagnant  air ;  and  it  is  maintained  that  it  nevertheless  is  distributed 
and  diffused  by  means  of  human  intercourse,  it  being  carried  in  ships 
and  other  vehicles,  and  even  in  the  clothes,  especially  in  tiie  foul 
clothes  of  vagrants,  and  the  accumulated  ba^^ge  of  armies." 

6.  "  It  is  assumed  that  the  material  causes  of  the  disease  may  be 
increased  and  propagated  m  and  by  impure  air,  as  wdl  as  in  and  by 
the  human  body." 

Those  who  deny  the  existence  of  any  specific  poison,  give  the 
greatest  prominence  to  meteorological  conditions  and  the  external  cir- 
cumstances that  induce  a  predisposition  to  the  disease.  Those  who 
admit  the  existence  of  a  poison,  cannot  deny  the  controlling  influences 
exercised  by  these  agencies. 

Although  there  is  no  evidence  to  connect  all  attacks  of  cholera  with 
a  particular  state  of  the  atmosphere,  there  is  much  evidence  to  show  I 


that  cholera  occurs,  as  a  rule,  with  an  increased  temperature,  and  that, 
eceterU  parUnu,  the  higher  the  temperature  the  more  virulent  is  the 
(fisease.  During  the  first  outbreak  of  cholera  in  Great  Britain,  the 
temperature  of  the  preceding  year  had  not  only  been  unusually  high, 
but  the  atmosphere,  both  inland  and  sea,  was  unusually  stagnant,  dose^ 
and  hot.  This  state  of  the  atmosphere  was  observed  both  in  the 
second  and  third  outbreaks.  Mr.  Glashicr  observes,  that  there  was  a 
misty  condition  of  the  atmosphere,  and  that  the  readings  of  the  baro- 
meter were  remarkably  high ;  while  in  the  two  last  a  total  absence  of 
ozone  was  observed.  In  other  parts  of  the  world  similar  phenomena 
have  been  observed.  Such  states  of  the  atmosphere  are  attended  with 
a  marked  tendency  to  putrefactive  change  in  organic  substances,  and 
the  consequent  diffusion  of  their  products  in  the  air. 

But  whilst  these  general  conditions  of  the  atmosphere  have  existed 
during  an  outbreak  of  cholera,  the  occurrence  and  spread  of  the  disease 
has  been  determined  by  a  variety  of  ^circumstances,  which  have  acted 
as  predisposing  causes  in  individuals.  Amongst  the  inost  active  of 
these  may  be  mentioned  impure  water,  lowness  of  site  of  dwelling,  and 
the  emanations  of  animal  and  vegetable  refuse. 

The  action  of  impiure  water  is  well  illustrated  in  the  history  of  the 
two  epidemics  occurring  in  London  in  1849  and  1854.  The  district  of 
Lambeth,  in  1849,  was  supplied  with  water  by  two  companies,  tho 
Lambeth  and  Vauxhall  water  companies,  both  deriving  their  water 
from  the  Thames  at  Battersea.  In  this  year,  the  population  which  was 
supplied  by  those  companies  suffered  equally  from  cholera.  But 
when  the  cholera  revisited  London  in  1854,  the  Lambeth  company 
was  obtaining  a  new  supply  of  vra>ter  higher  up  the  river,  at  Thames 
Ditton,  beyond  the  tidal  action  of  the  river.  The  consequence  of  tills 
improved  supply  was  very  remarkable  in  its  action  on  the  predispo- 
sition of  the  inhabitants  to  take  cholera ;  for  although  the  Lunbetii 
company  supplied  houses  in  the  same  streets,  and  over  precisely  the 
same  character  of  population,  as  the  Vauxhall  company,  it  was  found 
that  the  deaths  from  cholera  in  the  latter  population  were  as  7  to  1  of 
the  former.  In  all  respects  the  supply  of  water  was  the  same,  but  that 
in  the  one  case  the  company  supplied  a  water  more  highly  chai^ged 
with  organic  impurities  than  in  the  other.  A  still  more  striking  case, 
illustrative  of  the  influence  of  impure  water  in  the  production  of 
cholera,  occurred  in  the  district  of  Broad  Street,  Golden  Square,  St. 
James's,  Westminster,  in  1854.  In  the  course  of  five  or  six  days,  from 
the  80th  of  August,  not  less  than  five  hundred  persons  died  of  diolera 
out  of  a  population  of  not  more  than  four  or  five  thousand.  After  a 
rigorous  investigation,  it  was  ascertained  that  the  majority  of  those 
persons  had  partaken  of  water  from  the  pump  in  Broad  Street,  ^hidi 
on  examination  was  found  to  communicate  with  a  cesspool  in  an 
adjoining  house.  ('  Report  on  the  Cholera  Outbreak  in  the  Parish  of 
St^  James,  Westminster,  in  1854.')  Numerous  other  examples  are 
recorded  of  the  connection  of  cholera  with  the  drinking  of  impure 
water. 

With  regard  to  the  locality  of  houses.  Dr.  Farr  has  shown,  for 
London,  that  nothing  has  so  constant  a  relation  to  the  fatality  of 
cholera  as  the  elevation  of  site.  He  has  shown  that,  just  as  we  ascend 
from  the  banks  of  the  river  Thames  to  tho  higher  localities  around  it, 
the  mortality  of  cholera  diminished.  This  is  undoubtedly  connected 
with  the  fact  that  the  greatest  accimiulation  of  oi^ganic  refuse  oocuni 
on  the  banks  of  rivers  into  which  the  sewage  of  a  city  is  poured. 

The  effluvia  whidi  pass  off  from  decomposing  animal  and  vegetable 
matter  seem  to  have  a  great  influence  in  predisposing  the  system  to 
the  reception  of  tdiie  choleraic  poison.  It  is  well  known  that  the  atmo- 
sphere of  dissecting  rooms,  and  places  whero  animal  bodies  are  decom- 
posing, produce  on  those  exposed  to  it  a  tendency  to  diarrhoea.  This 
is  also  the  case  with  the  excretions  of  animals,  when  they  are  allowed 
to  imdei^  putrefactive  changes.  Hence  it  has  been  found  that 
diarrhoea  and  cholera  prevail  especially  in  those  houses  and  streets 
which  aro  undrained,  and  whero  hiunan  rofuse  is  allowed  to  accumu- 
late in  cesspools.  The  instances  recorded  of  the  breaking  out  of 
cholera  in  the  neighbourhood  of  foul  drains,  or  of  recently  opened 
cesspools,  aro  very  numerous  and  conclusive  on  this  point.  In  many 
towns  in  England,  whero  the  inhabitants  suffered  severely  from  a  fint 
attack,  they  obtained  during  the  subsequent  visitations  an  eutiro 
immunity,  by  the  improvement  of  the  drainage  and  the  substitution  of 
water-closets  for  privies  and  cesspools. 

Independently  of  external  causes,  thero  aro  certain  facts  connected 
with  the  individual  that  act  as  predisposing  causes.  Thus,  vrith  ro^pard 
to  age  and  tex,  Dr.  Farr  found  that  males  suffered  more  than  f einales 
at  the  ages  under  25  years,  but  between  25  and  45  the  females  suffered 
more  tbu  the  males.  During  the  prevalence  of  cholera  in  Paris  in 
1832,  it  was  found  that  the  mortality  was  least  .from  6  years  to  20, 
greater  from  30  to  40,  and  greatest  of  all  above  40  y&rs.  ffabiU  of 
life  exeroise  a  great  influence  in  predisposing  to  cholera,  and  there  is  no 
question  that,  in  all  countries,  the  lower  classes  have  suffered  more 
than  the  upper  classes.  This  was  observed  in  India,  where,  in  all  the 
large  cities,  the  natives  suffered  more  than  the  European  population; 
where  the  Brahmin  merohant  suffered  less  than  the  ryot,  and  the  ryot 
less  than  the  pariah.  In  the  cities  of  Europe,  everywhere  the  poor  and 
iU-fed  suffered  most.  As  a  rule,  Mohammedan  nations  have  suffered 
more  than  European,  and  the  Hindoos  more  than  Mohiimmedans.  As 
indicating  the  ii^uence  of  low  diet,  it  has  been  stated  that  the  Mohiun- 
medans  suffered  much  more  during  their  rigid  fasts.    The  excessive 
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'  UM  of  alcohdic  liquors  has  evetywhibre  been  obeeiTed  as  a  predlBposiiig 
eaum  to  cholera,  whilst  entire  abstinence  from  them  seems  also  to  have 
I  inrited  attacks.  Exhaustion  from  fiUiffue  also  invitee  the  action  of  the 
!  poison.  This  has  been  remarkably  exemplified  in  the  movements  of 
the  army.  When  troops  have  been  marched  a  long  distance,  they  have 
been  immediately  seized  with  cholera  on  reaching  their  deetination, 
whilst  soldiers  who  have  remained  in  eamp  during  the  same  time  have 
experienced  no  attack  at  aU. 

2\tatment  of  Cholera, — ^Ptemisingi  in  a  prophylactic  point  of  view, 
the  Buperiprity  of  avoiding  all  the  predispodng  causes  of  cholera  to 
the  absurd  practioe  of  swallowing  spedflcs  a^^ucst  the  disease,  our 
treatment  must  be  regulated  according  to  the  state  in  which  we  find 
the  patient.  The  diarrhoea  may  be  treated  by  a  dose  of  calomel  and 
opium  combined  with  some  aromatic,  at  once,  and  small  doses  of  opium 
snould  be  continued  every  hour  till  the  diarrhoea  is  restrained. 
Bleeding  has  been  recommended  at  this  period  of  the  disorder,  but  all 
experience  shows  this  to  be  a  dangerous  practice.  If  the  patient  is 
ahready  in  a  state  of  collapse,  the  various  modes  of  treatment  which 
have  been  adopted  prove  how  little  is  to  be  effected  when  the  disease 
has  advanced  to  this  stage.  Major  TuUoch  informs  us  that  the 
principal  remedy  of  the  American  aborigines  consisted  in  merely 
swallowing  large  quantities  of  ^charcoal  mixed  with  lard;  yet  very 
nearly  the  same  proportion  recovered  as  among  the  white  inhabitants 
of  the  toynis  fwho  had  the  advantage  of  the  best  medical  science.  In 
this  country^  blood-letting,  cold  ttSusion,  hot-baths,  emetics,  purges, 
astringents,  sedatives,  and  stimulants  of  the  most  powerful  kind,  have 
been  successively  tried  with  very  doubtful  advantage.  The  plan 
however  which  has  excited  most  attention  is  thatbys^nes.  Medical 
men,  guided  by  chemical  analysis,  conceived  the  project  of  supplying 
by  arlSficial  means  the  serum  whidi  was  found  wanting  in  the  blood. 
With  this  view  lavements  and  potions  of  an  alkaline  solution,  resem- 
bling serum  in  composition,  were  administered;  but  not  being  able 
by  this  means  to  arrest  the  vomiting,  it  was  recommended  and  put  into 
inrsMctioe  b^  Dr.  Latta  of  Leith  to  inject  the  same  fluid  into  the  veins. 
This  was  first  done  by  means  of  one  of  Reid's  syringes,  the  temperature 
of  the  solution  being  kept  at  from  108"  to  110°  Fahr.  Of  74  bad  cases 
treated,  in  this  method,  22  recovered,  and  in  one  case  only  did  any 
unfavourable  symptoms  occur,  and  this  was  from  phlebitis,  or  inflam- 
mation of  the  veins.  As  much  as  88  lbs.  of  this  alkaline  solution  have 
been  injected  in  the  space  of  52  hours,  and  with  a  successful  result. 
Some  practitionerB  have  even  exceeded  in  amount  this  quantity.  The 
compoeition  of  the  saline  injection  employed  by  Dr.  Latta  consisted  of 
two  drachms  of  common  salt  and  two  scruples  of  carbonate  of  ^wda 
dissolved  in  sixty  ounces  of  water;  but  this  formula  has  been  slightly 
varied  in  different  cases.  The  immediate  effects  observed  on  injecting 
this  fluid  into  the  veins  are,  an  increase  of  the  temperature  and 
respirstion,  a  reappearance  of  the  pulse,  if  before  imperceptible,  or  it 
becomes  fuller,  stronger,  and  slower,  when  it  was  beiore  small, 
frequent,  and  feeble.  The  collapsed  appearance  of  the  countenance 
gradually  vanishes;  it  becomes  fuller  and  more  natural;  the  eyes 
brighten,  the  thirst  diminishes,  and  the  patient  expresses  himself  in 
terms  of  gratitude  or  intisfaction  at  the  wonderful  change  wrought  in 
his  feelings.  But  this  change  is  evanescent ;  the  purging  continues, 
and  the  patient  -is  shortly  reduced  to  the  same  nopeless  state  in 
which  he  was  previous  to  the  adoption  of  this  treatment. 

The  fiulure  of  all  heroic  methods  of  treatment  has  induced  the  trial 
of  almost  all  possible  forms  of  treatments  All  the  metals  have  been 
given,  as  well  as  the  non-metallic  agents,  the  vegetable  alkaloids,  and 
mineral  acids.  Emetics,  purgatives,  diuretia!^,  sodorifics,  all  have  been 
tried,  and  although  many  of  these  remedies  have  been  vaunted  as 
cures,  the  terrible  logic  of  statistical  calculation  has  demonstrated  that 
no  one  ^stem  can  claim  to  be  more  successful  than  another.  At  the 
commencement  of  the  epidemic  all  die  alike,  as  the  more  inredisposed 
are  cut  down,  a  larger  number  recover,  and  it  is  at  this  period  the 
.  medical  practitioner  begins  to  attribute  the  recoveries  to  the  success 
of  his  treatment.  The  London  College  of  Physicians  obtained  the 
returns  of  the  treatment  of  several  thousand  eases,  and  came  to  no 
eondusion  as  to  any  particular  system.  It  may,  however,  be  remarked 
that  whatever  remedy  was  given  it  was  accompanied  with  some  of  the 
preparations  of  opium,  and  contrasting  those  plans  of  treatment  which 
contained  opium  as  an  element,  with  those  in  which  this  remedy  was 
'omitted,  it  was  found  that  the  former  were  the  more  successful. 
Amidst  then  the  vast  experience  of  remedies  in  this  deadly  malady  we 
have  only  this  fact  presented  with  certainty  that  opium  alone  in  one 
form  or  another  offers  some  chance  of  relieL 

PETALISM.    [OsTRACttSM.] 

PETARD.    [Ahtillbrt.] 

PETE'CHI^  are  small  spots  of  a  dark  red  colour  produced  by  the 
effusion  of  drops  of  blood  in  the  skin  just  beneath  the  cuticle.  At 
first  sight  they  look  very  like  flea-bites,  but  they  do  not  disappear 
when  they  are  pressed  with  the  finger.  They  usually  indicate  an 
altered  state  of  we  blood,  and  are  often  symptoms  of  very  serious  dis- 
eases, as  in  typhus  fever  (some  varieties  of  which  have  hence  been 
called  petechial  fever),  scurvy,  purpura,  &c.  Th^  commonly  appear 
also  in  very  severe  cases  of  small-pox,  measles,  and  scarlet  fever,  and 
are  amongst  the  worst  symptoms  by  which  tiiose  diseases  are  marked. 

PETECHIAL  FEVER.    [Petbchue.] 

PETER-PEKCE,  a  tax  anciently  levied  throughout  England,  ao- 


cording  to  some  authorities,  of  a  penny  upon  each  house ;  accordiz^  to 
others  of  a  penny  upon  every  house  which  contained  twenty  p^iny- 
worth  of  any  kind  of  goods,  and  paid  to  the  pope.  This  payment,  in 
ancient  times,  passed  under  various  denominations :  Rome-fee,  Rome- 
penning,  and  Rome-scot  were  the  Saxon  names;  Denarii  S.  Petri  and 
Census  S.  Petri,  in  Latin.  The  earliest  payment  of  it  is  attributed  by 
some  to  Ina,  Idng  of  the  West  Saxons,  a.I).  720 ;  by  others  to  OSa, 
king  of  Mercia^  a.d.  790.  At  one  period  of  his  reign,  Edward  III.  dis- 
continued  this  payment,  but  it  was  revived  by  Richard  IL  It  finally 
ceased  i^t  the  Reformation. 

(Du  Cange's  Gtowxry  ;  Leg,  Edw,  C<mf,  A  WUL  Chnq,) 

PETER'S,  ST.    [BioKE,  in  Qeog.  Div.] 

PETININE.    Synonymous  with  butylamine,    [Obqahio  Bases.! 

PETIT-SERJEANTY.    [Skbjkant.] 

PETITION.  A  petition  is  an  application  in  writing,  addressed  to 
the  lord  chancellor,  in  which  the  petitioner  states  certain  facts  as  the 
ground  on  which  he  prays  for  the  order  and  direction  of  the  court. 
Petitions  are  either  catue  petitions  or  not.  A  cause  petition  is  a  peti- 
tion in  a  matter  of  which  the  court  has  already  possession  by  virtue  of 
there  being  a  suit  concerning  the  matter  of  the  petition;  and  the 
petitioner  is  generally  either  a  party  to  such  suit,  or  he  derives  a  title 
to  sozde  interest  in  the  subject-matter  of  the  suit  from  a  party  to  it^ 
When  there  is  no  suit  existiDg  about  the  matter  of  the  petition,  it  is 
called  an  ex  parte  petition. 

Some  cause  petitions  are  called  petitions  of  course,  and  relate  to 
matters  in  the  ordinary  prosecution  of  a  suit,  and  before  a  decree. 
Such  petitions  are  granted  upon  application  of  the  party  petitioning ; 
and  they  may  be  presented  at  any  tune,  whether  the  courts  are  ^tidng 
or  not. 

Other  petitions  in  a  cause,  which  are  not  petitions  of  coune,  and 
may  be  called  special  petitions,  have  for  their  object  to  cany  a  decreo 
into  execution.  Thus  a  party  who  has  an  interest  in  a  fund  in  court, 
a  legatee  for  instance  who  was  a  minor  when  the  decree  was  made, 
may,  when  he  is  of  age,  apply  by  petition  to  have  his  share  paid  to 
him,  because  his  right  to  it  has  been  recognised  by  a  decree  or  order 
of  the  court,  or  by  a  master's  report  which  has  been  confirmed.  The 
nature  of  the  petiti(^  in  a  cause  will  of  course  vary  with  the  subject- 
matter  of  the  suit. 

Petitions,  not  in  a  cause,  are  of  various  kinds,  and  many  of  them  are 
presented  under  the  authority  of  particular  acts  of  parliament.  These 
also  are  called  special  petitions.  Thus  a  petition  may  be  presented  for 
the  appointment  of  guardians  to  infants,  and  for  an  allowance  for  their 
maint^iance;  for  the  purpose  of  procuring  an  order  of  court  that 
infant  trustees  and  mortgagees  may  execute  conveyances ;  and  for 
various  other  purposes.  In  matters  of  lunacy,  the  form  of  proceeding 
in  the  first  instance  is  by  petition,  the  prayer  being  for  a  commission 
to  inquire  into  the  state  ox  mind  of  the  aUeged  lunatic  [Lttnact.] 
In  sucisequent  ppoceedings  relating  to  the  property  of  a  person,  when 
found  lunatic  by  a  jury,  a  petition  is  the  regular  and  ujjiial  course  of 
proceeding;  and  suits  are  not  commenced  or  defended  for  the  lunatic 
without  the  prpvious  approval  and  direction  of  the  court. 

All  special  petitions  must  be  presented  to  the  court  to  which  they 
are  addressed,  in  order  to  be  answered  :  until  they  are  answered,  the 
court  is  not  fully  possessed  of  the  matter  of  the  petition.  The  answer, 
which  is  written  on  the  copy  of  the  petition  and  signed  by  the  judge, 
requires  the  attendance  before  him  of  all  parties  concerned  in  Uie 
matter  of  the  petition  at  the  hearing  thereof.  It  is  the  business  of  the 
petitioning  parly  to  serve  all  proper  parties  with  notice  of  this  petition, 
and  the  answer  to  the  petition  becomes  an  order  of  the  court,  upon 
every  person  whom  the  petitioner  chooses  to  serve  with  the  petition, 
to  attend  at  the  hearing  of  it ;  and  if  such  person  be  absent  at  the 
hearing,  he  will  be  bound  by  the  order  made  on  the  petition.  Service 
of  the  petition  consists  in  delivering  a  true  copy  of  the  petition  as 
answered  to  the  <derk  in  court  whose  attendance  the  petitioner  thinks 
necessary,  or  to  the  party  himsell  In  some  special  cases,  the  peti- 
tioner is  permitted,  on  special  motion,  supported  by  an  affidavit  that 
he  is  unable  to  serve  the  party  personally,  to  leave  the  copy  of  the 
petition  at  the  party's  house  with  one  of  his  family,  and  this  will  be 
considered  good  servica  Special  petitions  frequentiy  require  to  bo 
supported  by  affidavits  of  the  petitioner  or  some  other  person,  or  of 
both ;  and  such  affidavits  may  be  filed  at  any  time  after  the  petition  is 
answered.  If  a  petitioner  choose  to  serve  a  party  with  a  petition, 
whose  presence  is  considered  by  the  court  to  be  unnecessary,  he  mui>t 
pay  such  party  the  cost  of  attending  at  the  hearing  of  the  petition. 

A  petition  is  heard  in  court  by  the  coimsel  for  the  petitioner  stating 
the  substance  and  prayer  of  the  petition,  and  by  reading  or  briefly 
Stating  the  contents  of  the  affidavits  filed  in  support  of  the  petition,  if 
any  have  been  filed.  If  the  prayer  of  the  petition  is  opposed  by  any  of 
the  parties  who  have  been  served  with  it,  they  are  heard  by  their 
counsel,  and  their  affidavits  also,  if  any  have  been  filed,  are  read  or 
briefly  stated  to  the  court  On  hearing  the  matter  of  the  petition  and 
the  affidavits  on  both  sides,  the  court  either  dismisses  the  petition  or 
makes  such  order  as  it  thinks  fit.  The  order  when  made  is  drawn  up, 
passed,  entered,  served,  and  enforced  like  any  other  decree  or  order  of 
the  court. 

PETITION  OF  RIGHT.  Where  the  crown  or  a  subject  has  a 
cause  of  action  against  a  subject,  the  ordinary  mode  of  putting  that 
cause  of  action  into  a  course  of  leged  investigation  is  by  the  king's  vmt^ 
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requiring  the  party  to'appear  in  court  to  answer  the  complaint.  Where 
the  claim  is  against  the  crown  itself,  as  this  course  cannot  be  pursued, 
the  mode  of  proceeding  provided  by  common  law  is  to  present  a  petition 
to  the  crown,  praying  for  an  inquiry  and  for  the  remedy  to  which  the 
party  conceiyes  himself  to  be  entitled.  As  by  Magna  Charta  the  king  is 
not  to  delay  right,  he  is  bound,  if  the  petition  presents  that  which  has 
the  semblaiice  of  a  ]egal  or  equitable  claim,  to  indorse  the  petition  with 
the  words  *'  let  right  be  done ; "  which  indorsement  operates,  in  the 
case  of  a  claim  ol  a  legal  nature,  as  a  warrant  and  command  to  the  lord 
chancellor  to  issue  a  commission  to  inquire  into  th^  truth  of  the 
matters  alleged  in  th^  petition.  A  commission  accordingly  issues  to 
six  or  eight*  persons,  who  summon  a  jury,  of  whom  not  less  than  twelve 
or  more  than  twenty-three  are  impannelled,  and  who,  under  the  super> 
intendence  of  the  commissioners,  hear  the  'evidence  which  the  peti- 
tioner, or,  as  he  is  called,  the  suppliant,  has  to  adduce  in  support  of  his 
statement.  If  the  jury  negative  the  allegations  contained  in  the  peti- 
tion, the  commission  is  at  an  end;  but  the  suppliant  is  at  liberty  to 
sue  out  a  new  commission  or  commissions  till  a  jury  return  an  inquisi- 
tion in  which  the  allegations  are  found  to  be  true.  The  crown  may, 
upon  this  return,  insist  that  the  facts  alleged  by  the  suppliant,  and 
found  by  ihe  inquisition,  do  not  in  point  of  law  entitle  the 'suppliant 
to  the  remedy  which  he  claims.  The  question  of  law  thus  raised  by 
demurrer  to  the  inquisition  is  argued  before  the  lord  chancellor.  The 
crown,  however,  notwithstanding  the  finding  of  the  jury,  may  deny  the 
truth  of  the  facts,  or,  admitting  them  to  be  true,  maj  aU^;e  other  facts 
which  show  that  the  suppliant  is  not  entitled  to  what  he  claims.  To 
such  facts  the  suppliant  must  reply.  Any  issue  of  fact  joined  between 
the  suppliant  and  the  crown  is  ^ed  in  the  court  of  Queen's  Bench,  the 
lord  chancellor  not  having  the  power  to  summon  a  jury.  Final  judg- 
ment is  given  for  or  against  the  suppliant  according  to  the  result  of 
the  alignment  upon  the  demurrer  or  of  the  trial  of  the  issue. 

If  the  suppliant  in  his  petition  pray  that  the  investigation  may  take 
place  in  a  particular  court,  and  the  royal  indorsement  on  the  petition 
directs  that  course  to  be  pursued,  the  proceedings  take  place  in  the 
court  indicated  by  the  indorsement,  instead  of  the  Court  of  Chancery. 

Before  the  abolition  of  the  feudal  tenures  by  the  Commonwealth 
(confirmed  after  the  Restoration,  by  12  Car.  II.,  c.  24),  the  rights  of 
the  crown  and  of  the  subject  being  often  brought  into  collision,  occa- 
sions for  proceeding  by  petition  of  right  were  very  frequent,  and  as 
this  mode  of  proceeding  was  dilatory  and  expensive,  two  acts,  passed 
in  the  reign  of  Edward  III.,  enabled  parties  aggrieved  in  certain  cases 
by  legal  proceedings  of  the  crown,  to  enter  their  claim  upon  those 
proceedings,  without  being  put  to  their  petition  of  right,  with  its 
expensive  conmussion  to  inquire.  This  new  course  was  called  a 
"  ^averse  of  office,"  where  the  subject  denies  the  matters  contained  in 
the  '* office"  or  ex  parte  record  constituting  the  king*s  title,  and  a 
"  monstraunce  de  droit,"  where  the  facts  upon  which  the  king^s  title 
rests  are  admitted,  but  their  effect  is  avoided  hj  the  allegation  of  other 
facts  showing  a  better  title  in  the  clainoant.  In  modem  practice  the 
petition  of  right  is  not  resorted  to,  except  in  cases  to  which  neither  a 
traverse  of  office  nor  a  monstraunce  de  droit  applies,  or  after  those 
remedies  have  failed. 

The  petition  of  right  is  supposed  by  Lord  Coke  and  others  to  be  so 
called  because  the  investigation  prayed  for  is  demandable  as  of  right, 
and  not  granted  as  a  matter  of  grace  or  favour ;  but  the  Latin  term 
''petitio  justitiaa/'  shows  that  uie  words  are  used  in  the  sense  of  a 
"petition /or  n^A/." 

The  petition  of  right  hitherto  spoken  of  is  the  method  of  redress  pro- 
vided by  the  common  law.  The  statute  23  &  24  Vict.  c.  85,  has  provided 
a  simpler  mode  of  proceeding.  It  enables  the  suppHant  to  entitle  his 
petition  in  any  of  the  supreme  courts  of  law  or  equity,  at  Westminster; 
snd  to  leave  the  same  with  the  home  secretary  for  the  fiat  of  the 
crown.  When  this  fiat  is  obtained,  the  petition  is  served  on  the  soli- 
citor to  the  treasury,  who  must  appear  and  answer  it,  in  the  name  of 
the  attorney-general;  all  the  subsequent  pleadings  and  proceedings, 
including  the  trial,  being  according  to  the  ordinary  practice  of  the 
court  in  which  the  suit  is  pending.  The  suppliant  and  the  crown  in 
Proceedings  under  this  statute  may  recover  costs,  which  are  neither 
P^d  nor  received  by  the  crown  upon  a  petition  of  right  at  common 
law,  so  that  the  statutory  proceedmg  must  in  due  course  supersede  the 
other. 

(BUuiht.  C<m.*  Mr.  Kerr's  ed.,  vol  iii.,  ch.  17.) 

PETITION  OF  RIGHT.  In  the  fitst  parliament  of  Charles  I, 
"^nich  met  in  1626,  the  commons  refused  to  grant  supplies  imtil  certain 
^ghts  and  privileges  of  the  subject,  which  they  alleged  had  been  vio- 
jj^ted,  should  have  been  solemnly  recognised  by  a  legidative  enactment. 
"  ith  this  view  they  framed  a  petition  to  the  king,  in  which,  after 
reciting  various  statutes  by  which  their  rights  and  privUeges  were 
recognised,  they  pray  the  king  "  that  no  man  be  compelled  to  make  or 
yield  any  gjft,  loan,  benevolence,  tax,  or  such-hke  charge,  without 
coimnon  consent  by  act  of  x)aliament,< — ^that  none  be  called  upon  to 
Jake  answer  for  refusal  so  to  do, — that  freemen  be  imprisoned  or 
aetamed  only  by  the  law  of  the  land,  or  by  due  process  of  kw,  and  not 
«y  the  king's  special  command,  without  any  chax^, — that  persons  be 
^ot  compelled  to  receive  soldiers  and  mariners  into  Uieir  houses  against 
r^^  laws  and  customs  of  the  realm, — thiat  commissions  for  proceeding 
SkJS?*^  law  be  revoked :  all  which  they  pray  as  their  rights  and 
'    according  to  the  laws  and  statutes  of  the  realm." 


To  this  petition  the  king  at  first  sent  an  evasive  answer : — **  The 
king  willeth  that  right  be  done  according  to  the  laws  and  customs  of 
the  realm,  and  that  the  statutes  be  put  in  due  execution,  that  his  sub- 
jects may  have  no  cause  to  complain  of  any  wrongs  or  oppressions 
contrary  to  their  just  rights  and  HbertieB,  to  the  preservation  whereof 
he  holds  himself  in  conscience  obliged  as  of  his  own  prerogative.**  This 
answer  being  rejected  as  unsatisfactory,  the  king  at  last  pronoimced 
the  formal  words  of  unqualified  assent,  **  Let  right  be  done  as  it  is 
desired.*'  (1  Car.  I.,  c.  1.)  Notwithstanding  this,  however,  the  minis- 
ters of  the  crown  caused  the  petition  to  be  printed  and  circulated  with 
the  first  insufficient  answer. 

PETROLIN.    [Bitumen.] 

PETROSBLINUM.    [PAbslby.] 

PEUCEDANIN.    [iMPEBATORnr.] 

PEUCYL.  Terdn&ne,  A  liquid  resembling  camphine,  obtained,  by 
the  action  of  lime  upon  the  monohydrochlorate  of  turpenline. 

PEUTINQERIAN  TABLE  is  the  name  given  to  a  map  of  the 
roads  of  the  ancient  Roman  world,  which  lb  on  parchment,  and  was 
found  in  a  library  at  Speyer  in  the  15th  century.  It  was  bequeathed 
by  the  proprietor  Connd  Celtes  to  his  friend  Conrad  Peutinger,  a 
learned  man  of  Augsburg,  who  began  to  prepare  a  copy  of  it  for  pub- 
lication, but  died  in  1547,  before  he  could  effect  his  purpose.  Mark 
Velter  however  copied  it  on  a  scale  less  than  one-half  of  its  original  size, 
and  sent  his  copy  to  Ortelius,  who  forwarded  it  to  Muretus,  who  pub- 
lished it  in  1598.  This  reduced  copy  has  been  inserted  in  the  Ptolemy 
of  Bertius,  in  Horn's  *  Orbis  DeUneatio,*  and  in  Bergier's '  Histoire 
des  grands  Chemins  de  I'Empire  Remain.'  The  original  map 
remained  at  Augsbuiig,  in  the  possession  of  Peutingei^s  descendants, 
till  1714,  when  it  was  purchased  by  a  bookseller,  and  sold  by  him  to 
Prince  Eugene,  who  gave  it  to  the  imperial  library  of  Vienna.  Aji 
exact  copy  of  it  was  made  by  F.  C.  Von  Scheyb,  at  Vienna,  with  an 
introduction  and  index,  and  dedicated  to  the  empress  Maria  Theresa; 
'  Tabula  Itineraria  Peutingeriana,  quae  in  Augusta  Bibliotheca  Vindo- 
bonensl  nunc  servatur,  adcurate  exscripta  It  Fr.  Christoph.  De,  Sdieyb, 
cum  Indice,'  foL,  Vienna.  1758.  The  map  is  21  feet  in  length,  and 
about  one  foot  wide.  The  author,  whoever  he  was,  did  not  intend  to 
draw  a  proper  geographical  map,  with  the  relative  positions  of 
countries,  but  merely  to  collect  all  the  great  roads  of  the  empire 
into  a  long  narrow  strip,  marking  the  stations  upon  each,  and  the 
distances  between  the  stations,  for  the  information  of  travellers  and 
chiefly  of  military  and  civil  officers.  The  towns  on  the  roads  axe 
marked  by  small  houses ;  some,  being  worthy  of  particular  notice,  are 
designated  by  square  bufldings  like  barracks;  and  some  mdire  impor- 
tant towns  and  mUitaiy  stations,  such  as  Aquileia,  Ravenna,  Ac.,  are 
distinguished  by  walls  and  towers.  Rome  is  distinguished  by  a 
circle  with  a  crowned  figure  seated  in  tiie  middle,  and  the  post  of 
Trajan  is  conspicuously  sketched  near  the  right  bank  of  the  Tiber, 
at  the  mouth  of  the  river.  Constantinople  is  marked  by  a  circle 
and  a  figure,  which  however  is  not  crowned.  Antioch  is  the  only 
other  city  which  is  also  distinguished  by  a  circle  and  &  figure,  in 
which  last  Mannert  thinks  that  he  recognises  the  Virgin  Mary, 
which  he  believes  to  be  an  interpolation  of  some  copyist  of  the 
middle  ages,  who  had  before  him  an  older  map  of  the  time  of  the 
Pagan  emperors.  ( Mannert's  '  Introduction'  to  his  new  edition  of 
Peutinger's  Table,  foMo,  Leipzig,  1824.)  That  tiie  original  map  was 
drawn  while  the  old  religion  of  tiie  empire  vsras  still  dominant,  seems 
proved  by  the  heathen  temples  which  are  marked  upon  it,  whilst  there 
is  no  Christian  name,  with  the  exception  of  St.  Peter's  at  Rome, 
which  is  probably  also  an  interpolation  of  the' copyist. 

Several  other  particulars  on  the  map  seem  to  fix  the  date  of 
its  original  construction  to  about  the  time  of  Alexander  Severus, 
after  ti^e  Persians  had  overthrown  the  Parthian  dominion,  a.o.  226. 
The  Persian  empire  is  marked  in  its  full  extent  and  written  in  large 
capitals,  whilst  Pftrthia  is  indicated  by  smaller  characters  as  a  province. 
Palmyra  is  marked  as  an  important  place,  with  roads  leamng  to  it 
through  the  desert,  which  would  seem  to  refer  to  an  epoch  previous  to 
its  destruction  by  Aurelian.  Edessa  in  Macedonia  is  marked  under 
that  name,  whilst  in  the  Antonine  Itinerary  it  is  called  Diocletiano- 
pohfl.  This  and  other  evidence  collected  by  Mannert  indicate  at  all 
events  an  epoch  between  the  reign  of  Alexander  Severus  and  the  end 
of  the  3rd  century,  making  allowance  for  tike  interpolations  of  subse- 
quent copyists. 

The  Peutingerian  Table  does  not  always  agree  with  the  Antonine 
Itinerary;  several  stations  and  towns  whidi  are  in  the  one  are  not  in 
the  other ;  the  distances  between  the  stations  marked  on  both  some- 
times disagree ;  besides  which,  in  consequence  of  the  form  of  the  map, 
several  roads  which  are  distinct  on  the  Itineraiy  are  placed  on  the 
map  consecutively,  as  if  they  all  formed  one  line ;  whilst  others,  which 
are  single  roads  on  the  Itinerary,  are  cut  into  two  or  three  in  the  map. 
However  the  Itinerary  is  still  of  great  use  in  explaiidng  the  map,  and 
the  two  together  are  among  the  most  valuable  ancient  works  on  geo- 
graphy which  have  come  down  to  us. 

The  map  extends  to  the  right,  or  eaat^  as  floras  the  mouths  of  the 
Ganges.  Roads  are  traced  through  India  to  several  emporia,  or  places 
of  trade,  on  the  coast.  To  the  west  the  map  ends  abruptly  on  the 
borders  of  Spain,  including  farther  north  only  the  eastern  port  of 
Britain.  It  is  evident,  as  Mannert  maintains,  that  one  leaf  is  wanting, 
and  it  has  perhaps  becoi  lost 
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PEW.  The  word  pew  seldom  occurs  in  writers  upon  ecclesiastical 
law,  who  almost  invariably  use  the  expression  ''  church  seat." 

Originally  there  were  no  pews  in  churches,  and  the  only  fixed  seats 
were  stone  benches  carried  along  the  sides  of  the  churches,  of  which 
examples  still  remain  in  Salisbury  and  other  cathedralsi  and  in  Romsey 
church,  Hants,  Portbury,  Somersetshire,  and  many  other  of  our  old 
pariah  churches.  But  in  the  14th,  and  still  more  generally  in  the 
15th  century,  open  seats  or  benches  of  wood,  with  carved  ends,  were 
fixed  across  the  nave  (but  leaving  a  broad  Central  passage),  though  the 
practice  was  still  perhaps  not  universsLL  These,  leg^y  termed 
"church  seats,"  were  commonly  called  "pews,**  but  pews  in  the 
modem  sense  of  the  word,  namely,  enclosed  seats,  did  not  come  into 
use  until  about  the  period  of  the  Reformation.  Before  that  time  no 
cases  are  to  be  found  of  claims  to  pews,  although  in  the  conmion-Iaw 
books  two  or  three  claims  are  mentioned  to  seats  in  a  church,  or 
particular  parts  of  a  seat. 

By  the  general  law  and  of  common  right,  all  the  pews  in  a  parish 
church  are  the  common  property  of  the  parish ;  they  are  for  the  use 
i%  conunon  of  the  parlshionerB,  who  are  all  entitled  to  be  seated  orderly 
and  conveniently  so  as  b^  to  provide  for  the  accommodation  of  all. 
The  right  of  appointing  what  persons  shall  sit  in  each  seat  belongs  to 
the  oxdinary  and  the  churchwardens,  who  are  his  officers  t6  place 
the  parishioners  according  to  their  rank  and  station.  A  parishioner 
has  a  right  to  a  seat  in  the  church  without  any  payment  for  it ;  and  if 
he  has  cause  of  complaint  in  this  respect  against  the  churchwardens, 
he  may  cite  them  in  the  ecclesiastical  court  to  show  cause  why  they 
have  not  seated  him  i)it>perly ;  and  if  there  be  persons  occupying  pews 
who  are  not  inhabitants  of  the  parish,  they  ought  to  be  displaced  in 
order  to  make  room  for  him.  This  general  right,  however,  of  the 
churchwardens  as  tne  officers  of  the  ordinary  is  subject  to  certain 
exceptions,  for  private  rights  to  pews  may  be  sustained  upon  the 
ground  of  a  faculty,  or  of  prescription,  which  presumes  a  faculty. 

The  right  by  faculty  arises  where  the  ordinary  or  his  predecessor 
has  granted  a  licence  or  faculty  appropriating  certain  pews  to  indi* 
vidiialB.  Faculties  have  varied  in  their  form :  sometimes  the  appro- 
priation has  been  to  a  person  and  his  family  "  so  long  as  they  continue 
inhabitants  of  a  certain  house  in  the  parish ; "  the  more  modem  form 
is  to  a  man  and  his  family  "  so  long  as  they  continue  inhabitants  of  the 
parish  "  generally.  The  first  of  these  is  perhaps  the  least  exceptionable 
form. 

Where  a  faculty  exists,  the  ordinary  cannot  again  interfere;  but 
where  a  party  claiming  by  faculty  ceases  to  be  a  parishioner,  his  right 
is  determined.  There  may  be,  however,  a  prescription  for  a  person 
Uving  out  of  the  parish  to  have  a  pew  in  the  hody  of  the  diurch. 

With  respect  to  seats  in  the  chancel,  the  law  has  not  been  settled, 
and  great  inconvenience  has  been  experienced  from  the  doubts  con- 
tinued to  be  entertained.  It  is  said  that  the  churchwardens  have  no 
authority  oveir  pews  in  the  chancel,  and  it  has  been  said  that  the  rector, 
whether  spiritual  or  lay,  has  in  the  first  instance  at  least  a  right  to 
dispose  of  the  seats ;  claims  have  also  been  set  up  on  behalf  of  the 
vicar;  and  the  extent  of  the  ordinary's  authority  to  remedy  any  undue 
arrangement  with  regard  to  such  pews  has  been  questioned. 

With  regard  to  aisles  or  isles  (wings)  in  a  diurch,  the  case  is  different. 
The  whole  isle,  or  particular  seats  in  it,  may  be  claimed  as  appurtenant 
to  an  ancient  mansion  or  dwelling-house,  for  the  use  of  the  occupiers  of 
which  the  aisle  is  presumed  to  have  been  originally  bmlt.  In  order  to 
complete  this  exclusive  right,  it  is  neoessaiy  that  it  should  have  existed 
immemorially,  and  that  the  owners  of  the  mansion  in  respect  of  which 
it  is  claimed  should  from  time  to  time  have  borne  the  expense  of 
repairing  that  which  they  claim  as  having  been  set  up  by  their  prede- 
cessors. 

^  The  purchasing  or  renting  of  pews  in  churches  is  contrary  to  eccle- 
siastical law,  pew-rents,  imder  the  church-building  acts,,being  exceptions 
to  the  general  law ;  and  rents  taken  in  populous  places  being  usually 
sanctioned  by  special  acts  of  parliament.  Pew-rents  in  private  uncon- 
secrated  chapels  do  not  faU  under  the  same  principle,  such  chapels 
being  private  propertv. 

PEWTER.  An  alloy  of  tin  and  lead,  intermediate  in  hardness 
between  lead  and  Britannia  metaL  The  best  pewter  consists  of  four 
parts  of  tin  and  one  of  lead. 

PHALANX  (^oy{),  a  name  given  by  the  Greeks  generally  to  the 
whole  of  the  heavy-armed  infantry  in  an  army,  but  particularly  to 
each  of  the  grand  divisions  of  that  class  of  troops.  The  primary 
signification  of  phalanx  is  uncertain;  a  straight  bar  or  rod  of  any 
material  appears  to  have  been  so  called,  and  the  word-  may  have  been 
applied  to  a  corps  of  troops,  in  line,  from  a  fanded  resemblance  in  the 
latter  to  such  object  Ultimately,  from  their  superior  military  effid- 
ency,  it  became  appropriated  to  the  Spartan  phalanx  and  the 
Hacedonian  phalanx. 

The  Greek  troops  are  represented  by  Homer  as  disposed  in  masses 
consisting  of  many  ranks,  in  order  that  they  might  resist,  or  give 
impetus  to  the  shock  of  conflict ;  and  the  woid  phalangtM  is,  in  several 
parts  of  the  Iliaa,appUed  to  the  masses  of  the  combatants, both  Greeks 
and  Trojans : 

'Afupl  y  ip  ktamea  Hoiobs  Xtrrcirro  ^tiUXoy^  cf 
('  IL/xiii.  126 ;  see  also  '  D./  iv.  382,  vi.  83) ;  and  the  close  order  of  the 


Greeks  previously  to  coming  into  action  is  described  in  '  H/  xiiL  180, 
and  the  succeeding  lines. 

A  like  disposition  prevailed  am^tig  the  Egyptians  in  the  earlier 
times  of  their  monarchy,  and  of  this  fact  some  interesting  vesti^s 
are  preserved  in  the  sculptures  on  the  walls  of  the  temples  at 
Ipsambul  and  of  the  palace  at  Luxor.  At  the  former  place  an  Egyp- 
tian army  is  represented  as  marching  in  separate  divisions  of  chariots 
and  foot  soldiers  drawn  up  in  quaorangular  bodies,  in  ranks,  and  in 
dose  order.  Each  man  of  the  infantry  is  armed  with  cuirass  and 
hdmet,  and  .carries  a  shield  and  a  short  javelin;  and  amoqg  the 
figures  is  that  of  Sesostris  in  full  panoply,  sfamding  il^  a  highly  orna- 
mented car.  (Rossdmi, '  I  Monomenti  dell'  £;gitto,'  plates  87  to  103.) 
But,  from  the  nature  of  the  arms  and  the  apparent  discipline  of  the 
troops,  it  may  be  inferred  that,  at  the  epoch  to  which  the  monumentB 
relatis,  the  tactics  of  the  Egyptians  were  in  a  very  advanced  state,  and 
consequently  that  the  order  of  battle  there  represented  was  in 
use  among  that  people  at  a  time  much  more  remote  than  the  age 
of  Sesostris. 

The  ancient  Jewish  army,  modelled  probably  on  that  of  the  people 
who  had  long  hdd  them  in  servitude,  was  divided  into  bodies  of  lUOO 
men  each,  which  were  again  divided  into  companies  of  100  men 
(2  Sam.,  c.  18) ;  and  it  is  plain,  from  other  passages  in  the  Scriptures, 
that  these  were  further  subdivided  into  sections.  It  comnsted  both  of 
heavy  and  of  light  armed  troops  :  the  former  wore  helmets,  coats  of 
mail,  and  greaves,  and  in  action  they  carried  bucklers  and  used  both 
spear  and  swords ;  the  latter  also  carried  shidds  and  used  bows  or 
slings.  The  men  who,  from  the  different  tribes,  assembled  at  Hebron 
to  confirm  the  dection  of  David,  are  described  as  beiqg  armed  with 
spear  and  shield,  and  their  disdpline  is  indicated  by  the  expression — 
they  could  keep  rank. 

The  troops  in  the  army  of  Croesus  are  said  by  Xenophon  to  have 
been  drawn  up  in  vast  masses,  the  depth  of  the  Lydians  being  thirty 
men,  while  that  of  the  Egyptian  auxUiaries  was  one  hundred;  and  it 
is  added  that  the  whole  army  had  the  appearance  of  three  great 
pJialanget,  {'  Cyropsedia,'  lib.  vii)  It  is  suffidently  evident  therefore 
that  the  deep  order  of  battle,  with  a  regular  arrangement  of  the  men 
in  rank  and  file,  and  some  systematical  division  of  the  phalanx  into 
sections,  prevailed  in  the  earliest  times ;  but  it  is  to  the  Greek  writers 
that  we  must  go  for  an  account  of  the  particular  scales  of  subdivisioiu 
by  which  the  evolutions  of  the  phalanx  on  the  field  of  battle  vere 
facilitated,  and  which,  joined  to  the  high  disdpline  of  the  tnx>ps,  g%ve 
to  the  body  so  denominated  the  reputation  which  it  enjoyed  till  the 
fall  of  the  Macedonian  kingdom.  The  formation  of  such  scales  of 
subdivisions,  and  some  changes  in  the  arms  or  armour  of  Uie  men,  are 
probably  what  are  meant  when  it  is  said  that  Lycurgus,  Lysander,  and 
Epaminondas  introduced  the  phalanx  among  the  Lacediemonians,  ihe 
Argives,  and  the  Thebans.  The  Macedonian  phalanx,  the  formation  of 
which  is  ascribed  to  Philip,  the  father  of  Alexander,  appears  to  hare 
been  a  body  of  6000  men,  chosen  for  their  good  military  qualities,  par- 
ticularly wdl  armed,  and  subject  to  certain  strict  r^gulaiionB.  And  its 
effidency  was  so  great,  that  it  is  styled  a  new  invention  by  Diodorus,  and 
the  name  of  the  country  became  afterwards  very  generally  applied  to  it. 

Xenophon,  though  constantly  using  the  word  phalanx  in  speaking 
of  the  whole  body  of  troops  which  he  commanded  in  the  retreat  from 
Cunaxa,  when  he  has  occasion  to  mention  the  formation  or  employ- 
ment  of  a  small  body  of  men  for  any  particular  purpose,  gives  it  the 
name  of  h6xos,  and  such  body  appears  to  have  ooncosted  either  of  50 
or  100  men.  On  one  occasion,  some  lochi  being  detached  from  the 
army,  two  of  them,  amounting  to  100  men,  are  saidf  to  have  been  cut 
off  ('  Anabasis,'  Ub.  L) ;  and  at  another  time,  from  an  apprehension  that 
the  order  of  the  phalanx  would  be  broken  in  ascending  a  mountain, 
the  army  was  divided  into  separate  lochi  of  100  men  each.  ('  lb.,' 
lib.  iv.)  But  in  the '  Cyropeedia'  (lib.  ii.)  a  division  of  100  men  is  called 
rd^ts,  and  this  is  stated  to  have  been  subdivided  into  sections  of  ten 
and  of  five  men  each.  The  scale  just  hinted  at  was  probably  peculiar 
to  the  Athenian  army,  for  Xenophon  describes  the  Spartan  troops  as 
formed  into  six  pi6pai,  each  commanded  by  a  pdemarch;  he  adds  also 
that  the  mora  was  divided  into  four  X^x^*'*  eight  vcmiiroaTirs,  and 
sixteen  incfunlai,  in  which  the  number  of  men  appears  to  have  varied, 
and  to  have  consisted  of  from  25  to  36  men.  ('  De  Repub.,*  lib.  xL) 
The  mora  is  said  to  have  consisted  of  600  men,  but  its  strength 
appears  to  have  varied  considerably  at  different  times.  These  were  the 
divisions  of  the  Spartan  phalanx. 

The  onl^  existing  works  expresdy  written  on  the  subject  of  the 
Greek  tactics  are  those  of  iElian  and  his  abbreviator  Arriaa,  and  these 
authors  Uved  in  the  time  of  Hadrian  and  Antoninus,  that  is,  long  after 
the  age  in  which  the  phalanx  was  superseded  b  v  liie  legion.  There- 
fore, since  their  descriptions  do  not  agree  with  what  we  finid  conceming 
the  phalanx  in  the  works  of  Thucydides  and  Xenophon,  it  seems  reason- 
able to  oondude  that  they  appertain  to  the  state  of  this  body  of  troo^ 
in  and  subsequent  to  the  times  of  Philip  and  Alexander.  .£liaa 
makes  the  Macedonian  phalanx  to  consist  of  16,384  men  of  the  clasi 
called  ^Airoi,  or  heavy-armed  infimtry ;  but  this  must  be  undeistood 
to  be  the  whole  body  of  that  denomination  in  an  army,  and  to  be  com- 
posed of  four  simple  phalanges.  Joined  to  tiie  phiuaax  is  a  divisioD 
{Mrayfia),  consisting  of  half  that  number  of  men  of  the  daas  called 
tfiAol,  or  light-armed  troops,  and  anoUier,  called  also  an  epitagma,  oi 
cavalry  {inrtis^  consisting  of  one-fourth  of  the  number. 
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The  pdiatta  (TtKraareit),  who  are  also  mentioned  by  iElian,  but  not 
as  appertaining  to  tbe  pbaJanx,  united  in  some  measure  the  firmness  of 
the  heavy  with  the  agility  of  the  light  armed  men.  They  were  first 
instituted  by  the  Athenian  commander  Iphicrates,  and  in  the  course  of 
time  they  became  very  numerous  in  the  Greek  armies :  they  served  as 
the  guards  of  the  princes,  and  were  often  reckoned  among  the  heavy- 
armed  troopa. 

The  simple  phalanx,  according  to  ^lian,  consisted  of  4096  men ;  one 
half  of  that  number,  or  2048  men,  constituted  the  merarohy  {/upapxio) ; 
and  one-fourth,  or  1024  men,  was  called  a  chiliarchy  (x<AuipxM*  ^°^ 
fourth  of  tiie  kst  constituted  a  syntagma  (o^KroTfia),  or  zenagy 
(^wayia),  which  was  a  complete  square  of  16  men  each  way ;  and  the 
lowest  subdivision  was  called  loohus  (\6xos),  decuria  (8cic^),  or  enomoty 
{iycffiLorta),  which  is,  by  that  writer,  considered  as  a  single  file  of  16 
men.  The  officers  do  not  appear  to  be  included  in  the  numbers  of 
the  diffarent  divisions:  eadi  zenagy  had  its  own  chief  or  captain 
((rvrray/iant(f»x^f)  at  the  head,  and  a  lieutenant  {otp€ty6s)  brought  up 
the  rear.  The  leader  of  a  single  file  is  called,  by  iQlian  a  decurion, 
perhaps  because  originally  the  file  consisted  of  10  men.  A  phalangarch 
commanded  each  phalanz. 

JBlian  divides  the  epitagma  of  light  troops  into  sections,  each  of 
which  has  half  the  strength  of  the  corresponding  division  in  the 
phalanz ;  the  lowest  division  is  the  lochus  or  file,  which  consists  of  8 
men.  The  epitagma  of  cavalry  is  divided  in  the  same  proportions  as 
the  bodies  of  ini^try,  down  to  the  lowest  subdivision,  whidi  is  called 
tkn,  and  is  made  to  consLBt  of  64  men. 

The  phalangists  were  armed  with  helmet,  cuiFaasea,  and  greaves ;  and 
in  the  early  ages  they  carried  an  oval  buckler  and  a  pike,  the  latter 
about  10  feet  long.  The  change  introduced  by  Philip  in  the  arms  of 
the  hopUto  consisted  in  the  substitution  of  a  larger  shield,  and  of  the 
adpitr^a,  a  pike  from  18  to  20  feet  long.  The  arms  of  the  peltastsa 
seem  to  have  differed  from  those  of  the  hoplitse  chiefly  in  the  buckler 
(from  whence  their  designation  is  derived)  being  round  and  only  about 
two  feet  three  inches  in  diameter,  and  in  the  pike  being  short.  It  is 
said  that  Iphicrates,  instead  of  a  metal  cuirass,  allowed  to  this  class  of 
troops  only  a  corslet  of  strong  linen ;  but  apparently  this  regulation 
waa  not  always  followed.  The  light«rmed  troops  were  frequently 
provided  with  a  heknet  only,  and  their  arms  were  small  javelins,  bows, 
or  slings. 

A  phalanz,  in  line,  vras  considered  as  being  constituted  of  two  equal 
parts  or  wings  {xipeera) ;  there  was  no  central  division,  but  the  place  of 
junction  of  the  two  whigs  was  called  the  6fA^a\hs,  In  the  usual  order 
of  battle  it  was  drawn  up  with  its  front  parallel  to  that  of  the  enemy, 
but  it  not  unfrequently  happened  that  one  vring  was  kept  retired. 
This  last  method  was  practised  by  Epaminondas  at  the  battle  of 
Leuctra  ;  tiie  wing  engaged  was  strengthened  so  as  to  have  50  men  in 
depth,  and  the  line  ^^adually  diminished  to  tiie  opposite  eztremity, 
where  it  was  only  siz  men  deep.  Sometimes  also  two  phalanges  ad- 
vanced in  columns,  witii  their  heads  united,  the  two  lines  giudually 
diverging  to  the  right  and  left;  and  this  is  that  disposition  which  was 
called  l/A^oXoy,  or  we  wedge. 

The  phalanz  was  frequently  drawn  up  in  the  form  of  a  quadrangle, 
which  mig^t  be  solid  or  hollow,  according  to  circumstances;  and  this 
disposition  was  called  the  plinth  {v\tp6lotf),  or  the  plsesium  (vXeuVtov). 
When  a  dotible  phalanz  was  formed  wiUi  their  fronts  in  reversed 
positions,  the  order  was  called  etfi^Urro/Mos,  The  order  called  eurrdrrofiof 
seems  to  have  been  similar  to  the  last,  ezcept  Uiat  the  men  faced  in 
opposite  directions,  from  the  centre  towards  the  wings. 

When  standing  at  open  order,  each  soldier  in  the  phalanz  was 
allowed  a  square  space  about  siz  feet  each  way ;  but  when  prepared 
for  action,  this  was  reduced  to  three  feet,  and  occasionally  to  about 
eij^teen  inches.  The  file-leaders  and  the  rear-rank  men  were  always 
chosen  from  the  best  of  the  troops,  for  on  the  first  depended  chiefly 
the  success  of  the  charge,  and  the  latter  performed  the  important  duty 
of  urging  on  the  men  immediately  before  him,  in  order  that  the 
whole  b(dy  might  not  give  way  by  &e  counter-pressure  of  the  enemy's 
mass. 

After  the  introduction  of  the  Macedonian  saiissa,  above  mentioned, 
the  phalanx  might  present  a  formidable  array  of  five  ranks  of  such 
weapons  projecting  horizontally  before  the  front  of  the  line;  for, 
admitting  the  men  to  be  three  feet  from  each  other  in  depth,  and  that 
each  man  held  in  his  hands  about  siz  feet  of  the  length  of  the  weapon, 
the  point  of  that  which  belonged  to  the  fifth  man  would  project  two 
feet  beyond  the  file  leader,  ^lian  also  mentions  another  and  perhaps 
*  preferable  practice,  which  was  that  of  giving  to  the  men  from  the 
^int  to  the  third  or  fourth  rank  spears  successively  longer  in  proportion 
to  the  distance  of  the  rank  from  the  front ;  in  which  caee  all  those 
Weapons  must  have  projected  equally  before  the  line  of  troops. 

The  position  of  the  phalanz  wa»  sometimes  changed  by  a  wheel  of 
the  whole  body  on  either  eztremity  as  a  pivot;  and  tliis  was  done 
with  the  men  ^wn  up  in  close  order.  But  the  reversion  of  the  front 
^M  performed  in  one  of  the  three  following  ways :— The  Cretan 
method,  as  it  was  called,  consisted  in  making  each  file  countermarch 
almost  upon  the  ground  it  occupied,  the  file-leader  going  to  the  right- 
about, and  moving  to  the  rear,  all  the  men  of  the  file  following  him 
^  the  rear-rank  man  came  into  the  line  which  was  before  the  front 
The  Spartan  method  was  also  performed  by  a  countermarch,  but  the 
file-leader  moved  to  the  rear,  followed  by  the  other  men,  till  he  arrived 
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at  a  distance  from  his  first  place  equal  to  twice  the  depth  of  the 
phalanz,  the  rear-rank  man  only  changing  his  front.  Lastiy,  the 
Macedonian  method  was  performed  by  the  front-rank  man  going  rigHt 
about  on  his  own  spot,  the  others  passing  him  in  succession  and 
arranging  themselves  behind  him.  These  movements  appear  to  have 
been  preferred  by  the  Greeks  to  a  simple  change  of  front  to  be  effected 
by  making  each  man  turn  upon  the  groimd  he  occupied,  since  they 
aUowed  the  file-leaders  to  constitute  always  the  foremost  rank  of 
the  line. 

The  number  of  men  iu  front  of  the  phalanz  was  doubled  bv  causing 
eveiy  second  man  in  the  depth  to  move  up  to  the  interval  between 
every  two  men  in  the  rank  immediately  before  him ;  thus  reducing  the 
depth  of  the  phalanz  to  eight  files  without  eztending  the  front.  And 
when  the  front  was  to  be  eztended  without  increasing  the  number  of 
men  in  it,  the  troops  merely,  by  a  flank  movement,  opened  out  from 
the  centre  each  way.  Airian  justiy  observes  that  tiiese  evolutions 
should  be  avoided  when  in  presence  of  the  enemy ;  and  he  adds  that 
it  would  be  preferable  to  eztend  the  front  by  bringing  up  cavalry  or 
light  troops  to  the  wings. 

On  a  march,  the  phalanz  was  thrown  into  a  column,  whose  breadth 
depended  on  that  of  the  road ;  and  a  formation  of  some  separate  bodies, 
consisting  of  100  men  each,  for  the  purpose  of  protecting  the  main 
body  while  returning  to  its  former  order  after  having  passed  a  defile,  is 
mentioned  by  Xenophon  ('  Anabasis/  Ub.  iii.)  as  being  then,  for  the 
first  time,  employed.  The  march  of  two  phalanges  in  parallel  and 
contiguous  columns  is  stated  to  have  been  sometimes  made  by  the 
columns  keeping  their  proper  fronts  towards  the  ezterior;  but  some- 
times both  columns  were  in  like  positions,  the  front  of  one  and  the 
rear  of  the  other  being  towards  the  ezterior,  on  the  two  sides  of  the 
line  of  march. 

The  strength  of  a  Grecian  army  consisted  in  the  deep  array  of  its 
heavv  infantiy.  No  body  of  men  less  protected  by  defensive  armour 
could  make  any  impression  upon  the  solid  phalanz :  and  the  latter,  by 
the  momentum  of  its  charge,  could  not  fail  to  overwhelm  any  troops 
who  were  differentiy  formed.  But  the  advantage  of  the  phalanz,  whue 
it  continued  embodied,  did  not  eztend  beyond  the  immediate  field  of 
battie ;  and  the  enemy,  if  he  thought  proper  to  decline  an  engage- 
ment, could,  without  interruption,  ezcept  that  which  might  arise  from 
the  light-armed  troops  and  cavalry,  ravage  the  country,  and  by  cutting 
offits  supplies  compel  the  army  to  retreat.  The  phalanz  moreover 
could  only  be  advantageously  employed  on  ground  which  waa  nearly 
level  and  free  from  obstacles ;  since  whatever  tended  ta  derange  its 
compact  order,  necessarily  diminished  or  annulled  the  effect  of  its 
chaige.  At  the  battle  of  Issus,  the  phalanz  of  Alexander,  while  in  a 
state  of  disorder,  as  Hxe  troops  were  passing  the  river,  was  engaged 
with  the  Greeks  in  the  service  of  Darius ;  and  though  it  succeeded  in 
repelling  the  enemy,  it  sustained  considerable  loss.  (Arrian, '  Ezped. 
Alez.,'  Ub.  iL^ 

Polybius,  m  comparing  (lib.  zvii.,  eztract  8)  the  efficiency  of  the 
phalanz  with  that  of  the  Koman  legion,  observes  that, the  latter  never 
opposed  the  former  on  a  line  parallel  to  its  front,  but  always  with  one 
wing  thrown  back ;  by  which  means  it  broke  the  line,  or  else  compelled 
the  phalanz  to  change  its  disposition ;  in  either  case  there  were  formed 
intervals  of  which  the  l^onary  soldiers  could  avail  themselves  to 
engage  the  phalangists  in  flank,  and  thus  render  their  dose  amy  and 
their  unwieldy  weapons  useless. 

PHANTASCOPE.  An  amusmg  toy  based  on  the  principle  of  the 
persLstence  of  impressions  on  the  retina,  after  the  object  has  changed 
its  position*  The  ThaunuUrope  and  PhenakiUaieojpe  rest  on  tho  same 
principle. 

PHANTASMAGORIA.    [Maoio  Laotern.] 

PHARISEES,  a  sect  among  the  ancient  Jews.  The  name  is  derived 
from  the  Greek  *apura!bi,  and  this  most  probably  from  ^e  Hebrew 

t&JKi,par<uh,  to  separate.  Suidas  says,  "  The  Pharisees  are  by  inter- 
pretation iu^^uryAvoi  (the  separated),  becaiuw  they  divided  and  separated 
themselves  from  all  others,  in  exactness  of  life  and  in  attention  to  the 
injunctions  of  the  law." 

'  The  origin  of  this  sect  is  imknown.  Josephus,  who  was  himself  one 
of  the  Pharisees,  speaks  of  them  as  flourishing  long  before  he  was  bom. 
He  says  ('Antiq.,^b.  18/ c.  9),  ''At  this  time  (about  150  b.o.)  there 
were  three  sects  of  the  Jews,  the  Pharisees,  the  Sadducees,  and  the 
Essenes."  On  several  occasions  he  describes  tiie  Pharisees  as  the  chief 
sect,  and  as  possessing  great  authoritv  among  the  people. 

They  believed  in  the  ezistence  of  angels  and  spirits,  and  held  the 
doctrine  of  tiie  resurrection ;  but  their  notion  of  the  latter  appears  to 
have  been  Pythagorean,  namely,  that  there  is  a  resurrection  of  the  soul 
only  by  a  transmigration  into  another  body.  From  the  benefits  of  this 
resurrection  tiiey  shut  out  all  the  notoriously  wicked,  consigning  them 
at  once  to  eternal  misery,  upon  the  separation  of  the  soul  from  the 
body.  While  the  Essenes  maintained  that  all  things  were  ruled  by 
absolute  fate,  and  the  Sadducees  that  aU  things  were  under  human 
control,  the  Pharisees  adopted  a  middle  course,  Tnninfaunrng  that  some 
things  were  predestinated,  and  others  left  for  men  to  determine.  It 
was  a  leading  maxim  of  the  Stoics  that  some  things  were  in  oiu:  power, 
and  others  not  in  our  power ;  and  Josephus  tells  us  that  the  sect  of  the 
Pharisees  was  very  much  like  that  of  the  Stoics. 
But  they  were  mainly  distinguished  by  their  zeal  for  "the  traditions 
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of  the  elders,"  to  which  they  attached  an  importance  equal  to  that  of 
the  Mosaic  writings ;  and  it  was  from  a  strict  adherence  to  these  tra- 
ditioDB,  as  well  as  from  an  observance  of  the  pmictiliosof  the  law 
itself,  that  they  were  called  Pharisees.  Several  of  these  traditions  are 
mentioned  in  ike  New  Testament,  but  they  are  only  a  small  portion  ot 
the  whole.  "  To  go  through  thezn  aU,"*  says  Prideauz,  "  would  be  to 
transcribe  the  Talmud,  a  book  of  twelve  volumes  in  folio." 

The  Pharisees  are  represented  in  the  New  Testament  as  a  hypo- 
critical, proud,  and  arrogant  people,  pretending  to  be  emphaticidly 
*'  the  separated,"  trusting  to  themselves  that  they  alone  were  righteous, 
and  despLbing  all  other  men.  This  was  their  character  as  a  body ;'  but 
there  were  among  them  individuals  free  from  these  bad  qualities,  such 
as  Nicodemus,  Joseph  of  Arimathaea,  Gamaliel,  and,  as  some  think, 
%meon,  who  uttered  the  hymn  called  *'  Nunc  dimittis/'  to  whom  must 
be  added  Josephus,  their  historian. 

(Josephua,  AiUiq.,  ziii.  9, 18 ;  zvii.  3 ;  xviii.  2 ;  De  Bdl,  Jud,,  ii.  7 ; 
De  Vied  $ud  ;  Suidas,  tapureuoi ;  Prideaux,  CcnnecUon ;  Jahn^  Seb,  Ant., 
bu  iu.,  o.  1,  §§  316-20.) 

PHARMACOP(EIA,  a  book  published  by  the  colleges  of  physLcians 
with  the  sanction  of  govemment,  containing  directions  for  the  prepa- 
ration of  medicines. 

PHA^RMACY,  in  a  comprehensive  sense,  means  the  department  of 
natural  science  which  treats  of  the  collection,  preparation,  and  pre- 
servation of  medicines,  and  also  of  the  art  o  IdispeJosing  them  according 
to  the  formuliB  or  prescriptions  of  medical  practitioneiB.  It  is  how- 
ever more  commonly  used  in  a  limited  sense,  as  a  branch  of  chemical 
science,  and  termed  pharmaceutical  diemistiy,  or  the  application  of 
the  laws  of  chemistry  to  those  substances  which  are  employed  for  the 
core  of  diseases,  so  as  to  render  them  more  commodious,  or  their 
administration  more  easy,  and  their  action  more  perfect  and  certain. 
It  should  not  be  understood  as  merely  depending  upon  some  media- 
nical  processes,  such  as  trituration,  rasping,  or  other  means  of  sub- 
division,  or  even  the  simpler  chemical  actions  involved  in  the  processes 
of  infusion  or  decoction,  but  as  requiring  a  knowledge  of  vegetable 
physiology,  and  an  acquaintance  with  the  diemical  constitution  of  the 
substances  to  be  prepared.  In  many  continental  nations  this  depart- 
ment is  the  subject  of  very  strict  legal  enactments,  and-  forms  an  im- 
portant part  of  medical  police,  especially  as  regards  the  dispensing  of 
poisonous  drugs;  while  in  Britain  any  one  who  chooses  may  affix  the 
terms  chemist  and  druggist  to  his  name,  and  may  deal  in  the  most 
useful  or  dangerous  ingredients,  without  that  previous  education  which 
would  fit  him  to  be  the  appropriate  assistant  to  the  physician,  whose 
most  judicious  plans  are  often  frustrated  by  the  ignonmce  or  careless- 
ness of  those  to  whom  the  oompoimding  of  his  prescriptions  are 
entrusted..  Efforts  are  making  both  in  i^rarliament  and  out,  by  the  Sale 
of  Poisons  bill,  and  other  measures,  and  still  more  by  the  precautionary 
exertions  of  the  Pharmaceutical  Soci<jty,  founded  by  the  late  Jteob 
Bell,  to  remove  this  reproach.    [Mate'^ia  3i£DiCA.] 

PHASE  (^Mis'if,  phatis,  appearance).  When  a  phenomenon  changes 
its  character  gradually,  any  particular  state  which  it  is  necessary  to 
distinguish  is  called  a  phase.  l*[us  we  have  the  phases  of  the  moon, 
meaning  the  different  forms  which  the  enlightened  part  takes  during 
the  month ;  the  phases  of  the  weather,  meaning  the  succession  of  heat 
and  cold,  wet  and  dry,  &c. 

PHASES  OP  THE  MOON»    FMooN.! 

PHENAMIDE.    [Aniline.] 

PHENAMYLOL.    [Phekylio  QBOtip.]' 

PHENATES.    [Phentuo  Group.] 

PHBNETOL.    [Phentuo  Qbodp.] 

PHENIC  ACID.    [Phentuo  Group.] 

PHENIC  ALCOHOIj.    [Phjentuo  Group.]: 

PHENYL.  A  prefix  used  in  oiganie  ohemiltry  to  denote  the 
presence  of  the  radical  pheaylln  the  compound  to  the  name  of  which 
it  is  added.  Descriptions  of  such  bodies  will  generally  be  found  under 
the  name  of  the  compound  to  which  it  is  prefiied, 

PHENYLAMINB.    FPhentuo  Grour] 

PHENYL-BENZAMINE.    [Bbneoio  Group.] 

PHENYL-BIBENZAMINE.    [Benzoic  Group  1 

PHENYL-CAMPHORAMIC  ACID.    [Camphor.]. 

PHENYL-CAMPHORAMIDE.    [Camphor.] 

PHENYI^CARBAMIO  ACID  (0,,H,NO,)  OofbinUU  aeid,  Anthra- 
mUc  acid.  The  action  of  potash  upon  indigo  or  phcnyl-urea  produces 
phenyl-carbamio  acid,  which  crystallises  in  colourless  prisms,  slhrhtly 
soluble  m  cold  waterj  but  easily  dissolved  l^  hot  water. 

PHENYL,  CYANIDE  OF.    [Benzoic  Acid.]  . 

PHENYL-FORMIAMIDE.    [Formtl.] 

^^/^4W^1?^^^^-  This  is  one  of  the  groups  of  organic  com- 
pounds that  belong  to  the  Benzoic  Series.  It  inclndM  a  great 
number  of  substancw,  of  which  the  chief  are  at  present  only  scientific- 
aUy  interestmg,  at  the  same  time  many  are  employed  in  the  •  arts :  as 
for  example,  amhne,  benzole,  and  carboHc  and  carbazotic  acids. 

^/»«»y<  (C,,H«)  IS  the  radidal  contained  in,  or  from  which  are 
derived,  all  the  members  of  the  phenyUc  group.  It  and  ito  derivatives 
somewhat  resemble  methyl  and  the  compounds  of  methyl  While 
meUiyl,  however,  belongs  to  those  radicaU  having  the  general  formula 
IJHn  +  i,  phenyl  obviously  belongs  to  those  of  the  general  formula 
i;nHn  -  t.    Phenyl  itself  has  not  yet  been  isolated. 

HffdriiU  of 'phenyl  (Ci,H„H),  j>Aene  or  hmxdi  or  ^entrne,  has  ak-eady 


been  treated  of  in  a  sepante  article  [Benzous].  Under  the  same 
head  are  also  described  the  chlorine,  bromine,  and  peroxide  of  nitrogen, 
derivatives  of  hydride  of  phenyL    The  peroxide  A  mtrogen  derivative, 

or  nitrobenzol  {^l%^^Q  I'^HAyieldsAzoxiBENZiDE  on  being  heated 

witii  alcoholic  solution  of  potash;  and  azoxibenzide  yields  Azobxn- 
ziDE  by  distillation.  By  the  action  of  reducing  agents,  sofifa,  as^  sul- 
phide of  ammonium,  asoxibanride,  and  aaobenzidiB  yield  btnadi»e 
(Cs^H^fN^;  Benzidine  oooun  in  histoous  white  plates,  solublB  in  bail- 
ing water,  alcohol,  or  ether.  With  acids  it  forms  crystalline  salts  from 
solutions  of  whidi  caustic  alkaUes.  throw  down  a  white  ]iredpitate  of 
benzidine. 

HydrcUd  oxide  of  phenyl  {QJBifi,  HX>).  Pheme  adcL  Phmie  dookai 
PhenoL  OarboUc  acuL  This  body  is  produced  iki  tiie  manufacture  of 
coal  gas ;  hence,  the  name  jsAeiwe,  and  thence  phenyl,  from  the  Greek 
ipaufct, "  I  light,*'  in  allusion  to  the  use  of  coal  gas.  The  metluxl  of 
isolating,  and  the  properties  of  phenio  alcohol  have  already  been 
detailed  [Carbouo  Acid.]  It  oombmes  with  bases  to  Itnsn.  phatala, 
some  of  which  are  crystalline* 

By  the  ordinary  processes  of  substitution,  phanio  acid  grvas  rise  to 
the  bodies  whose  names  and  fiormulse  ave  here  appended.  Many  of 
them  were  discovered  by  Laurent,  who  gave  them  peculiar,  but  con- 
venient, names  on  a  principle  already  a&aded  to  under  Napbxhalic 
Group. 


Phenie  or  oarbolio  acid  •••••. 

Bichlorophenie  acid  or  chloTophennie  add         .    i 

Ttieblorophenio  acid,  or  cbloropbeniiic  add,  or  ) 
ctaknindoptlc  add y 

Pentachloropbenle  add  or  oUorophenttrie  add  .    . 

Bromophenic  acid  or  bromophenadc  add       • 

BIbromophenic  add  or  bromophenede  acid 

Tribromopbeido  add,  or  bromoplienide  add,  or 
bromiodoptic  odd 

If  itrophenie  add  or  nitrophcnade  add       .        .    . 

Biehloronitrophenicadd'or  chloronitrapbenide  add 

Bl^iodonltrophenle  add  or  lodenitrBphenido  add    . 

Binitroplienic  add  or  nitropbenesie  add         • 

Bromobinitrophenic  acid  or  bromaaitreplieiiido  add 

Trinitropbenio  add,  picric  acid,  or  nitropbenido  \ 
add,  or  Caboajeotto  acid        •        •        •        •  j 

Picranidoacid(isomerio  with  trinitrophcnio  add)  • 


} 


HO,  C,.(H»),  O 
HO,  C4.(H,C2,),  a 

HO,  Cx»CH,a,),  o 

Ho,c„(a.).o 

HD,  Ci,(H^Br),0 
HO,Ci,(H,Br,),0 

HO,  CxsCHsBr,},  O 

HO,  C,.(H^1I0J,  O 
HD,  Cia(H,asMO«),0 
HO,C„(H,r,NOJ,0 
HO,  Ci,(H,2N0»).  0 
HO,  Cx,(H,Br2N04),  0 

HO,  Cxt(H,3NO«),0 

HO,  Ci,(H,8N0«),  0 


Binitroph(3nic  acid  and  trinitrophenic  add  respectively  yield  wJbro- 
phenatMc  cu%d  (C^H^,  (N0JgN,0«+4Aq),  and  piaumieaeid  {C^fi^ 
;N0  J,  NOg)  when  acted  upon  by  sulphide  of  ammonium.  Allth^e 
acids  form  with  bases  salts  that  mostly  are  crystalline. 

Phenio  a'dd  combines  with  the  oxides  of  methyl,  ethyl,  and  amyl  to 
form:— 


1;  .Phsaate  of  methyl 


Ci.H,0  \ 
•       •        *       •       •C.H.O   / 

21  Phenateofethyl C*^6^  } 


9,  *  Fhenate  of  amyl . 


Ci,H,0   \ 


1.  Phenste  of  methyl  or  anM  is  prepared  by  distilling  anisie  add 
with  cauddc  baryta.  Its  sp.  gr.  is  0*991.  BoHiog  pomt  305*tf*  Fahr. 
By  sabstitaition  it  yields 

Bibromphenate  of  methyl  or  bibromsnirol       .  ^**^J?^o  \ 
Sitiophe&ate  of  methyl  or  nitraalaol .       .    .  ®**^^*q  ^^J  \ 
Bioitrophenate  of  methyl  or  binitranisol         .  ^"•^•^h*^o  } 
Triidtrophanate  of  methyl  or  trinitraiiisol       .  Cj  j(H,3N0^)O  \ 
ORSTTSAXlsia  A0UI  (IsomeriQ  with  trinitraalsol)  <^i>(^aSKO^)0  | 

The  nitro-,  bihiilt)^  and'  trihitro-phenate  of  methyl  yi^  lite  thno 
following  b  odies  by  the  action  of  sulphide  of  ammonium. 

Mtfehyl-phetddineor  AmniDixra*.        •        •  C^«(H4)If6i| 
Heti'iylnitropbenidiBcor  aitnoiddine  .    •  Cj^(HgMOJNDy 
Hetl  lylUnitrophenidine  or  bikiitraniddlne  .  Ci^(H7SXO«}NOg 

Sulphuricf  icid converts phenate  of  methyl  into me£%fti(^Aqp%«nM;  arid 
^C^,(H^,  CaH  ,)  0^  I  g^Q  \  ^j^^  ^j^  mdphamtolic  add,  while  anhy- 
drous sulphm  ic  acdd  transforms  it  into  nJphcmsoUde, 

2.  Phenate  of  ethyl,  j)Atfn4Sto;  or  «a£££Ao^,  is  prepared  by  submittikig  to 
distillation  tlie  pcn^ectly  dry  compound  of  salicylatB  of  ethyl  with 
baryta.  It  is  a  colourless  liquid,  lighter  than  water,  of  agreeable  aro- 
matic odour,  V  ery  soluble  in  alcohol  or  ether,  but  insoluble  in  water. 
It  boils  at  8ill'6*^FiJir.     Chlorine  and  bromine  convert  it  into 


SBSXTUC  OBODP. 


of  Mlijl  <tt  nllropbnietal  t 

or  .ttyl  or  blnltioplMineKil .  °'  ''"'^p  h''o  } 
TiisItiDptiuuts  of  (thfl  or  pbale  «tliei      ,  ! 

Binitroplieiiate  of  ethyl  fiatdi  tAj/l-niirophentdiM  Or  nHropheeeti- 
dine  (C„(H,5^0JN0J  by  the  KtiDa  o£  jrolpbido  of  ammomuin. 

S.  I'hemtte  of  aiii;l  or  pienamyloi  ix  formed  on  heating  a  nozture 
of  phenate  of  potaeh  and  iodide  of  unyl  in  a  lealed  tube  to  a  tempera- : 
ture  of  about  220*  Fahr.  It  is  a  limpid,  oolourlen  oO,  of  agreeable 
odour.  Ita  boiling  point  a  about  i36'  Fabr.  Nitric  acid  dtronsly 
attacks  it,  &nd  the  reaulting  compound  ^elda  amyl-iiiirtiplitnidine  by 
the  action  of  milphide  of  ammoniom. 

Oxjrphenie  acid.  (C,jH^O,)  Bmaxidc  qf  phenyl ;  jrynxaltdiia ; 
pjfromrrrinlamne  aeid.  Thi«  body  ii  a  product  of  ttie  diy  distUlation 
of  Catechh  or  ot  morinlannio  acid  ITakmio  Acid.]  The  aquBous 
portion  of  the  distjllate  is  evapomted  ajid  «et  uide ;  the  impure  oiyphe- 
uic  acid  that  depoaita  may  be  purified  by  TetrystiJliaation  from  ivater, 
and  finally  by  sublimation. 

Oxypbenic  add  crjstalliBea  in  eotoorlew  rectangular  priami ;  ii  ii 
very  soluble  in  water  or  alcohol,  but  only  oligfatly  so  in  eUier. 

TrHtitrexyphenii!  aad.  {C,,(H,3  N0.)O,)  Oxypieric  acid.  Btt/pAnic 
acid.  The  compontioa  of  this  body  indicates  it  a  derivativa  of  oxy- 
pbenic  add,  but  the  Utter  body  does  not  yield  it  on  being  acted  upon 
by  nitrio  acid.  It  is  most  readily  obtained  by  acting  upon  oaofo^da 
or  extract  of  Brazil-wood  with  nitric  und^  many  other  guin-reains  also 


potash  and  crystals  of  styphnute  of  potaah  obtained  by  evaporaUon ; 
those  mar  be  tec^yHtallised  from  a  smaS  quantity  of  boiling  water  or 
the  Btyphnio  acid  predpitated  by  nitric  add.  Brazil-wood  extract 
funiiahes  about  18  per  cent.  oE  stj^ilmic  aoil.  It  may  be  obtained  in 
largo  yellow  prismatic  crystals  from  solution  in  alcohol..  It  combines 
widi  acids  to  form  crysbilline  salts,  colled  ttyphnaia  or  ciypii^rato. 
They  all  explode  Tiolently  when  geiltl;  heated. 

Sulphila  tf  phenyl.    Hydride  of  phenyl  dissolnsa  in  fuming  snlphurio 
acid,  and  formipAntjffRtijiAiinmi  or  tui^kobauidic  add,  CuH,3,0.,  0  I 

H  0  r 

It  may  be  looked  upon  as  the  hydraled  oxide  of  the  radical  tvlfAo- 
phenyl  (C,,H,S,OJ.  It  forms  extreme^  stable  salts  wit^  acids  caUed 
phenylmlpkitet,  Di  miphdbfnadata.  Nitric  acid  converta  it  into  ntlnr- 
pkenylnJ-pharoia  or  nitrrmii^iribeaadie  acid,  C,t(H,tiOJS,Ou  0  1 
H  ot" 
Chloride  oj  tviphophenyl  (0,^,8,0.,  CI)  is  »  colourlen  oil,  of  ep.  gr. 
1 '378,  and  boiling  point  4SD-2.  It  is  fonnod  on  distilling  phen^auTpbite 
of  soda  with  oiychloride  ot  phosphorus.  It  is  readily  attacked  by 
ammonia,  with  production  of  aalphophtiiyiaiaide  ;  and  the  latter,  by  tlie 
ordinary  prmess  of  subetitution,  yields  tie  (oUowiog  primary, socondnry, 
and  tertiary  monamidea,  including  a  terijary  diamide : — 


PEiOASJUiXI  lUBBLBS. 


SnlpliophRijlsmlda 


Dlsnlpbepbenjrlunlde         . 
aalpbaphMTlaDeeiiiJlanids    . 


Bnlpbopbeiij'lbeiuaylargnilBniidii  . 
BnliboiilMajldlbeniorUmille      . 


BnlphopbcnrlbeniiiyUcetTUmia* 


anlphspfaenjlcnmrlimide 


LCojIbeniojlQimijlHmlde   • 


phenyl.  TJnlike  pbenylsulphurous  add,  howerer,  it  remains  insoluble 
when  the  product  refOTred  to  is  diluted  witii  water. 

Sulphatt  <tf  phaa,l  {'^'^-q  {  S,oA  SiUphophaue  or  pJixayltia- 
phiiric  acid.  A  oambination  of  pbenic  and  sulphuric  addsL  It  fomw 
cryetalline  aalts  with  ammonia  and  baryta. 

Chloridt  of  phrayl,  OT  chlorhydrophenidt  {C,,B„Cl),  A  product  of 
the  actjon  of  oiytdiloride  of  phosphorus  on  j>benic  odd.  It  is  an 
almost  inodorous  liquid,  heavier  thim  water. 

Chloride  of  hinitrophenyl,  or  btnitroehlorhydrBphmlde  (CuCHiaNO,), 
CI),  is  produced  on  actiag  upon  binitropbenic  add  with  perchloride  of 
phosphorus.     It  much  resembles  chloride  of  phenyl. 

and  its  numerona 

Q  a  separate  article 


/     (G„HA 
AnHtne,  phcnylta,  or  phau/lamine  Itf  I      H   j,  ■ 


-iteresUng  derivatives,  will  be  found  described  ii 
[AjuumeTj  or  under  Oboaiiic  Bases. 

Oj/ariuCi  of  phenyl  (C„H,Cy).  Beiamitrile.  Obtained  by  the  distil- 
lation of  dried  benzoate  of  ammonia,  as  described  under  Bknzoio  Acid. 
It  a  colourless  oil,  baring  an  odour  resembling  that  of  bitter  almond 
oil.  It  is  soluble  in  alcohol  or  ether,  but  almost  insoluble  in  water. 
Its  sp.  gr.  is  1'0073;  boiling  point,  376°  Fsbr.  Fuming  nitric  add 
converts  it  into  cyamde  of  nilrophaiyl  (C,,{H,NO,),  Cy),  or  nitroberao- 

PHENTL-PHTHALIMIDH.     [Naphthalio  Obocf.] 

PHENYL-SULPHURIC  ACID  (C„H,S,0,).  Salphophenylie  add. 
A.  monobasic  acid  bearing  the  same  relation  to  phenylic  alcohol  as 
anlphoTinic  add  sustains  towards  common  or  vinio  alcohoL 

PHENTL^ULPHUHOOS  ICID  (C„H.3.0.1.  SidpheberuidU  acid. 
A.  ciTstalline  organic  odd,  obtained  by  gently  heating  benzole  with  its 
own  volume  ot  sDlpburous  odd.  Its  salts  are  ntonobasic  and  rery 
stable. 

PHIAL,  LETDEN.    [ELKTBioirr.] 

PHIQALIAN  marbles,  a  series  of  sculptures  in  alto-riliero, 
preserved  in  the  British  Museum,  which  are  so  o^ed  from  having  been 
discorered  among  the  ruins  of  a  tempJe  at  the  ancient  Bobbsb  on  Mount 
Co^liun,  cot  far  from  the  site  of  Phigalio.  The  subjects  represented 
in  uiem  are  the  battle  of  the  Centaurs  and  LapiUiea,  whioh  occupiea 
eleven  slabs,  and  that  of  the  Qreek*  and  AxooHins,  in  twelve  slabs. 


Jhe  heif^t  of  each  is  2  feel  1  inch,  and  the  whole  length  obout  100  I  most  beautiful  of  all  the  temploe  of  the  FBloponnesus."  Tha  roof  al 
feet.  Theoe  rilieri  formed  a  frieze  round  the  interior  of  the  cella,  and  tlie  building  was  of  stone.  It  was  dedicated  to  ApoUo  Epicurius,  or 
*ere  eleratsd  about  22  feet  from  the  ground.  {  the  Deliverer,  a  title  conferred  upon  him  because  be  bad  delivered  th« 

Piusanios  (riii.  41),  describing  the  edifice  from  which  these  marblea  :  Phigalians  from  a  pestjlence. 
*«sbrou^t,  ai^  "After  that  at  tes^,  it  may  be  considered  the  |     TheM  sculptures  are  of  rariousdegreea  of  merit  as  n^ardi  execution; 


PHIQALIAN  lUBBLBS. 


don,  and  Btjia  of  art  prove  thU  they  cune     timea)  of  the  temples  which  thej  docomtod.    The  ni 
TliB  aridance  of  thJi  in  the  works  them-     t?ot  wm  Iclinui,  the  nme  who,  when  Phidiaa   ■ 


but  the  oompiHdtloo,  ei  _ 

from  a  fine  whool  of  deugn.     .~. ,  -r—   ■ — .   —    . 

aelns  is  confirmed  bj  the  hutory  (which  baa  fortunately  reached  our  I  superinteBd  the  vsnous  publie  works  earned  or 


adminiatration  of  Pericles,  was  anoeiated  with  CaUicrates  to  erect  the 
Parthenon — one  of  the  moet  splendid  monumente  of  the  golden  age  of 
art.  This  givta  us  the  proiimate  date  of  the  execution  of  the  eoulp- 
tures  under  onnsideratioQ.  The  Parthenon  was  flolahed  about  137  B.o. 
The  temple  of  Apolb  at  Basso  may  therefore  be  attributed  to  about 
the  Bsme  period. 

The  quality  of  the  design  of  these  rilievi  warrants  the  assumption 
flut  the  Bmioent  sculptor  who  directed  the  decoration  of  the  former 
great  work  of  Ictinus  ma;  have  contributed  the  advantage  of  bia  bUU 
cy  suggesting  the  fine  compositions  of  the  scolpturea  for  his  preeent 


undertakiog.  It  is  not  difficult  to  discern  in  them  the  same  •™"^ 
and  character  which  pervade  the  marbles  of  the  Parthenon.  \^^ 
correspondence  is  particularly  observable  in  comparing  P""*""!  ^J\  ; 
FhigaUan  frieze  with  the  metopes  of  that  building  (seeA*-  \Z\  I 
[Phigalian  Marbles] ;  the  third  cut  in  the  article  CbkTADB,  ""'L' 
one  of  the  Phigalian  series;  and^.  1  under  Elqim  M*bbW  "la" 


lubjert,  the  batUo  of  the  Centaurs  aod  Lap"'^' "L, ».  (t 
Hented.  The  same  may  be  remarked  with  respect  to  ""'5' .PTdLi  ji 
this  fine  series,  whether  it  be  conridered  for  the  energy,  ™!Pll?T!,l 
violent  action  (JC^.  1,  2,  and  4;  and  the  a 


."SS.cl5»..l 


ut 


PHILIPPIANS,  EPISTLE  TO  THE, 


PHILOSOPHY,  POSmVB. 


for  grace  and  tendemen  where  gentler  ezpresfdon  is  to  be  oonTeyed 
(Jlg9.  3  and  6),  for  pkyfol  flow  of  lines  (aa  in  groupo  in  figs.  8  and  4), 
or  for  tbe  juat  balancing  of  parts  as  the  means  of  producing  a  hanno- 
nioiis  mrhole.  Throughout  there  is  the  stamp  of  careful  thought,  and 
evidence  of  an  intimate  knowledge  of  art,  combined  with  a  free  and 
bold  style.  Among  the  excellencies  of  treatment,  as  it  is  technically 
called,  the  value  and  quality  of  flesh  and  drapery  in  contrast,  are 
finely  exhibited  in  parts  of  jig9,  S  and  4.  The  few  specimens  here 
cliosen  for  illustration  are  sufficient  to  show  the  claim  these  marbles 
have  to  our  admiration  as  compositions.  The  difference  alluded  to  in 
the  merit  of  the  execution  may  probably  be  owing  to  the  working  out 
of  the  general  design  having  been  entrusted  either  to  pupils  or  to 
varioua  and  inferior  artists,  the  idea  and  the  compositions  alone  being 
furnished  by  the  master-mind. 

These  interesting  specimens  of  Greek  sculpture  were  discovered  in 
the  year  1812.  They  were  purchased  for  the  British  Museum  in  1814, 
and  arrived  in  England  in  the  following  year.  The  slabs  were  found, 
with  two  or  three  exceptions,  lying  on  the  floor  or  pavement  of  the 
temple,  under  the  identical  places  they  had  originally  occupied.  They 
were  much  mutilated,  both  from  the  injury  they  had  sustained  from 
their  own  weight  in  idling,  and  from  the  heavy  masses  of  the  building 
which  had  fallen  on  thenu  They  have  been  put  together  with  great 
care,  the  pieces  being  secured  by  copper  bolts ;  but  in  no  instance  has 
their  integrity  been  impaired  by  restorations.  For  detailed  descriptions 
of  these  marbles,  the  reader  is  referred  to  the  elaborate  work  of  Baron 
von  Stackelberg, '  Der  Apollotempel  zu  Bassao  in  Arcadien/  &c.,  Rome, 
1826  ;  also  to  Part  lY.  of  '  Description  of  the  Ancient  Marbles  in  the 
British  Museum ; '  and  to  the  '  Elgin  Marbles,'  in  the  '  Library  of 
Entertaining  Knowledge.' 

PHIL.IPPIANS,  EPISTLE  TO  THE,  is  one  of  the  epistles  written 
by  St.  Paul  daring  his  first  imprisonment  at  Rome.  [Paul,  St.,  in 
Bioo.  Drv.]  Like  the  other  early  churches  planted  out  of  Palestine, 
the  church  at  Philippi  in  Macedonia  consisted  of  Jews  and  (Gentiles,  the 
latter  forming  the  larger  portion.  These  Philippians  must,  however, 
have  had  cultivated  minds,  and  have  been  acquainted  with  the  manners, 
customs,  and  philosophy  of  the  Qreeks,  since  the  epistle  contains 
allusions  the  force  of  which  no  other  persons  could  fuUy  understand. 
They  were  first  converted  \>j  the  preaching  of  St.  Paul  about  twelve 
years  before  the  date  of  this  epistle,  which  was  written  apparently 
(ii.  24)  but  a  short  tim^  before  his  release  from  his  imprisonment  i^ 
Rome,  A.D.  63. 

The  occasion  of  its  composition  seems  to  have  been  the  following : 
the  Philippians,  having  heard  that  St.  Paul  was  a  prisoner  at  Rome, 
sent  contributions  for  his  relief  by  the  hand  of  Epaphroditus,  whom 
Theodoret  and  others  represent  as  tiieir  bishop.  St.  Paul,  being  much 
rejoiced  by  this  proof  of  their  affection  towards  him,  and  by  learning 
how  great  was  their  proficiency  in  all  Christian  excellences,  sends  back 
Epaphroditus  with  this  epistle. 

In  this  epistle,  of  which  the  canonical  authority  is  incontestable, 
St.  Paul  discovers  much  of  his  own  character,  the  traits  of  which 
cannot  fail  to  create  in  the  mind  of  an  attentive  reader  an  idea  of  true 
dignity.  He  delicately  proposes  his  own  conduct  for  the  imitation  of 
the  Philippians;  and,  with  no  mixture  of  affected  humility,  he  dis- 
claims all  personal  merit  for  whatever  wisdom  or  goodness  they  had 
Been  in  him  or  heard  of  him.  His  language  is  for  the  most  part  con- 
structed with  great  skilf  ulness ;  his  thoughts  are  arranged  in  an  order 
exactly  suited  to  his  design;  and  his  manner  is  at  once  affectionate  and 
authoritative. 
PHILIPPIca  [Demosthenes,  in  Bioo.Div.] 
PHILLIRIN  (C^H,,0„+ 8  Aq.)  A  white  crystalline  substance  of  a 
silvery  lustre  found  m  the  bark  of  the  Phillyrea  laUfolia,  It  is 
inodorous,  bitter,  slightly  soluble  in  cold  water,  moderately  so  in 
boiling  water  or  alcohol,  and  nearly  insoluble  in  ether.  Boiled  with 
dilute  hydrochloric  acid  it  is  transformed  into  phillygenin  (a  resinous 
substance  of  the  formula  C^jHj^OjJ  and  grape  sugar. 

-f     2H0     =     C^aHj^O,^     + 


C.^H,^0 


Phlllyrin. 


Fhinygenin. 


'^ V ' 

Grape  ingar. 


PHILCLOGY  (^iXokayia),  It  is  difficult  to  attach  a  precise  meaning 
to  this  word,  as  it  is  used  in  different  significations  by  (Afferent  writers. 
Among  the  Greeks  and  Romans,  the  term  philology  was  originally  used 
to  signify  a  love  for  the  investigation  of  all  subjects  connected  with 
literature  (Plat., '  Theaet,'  c.  x.  p.  146 ;  a  xlviL  p.  161 ;  Cic. '  ad  Div.' 
xvi.  21 ;  Emesti,  '  Clavis  Ciceron.,'  under  ^lAoAoTorrepo.)  The  Alex- 
andrine critics  appUed  the  term  philologus  to  a  person  who  was  well 
acquainted  with  the  ancient  Greek  writers,  and  with  the  subjects 
treated  of  in  their  works;  and  we  learn  from  Suetonius  (*  De  Illustr. 
^■anunat,*  c.  10),  that  Eratbsthenes,  who  Uved  in  the  2nd  century 
before  the  Christian  era,  was  the  first  who  obtained  this  name,  in  con- 
"^uence  of  his  extensive  and  varied  learning.  In  later  times,  a 
philologus  was  merely  a  person  skilled  in  language,  and  the  word 
^'^eame  almost  synonymous  with  grammaticus. 

Some  modem  writers  have  included  imder  the  term  philology  the 
study  of  Greek  and  Roman  antiquities,  but  the  majority  of  writers 
^ppear  to  regard  the  study  of  the  theory  of  language  and  of  languages 
"^Ijneral  as  the  only  subjects  strictly  belonging  to  philology. 

^e  reader  who  wishes  further  information  respecting  the  different 


meanings  attached  to  the  word  philology,  may  consult  A^t's  '  Grundriss 
der  Phllologie,'  Landshut,  1808;  and  the  first  essay  in  Wolf  and 
Buttmann's  '  Museum  der  Alterthums-Wissenschaft,'  Berlin,  1807. 

PHILOSOPHY,  from  the  Greek  phUoeophia  (^iXo<ro^k),  Uterally 
signifies  "  love  of  wisdom  or  knowledge,"  and  a  philosopher  (<MX^o^r), 
is  a  "  lover  of  wisdom."  Pythagoras  (Diog.  Laert,  Procem.)  is  said  to 
have  first  used  the  term  philosophy,  and  to  have  called  himself  a 
philosopher,  instead  of  a  sophus  (o-^s),  or  "wise  man,"  for,  he  added, 
no  one  is  wise  but  God.  Among  the  Greeks,  philosophy  was  some- 
times viewed  as  comprising  or  consisting  of  three  parts,  physio  (ipvaiK6¥), 
ethic  (ifiiK6v),  and  dialectic  (SioXcicrtic^y).  Physic  treated  of  the 
universe  and  that  which  it  contained;  ethic  treated  of  things  that 
concerned  himian  Ufe  and  man.  The  term  dialectio  is  explained  in  the 
article  Obqanok. 

The  'terms  philosophy,  philosophical,  philosopher,  are  often  used  in 
our  own  language  apparently  with  no  great  precision,  though  it  is  not 
difficult  to  deduce  from  the  use  of  these  terms  the  general  meaning  or 
notion  which  is  attached  to  them.  We  speak  of  the  philosophy  of  the 
human  mind  as  being  of  all  philosophies  that  to  which  the  name 
philosophy  is  particulu'ly  appropriated ;  and  when  the  term  philosophy 
is  used  al»olutely,  this  seems  to  be  the  philosophy  that  is  spoken  of. 
Other  philosophies  are  referred  to  their  several  objects  by  qualifying 
terms;  thus  we  speak  of  natural  philosophy,  meaning  thereby  the 
philosophy  (whatever  that  word  may  mean)  of  nature,  that  is,  as  the 
term  nature  is  generally  understood,  of  material  objects.  We  also 
speak  of  the  philosophy  of  positive  law,  imderstandmg  theroby  the 
philosophy  of  those  binding  rules,  properly  called  laws.  The  terms 
philosophy  of  history,  philosophy  of  manufactures,  and  other  such 
terms,  aro  also  used.  All  objects  then  which  can  occupy  the  mind 
may  have  something  in  oonunon,  called  their  jphUosophy;  which 
philosophy  is  nothing  else  than  the  general  expression  for  that  effort  of 
the  mind  whereby  it  strives,  pursuant  to  its  laws,  to  reduce  its 
knowledge  to  the  form  of  ultimate  truths  or  principles,  and  to 
determine  the  immutable  rolations  which  exist  between  things  as  it 
conceives  them.  The  philosophy  which  comprises  within  itself  all 
philosophies  is  that  which  labours  to  determine  the  laws  or  ultimate 
principles  in  obedience  to  which  the  mind  itself  operates ;  and  both 
those  laws  or  ultimate  truths,  which  must  be  considered  as  constituting 
the  mind  what  it  is,  andwhic^  are  therefore  independent  of  all  external 
impressions,  and  those  laws  by  which  the  mind  operates  upon  the 
sensuous  impressions  produced  by  objects  which  it  conceives  and  can 
only  conceive  as  being  external  to  itecjf . 

Thus  every  kind  of  knowledge,  the  objects  of  which  are  things 
external,  has  its  philosophv  or  principles,  which,  when  discovered  and 
systematiaed,  form  the  science  of  the  things  to  which  they  severally 
belong.  But  inasmuch  as  the  mind,  in  sbiving  after  this  science, 
must  act  by  its  own  laws  and  powers,  and  as  these  must  in  their  form, 
viewed  independently  of  their  special  objects,  always  be  the  same 
laws  and  powers  (for  we  cannot  conceive  the  mental  powers  to  vaiy  or 
differ  in  their  essential  qualities  merely  because  they  are  applied  to 
things  that  are  conceived  as  different),  we  therefore  assume  that  the 
mind  has  its  laws  and  powers,  which  maybe  discovered  by  observa- 
tion, as  we  discover  by  observation  the  laws  or  principles  which  govern 
the  relations  of  things  external  to  the  mind,  or  conceived  as  external. 
Thus  the  human  mind,  by  the  necessity  imprinted  upon  it,  seeks  to 
discover  the  ultimate  foundation  of  all  wat  it  knows  or  conceives;  to 
discover  what  itself  is,  and  what  is  its  relation  to  all  things.  Accor- 
dingly it  strives  to  form  a  system  out  of  all  such  ultimate  laws  or 
prinaples.  Such  a  system  may  be  called  a  philosophy,  in  the  proper 
and  absolute  sense  of  the  term,  and  the  attempt  to  form  such  a  system 
is  to  philosophise.  Systems  of  philosophy  have  existed  in  all  nations ; 
even  in  the  most  uncivilised,  in  some  form,  and  particularly  in  the 
form  of  a  religion;  for  the  highest  aim  of  philosophy  is  'to  ascertain 
the  relation  of  man  to  the  infinite  Being  whom  he  conceives  as  the  end 
and  Umit  of  all  his  inquiries.  In  nations  which  have  made  further 
progress  in  mental  culture,  the  systems  of  philosophy  are  not  limited 
to  the  dogmas  of  a  religion,  but  those  who  have  leisure,  and  whose 
minds  have  been  disciplined,  have  in  all  ages  ventured  to  transcend  the 
limits'  of  the  religious  system  of  their  society  or  age,  and  to  form  what 
are  called  phUoeophical  systems.  The  history  of  such  systems  is  the 
history  of  philosophy,  which  thus  viewed  is  a  histoiy  of  the  progress  of 
the  human  mind  towards  the  knowledge  of  itself,  a  knowledge  which, 
imperfect  as  it  is,  is  the  accumulation  of  many  centuries,  and  the  work 
of  many  contributors. 

PHILOSOPHY  OF  THE  HUMAN  MIND.    [Metaphysics.] 

PHILOSOPHY,  POSITIVE.  The  distinction  of  philosophy  as 
positive  and  negative,  was  adopted  by  the  German  schooL  Thus 
Kant's '  Kritik  der  Reinen  Vemunft,'  his  '  Prolegomena  zu  einer  jeden 
Eiinftigen  Metaphysik,'  and  his '  Kritik  der  Urtheilskraft,'aro  regarded 
as  forming  a  sort  of  Prima  Philoeophia,  preparatory  to  a  positive  or 
formal  and  detailed  system  of  metaphysics.  For  though  the  philo* 
Sophies  which  have  successively  arisen  in  Germany  since  Kant's  day, 
such  as  the  Scientific-doctrine  of  Fichte,  the  Transcendental  IdeaUsm 
of  Schelling,  the  Phenomenology  and  Logic  of  H^gel,  or  thepieta- 
physic  of  Herbart,  are  all  genealogically  descended  from  Kant's  Ciitioal 
review  (the  review  which  reason  was  made  by  Httw  to  engage  in,  of  the 
faculties  of  the  soul),  yet  Kant  himself,  in  hjs  Kritik,  did  not  profess 
to  do  more  then  pave  we  way  for  a  system  or  dogmatik  ol  qpeculatiTS 
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philosophy.  Kanb*B  mam  question  proposed  for  solution  in  the 
criticism  of  reason  was,  "are  metaphysics  possible  f "  or,  are  synthetic 
judgments  d  priori  possible  t — ^judgments,  or  propositions,  that  is — ^the 
truth  of  which  is  not  learned  from  experience,  and  which  also  are  not 
merely  analytical,  or  judgments  in  wMch  the  predicate  barely  unfolds 
the  subject.  Thus  "  all  body  is  extended,"  is  an  analytical  judgment : 
**  aH  men  are  mortal,"  is  synthetical  indeed,  but  then  it  is  d  posteriori, 
being  founded  on  experience :  but,  **  every  change  must  have  a  cause," 
is  synthetical  d  priori,  being  universal  and  necessary,  and  founded  in 
nothing  but "  pure  understanding  and  reason."  Now  Skll  such  axioms, 
conceptions,  and  principles  as*  ore  d  priori,  being  enumerated,  are 
regarded  by  those  who  make  a  distinction  between  positive  and 
negative  philosophy,  as  forming  a  negative  philosophy,  or  as  drawing 
the  groimd  for  a  positive  constructive  system.  Kant  held  out  the 
expectation  of  such  a  system,  as  a  superstructure  to  be  erected  by 
himself  on  the  basis  of  the  '  Kritik : '  such  a  system  of  pure  speculative 
reason  I  hope  "  to  ftunish  myself,  under  the  title,  Metaphysic  of 
Nature ;  which  shall  have  far  richer  matter  than  this  Kritik,  though 
the  latter  was  necessary,  first  to  exhibit  the  sources  and  conditions  of 
its  possibility,  and  to  cleanse  and  level  a  soil  altogether  overgrown  with 
weeds."  ('  Kritik : '  Yorrede.)  Such  a  system  would  have  been,  in 
the  German  phrase,  a  positive  philosophy :  but  the  Transcendental 
Criticism  professes  only  to  examine  and  secure  the  foundation  on 
which,  the  author  says, "  every  future  metaphysic  "  must  be  built,  and 
is,  relatively  to  such  supposed  system,  merely  negative. 

The  Positive  Philosophy  that  Kant  and  the  German  metaphysicians 
only  contemplated  was  at  length  propounded  by  M.  August  Comte,  in 
his '  Cours  de  Philosophic  Positive,'  in  1830-1842,  and  his  '  Discours  sur 
rEnsemble  du  Positivisme,'  1848.  According  to  his  system  the  hiunan 
mind  has  passed  through  certain  stages :  the  theological,  in  which 
supernatural  agencies  are  necessary ;  the  metaphytical,  in  which  superr 
natural  aids  are  dismissed,  and  their  place  supplied  by  abstract  ideas. 
These  stages  he  deems  incorrect,  and  holds  that  the  mind  now  arrives 
at  the  la^t  and  highest  stage  the  potitive,  in  which  it  grasps  all  that 
can  be  known  with  certainty,  such  as  scientific  truths,  and  holds  that 
in  other  more  complex  subjects,  such  as  Biology  and  Sociology  (social 
science),  definite  laws  prevail  which  may  be  ultimately  d^overed 
by  strict  observation  and  deduction,  and  that  nothhig  is  to  be 
believed  that  cannot  be  proved.    [Comte,  in  Bioo.  Drv.] 

PHILTER  (ipl\Tpov,  phiUrum),  was  a  potion  given  among  the 
Greeks  and  Romans  to  excite  love.  It  is  doubtful  of  what  these 
potions  were  composed,  but  their  operation  was  violent  and  dangerous, 
often  depriving  those  who  drank  them  of  their  reason.  (Ovid, '  Ar. 
Amat./  ii.  106.)  Lucretius  is  said  to  have  died  from  drinking  a  potion 
of  this  kind ;  and  the  madness  of  Caligula  is  attributed  by  some  to  a 
similar  potion,  which  was  given  him  by  his  wife  CscBonia.  (Suet, 
'  Cal./  50 ;  Juv.,  vi.  615,  616.)  The  most  powerful  love  potions  were 
prepared  by  the  Thessallans,  whence  Juvenal  speaks  (vi  610)  of  Thessala 
philtra. 

PHLOGISTICATED  AIR.    An  obsolete  name  for  Nitroqen. 

PHLOGISTON,  an  hypothetical  substance,  by  supposing  the  exist- 
ence of  which  Stahl  [Stahl,  in  Bioa.  Div.l  explained  the  phenomena 
of  combustion.  He  imagined  that  by  combination  wii^  phlogiston  a 
body  was  rendered  combustible,  and  that  its  disengagement  occasioned 
combustion,  and  after  its  evolution  there  remained  either  an  acid  or 
an  earth  .*  thus  sulphur  was  by  this  theory  supposed  to  be  composed 
of  phlogiston  and  sulphuric  acid.;  and  lead,  of  the  calx  of  lead  and 
phlogiston,  &c. 

At  this  period,  however,  oxygen  had  not  been  discovered,  and 
although  Jean  Rey  had  shown  that  metals  *by  burning  increased  in 
weight,  and  Hooke  and  Mayow  had  attributed  combustion  to  the 
presence  of  the  air  in  which  it  occurs,  yet  the  doctrine  proposed  by 
Stahl  maintained  its  ground  for  about  half  a  century.  Soon  after  the 
discovery  of  oxygen  gas  by  Dr.  Priestley,  the  experiments  which  others 
had  made  on  the  calcination  of  the  metals  were  repeated  with  great 
accuracy  by  Lavoisier ;  the  consequence  was,  that  the  phlogistic  theory 
gave  way  to  the  antiphlogistic;  for  the  combustion,  which  had  been 
attributed  to  the  extrication  of  phlogiston,  was  known  in  all  common 
cases  to  be  derived  from  the  absorption  of  oxygen,  and  this  explained 
the  increase  of  weight  which  bodies  acquired  by  combustion,  whereas 
on  the  phlogistic  theory  they  ought  to  have  suffered  a  diminution  by 
the  process. 

PHLORETIC  ACID.    [Phlorizin.] 

PHLORETIN.    [Phlorizin.]     . 

PHLORIDZIN.    [Phlorizin.] 

PHLORIZEIN.    [Phlorizin.] 

PHLORIZIN  (C«H,^Oao+4  Aq.)  PUoridsm,  a  peculiar  vegetable 
matter  which  exists  in  the  bark  of  the  trunk  and  roots  of  the  apple, 
pear,  cherry,  and  plum  trees.  According  to  Stass  it  is  most  readily 
obtained,  and  in  large  quantity,  by  treating  either  the  fresh  or  dried 
roots  of  the  apple-tree  with  weak  alcohol  at  the  temperature  of  about 
150°  Fahr.  When  the  digestion  has  been  continued  for  some  hours, 
the  clear  solution  is  to  be  poured  off,  and  the  alcohol  distilled ;  the 
residual  liquor  on  cooling, deposits  phlorizin,  which  is  to  be  rendered 
colourless  by  animal  charcoaL 

Phlorizin,  when  deposited  from  a  saturated  solution,  has  the  form  of 
silky  tufts ;  but  when  obtained  by  the  slow  cooling  of  a  dilute  solu- 
tion, it  is  in  long  flat  brilliant  needles.     The  taste  of  phlorizin  is  rather 


bitter,  followed  with  slight  sweetness ;  it  is  aoaioely  flolnble  in  cold 
water,  but  boiling  water  dissolves  it  in  large  Quantity ;  alcohol  and 
pyroxylio  spirit  also  readily  take  it  up,  and  at  all  temperatures;  ether, 
even  when  boiling,  dissolves  only  traces  of  it,  though,  when  mixed 
wii^  alcohol,  it  dissolves  it  very  well;  it  has  no  action  on  vegetaUt 
colours. 

Phlorizin  is  by  various  prvcesses,  described  by  H.  Stass,  oonTerted 
into  pUorizein  (C^^B.^fi^^,  pUoreUn  (C,o&i«Oio)>  Phkrogbicm 
(C„HoOa + 4  Aq.),  Bufin  (C„H ,oO  J,  phloretic  add  (C  ja„(NO J0„  ?)  ; 
for  an  account  of  these,  we  refer  to  his  memoir  contained  in  tiie  6dth 
voL  of '  Annales  des  Chimie  et  de  Physique.' 

PHLOROOLUCIN.    [Phlorizih.J 

PHLORONE.  (CuH^«0,)  A  yeUow  oil  obtained  by  the  dry  distil- 
lation of  camphorate  of  hme.    It  emits  an  odour  like  peppermint 

PHOCENIC  ACID.    [Valerianic  Acid.] 

PHOCENIN.    Synonymous  with  Valebin. 

PHOENIX  {^oivi^,  one  of  the  most  renowned  of  the  fKbulooi 
monsters  of  antiquity,  defined  by  the  Arabians  to  be  a  "  creabire  whose 
name  is  known,  its    body  unknown."     (Richardson's  'Arabic  and 
Persian  Diet.')    The  earliest  author  who  mentions  it  is  Heaod(ap 
Plut., '  De  Defectu  Orac.,'  cap.  II ;  and  ap.  Plin., '  Hist  Nat,'  lib.  vil 
cap.  49),  who  merely  says  that  it  lives  nine  times  as  long  as  a  crov 
The  first  detailed  description  and  history  that  we  meet  with  in  in 
Herodotus,  whose  words  on  that  account  deserve  to  be  quoted  it 
length.    "  There  is  also,"  saivs  he,  in  his  account  of  Egypt  (Ub.  ii.,  cap. 
73), "  another  sacred  bird,  the  name  of  which  is  the  phoenix;  I  haie 
not  myself  seen  it  except  in  a  picture,  for  it  seldom  visits  them«  onlj 
(as  the  people  of  Heliopolis  say)  every  five  hundred  years.    And  th^ 
say  that  he  only  comes  when  lus  sire  dies.    And  he  is,  if  he  is  like  he 
picture,  of  size  and  shape  as  follows :  part  of  his  plumage  i«  gold- 
coloured,  and  part  crimson ;  and  he  is  for  the  most  part  vezy  like  to 
the  eagle  in  outiine  and  bulk.    And  this  bird,  they  say,  deyiMs  u 
follows,  but  they  say  what  is  to  me  beyond  belief  :  that  Betting  oot 
from  Arabia,  he  brings  his  sire  to  the  temple  of  the  sun;  that  he 
covers  him  with  myrrh,  and  buries  him  in  the  temple  of  the  sun;  and 
that  he  covers  him  thus :  first  he  forms  an  egg  of  myrrh  as  hige  aa  he 
is  able  to  bear,  and  afterwards  tries  whether  he  can  carry  it ;  aod  wb^ 
he  has  made  the  trial,  upon  this  he  hollows  out  the  egg,  and  puts  his 
sire  into  it,  and  covers  with  other  myrrh  that  part  of  the  egg  where  he 
had  made  the  hole  and  put  in  his  sire ;  and  when  his  sire  lies  iiuide, 
the  weight  [of  the  egg]  is  the  same  [as  it  was  before  it  was  hollowed 
out],  and  having  covered  him  up,  he  conveys  him  to  Egypt  into  the 
temple  of  the  sun.    Such  are  the  things  which  they  say  this  bird . 
performs."    Such  is  tiie  story  as  told  in  Herodotus,  and  it  is  sub- 
stantially the  si^ne  as  what  was  afterwards,  though  with  various 
embellishments,  repeated  and  believed  for  more  than  a  thousand  yean. 
It  would  be  tedious  and  useless  to  quote  tiie  words  of  each  aathor 
who  forms  the  link  in  the  chain  :  it  will  be  sufiScient  to  mentioQ  that 
between  the  times  of  Herodotus  and  Tacitus,  the  fable  of  the '  Pfaosiix 
is  told  more  or  less  fully  and  circumstantially  by  nuruerous  cl;^cal 
writers.    Of  these  writers  perhaps  the  only  passage  curious  enou^  to 
be  particularly  noticed  is  th&t  in  Lampridius,  who  tells  us  that  H^oga- 
balus  promised  his  guests  a  phoenix  for  supper;  he  was,  howeTer, 
obliged  to  be  content  with  a  dish  of  the  tonnes  of  phcenicopten  (or 
Qamingoes).  , 

But  it  is  not  only  m  heathen  authors  that  this  fable  is  to  be  found; 
it  is  mentioned  and  believed  by  the  Jewish  rabbinical  writers,  and  uj 
the  early  fathers  of  the  Christian  church.  The  very  words  of  aefcrai 
of  these  writers  may  be  seen  in  Bochart  (loco  dL);  ^^^  ^^r^j^- 
rabbinical  addition  to  the  story  worth  noticing  is  preserved  by  Kao  i 
Osaia  in  his '  Berescith  liabba,'  cap.  19  (ap.  Bochart  loco  d^),  who  aaya 
timt  the  reason  why  the  phoGnix  lives  so  long,  and  ia  "^.^°^*?^ 
exempt  from  death,  is  because  it  was  the  only  animal  that  °id  not 
of  the  forbidden  fruit  in  Paradise.  A  somewhat  similar  ^"^J®^?^ 
have  been  known  to  the  Arabians  under  the  name  of  Anka.  Mr.  woe, 
in  the  notes  to  his  translation  of  the  '  Tales  of  a  Thousand  ana 
One  Nights '  (ch.  20,  note  22),  tells  us,  on  the  autiiority  of  Ka8f°J 
that  the  anka  is  the  greatest  of  birtis ;  that  it  carries  off  the  elepnan^ 
as  a  kite  carries  off  the  mouse ;  that,  in  consequenoe  of  its  ^^^^^^T?^  u 
a  bride,  God,  at  the  prayer  of  a  prophet  named  Handhalah,  ^^*°^^|^g 
to  an  island  in  the  circimoambient  ocean,  unvisited  by  ^^"i^^jg  • 
equinoctial  Une ;  that  it  lives  one  thousand  and  seven  ^"^^**^^m«|e' 
and  that  when  the  young  anka  has  grown  up,  if  it  bo  *  j^ 
the  old  female  bird  bums  herself ;  and  if  a  male,  the  old  to^ 

does  so.  t,iUMtM 

Many  of  the  early  fathers  believed  the  story  so  firmly  w»a*.*°®' % 
not  hesitate  to  bring  it  forward  as  a  proof  of  the  ^^T^Zi, 


that,  not  as  an  argamentum  ad  hominem,  when  disputing  '^^^^^iy. 
but  seriously,  and  in  writings  addressed  to  converts  to  9^^^  he 
St.  Clement  i6  the  first  who  uses  this  argument  {loco  ciL),  in  T'^-^ 
is  followed  by  St  Cyril  and  Tertullian  (locis  eU.),  »nd,^PT^ 
('Ancor.;  sec  84,  p.  89).  The  passage  in  St  Cj^/^^jg  a 
contains  two  or  three  additional  embelliaihments)  wiU  ^^^^.^ 
specimen.  "God  knew  men's  unbelief,"  says  he  (in  ^'  .  u^i 
translation,  Oxford,  1838),  "and  provided  for  this  P^'^^P^*  n^oie 
called  a  phoenix^  This  bird,  as  Clement  writes,  and  "^^^^J^at 
relate,  the  only  one  of  its  race,  going  to  the  land  of  ^®  J^^q  .  md 
revolutions  of  five  hundred  years,  shows  forth  ths  reeuneca    t 
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this,  not  in  desert  places,  lest  the  mystery  which  comes  to  pass  should 
remain  unknown,  but  in  a  notable  city,  that  men  might  even  handle 
what  they  disbelieve.  For  it  makes  itself  a  nest  of  frankincense  and 
myrrh  and  other  spices ;  and  entering  into  this  when  its  years  are 
fulfilled,  it  evidently  dies  and  moulders  away.  Then  from  the 
mouldering  flesh  of  me  dead  a  worm  springs,  and  this  worm,  when 
grown  large,  is  tranformed  into  a  bird ;  and  do  not  disbelieve  this,  for 
thou  seest  the  offiipring  of  bees  also  fashioned  thus  out  of  worms,  and 
from  eggs  which  are  meet  moist  thon  hast  seen  the  wings  and  bones 
and  sinews  of  birds  issue.  Afterwards  this  phoenix,  becoming  fledged 
and  a  perfect  phoenix,  as  was  the  former  one,  soars  up  into  the  air  such 
as  it  had  died,  showing  forth  to  men  a  most  evident  resmrection 
from  the  dead.  The  phoenix  indeed  is  a  wondrous  bird,  yet  is  ir- 
rational, nor  sings  psalms  to  God ;  it  flies  abroad  through  the  sky, 
hut  it  knows  not  the  only-begotten  Son  of  God.  Is  then  a  resurrection 
from  Ute  dead  given  unto  this  irrational  creature,  which  knows  not  its* 
maker ;  and  to  us,  who  ascribe  gloiy  to  God  and  keep  his  command- 
mentSy  shall  there  no  resurrection  be  granted  ? " 

Origen  seems  to  doubt  its  truth  ('  Gont.  Gels.,'  lib.  iv.,  cap.  98,  p.  229), 
and  Photius  blames  St.  Glement  for  his  credulity  in  mentioning  it 
('  Biblioth./  cod.  126,  p.  305) ;  but  these  two  are  (so  far  as  the  writer 
is  aware)  the  only  two  of  the  ancient  authors  who  did  not  believe  it^ 
This,  however,  ought  not  to  lessen  the  authority  of  the  fathers  on 
other  matters,  nor  should  it  be  made  a  subject  of  reproach  against 
them  that "  they  were  not  proficients  in  a  branch  of  knowledge  which 
has  been  a  peculiar  study  of  modem  times."  (See  Mr.  Newman's 
preface  to  Mr.  Church's '  Translation  of  St.  Cyril/  Oxf.,  1838.) 

It  would  be  almost  impossible  to  enumerate  all  the  more  modem 
authors  who,  during  the  middled  ages,  expressed  their  belief  in  the 
existence  of  the  phoenix,  for  the  list  would  include  almost  all  the 
writers  on  natural  history,  besides  a  great  number  of  others.  Perhaps 
the  most  curious  circumstance  relating  to  it  is  what  is  told .  us  by 
Camden  ('Britannia,'  p.  783,  ed.  Lond.,  1607),  namely,  that  Pope 
Clement  Till,  sent,  in  1599,  to  Lord  Tyrone,  the  chieftain  of  the 
Irish  rebels,  a  phoenix's  feather.  This  was  mentioned  in  Ms  work  only 
eight  years  after  the  event  took  place,  but  we  are  not  informed  how 
the  pope  procured  the  feather,  or  what  had  become  of  it  at  the  time 
when  Camden  wrote.  Sir  Thomas  Browne,  in  his '  Vulgar  Errors '  (of 
which  the  first  edition  was  pnbliBhed  in  1646),  thinks  it  necessaiy  to 
state  at  some  length  his  reasons  for  disbelieving  the  existence  of  the 
phoenix  (hook  ui.  ch.  12);  and  in  1552  he  was  attacked  for  this  and 
other  pieces  of  incredulity  by  Alexander  Ross,  in  a  work  entitled 
'  Arcana  Microcosmi,  or  the  Hid  Secrets  of  Man's  Body  discovered,'  ftc. 
With  respect  to  the  phcenlx,  the  writer  is  not  surprised  at  its*  seldom 
niaVtpg  its  appearance,  its  instinct  teaching  it  to  keep  out  of  the  way 
of  the  tyrant  of  the  creation — man;  "for  had  Heliogabalus,  that 
Roman  glutton,  met  with  him,  he  had  devoured  him,  though  there 
were  no  more  in  the  world  \  "  ('  Area.  Micr.,'  p.  202.)  Alexander 
Ross,  who  was  really  a  person  of  some  sense  and  learning,  was  probably 
one  of  the  last  believers  iii  the  phoenix,  which  is  now  given  up  entirely 
to  the  poets ;  indeed,  since  the  appearance  of  the '  Rejected  Addresses,' 
ahnost  abandoned  even  by  them. 

PHCENIX,  a  southe?m  constellation  of  Bayer,  which  may  be  best 
described  as  close  to  (but  farther  from  the  south  pole  than)  the  bright 
star  in  Erid&nos  (Aoheinar).    Its  principal  stars  are  as  follows : — 
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PHOSGENE  GAS.    [Chlorocahbohio  Acn>  Gas.] 

PHOSPHATES,    [Phosphorus.] 

PHOSPHIDES.    fPHOBPHORUS.! 

PHOSPHITES-    tPHOflPHORua.] 

PHOSPHO-BERGAMIG  ACID.    [Bbroavot,  Essence  or.] 

PHOSPHO.GL,YCERIC  ACID.  [Glycerin.] 
,  PHOSPHORESCENCE.  When  phosphorus  is  exposed  to  the  air 
^  undergoes  slow'  combustion,  and  emits  a  feeble  light  which  is  visible 
in  the  dark.  Certain  mineral  substances  emit  a  phosphorescent  light 
^hen  gently  hea  ted,  such  as  phosphorite  and  chlorophane.  The  light 
however  soon  ceases  and  cannot  be  renewed  until  the  .body  has  been 
exposed  to  the  aun,  or  to  the  electric  flash  produced  by  dischaiging  a 
Leaden  jar.  Several  kinds  of  sea  fish  become  luminous  soon  after  death, 
and  the  waters  of  the  ocean  frequently  appear  luminous  from  the  pre- 
B^ce  of  luminous  animalcule :  this,  however,  is  a  subject  which 
J^ngs  to  our  Natubal  History  Division— Luminosity  or  Organic 
nkiNos. 

PHOSPHORIC  ACID.    [Phosphorits.] 

PHOSPHORIC  ACID,  MEDICAL  PROPERTIES  OP.  Dry  phos- 
poonc  add  is  sometimes  used  in  the  form  of  pills,  but  this  is  not  an 
jujgible  mode;  the  common  form  is  liiat  of  solution,  constituting  the 
^ute  sold  of  tile  '  Fharmacopceia.'    This  differs  from  the  other  dilute 


mineral  acids  in  not  affecting  so  strongly  the  digestive  organs,  on 
which  account  it  may  be  persevered  in  for  a  longer  time.  It  is  pecu- 
liarly suited  to  disordered  states  of  the  mucous  surfaces,  and  also  to 
states  of  debility,  characterised  by  softening  of  the  bones  and  a  phos- 
phatic  condition  of  the  urine.  In  this  latter  state  it  is  often  more 
efficacious  when  combined  with  iron,  in  the  form  of  a  phosphate  of 
that  metal ;  or  better,  the  pyrophosphate.  The  same  combination  is 
of  great  utility  in  most  cases  of  diabetes.  In  passive  hemorrhages, 
phosphoric  acid,  properly  diluted,  quickly  arrests  the  blooding,  as  it 
coagulates  the  blood.  This  property  is  possessed  in  a  stronger  degree 
by  the  undiluted  acid ;  and  hence  if  injected  into  a  vein,  causes  death. 
A  poisonous  dose  of  the  strong  acid  may  be  counteracted  by  chalk,  or 
carbonate  of  soda.' 

PHOSPHOROUS  ACID.    [PHOSPHORtJS.] 

PHOSPHOVINIC  ACID,  Ethyl-phMphoric  add.    [Ethyl.] 

PHOSPHORUS.  This  elementary,  solid,  non-metalllo  body  was 
discovered  in  1669,  by  Brandt,  an  alchemist  of  Hamburg ;  he  kept  the 
mode  of  preparation  for  a  long  time  secret,  but  as  he  could  not  conceal 
the  fact  of  its  being  obtained  from  urine,  Kunkel  tried  to  procure  it 
from  the  same  source,  and  he  succeeded  in  the  attempt. 

It  will  not  be  requisite  to  describe  the  original  mode  of  preparing 
this  very  peculiar  substance ;  therefore  we  shadl  only  give  an  outline 
of  the  method  at  present  employed.  It  has  been  shown  that  animal 
bone  [Bone,  in  Nat.  Hist.  Div.]  contains  a  large  quantity  of  phos- 
phoric acid  combined  with  [lime,  forming  a  phosphate  of  that  earth* 
It  was  first  proposed  by  Scheele  to  obtain  phosphorus  from  bones. 
For  this  purpose  the  bones  ai^  ignited  or  o&lcined  in  contact 
with  air  tUl  they  become  white ;  when  this  happens  it  is  a  proof 
that  the  charcoal  derived  from  the  decomposition  of  the  animal 
matter  is  entirely  burnt  ofL  In  this  state  they  consist  of  phosphate 
of  lime  mixed  with  little  else  than  a  small  portion  of  carbonate 
of  lime.  After  being  reduced  to  a  fine  powder,  they  are  mixed 
with  sufficient  water  to  form  a  thin  paste,  and  digested  for  a 
day  or  two  with  two-thirds  their  weight  of  sulphuric  acid.  In  this 
case  sulphate  of  lime  is  formed,  and  the  greater  part  of  it  remains 
insoluble,  and  a  superphosphate  of  lime  remains  in  solution ;  this  is 
to  be  evaporated,  and  the  precipitate  formed  being  separated,  the  dear 
fluid,  which  is  diiefly  phosphoric  acid,  is  to  be  evaporated  nearly  to 
dryness,  and  mixed  with  about  a  fourth  of  its  weight  of  powdered 
charcoal ;  this  mixture  is  to  be  strongly  heated  in  an  earthen  retort, 
the  beak  of  which  is  immersed  in  water ;  by  the  action  of  the  heat  the 
phosphoric  add  yields  oxygen  to  the  carbon,  and  the  results  are 
carbonic  add  or  oxide,  which  is  evolved  in  the  gaseous  state,  and 
the  vapour  of  phosphorus,  which  is  condensed  by  passing  iato  water. 

The  crude  phosphorus  thus  obtained  is  mixed  with  wet  sand  and 
purified  by  redistillation  from  a  large  cast-iron  retort,  the  neck  of 
which  just  dips  below  the  surface  of  water  contained  in  a  flat  earthen- 
ware pan.  The  phosphorus  is  from  time  to  time  removed  by  an  iron 
ladle  and  cast  into  sticks  by  fusing  imder  warm  water  in  a  vessel  that 
has  a  long  glass  tube  attached  to  its  lower  part  by  a  stopcock.  Tho 
tube  is  surrounded  bv  cold  water  contained  in  a  tub,  and  at  first  its 
end  is  closed  by  a  cork.  On  opening  the  tap  the  melted  phosphorus 
flows  into  the  gloss  tube,  and  when  it  hais  solidified,  the  cork  is 
carefully  withdrawn,  and  with  it  the  rod  of  phosphorus,  fresh  liquid 
phosphorus  continuing  to  flow  in.  By  this  means  the  whole  of  tho 
phosphorus  may  be  drawn  out  in  one  continuous  stick  of  any  required 
diameter,  and  coiled  roimd  in  the  tub  or  cut  into  pieces  with  scissors 
while  still  under  water. 

Phosphorus  is  solid,  translucent,  and  nearly  colourless ;  it  is  so  soft 
that  it  may  be  indented  by  the  nail,  and  it  is  very  readily  cut.  When 
heated  to  111*5°  Fahr.  it  fuses,  and  at  550*  is  converted  into  vapour ; 
it  has  a  peculiar  smell  when  exposed  to  the  air,  but  this  is  probably 
derived  from  the  action  of  the  oxygen  of  the  air  upon  it.  Neither 
water  nor  alcohol  dissolve  phosphorus,  but  it  is  slightly  dissolved  by 
ether  and  by  oUs.  It  emits  light  when  exposed  to  the  air  in  the  dark, 
and  hence  its  name  (from  ^t,  light,  and  ^epciv,  to  earry).  It  is 
extremely  inflammable,  and  has  been  known  to  take  fire  spontaneously 
in  the  atmosphere  when  the  temperature  was  not  above  60°  Fahr.  Its 
specific  gravity  is  about  1'88.  Phosphorus  is  also  soluble  by  the  aid  of 
heat  in  naphtha,  bisulphide  of  carbon,  and  dichloride  of  sulphur ;  on 
cooling  from  solution  in  the  last-mentioned  it  has  been  obtained  in 
dodecahedral  crystals,  and  by  mere  fusion  and  slow  cooUng  of  a  lai^er 
quantity,  it  has  been  procured  in  octohedral  crystals. 

Phosphorus  may  be  granuUUtd  by  fusing  under  alcohol,  or  in  water 
contaimng  a  little  urea,  and  well  agitating  till  cold. 

Amorphous,  or  red  Phosphorus  is  an  allotroplc  variety  that  has  long 
been  known  to  chemists,  but  has  been  extensively  manufactured  only 
since  the  year  1848.  It  is  most  easily  made  by  keeping  ordinary 
phosphorus  for  several  days  at  a  temperature  of  450''  or  460°  Fahr. 
It  forms  a  red  or  purple  fnable  amorphous  mass.  Its  specific  gravity 
mdting  point  and  igniting  point  are  higher  than  ordinary  phosphoru& 
It  is  insoluble  in  bisulphide  of  carbon,  is  neither  dangerously  inflam- 
mable nor  poisonous,  and  does  not  communicate  to  the  workpeople* 
engaged  in  liant^litig  jt,  that  painful  disease  of  the  jaws  that  ordinary 
phosphorus  imparts.  These  properties  have  secured  for  it  extensive 
use  in  the  manufacture  of  ludfer  matches,  and  it  was  at  one  time 
hoped  that  it  would  quite  supersede  the  white  variety  :  xmfortunately 
however,  it  gradually  attracts  oxygen  from  the  air  and  the  phosphorom 
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and  phoephorio  adds  produced  are  so  ezoeedingly  deliqixescent  that 
matcnes  prepared  with  amorphous  phosphorus  are  liable  to  become 
damp. 

Mack  PhospharuB  is  another  amorphous  variety  of  this  element. 
It  is  obtained  by  very  suddenly  cooling  melted  phosphorus. 

The  equivalent  of  phosphorus  is  32. 

Oxygen  and  Phoapkonu  combine  with  great  readiness,  and  form 
four  distinct.compoimds,  namely : 

1.  Oxide  of  phosphonu        •        •        •       •        •  P9O 

S.  HypophospborooB  acid         •        •        •        •    •  PO 

S.  Phoflphoroos  acid     ••••••  PO3 

4.  Phosphoric  acid  •       • PO^ 

1.  Osade  of  PAiMpAonw.— This  is  prepared  by  melting  phosphorus 
in  hot  water,  and  in  this  state  forcing  a  jet  of  oxygen  gas  upon  it.  The 
phosphorus  bums  under  water,  and  the  results  are  phosphoric  acid, 
which  remains  in  solution,  and  which  we  shall  presently  describe,  and 
a  red  pulverulent  body,  which  remains  at  the  bottom  of  the  vesse^  and 
is  the  oxide  of  phosphorus.  It  is  inodorous  and  tasteless,  and  is 
insoluble  in  water,  alcohol,  ether,  or  oiL  It  undergoes  no  change  in 
the  air,  even  when  heated  to  above  600*  Fskhr. ;  but  at  a  low  red  heat 
it  bums.  In  chlorine  gas  it  inflames.  It  decomposes  nitric  acid 
readily,  and  combining  with  its  oxygen,  becomes  phosphoric  acid.  It 
does  not  possess  either  acid  or  alkaline  properties. 

2.  HypopJtospharous  Acid  was  discovered  in  1816  by  M.  Dulong. 
When  phosphide  of  barium  is  acted  upon  by  water,  both  suffer  decom- 
position, and  there  are  formed  phosphuretted  hydrogen,  phosphoric 
acid,  hypophosphorous  acid,  and  baryta ;  the  earth  combines  with  both 
the  acids,  and  the  phosphate  of  baryta  being  insoluble,  is  precipitated, 
while  the  hypophosphite  is  soluble,  and  sulphuric  acid  being  added  to 
the  solution,  sulphate  of  baryta  is  precipitated,  and  free  hypophos- 
phorous acid  remains  in  solution ;  by  evaporating  this,  a  viscid  strongly 
acid  substance  is  obtained,  which  is  hydrated  hypophosphorous  acid. 

Hypophosphorous  acid  is  liquid,  imcxystallisable,  has  a  powerful 
taste,  is  heavier  than  water,  and  cannot  be  obtained  in  a  dry  state. 
When  subjected  to  the  action^ of  heat,  it  is  quickly  decomposed  into 
phosphuretted  hydrogen  gas,^  which  escapes,  and  phosphorous  and 
phosphoric  acids.  Water  dissolves  this  acid  in  all  proportions ;  it  acts 
very  powerfully  as  a  deoxidising  agent,  but  nevertheless  combines  with 
many  salifiable  bases,  forming  salts  which  are  termed  hypophospkitea  ; 
these  salts  are  remarkably  soluble  in  water;  they  are  usually  deli- 
quescent, and  crystallise  with  great  difficulty.  From  the  circumstance 
that  neither  this  acid  nor  its  salts  can  be  obtained  free  from  water, 
its  true  formida  is  probably  PH,Oa,  that  is  phosphorio  acid  in  which 
two  atoms  of  oxygen  are  replaced  by  two  of  hvdrogen. 

8.  Phogphorous  Acid,  like  the  preceding,  is  entirely  an  artificial 
product ;  it  is  obtained  in  the  greatest  purity  by  subliming  phosphorus 
through  bichloride  of  mercury  in  a  glass  tube.  Biuing  the  action  of 
the  heat,  the  phosphorus  takes  half  the  chlorine  from  the  mercury, 
and  they  form  a  volatile  compound  which  condenses  into  limpid  liquid 
chloride  of  phosphorus:  when  this  is  mixed  with  water,  mutual 
decomposition  occurs ;  the  hydrogen  of  the  water  and  the  chlorine  of 
the  chloride  form  hydrochloric  acid,  while  the  oxygen  and  phosphorus 
unite  to  form  phosphorous  acid.  By  evaporation  the  hydrochloric  acid 
is  expelled,  and  when  evaporation  hauB  been  continued  until  the  residue, 
while  hot,  has  the  consistence  of  a  syrup,  it  becomes  a  solid  crystalline 
mass  on  cooling,  which  is  hydrated  phosphorous  acid.  This  acid 
dissolves  very  r«idily  in  water,  has  a  sour  taste,  reddens  vegetable 
blue  colours,  and  combines  with  some  bases  to  form  salts,  which 
are  cai^ed  photphUet, 

Phosphorous  acid  is  also  formed  when  phosphorus  is  burnt  in 
rarefied  air.  When  phosphorus  is  exposed  to  air  and  moisture,  it  has 
been  long  known  that  a  dense  sour  fluid  is  formed  by  the  absorption 
of  oxygen :  this  was  supposed  by  M.  Dulong  to  be  a  peculiar  acid,  and 
he  called  it  phosphatic  acid ;  it  was  however  subsequently  shown  by 
Davy  to  be  a  mixture  of  phosphorous  and  phosphoric  acids. 

Phosphite  of  Ammonia  ia  procured  by  adding  carbonate  of  ammonia 
to  the  acid  to  saturation.  It  crystallises  in  deliquescent  needles ;  when 
heated,  it  is  decomposed,  giving  out  ammonia;  and  by  Uie  continued 
application  of  heat,  the  phosphorous  acid  remaining  is  converted  into 
phosphoric  acid.    It  is  not  a  salt  of  any  importance. 

4.  Phogphorie  Acid, — This  acid  exists  largely  in  nature,  not  only,  as 
has  been  already  mentioned,  in  combination  with  lime,  forming  bone, 
but  also  in  some  vegetable  products,  and  often  in  the  bowels  of  the 
earth,  combined  with  lime,  forming  a  mineral  which,  when  crystallised, 
is  frequently  called  apatite.  [See  also  Phosphatite,  in  Nat.  Hist. 
Div.]  It  also  occurs  in  combination  with  oxide  of  iron,  copper,  lead» 
manganese,  and  uranium ;  but  the  quantity  of  these  compounds  is  by 
no  means  large,  and  they  are  regarded  chiefly  as  objects  of  curiosity. 

Pho9ph4jrie  Acid  may  be  artificially  formed  by  the  direct  combination 
of  its  elements.  When  a  piece  of  phosphorus  is  inflamed,  and  imme- 
diately covered  by  a  laige  bell  glass,  white  flakes  of  phosphoric  acid 
are  produced,  which  fall  like  snow  in  the  vessel  When  exposed  for  a 
short  time  to  the  air,  the  add  deliquesces.  So  great  is  its  affinity  for 
water,  that  when  collected,  and  a  little  water  added  to  it,  it  is  converted 
into  a  hydrate  with  explosive  ebullition,  owing  to  the  heat  which  is 
evolved  during  combination.    Phosphorio  add,  when  free  from  water. 


may  be  volatilised  in  a  glass  tube  by  the  heat  of  a  spizit^ame;  tbo 
hydrate  is  even  more  rc»adily  dissipated. 

Phosphoric  add  is  also  formed  when  phosphoruB  is  heated  in  mode- 
rately strong  nitric  add;  the  nitric  add  is  decomposed,  and  yieldB 
oxygen  to  form  the  phosphoric  add.  By  evaporation  in  a  platizu 
camsule,  hydrated  phosphoric  add  is  obtained. 

Phosphoric  add  is  colourless,  inodorous,  dense,  extremely  sour  to 
the  taste,  and  acts  strongly  on  vegetable  blue  colours ;  it  does  not, 
however,  like  sulphuric  acid,  destroy  the  skin  when  af^lied  to  it 
Phosphoric  acid  is  peculiarly  disposed  to  combine  with  different  pro- 
portions of  water,  and  these  compounds  exhibit  properties  so  diffeient^ 
that  they  might  be  supposed  to  be  three  different  adds,  instead  of 
different  hydrates  of  the  same  add.  When  the  dry  add,  obtained  as 
described  nom  the  combustion  of  phosphorus,  is  thrown  into  water,  a 
mixture  of  the  three  hydrates  is  obtained  in  variable  proportions ;  but 
they  may  be  separately  obtained  in  a  pure  state  &om  the  o(Mnmco 
phosphate  of  soda  of  the  shops,  after  it  has  been  purified  by 
solution  and  recrystaUisation.  Decompose  a  warm  solution  of  ihk 
salt  by  means  of  a  solution  of  acetate  of  lead,  and  wash  the  predpt- 
tated  phosphate  of  lead,  and  then  pass  a  current  of  hydrosulphurie 
add  through  it  while  suspended  in  water.  When  the  excess  of  hydro- 
sulphuric  acid  has  been  expelled  b^  heat,  a  very  sour  fluid  remains, 
which  is  a  terhydrate  ofpho^horic  acid  (8H0,P0,). 

This  terhydrated  acid  is  unalterable  bv  boiling  its  solution' or 
keeping  it  for  any  length  of  time.  The  dass  of  salts  which  it  forma 
are  photphates,  which  give  a  yellow  predpitate  with  nitrate  of  sjItb 
(3AgO»  PO.).  Common  phosphate  of  soda  contains,  therefore,  tbis 
terhydrated  phosphoric  add. 

Pyrophosphmc  Add. — ^Professor  Clark,  of  Aberdeen,  first  cUsoorered 
that  when  common  phosphate  of  soda  is  heated  to  redness,  it  is  com- 
pletely changed  in  some  of  its  properties,  and  after  being  dissolved  in 
water,  it  affords  crystals  of  a  new  salt,  which  he  named  pyropkoiphaie 
of  8oda  (2NaO,  PO,).  It  gives  a  white  predpitate  with  nitrate  of  silver 
(2AgO,  POk),  instead  of  a  yellow  one.  If  a  solution  of  this  salt  be 
decomposed  by  one  of  acetate  of  lead,  and  the  precipitated  phoephate 
of  lead  be  treated  with  hydrosulphuric  add  as  already  described,  and 
then  evaporated' in  vacuo,  over  sulphuric  add,  without  the  appli^atioa 
of  heat,  the  remaining  solution  is  pyrophosphoric  add,  oonaiBtiBg  oi 
2H0,  PO,. 

Metaphosphorie  Add. — ^If  equivalent  proportions  of  ordinary  i^os- 
phate  of  soda  (2NaO,  HO,  POj  and  terhydrated  phoephorio  acid  (3H0, 
PO,)  be  evaporated  to  dryness,  a  tribasic  phosphate  of  soda  is  obtained, 
containing  (NaO,  2H0,  PO,),  and  this,  on  being  treated  as  thebst, 
gives  an  acid  liquor,  containmg  tiie  metaphosphorio  or  monohydiated 
phosphoric  add  (HO,  PO,). 

Glacial  phosphoric  acid  is  also  in  general  mostiy  metapho^orio 
add.  This  hydrate  is  characterised  by  producing  a  white  predpitate 
in  solution  of  albumen,  and  in  solutions  of  the  salts  of  earths  asd 
metallic  oxides ;  precipitates  which  are  remarkable  semifluid  bodies,  or 
soft  solids  without  crystallisation. 

Hydrogen  and  Phosphorus  combine  in  three  different  proportioiis. 
When  phosphide  of  caldum  is  thrown  into  hot  water  containing  hydro- 
chloric add,  a  yellow  powder  predpitates,  which  is  a  solid  phosphide 
of  hydrogen,  containing  P,H. 

Phosphuretted  Hydrogen  Qas  (PH,). — This  gas  was  obtained  by 
Gengembre  in  1783 :  it  is  procured  by  boiling  phosphorus  in  a  solutioin 
of  potash,  or  in  small  quantity  on  bringing  phosphide  of  calcium  into 
contact  with  water.  The  gas  which  arises  is  spontaneously  inflam- 
mable ;  and  during  its  combustion  there  are  formed  water  and  phos- 
phoric add :  it  is  colourless,  and  has  a  disagreeable  odour  resemblinpr 
that  of  onions.  Water  dissolves  about  two  per  cent  of  this  gas ;  but 
the  solution,  unlike  that  of  sulphiuretted  hydrogen  gas,  has  no  add 
properties.  It  depodts  solid  phosphuretted  hydrogen  when  exposed 
to  light.  The  specific  gravity  of  this  gas,  according  to  Dumas,  is  I'TBl. 
Its  spontaneously  inflammable  property  is  due  to  the  presence  of  Uqiad 
phiosphvaretUd  hydrogen  (PH^.  The  latter  may  be  separated  by  passing 
the  freshly-maae  gas  throu^  a  tube  immersed  in  tv  freezing  mixtam 
It  bums  explodvely  when  exposed  to  the  air,  and  renders  hydrogen, 
carbonic  oxide,  &c.,  spontaneously  inflammable. 

Phosphm^tted  hydrogen  gas  decomposes  some  metallic  sdutioos, 
such  as  those  of  copper  and  mercury,  and  metallic  phosphides  are  pre- 
dpitated.  When  it  is  pure,  it  is  entirely  absorbed  by  sulphate  of 
copper  and  chloride  of  lime. 

Chlorine  and  Phosphorus  combine  in  two  proportions,  forming  tbe 
pentachloride  and  terchloride. 

Terchloride  of  Phosphorus  (PCI,). — When  a  mixture  of  bichloride  of 
mercury  and  phosphorus  is  heated,  we  have  already  had  oocadon  to 
notice  that  terchloride  of  phosphorus  is  produced.  When  first  pro- 
cured, it  has  generally  a  reddish  colour,  owing  to  the  presence  of  a 
littie  uncombined  phosphorus.  When  this  has  had  time  to  deposit,  or 
when  it  is  purified  by  slow  distillation,  it  becomes  limpid  and  colou^ 
le8&  It  has  a  suffocating  odour,  and  fumes  when  exposed  to  the  ab. 
Its  specific  gravity  is  1*616.  It  does  not  alter  the  colour  of  dry  litmus- 
paper  ;  but  if  moist,  then  hydrochloric  and  phosphorous  acids  are 
formed,  which  redden  it  istrongly.  The  vapour  of  this  compound  is 
combustible,  and  acts  with  great  energy  upon  water,  producing  the 
changes- which  have  been  described. 

Pentachloride  of  Phosphrnit*  (PCI,)  is  obtained  by  the  spontaneous 
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eombuBtion  of  phosphortu  in  chlorine  gas;  a  whit^,  flaJkj,  yolatile 
compound  is  formed,  which  is  the  perchloride.  It  is  volatile,  rising  in 
vapour  at  200^  It  is  fusible  under  pressure,  and  crjrBtallises  in  prisms. 
It  reddens  dry  litmus^paper,  owing,  as  has  been  suspected,  to  its 
acquiring  oxygen  and  hydrogen  from  the  decomposition  of  the  paper. 
Like  the  protochloride,  it  acts  strongly  upon  and  decomposes  water ; 
but  itie  results  are  hydrochloric  add  and  phosphoric,  instead  of 
phosphorous,  add. 

Phosphide  of  Nitrogen  (PN,?). — This  compound  cannot  be  obtained 
by  direct  action ;  it  is  the  result  of  the  action  of  ammonia  on  the 
chlorides  of  phosphorus.  The  changes  which  occur  are  effected  with 
difficulty,  but  the  phosphide  of  nitrogen  eventually  obtained  has  the 
following  properties  :— It  is  a  light  white  powder,  and,  although 
formed  of  very  volatile  constituents,  it  remains  fixed  and  infusible 
even  at  a  red  heat,  when  the  access  of  air  is  prevented ;  but  if  that  be 
present,  white  vapours  of  phosphoric  acid  are  formed.  This  compound 
is  remarkable,  also,  for  its  indifference  even  to  the  most  powerful 
re-agents ;  it  is  insoluble  in  water  and  in  acids,  nitric  acid  even  attack- 
ing it  only  after  long  contiaued  exposure  to  it.  Chlorine  and  sulphur 
do  not  act  upon  it;  it  is  insoluble  in  alkaline  solutions,  but  when 
heated  wiUi  solid  hydrate  of  potash,  anmionia  is  evolved.  According 
to  Gerhardt,  it  contains  hydrogen,  and  its  formula  is  HN,P. 

Sulphur  and  Photphorus  may  be  made  to  combine  in  all  proportions 
by  fusion  in  an  exhausted  flask  or  under  water;  but  the  operation 
requires  great  caution.    The  resulting  sulphides  are  vexy  inflammable, 
and  mostly  crystalline. 
Phosphanu  and  Iodine.    [Iodinis.]  • 

Phoiq>horu8  and  Bromine.    [BBOMmE.] 

Phosphorus  may  be  made, to  combine  with  the  greater  number  of 
the  metals ;  the  most  important  of  these  compotmds  {phosj^UdeB)  wiU 
be  foimd  under  each  particular  metal. 

Detection  of  Photphorus. — Phosphorus  is  very  poisonous.  It  is 
readily  detected  in  a  mixture  containing  organic  matter  by  placing  the 
suspected  mixture  in  a  flask,  adding  sulphuric  add,  suspending  a  piece 
of  paper  streaked  with  solution  of  nitrate  of  silver  from  the  upper  part 
of  the  flask,  and  gentlv  heating;  if  phosphorus  be  present,  the  paper 
will  exhibit  black  marks  of  phosphide  of  silver.  The  absence  of  sul- 
phuretted hydrogen,  and  of  arsenic,  must  be  previously  ascertamed ; 
&e  one  by  acetate  of  lead  paper  suspended  in  the  flask,  the  other  by 
Marsh's  test 

Deteeticn  and  Sstimation  of  Phoaphorie  Acid. — One  of  the  best  tests 
for  phosphoric  add  is  the  production  of  a  white  crystalline  predpitate 
in  the  presence  of  anmionia,  on  the  addition  of  a  soluble  salt  of  mag- 
nesia. The  resulting  anunonio-phosphate  of  magnesia,  on  being  ignited, 
is  converted  into  phosphate  of  magnesia,  which  contains  63*38  per  cent, 
of  phosphoric  add. 

PHO'SPHORUS,  MEDICAL  PROPERTIES  OF.  This  elementary 
substance  exists  as  an  essential  constituent  both  of  vegetable  and 
animal  bodies;  yet  when  applied  in  a  concentrated  and  pure  state  to 
any  organised  structure,  it  acts  upon  it  as  a  violent  and  corrosive 
poison.  Into  animal  bodies  it  is  introduced  in  a  diluted  and  combined 
state,  by  which  it  is  disarmed  of  its  virulence,  as  an  ingredient  of 
many  common  artides  of  food.  One  of  the  chief  sources  of  it  is  the 
starch  of  the  cereal  grains,  such  as  wheat-flour,  in  the  ashes  of  which, 
when  burnt,  it  amounts  to  23  per  cent.  (Prout's '  Bridgewater  Treatise,' 
book  iii.) ;  also  alliaceous  plants,  such  as  onions,  in  which  it  exists  as 
a  phosphate  of  iron;  polygonous  and  other  plants,  in  which  it  occurs 
as  a  phosphate  of  lime.  It  also  exists  not  oidy  in  the  bones  and  other 
bard  parts  of  animals,  but  in  many  of  the  fluids,  especially  the  excre- 
tions. Thus  it  is  found  in  tiie  milts  and  roes  of  flshes,  the  substance  of 
oysters,  the  yelk  of  eggs,  in  the  liver,  and  also  the  brain,  in  which 
organ  of  the  human -being  it  amotmts  to  from  2  to  24  per  cent. 

Phosphorus  is  of  aU  stimulants  the  most  powerful  and  difiumble, 
hut,  on  account  of  its  activity,  highly  dangerous.  Its  poisonous  action 
Beems  to  be  connected  with  its  strong  affinity  for  oxygen,  by  which  it 
is  converted  into  pHhsphorous  and  phosphoric  adds.  Hence  when 
brought  into  contact  with  the  animal  tissues,  it  abstracts  oxygen  from 
them,  and  produces  an  eschar,  resembling  a  bum :  the  phosphorus  in 
tbia  way  loses  weight  and  is  absorbed,  so  that  the  exhalation  from  the 
lungs  and  the  cutweous  perspiration  are  impregnated  with  the  vapour, 
*Qd,  under  certain  circumstances,  luminous.  A  very  small  quantity  of 
Bplid  phosphorus,  even  one  grain  and  a  half,  has  proved  fatal.  Solu- 
tions of  phosphorus  in  oils,  fixed  or  volatile,  or  in  ethers,  are  still  more 
active  and  dimgerous.  The  vapour  of  phosphorus  is  accused  of  causing 
a  peculiar  affection  of  the  jaw-bone  in  persons  working  much  with  it, 
>uch  as  manufacturers  of  congreve  matches.  This  evil  may  be  pre- 
sented by  wearing  a  sponge  before  the  mouth  and  nostrils,  and  the 
observance  of  great  deuiliness,  especially  using  a  solution  of  soda  for 
washing  the  luuids.  Acetate  of  potash  is  useful  in  the  dysuria  which 
follows  poisoning  by  phosphorus. 

Little  use  is  made  of  phosphorus  or  its  oleaginous  solutions  in 
inedical  practice  in  Great  Britain,  though  in  cases  of  extreme  prostra- 
tion of  the  nervous  system  it  is  not  without  its  value. 

In  the  event  of  a  poisonous  dose  being  taken,  bland  mucilaginous, 
not  oily,  fluids  should  be  fceely  administered,  followed  by  magneda  or 
cMt  in  boUed  water. 
PHOSPHURETTED  HYDROGEN.    [Phosphorus.] 
PHOTOGRAPHY  is  both  an  art  and  a  wienee.    i^s  an  art  it  enables 
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US  to  draw,  depict,  or  write  by  means  of  light.  As  a  sdence  it  teaches 
us  how  to  observe  and  to  investigate  the  effects  produced  by  light 
upon  all  natural  bodies,  whether  animate  or  inanimate,  mineral,  vege- 
table, or  animal.  Its  study  as  an  art  is  of  comparativdy  recent  date, 
but  tiie  sdence  had  previously  excited  the  attention  of  nearly  aJl  the 
most  eminent  investigators  in  modem  sdence.  The  names  of  Davy, 
Wedgwood,  Thomas  Yo\mg»  Wollaston,  and  the  two  Herschels  in  this 
country— of  Scheele,  Ritter,  Seebeck,  fierthollet,  and  Becquerd  on  the 
Continent — ^testify  to  this  effect.  Photography  is  worthy  of  special 
attention  from  the  fact  that  it  requires  for  its  rational  and  thoroughly 
successful  pursuit  a  knowledge  of  chemistry,  optics,  and  phydcs  gene- 
rally, toge&er  with  an  amount  of  artistic  taste  and  manual  dexterity, 
Bucn  as  must  be  useful  not  only  for  purposes  of  mental  training,  but 
under  a  variety  of  circumstances  in  actual  Ufe.  The  variety  of  its 
parts  and  aims  gives  it  a  special  charm  for  those  who  like  to  have  a 
pursuit  admitting  of  both  activity  of  mind  and  body ;  its  processes  are 
as  much  carried  on  out  of  doors  as  in  close  laboratories.  Further  it 
has  this  charm,  that  while  it  fumishes  problems  of  the  greatest 
interest  and  intricacy  for  the  most  advanced  philosopher  in  optics  or 
chemistry,  it  has  its  practical  processes,  which  may  be  readily  appre- 
hended, and  exerdsed  for  purposes  of  utility  or  recreation  by  those  who 
are  but  Uttle  skilled  in  phydcal  manipulations. 

The  history  of  photography  has  been  so  fully  treated  of  by  liir. 
Robert  Hunt,  in  his  '  Researches  on  Light,'  and  in  his  '  Treatise  on 
Photography,'  and  also  by  the  Abb^  Moigno,  in  his  'Repertoire  d'Op- 
tique  Modeme,'  that  we  need  not  do  here  more  than  recapitulate  in  a 
brief  manner  the  points  of  chief  interest  which  they  have  given  at 
greater  length. 

It  may  be  weU  to  say  at  the  outset,  that  it  was  not  tiU  the  year  1839 
that  Photography  acquired  for  itself  distinct  recognition,  through  the 
investigations  of  Fox  Talbot  and  Daguerre,  wMch  resulted  in  the 
introduction  of  the  two  processes  known  as  the  Calotype  or  Tdboiype, 
and  Daguerreotj^pe.  As  usual  in  the  histoiy  of  lurt  and  sdence, 
approximations  had  been  attained  to  by  earlier  experimentalists.  *  It  is 
interesting  to  inquire  into  the  labours  of  some  of  these.  Proceeding 
historically,  we  shall  find  that  observations  relating  to  the  science  of 
photpgraphy  precede  the  first  attempts  at  establishing  the  principles  of 
the  art. 

In  1722  Petit  noticed  that  solutions  of  nitrate  of  potash  and 
muriate  of  anmionia  crystallised  more  readily  in  the  light  than  they 
did  in  darkness.  In  1777  Scheele  wrote,  "It  is  well  known  that 
the  solution  of  silver  in  acid  of  nitre,  poured  on  a  piece  of  chalk 
and  exposed  to  the  beams  of  the  sun,  grows  black.  The  light  of  the 
sun  reflected  from  a  white  wall  has  tiie  same  effect,  but  more  slowly, 
heat  without  light  being  without  effect"  Again,  "  f^x  a  glass 
prism  at  the  window,  and  let  the  refracted  sunbeams  fall  on  the 
floor.  In  this  coloured  light  put  a  paper  strewed  with  luna  comua 
(chloride  of  silver),  and  you  will  observe  that  this  horn  silver  grows 
sooner  black  in  the  violet  ray  than  in  any  of  the  other  rays." 

Senebier  repeated  these  experiments,  and  also  experimented  on  the 
influence  of  light  in  the  bleaching  of  wax. 

In  1798  Count  Rumford  sent  to  the '  Philosophical  Transactions' 
a  memoir  entitied '  An  Inquiry  concerning  the  Chemical  Properties 
that  have  been  attributed  to  Light.'  In  this  paper  the  Count  attempts 
to  prove  that  all  the  effects  produced  upon  metallic  solutions  by  bright 
sunshine  are  due  to  heat.  In  1802  Mr.  Harrup  refuted  this  view,  and 
showed  that  several  salts  of  mercury  were  reduced  by  light  alone,  and 
not  by  heat. 

In  1801  Ritter  proved  the  existence  of  rays  in  the  solar  spectrum, 
which  are  to  be  found  beyond  its  visible  limits,  and  that  these  rays  have 
the  power  of  darkening  chloride  of  silver.  These  researches  having 
exdted  attention,  MM.  Berard,  Seebeck,  Berthollet,  Sir  W.  Herschd,  Sir 
H.  Englefidd,  Wollaston,  Davy,  and  otiiers,  made  various  experiments 
which  tended  still  further  to  confirm  the  proof  that  light  had  a  special 
influence  over  bodies  beyond  that  exercised  through  ite  heat;  and 
that  the  colour  of  the  Ught  was  in  some  way  related  to  this  newly 
observed  action  of  the  sunbeam. 

Before  proceeding  to  notice  the  early  efforts  of  those  who  laid  the 
foundation  of  the  art  of  photography,  with  which  we  are  now  to-be 
chiefly  engaged,  we  may  observe  that  Priestley,  Senebier,  Ingenhousz, 
De  CandoUe,  Saussure,  and  Ritter,  directed  attention  to  the  influence 
of  light  upon  plante — ^an  interesting  and  important  subject.  Others 
followed  in  a  dmilar  track,  still,  however,  leaving  the  matter  in  a  com- 
paratively obscure  condition.  The  action  of  light  on  the  human  frame, 
and  on  animal  life  genei*ally,  has  not  yet  been  fairly  investigated. 
That  some  special  action  will  be  detected  there  can  be  no  doubt.  We 
have  long  thought  that  light  will  come  to  be  considered  as  impor- 
tant an  element  to  health  as  fresh  air  and  wholesome  food.  It  may 
posdbly  be  that  much  mental  or  bodily  labour,  exerdsed  in  the 
absence  of  the  stimulus  of  daylight,  is  indirectly  injurious  to 
animal  life. 

But  let  us  proceed  to  trace  rapidly  the  art  of  photography  to  its 
source.  In  the  Journals  ^of  the  lioyal  Institution  of  Great  Britain 
for  1802  will  be  found  a  paper  by  "  Thomas  Wedgwood  and  Hum- 
phiy  Davy" — the  first  a  brother  of  the  famous  x)orcelain  manufacturer, 
the  second  the  Sir  Humphry  Davy  of  a  later  period.  Their  joint 
paper  was  entitied  '  An  Account  of  a  Method  of  Copying  Paintings 
upon  Glass  and  of  making  Profiles  by  the  Agency  of   Light  upon 
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Kitnite  of  Silver ;  with  ObserratioBS  by  H.  I>ftvy/  Thii  paper  eon- 
taiiu  the  complete  germs  of  the  photbgraphio  art,  namely,  the  applioa< 
tion  of  an  optical  instrument  to  imprint  upon  A  sensitive  chemical 
Buriace  the  images  of  all  natural  objects  illuminated  by  the  sunbeam, 
or  other  souroe  of  light  The  instruments  used  by  these  observers 
were  the  camera  obscura  and  the  solar  microsoope :  but  let  us  first  see 
how  this  important  invention  took  shape  ii)  the  mind  of  Wedgwood. 

According  to  Davy,  Wedgwood  first  commenced  his  res^arohes  with 
a  view  to  copy  the  images  of  the  camera  obscura ;  and  for  this  pur- 
pose,  says  Dav^,  "  he  first  used  nitrate  of  silver,  which  was  tnentioned 
to  him  by  a  friend  as  a  substance  very  sensible  to  the  influence  of 
light."  This  nitrate  of  silver  was  applied  in  solution  to  surfiaces 
of  white  paper  and  leather.  ''White  paper  or  white  leather/'  to 
quote  the  words  of  the  memoir  of  1802,  '^moistened  with  solution 
of  nitrate  of  silver,  imdergoes  no  change  when  kept  in  a  dark  place ; 
but  on  being  exposed  to  the  daylight,  it  speedily  changes  colour,  and, 
after  passing  through  different  shades  of  grey  and  brown,  becomes  at 
length  nearly  black.  The  Silterations  of  colour  take  place  more 
speedily  in  proportion  as  the  light  is  more  intense.  In  the  direct 
he^siL  of  the  sun  two  or  three  minutes  are  sufficient  to  produce  the 
full  effect ;  in  the  shade  several  hours  are  required ;  and  light  trans* 
mitted  through  different-coloured  glasses  acts  upon  it  with  different 
degrees  of  intensity,"  . , . ,  "  When  the  shadow  of  any  figure  is  thrown 
upon  the  prepared  surface,  the  part  concealed  by  it  remains  white,  and 
the  other  parts  speedily  become  dark.  For  copying  paintings  on  glsss 
the  solution  should  be  applied  on  leather,  and  in  this  case  it  is  more 
readily  acted  on  than  when  paper  is  used.  After  the  colour  has  been 
once  fixed  on  the  leather  or  paper,  it  cannot  be  removed  by  the  appU* 
cation  of  water,  or  water  and  soap ;  and  it  is  in  a  high  degree  per- 
manent. The  copy  of  a  painting,  or  the  profile,  immediately  after  being 
taken  must  be  kept  in  an  obscure  place ;  it  may,  indeed,  be  examined 
in  the  shade,  but  in  this  case  the  exposure  should  be  only  for  a  few 
minutes  :  by  the  light  of  candles  or  lamps,  as  commonly  employed,  it 
is  not  sensibly  affected."  No  means  were  found  to  fix  permanently 
the  impressions  thus  produced.  And,  as  regao^  the  primary  end  of 
Wedgwood's  researches,  we  are  told  that  ''  The  images  formed  by 
means  of  a  camera  obscura  have  been  found  to  be  too  faint  to 
produce  in  any  moderate  time  an  effect  upon  the  nitrate  of  silver.^' 
Davy  adds,  "In  following  these  precedes,  I  have  found  that  the 
images  of  small  objects  produced  by  means  of  the  solar  microsoope, 
may  be  copied  without  difficulty  on  prepared  paper.  This  will  pro- 
bably be  a  useful  application  of  the  method ;  that  It  may  be  employed 
Buccessf  ullv,  however,  it  is  necessary  that  the  paper  be  placed  at  but 
a  small  distence  from  the  lens." 

The  muriate  (chloride)  of  silver  was  found  te  be  more  sensitive  to 
light  than  the  nitrate.  "  Kven  in  the  twilight,  the  colour  of  the  moist 
muriate  of  silver  spread  upon  paper  slowly  changed  >from  white  to 
faint  violet ;  though  under  similar  circumstances  no  immediate  site- 
ration  was  produced  upon  the  nitrate."  Davy  oonoludes  with  these 
remarkable  words:  "iNothing  but  a  method  of  preventing  the  im- 
shaded  parts  of  the  delineations  from  being  coloured  by  exposure  to 
the  day,  is  wanting  te  render  this  process  as  useful  as  it  is  elegant." 

From  this  time  the  art  in  England  slumbered  until  1834,  when 
Mr.  Fox  Talbot,  without  knowing  what  had  been  done,  conunenoed 
eiEperimente  with  the  same  end  in  view. 

But  we  must  now  turn  te  a  neighbouring  country,  France.  In  1818, 
M.  Nidpce,  of  Chalons  on  the  Saone,  was  engaged  in  a  task  identical 
in  conception  with  that  of  Wedgwood.  He  was  endeavouring,  by 
means  of  bituminous  varnishes  and  metal  plates,  to  fix  permanently 
the  images  of  the  camera,  and  he  succeeded  to  a  remarkable  extent. 
His  experiments  were  carried  on  until  1827,  in  which  year  he  presented 
a  memoir  with  specimens  to  the  Koyal  Society  of  London ;  but,  as  he 
kept  his  processes  secret,  no  notice  was  taken  of  his  labours.  Nidpce 
returned  to  France  dispirited.  He  there,  however,  continued  his 
expeiiments,  making  pictures  on  a  surface  of  bitumen  laid  upon  a 
metal  Pjate,  which  he  afterwards  engraved  by  ordinary  engraver's 
.icid.  The  rationale  of  his  process  is  this  : — Light  is  capable  of  harden- 
ing a  bituminous  surface  in  such  a  way  that  the  usual  solvente  of 
bitumen  no  longer  act  readily  upon  the  altered  part  of  the  surface,  and 
therefore  only  the  shaded  portions  of  a  partially  illuminated  plate 
would  yield  to  such  solvents  as  the  mineral  naphthas,  for  example, 
furnish.  But  when  a  metal  plate  had  been  partially  laid  bare  by  the 
removal  of  the  bitumen  in  the  shadows,  nothing  was  easier  than  to 
eteh  such  a  plate  by  aqua  fortis,  and  this  was  what  Nidpce  did.  A 
plate  thus  made  and  prints  from  it  were  in  the  possession  of  the  late 
Mr.  Robert  Brown,  of  the  British  Museum.  It  is  to  be  hoped  that 
they  are  placed  in  the  Museum  itself.    M.  Ni^pce  named  his  art 

In  1829  M.  Ni^pce  became  acquainted  with  a  M.Daguerre  [Dagubbbe, 
L.  J.  M.,  in  Bioa.  Drv.],  who  was  noted  for  his  dioramic  paintings,  and 
who  was,  it  is  alleged,  also  engaged  upon  methods  for  fixing  the  images 
of  the  camera.  A  deed  of  partnership  was  executed  between  the  two 
experimentalists,  and  they  jointly  pursued  their  labours  until  the  death 
••f  x^i^poe,  in  July,  1833.  A  new  arrangement  was  then  made  between 
his  son,  M.  Isidore  Ni^pce  and  Daguerre. 

At  length  came  the  memorable  year  1839,  when  the  whole  scientific 
and  artistic  world  was  startled  at  the  announcement  that  objecte  oould 
be  made  to  draw  their  own  pictures  vdih.  an  accuracy  and  minuteness 


quite  unattamable  by  hand.  In  Januny,  1839,  the  first  apacinMns  "bf 
Dagaevre  were  shown,  but  the  prooem  waa  withheld  tmtil  the  mmtk 
of  July.  This  enabled  Mr.  Fox  Talbot  to  secure  to  himself  the  merit 
of  priority  of  pubUoation  of  a  method  by  which  sun-drawn  pioAora 
oould  be  suocewfully  produced.  He,  on  the  18th  of  January,  oom- 
munioated  to  the  Rc^al  Society  a  paper,  entitled  *Some  Acoount  of 
the  Art  of  Photogenio  Drawing,  or  the  Frooess  by  which  If  atuivl 
Objecte  may  be  made  to  delineate  themselves  without  thtt  Aid  of  the 
Artist's  PenoiL'  And  on  the  21st  of  February  in  the  same  year,  he 
gave  another  communication  on  the  method  of  preparing  aenaitive 
paper  and  of  fixing  the  images  obtained.  That  ^  two  expcri- 
mentalisto,  Talbot  and  Daguerre,  were  independent  diflooveren  is 
evident  from  the  dissimilarity  of  their  processes ;  the  light  and  oamfln 
obscura  being  the  only  means  strictly  in  eommoo. 

Mr.  Talbot's  method  consisted  in  washing  letter>papcr  over  rspeat- 
edly  with  alternate  solutions  of  salt  and  nitrate  of  silver ;  at  a  eertain 
stage  a  surface  was  obtained  which  gave  images  under  the  infliuiniw  dt 
the  camera,  and  these  images  were  fixed  by  immersion  in  a  skpong 
solution  of  salt  and  water,  in  which  the  unaltered  parte  of  the 
chloride  of  silver  were  soluble.  This  process  was  not  very  aensitive, 
and  was  therefore  set  aside  by  Mr.  Talbot's  later  disooveriea  of  1840. 

Let  us  now  examine  the  nature  of  Daguerre'a  prooesa  called  the 
Daguerreotype.  A  plate  of  silvered  oopper  ii^  highly  polished,  and  then 
exposed  to  the  vapour  of  the  ohensical  element  iodme,  which  imparts 
to  the  plate  a  series  of  colours,  depending  on  the  quantity  of  iodine 
absorbed.  The  exposure  to  the  vapour  was  carried  on  nntil  the  plate 
assumed  a  rosy  tint,  or  simply  a  deep  orange-yeUow,  bordoing  on  red. 
The  plate  was  now  sensitive,  and  had  only  to  be  exxxised  at  tiie  focus 
of  the  camera  obscura  in  order  to  obtain  a  picture  of  any  strongly 
illuminated  obieot.  Some  minutes  were  necessary  even  in  fuU  sun- 
shine. The  plate  was  then  withdrawn  into  the  darkened  room  in 
which  it  had  been  prepared,  and  there  it  waa  exposed  to  the  vapour  of 
heated  mercury,  which  has  the  wonderful  property  of  attaching  itself 
only  to  those  parte  of  the  iodised  plate  which  have  been  exposed  to 
light;  and  tlua  deposit  takes  place  in  proportion  to  the  caiginal 
intensity  of  lij^t  of  the  image.  Thus  a  picture  was  produced  which 
represented  in  shades  of  black  and  white  the  original  optical  iauge 
seen  on  the  ground-glass  screen  of  the  camera. 

A  solution  of  the  hypoeulphite  of  soda  was  used  to  fix  the  image  by 
removing  the  compound  of  iodine  and  silver  which  still  veiled  in  tome 
degree  the  shadows  on  the  plate.  Subsequently  M.  Fiaeau  improved 
^e  appearance  of  Daguerreotypes  by  imparting  to  them  a  warm  tinge 
by  a  thin  film  of  gold  which  waa  tiirown  down  upon  the  image  by  a 
spontaneous  electro-chemical  action. 

The  original  Daguerreotype  process  was  not  sufficiently  sensitive  to 
be  used  in  portraiture.  To  Mr.  Goddard,  who  deserves  reward,  we  owe 
the  g^reat  improvement  of  the  introduction  of  a  second  chemical  agent, 
which  now  enables  us  to  make  pictures  in  a  second  of  tima.  In  1840 
Mx<  Ooddard  combined  bronune  with  iodine,  and  at  once  published  tiie 
result  in  the  '  Athensum '  journal  In  the  dull  weather  of  Kovember 
of  that  year,  he  obtained  portraite  in  a  few  seconds ;  Daguerve's  piooeaa 
requiring  many  minutes,  even  in  a  strong  light.  Mr.  Claudet,  at  a  later 
date,  us^  chlorine  with  iodine  for  a  similar  end;  but  the  bromine  ia 
stiU  used  in  preference,  ^ 

One  of  the  best  modes  of  procedure  now  adopted  ia  the  f oUoiA^  :— 
Take  a  plate  of  silvered  copper  and  polish  it  by  means  of  trqioli 
powder  and  oil  of  lavender  or  rosemary,  applied  by  ooUoii  vel^, 
finishing  the  polish  by  dean  cotton  velvet  alone.  Than  expose  the 
diver  to  a  mixture  of  iodine  and  pure  sand  in  such  a  maniier  that  the 
vapour  of  the  iodine  shall  act  equally  upon  the  sur6^)e  of  the  silver 
plate,  to  which  it  imparte  a  ooating  which  is  seen  to  be  oolouved  when 
examined  by  light  reflected  from  any  white  surface,  a  piece  of  paper 
for  example.  As  soon  as  the  plate  has  assumed  an  eiranga-^^ow 
colour  it  is  removed,  and  then  exposed  to  the  vapour  issuing  fii>m  a 
peculiar  red  compound  of  bromine  with  hme,  called  *' bromide  of 
lime."  Over  this  it  absorbs  bromine,  and  assumes  a  rose  tint;  and  as 
soon  as  this  shade  of  colour  has  been  obtained,  the  plate  must  be 
removed  and  again  exposed  to  the  iodine  vessel  until  the  rose  colour 
has  deepened  into  a  pliun  tint.  The  plate  is  then  ready  for  exposure 
in  the  camera  obscura.  No  time  can  be  stated  for  these  various 
exposures,  as  temperature  influences  the  results.  A  fe\a  seoonds  in 
each  case  suffice.  The  plate  must  be  prepared  in  a  room  which  can  be 
darkened,  l^e  light  of  a  candle,  or  that  obtained  through  yellow  glaats, 
being  alone  used  at  the  last  iodising,  and  in  some  of  the  subsequent 
operations.  After  exposure  in  the  caniera,  the  plate  is  exposed  to  the 
vapour  of  mercury  for  a  few  minutes,  the  mercury  being  at » tempe^ 
rature  of  about  180**  Fahr.  Here  the  picture  is  developed  by  the 
action  of  the  mercury  upon  the  bromo-iodised  surface,  the  mercury 
being,  it  is  believed  by  some,  deposited  upon  the  plate  in  proportion  to 
the  amoimt  of  light  which  fell  upon  ite  surface  during  its  exposure  in 
the  camera.  On  ite  removal  from  the  mercury  box  the  plate  i& 
partially  fixed  by  washing  ite  surface  with  a  strong  solution  of  hypo- 
sulphite of  soda.  The  £ial  fixation  ia  e£feoted  by  boiling  upon  the 
plate  a  solution  of  a  double  salt,  called  hyposulphite  of  soda  and  gold 
The  image  is  now  fixed  upon  the  plate,  and  may  be  coloured  by 
brushing  over  it  colours  in  very  fine  powder.  The  image  should  be 
kept  so  as  to  exclude  the  vapours  of  an  impure  atmosphere,  such  as  is 
usually  found  in  large  towns.     Sulphuretted  vapours  will  at  oooe 
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dMrken  ilM  light  port  of  the  image.  The  film  of  etaita  may,  however, 
genenJly  be  removed  by  a  solution  of  cyanide  of  potonium.  The 
Dagmemotype  is  still  unsuipeflsed  in  delicacy  of  detalL 

Having  given  an  aooonnt  of  the  Dagueirec^ypey  we  might  proceed  to 
relnte  the  histiMj  of  Mr.  Fox  Talbot's  researcfiea,  whioh  led  to  the 
invention  of  the  first  suooessful  preoesB  in  photography  on  paper;  but 
aa  these  will  be  found  detailed  in  Mr.  Talbot's  work  '  The  Pencil  of 
Nature^' -and  in  the  i^cifioatioDS  of  his  patents,  we  prefer  to  pass  at 
oooe  to  consider  a  proosBi  whidi  has  now  ^most  supeneded  all  others, 
and  which  certainly  qirang  out  of  Mr.  Fox  Talbot's  disooveries.  Mr. 
Talbot  used  iodide  of  silver  with  nitrate  of  silver  in  excess,  upon  paper, 
fcr  the  purpofls  ef  procuring  an  image  whidi  remained  latent  until 
dev^qped  by  a  solation  of  gallic  acid.  The  pruoess  now  used,  and 
Mdled  the  Collodion  process,  of  Mr.  Scott  Archer,  ooEunsts  in  the  use  of 
a  film,  on  glass,  of  ccdlodion,  oontaining  also  iodide  of  silver  with  an 
excess  of  fnitrate,  the  development  being  accomplished  by  pyro-gaiUc 
acidy  or  by  sulphate  of  iron,  ihe  use  of  which  we  owe  to  Mr.  B.  Hunt, 
in  the  place  of  g^c  add.  The  anabgy  iM  oompkie^  but  the  latter 
materials  give  a  greater  delicacy  of  result. 

Collodion  is  made  by  dissolving  in  ether  and  alcohol  cotton-wool 
which  has  been  altered  in  its  properties  by  treatment  with  strong  acids. 
The  ft^owing  is  «  good  mode  of  proceeding,  and  is  doe  mainly  to  the 
researches  of  Mr.  Hadow.*  Take  of  pure  nitrate  of  potash  in  fine 
powder  510  grains,  of  oil  of  vitriol  (speeifio  gravity  1*633  about)  154 
drachms,  of  water  H  drachm ;  stir  together,  and  when  at  a  tempe- 
rature of  from  150°  to  155^  Fahr.  add,  bit  by  bit,  15  grains  of  cotton- 
wool to  each  ounce  of  the  acid  mixture.  Allow  Uie  cotton  to  soak  for 
four  or  five  minutes,  and  then  wash  it  many  times  in  water  imtil  it  is 
quite  free  from  add.  Then,  to  make  the  collodion,  take  9  grains  of 
the  dry  cotton,  and  add  6  (h^chms  of  pure  ether  (sp.  gr.  *725  to  *730), 
and  2  drachms  of  pure  alcohol  (sp.  gr.  '818  to  '820).  The  cotton  should 
at  once  dissolve.  In  another  bottle  pr^iare  what  is  called  the  "  iodising 
solution,"  by  taking  alcohol  (sp.  gr.  *818  to  '820)  one  ounce,  iodide  of 
potassium  12  grains,  iodide  of  cadmium  4  grains;  dissolve  the  salts  in 
the  alcohol,  and  keep  the  solution  for  use.  To  make  "  iodised  collodion," 
mix  6  drachms  of  collodion  with  S  drachms  of  the  iodising  solution ; 
this  mixture  changes  by  keeping,  and  fdiould  therefore  be  made  only 
in  moderate  quantities.  Having  prepared  the  iodised  collodion,  a  plate 
of  glass  is  covered  with  it  by  pouring  a  quantity  on  the  oentre  of  the 
plate,  and  then  allowing  the  liquid  to  flow  to  the  comers  in  such  a  way 
that  the  glass  shall  be  uniformly  covered ;  the  excess  is  then  run  off  at 
one  comer  into  a  bottle  set  apart  for  the  purpose.  After  a  few  seconds 
the  film  of  iodised  collodion  is  sufficiently  firm  to  be  fit  for  immersion 
(in  the  dark)  in  what  is  called  the  "  nitrate  bath."  This  bath  is  made 
by  dissolving  SO  grains  of  nitrate  of  silver  in  one  ounce  of  distilled 
water.  The  nitrate  of  silver  should  be  pure,  and  free  from  excess  of 
nitric  acid,  and  it  riiould  be  saturated,  when  in  solution,  with  iodide  of 
silver :  a  little  acetic  acid,  too,  may  be  added.  The  plate  is  immersed 
in  this  bath  for  a  few  minutes,  draitied,  and  then  exposed  in  the  camera 
obecura.  To  devdope  the  image,  a  scdution  of  pyrogallic  acid  con- 
taining one  grain  of  the  salt  to  one  ounce  of  water  acidulated  by 
to  drops,  or  minims,  of  ghuaal  aoetio  acid  is  poured  upon  the  plate. 
If  the  image  is  not  intense  enough,  a  little  weak  solution  of  nitrate  of 
silver  mnst  be  added.  The  image  obtained  is  fixed  by  a  strong  solution 
of  hyposnlphite  of  soda,  in  whi(^  it  is  immersed;  or,  instead,  a  Weak 
solution  of  cyanide  of  potassaum  may  be  poured  upon  the  i^iate,  and 
left  there  until  thft  yellow  film  of  iodide  of  silver  disappears.  The 
t^ste  is  th«n  washed  and  dried,  and  protected  by  a  film  of  varnish,  a 
spirit  varnidi  being  usually  prefeored  for  this  purpose. 

The  picture  thxis  obtained  is,  as  in  the  calotgrpe  or  Talbotsrpe  pro- 
cess of  Ifa*.  p4»  Talbot,  a  neffoiwe  one— -that  is  to  say,  a  picture  havkig 
its  light  and  shade  reversed;  though  by  modif^g  the  collodion 
process  direct  positives  may  be  at  once  obtained :  a  good  negative, 
however,  is  a  more  valuable  acquisition.  In  order  to  obtain  copies 
correct  in  light  and  shade  and  position,  a  pantive  has  to  be  made. 
There  are  many  prooesses  by  which  this  can  be  done ;  but  we  will  here 
give  only  one>  which  answere  perfectly.  Take  the  white  of  a  fresh  egg 
and  beat  up  with  every  fluid  ounce  of  it  12  grains  of  common  salt : 
remove  the  froth  thus  obtained,  and  continue  beating  until  all  has 
become  froth.  Leave  this  froth  to  itself,  and  the  greater  tnrt  of  the 
white  of  egg  will  beoome  again  liquid.  Pour  this  liquid  into  a  flat 
shallow  dish,  sad  upon  it  plaoe  carefully,  so  sa  to  ex^ude  bubUes  of 
air,  a  sheet  of  tiiin  paper  (Frendi  paper  is  usually  chosen) ;  leave  the 
paper  for  two  or  tlttee  minutes  floating,  so  as  to  coat  only  one  side 
with  the  **  salted  albumen,"  as  the  white  of  egg  mixture  is  now  called. 
Then  carefully  remove  the  sheet,  and  pin  it  up  by  a  comer  to  dry. 
This  opeimtion  can  be  carried  on  in  daylight  To  make  this  paper 
sensitive,  it  is  floated  upon  a  solution  of  nitrate  of  silver  containing 
100  grains  of  nitrate  to  <me  ounce  of  water.  Here  it  is  left  for  a 
minute,  and  then  removed  and  suspended  to  dry.  This  last  operation 
mnst  be  performed  in  a  room  lifted  by  yellow  light,  as  in  the  case 
of  the  daguerreotype  and  collodion  final  preparation.  Upon  the  dry 
paper  the  negative  picture  is  placed  face  to  face,  and  the  whole  exposed 
in  a  proper  '  pressure-frame '  to  the  sun  or  to  daylight,  or  to  the 
electric  light  for  ten  minutes  or  a  quarter  of  an  hour  by  night.    After 

«  See  also  Mr.  IIaTd1rich"B  formula  in  the  'Journal  of  the  PhotograpLio 
•oeiety'lbr  1860. 


a  few  minutes  the  picture  is  found  printed,  and  must  next  be  fixed  by 
immersion  in  a  solution  of  hyposulphite  of  soda,  one  part  of  the  salt 
in  fcnir  parts  of  water.  Ten  or  fifteen  minutes'  immersion  would 
suflice  to  fix  the  picture ;  but  in  order  to  produce  sn  agreeable  tint  of 
odour,  a  longer  immersion  is  had  recourse  to,  with  the  addition  to  the 
"  fixing  bath  "  of  a  few  grains  of  a  neutral  sdution  of  chloride  of  gold. 
After  several  hours'  immersion  in  this  bath,  the  picture  is  removed, 
and  washed  repeatedly  with  plenty  of  water ;  hot  distilled  water  being 
used  at  last.  This  fiung  bath  is  made  fresh  for  each  day's  work.  The 
pictures,  when  washed  and  dried,  may  be  mounted  on  cardboard  by 
means  of  starch,  gum,  or  gelatine ;  paste  is  supposed  to  injure  the 
pietm^  under  some  circumstances.  Bxposure  of  the  finished  picture  to 
mpure  atmo^heric  vapours,  and  to  damp,  is  to  be  avoided.  l£r.  Makxie 
has  advised  that  the  picture  should  be  heated  in  a  solution  of  canstio 
potash  in  order  to  secure  its  greater  permanency.  He  also  insists  on 
the  injurious  action  of  sulphur  in  certain  forms  upon  the  print. 

The  process  just  described  yields  perfect  results,  and  has  super- 
seded  all  others  for  the  purpose  of  maJring  •  Photog^c  DravHngs,'  as 
they  were  formeriy  termed.  Leaves,  grasses,  prints,  feathers,  lace,  and 
indeed  any  well-defined  object,  translucent  or  not,  may  be  depicted  Sy 
simple  contact  ^ith  the  prepared  paper  and  sdbsequent  exposure  of 
the  whole  to  light,  under  a  sheet  of  gjass  pressed  tightly  on  by  springs 
or  screws,  as  in  the  ordinary '  oopyio^-frainew'  In  the  absence  of  the 
sun,  a  quarter  of  an  hour's  exposure  to  the  electric  light  will  produce  a 
good  positive  impression. 

There  is  another  branch  of  photography  which  is  worthy  of  the 
attention  of  the  student,  but  which  has  not  yet  come  into  practical 
operation  in  a  perfectly  satisfactory  manner.  It  is  that  of  photographic 
engraving.  The  labours  of  Ni^pce,  Orove,  Fizeau,  Talbot,  Pretsch, 
Poitevin,  and  others  have  done  much  to  forward  this  art,  and  are  well 
worthy  of  attention.  Although  the  first  Ni^pce  laid  the  foundation  of 
the  art  of  Photographic  Engraving,  by  his  experiments  on  asphaltum, 
or  Jew's  pitch,  it  is  to  Mr.  Talbot  that  we  are  indebted  for  opening 
up  new  processes  in  which  organic  substances  such  as  starch,  gum, 
albumen,  and  gelatine  mixed  with  a  salt  of  chromic  acid  furnish  a 
photographic  deposit  which  is  capable  of  being  worked  by  the  ordinary 
processes  of  the  engraver  and  lithographer.  Mr.  Talbot's  plan  is  to 
pour  upon  a  steel  plate  a  mixture  of  bi-chromate  of  potash  and 
gelatine,  so  as  to  obtain  by  drying  a  sensitive  film :  upon  this  film  a 
positive  photographic  drawing  is  placed ;  now,  by  exposure  to  light, 
the  gelatine  beioomes  hardened,  or  nearly  insoluble  wherever  the  l^ht 
has  ^en  through  the  positive  picture.  An  engraving  acid  poured 
upon  the  plate  will  now  etch  only  the  shaded  parts  of  the  plate,  and 
thus  an  engraved  surface  is  obtained  to  be  printed  from  with  printer's 
ink.  Mr.  Fretsdi,  instead  of  etching  the  plate  obtained  by  the  action 
of  the  light  cm  the  gelatine  compound,  acts  upon  it  by  liquids ;  and 
what  is  most  remarkable,  gets  a  grained  image  in  relief  from  which  a 
mould  is  taken  for  the  purpose  of  being  electrotyped  to  form  the 
copper-plate  to  print  from.  By  proper  manipulation,  Mr.  Pretsch  can 
produce  plates  fit  to  print  by  ^e  method  called  surfaoafMrintlng,  as 
with  an  ordinary  wood  block. 

Of  course,  impressions  taken  from  these  plates  by  proper  means  can 
be  conveyed  to  porcelain  or  glass,  and  burnt  in  by  the  enameller  in  the 
usual  manner,  or  as  at  first  devised  by  Mr.  Malone,  and  described  in 
a  joint  patent  taken  out  with  Mr.  Talbot.  To  Messrs.  Ponton  and 
BecquerS  we  owe  the  first  application  of  chromium  to  general  photo- 
graphic purposes.  Mr.  Paunoey  and  others  have  also  devised  ingenious 
processes  by  which  pigments  or  ix^  may  be  made  to  adhere  only  to 
the  altered  gelatine  and  chromium  compound  surface,  whether  on 
paper,  stone,  glass,  porcelain,  or  metals.  These  processes  aro  as  yet 
under  trial.  They  lack  the  delicacy  of  tint  of  the  albumen  process, 
but  they  will  doubtless  yield  ultimately  valuable  results. 

Stimulated  by  the  experiments  of  Sir  John  Herschel,  M.  Ed.  Bec- 
querel  and  others,  M.  Nitfpoe  de  St.  Yiobor  commenoed  a  series  of 
beautiful  experiments  upon  coloured  flames  and  their  photographic 
imagea  He  laid  before  the  Academy  of  Sciences,  Pans,  a  detiuled 
memoir  upon  the  subject  on  the  4Ui  of  Maroh,  1851.  This  was 
follo?red  by  others  on  June  2, 1851,  Feb.  9, 1862,  and  Kovember  6, 
1852.  By  the  method  described  in  these  papers,  M.  Kidpce  succeeded, 
he  says,  in  obtaining  mpon  silver  plates  whidh  had  been  rendered 
sensitive  by  a  diloride  of  copper,  images  whioh  faithfully  reproduced 
the  colours  in  coloured  engravings,  flowers  both  artiflciDl  and  natural, 
lay-figures  dressed  in  stufi^  and  gold  and  silver  lace,  precious  stones^ 
fto.  These  wero  obtained  both  by  the  process  of  photogntphic  printing 
and  in  Hie  camera ;  the  light  and  brilliant  colours  being  obtained  with 
comparative  ease,  but  the  darker  and  more  sombre  colours  more 
slowly.  The  colours  he  rendered  more  vivid  and  at  the  aame  time  moro 
lasting  by  the  action  of  ammonia.  But  beautiful  as  were  the  results, 
and  mvLch.  more  neariy  than  in  any  other  previous  experiments  as 
they  seemed  to  approadi  the  solution  of  the  problem  of  photographing 
the  colours  of  nature,  they  proved  to  be  only  oomparatively  permanent. 
The  colours  soon  began  to  fade  and  eventually  disappeared  altogether. 
This  method  (due  to  M.  Kd.  Becquerel)  H.  Ni^poe  named  Heliodirome. 
M.  Ed.  Becquerel,  by  the  use  of  silver  plates,  coated  with  a  daik 
compound  of  chlorine  and  silver,  obtained  by  the  voltaio  decom- 
position lOf  hydrochloric  acid,  has  sucoeeded  in  obtaining  coloured 
images  of  the  solar  spectriun,  but  no  method  of  fixing  tiiem  permanently 
has  been  discovered. 
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In  Bcientifio  photography  much  remaiiiB  to  be  done.  We  know  but 
little  of  the  properties  of  light  in  its  influence  on  yegetation  and 
animal  life.  Mr.  Robert  Himt  and  others  have,  however,  established 
some  interesting  facts  in  the  former  direction,  and  lately  some  experi- 
ments  made  upon  the  ^ggs  of  insects  seem  to  show  that  lijght  of  various 
colours  and  intensities  acts  differently  according  to  its  colour  and  other 
peculiar  qualities.  There  is  no  branch  of  science  which  will  better 
repay  the  philosophical  experimentalist  for  his  investigations  than  that 
of  photography.  The  most  marvellous  and  unexpected  results  have 
been  constantly  obtained. 

Those  who  would  pursue  photography  further  should  consult 
Hunt's  'Researches  on  Light,'  the  Abb^  Moigno's ' Repertoire  d'Op- 
tique  Modeme,'  and  Mr.  Hardwich's  'Treatise  on  Photographio 
Chemistry.'  There  are  many  papers  also  of  interest  to  be  foimd  in 
the  '  Comptes  Rendus '  of  the  Paris  Academy  of  Sciences,  in  our  own 
Royal  Society's  '  Transactions,'  and  above  all  in  the  journals  of  the 
various  Photographic  SocietieSi 

PHOTOMAGNETISM.  A  term  sometimes  applied  to  Dr.  FandsfB 
beautiful  discovery,  by  which  the  phenomena  of  magnetism  have  been 
placed  in  relation  with  those  of  light.    [Maoiietism.  J 

PHOTOMETER  (h^erally  "light-measurer,"  from  ^f  taidfiirpow), 
the  name  given  to  instruments  constructed  for  the  purpose  of  measuring 
the  relative  illuminating  powers  of  different  sources  of  Ught.  When 
light  or  heat  falls  upon  any  substance,  it  is  disposed  of  either  by 
reflection,  absorption,  or  transmission,  or  else  by  two  of  them,  or  aU 
three  of  them  combined.  If  two  substances  could  be  found  which 
would  reflect,  absorb,  and  transmit  calorific  rays  with  the  same  inten- 
sity, nnd  likewise  reflect  luminous  rays  equsJly,  but  differ  in  their 
powers  of  absorbing  and  transmitting  light,  we  should  then  possess  the 
means  of  at  least  ascertaining  whether  the  absorption  of  light  alone 
will  produce  effects  analogous  to  what  is  observed  to  follow  the  absorp- 
tion of  heat.  For  this  purpose  it  would  be  only  necessary  to  prepare 
a  differential  thermometer  whose  bulbs  were  of  the  substances  possess- 
ing the  properties  alluded  to.  The  calorific  rays  accompanying  the 
incident  light  would,  by  acting  equally  upon  the  two  bulbs,  produce  no 
change  in  the  indications  of  tne  instnunent,  and  the  only  alteration,  if 
any,  which  could  ensue,  would  arise  from  the  unequal  absorption  of 
light  by  the  two  bulbs.  This  alteration,  however,  when  observed, 
though  it  might  be  considered  a  correct  measure  of  the  quantity 
absorbed,  coiild  not  be  taken  for  a  measure  of  the  quantity  or 
brightness  of  the  incident  light,  unless  it  could  be  farther  shown  that 
the  quantity  absorbed  by  the  same  substance  is  proportional  to  the 
quantity  of  incident  light,  whatever  may  be  its  nature,  that  is,  whether 
it  be  solar  light,  gas  light,  &c. 

The  photometer  invented  by  Leslie  differs  from  the  instrument  we 
have  supposed,  merely  in  its  being  in  some  respects  less  deserving  of 
the  name.  It  consists  of  a  differential  thermometer  having  one  of  its 
bulbs  of  plain  transparent  glass,  the  other  of  the  same  material  coated 
either  with  Indian-ink  or  black  enamel.  Leslie  remarks : — "  The  rays 
which  fall  on  the  dear  ball  pass  through  it  without  suffering  obstruc- 
tion ;  but  those  which  strike  the  dark  ball  are  stopped  and  absorbed  at 
its  surface,  where,  assuming  a  latent  form,  they  act  as  heat.  This  heat 
wiU  continue  to  accumulate  till  its  further  increase  comes  to  be 
counterbalanced  by  an  opposite  dispeision,  caused  by  the  rise  of 
temperature  which  the  ball  has  come  to  acquire.  At  the  point  of 
equilibrium  therefore  the  constant  accessions  of  heat  derived  from  the 
action  of  the  incident  light  are  exactly  equalled  by  the  coxresponding 
portions  of  it  again  abstracted  in  the  subsequent  process  of  cooling. 
But  in  still  air  the  rate  of  cooling  is,  within  moderate  limits,  propor- 
tional to  the  excess  of  the  temperature  of  Uie  heated  surfiice  above 
that  of  the  surrounding  medium.  Hence  the  space  ^urough  which  the 
coloured  liquid  sinks  in  the  stem  will  measure  the  momentaiy  impres- 
sions of  light,  or  its  actual  intensity."  Allowing  that  the  liffht  incident 
upon  the  clear  ball  is  wholly  transmitted,  and  that  that  which  strikes 
the  dark  ball  is  wholly  absorbed,  assumes  a  latent  form,  and  then  acts 
as  heat,  it  by' no  means  follows  that  the  effect  produced  upon  the 
instrument  was  wholly  or  even  chiefly  attributable  to  the  absorption 
of  light,  since  we  learn  from  Leslie's  own  experiments  that  the 
calorific  rays  which  accompany  the  incident  light  would  be  more 
abundantly  absorbed  by  the  dark  than  by  the  light  ball.  This  has 
since  be^  so  satisfactorily  established  by  the  observations  of 
Thomson  and  others,  that,  as  a  measurer  of  light,  the  instrument  may 
be  regarded  as  useless. 

The  defects  of  Leslie's  photometer  were  to  a  considerable  extent 
obviated  by  the  late  Professor  Ritchie,  who,  in  1825,  commimicated  to 
the  Royal  Society  the  description  of  a  new  photometer.  In  order  to 
intercept  the  calorific  rays  accompanying  the  light  experimented  upon, 
he  transmitted  the  latter  through  a  thick  circular  disc  of  gl<MW  into  a 
metallic  air-tight  cylinder,  the  diameter  of  which  was  considerable 
compared  with  its  depth.  The  axis  of  the  cylinder  was  placed  horizon- 
tally, and  the  aperture  covered  by  the  glass  was  the  only  one  through 
which  the  light  was  admitted.  Across  the  interior  of  ^e  cylinder 
was  sla^tched  a  circular  sheet  of  dark  paper,  which  absorbed  the  trans- 
mitted light,  and,  as  was  supposed,  thereby  converted  it  into  heat, 
which  benme  sensible  by  its  expanding  the  air  within  the  cylinder. 
A  second  cylinder  of  the  same  form  and  construction  was  placed  by 
the  side  oi  the  first  so  that  the  line  of  axes  might  coincide,  but  with 
the  aperture  for  the  admission  of  light  turned  in  the  contrary  direction. 


and  in  that  position  they  were  connected  by  a  bent  thermometer  tube 
containing  a  coloured  fluid,  which  served  to  prevent  the  air  of  one 
cylinder  from  mixing  with  that  of  the  other.  So  long  as  the  air  in  the 
two  cylinders  possessed  the  same  degree  of  elasticity,  the  level  of  the 
fluid  in  the  two  branches  of  the  tube  was  of  course  the  same ;  and  a 
variation  of  level  indicated  a  variation  in  the  elasticity  of  the  two  bulks 
of  air,  arising  from  the  more  energetic  action  of  the  medium  admitt^pd 
through  one  aperture  than  through  the  other.  To  compare  the  relative 
intensities  of  two  lights,  the  i^stnmient  was  placed  anywhere  between 
them,  and  approached  towards  one  or  the  other,  ilntil  it  was  found  that 
the  position  of  the  fluid  in  the  tube  was  the  same  as  when  the  instru- 
ment was  not  under  the  influence  of  the  lights.  Supposing  the  whole 
of  the  calorific  rays  and  none  of  the  luminous  rays  to  nave  been  inter- 
cepted by  the  glass,  this  position  determined  the  point  at  which  the 
intensity  of  the  two  lighte  was  the  same ;  and  hence,  since  the  intensity 
of  light  varies  inversely  as  the  square  of  the  distsnce  from  its  source 
[Light],  it  followed  that  at  equal  distances  from  their  respective 
sources  their  intensitiee  were  directly  proportional  to  the  squares  at 
their  observed  distances  from  the  instrument. 

The  same  gentleman  afterwards  constructed  a  very  simple  instrument 
which  affords  a  good  measure  of  the  relative  brightness  of  two  lights, 
provided  they  are  of  the  same  colour.  The  principle  originated  with 
Bouguer,  who  published  it  in  his  '  Traits  d  Optique,'  in  1760.  The 
annexed  figure  represents  a  vertical  section  of  the  instrument    It 


consists  of  a  rectangular  box  open  at  both  ends  and  blackened  upon  its 
inner  surface.  On  the  top  is  a  long  narrow  rectangular  slip  ab, 
covered  with  tissue  or  oiled  paper.  Within  are  two  &eets  of  place 
looking-glass,  o  n  and  o  e,  out  from  the  same  slip  to  ensure  unifoimity 
of  reflection.  Each  sheet  has  the  same  width  as  the  box,  and  its 
length  equal  to  Uie  hypothenuse  of  a  right  angled  isosceles  triangle, 
whose  side  is  the  height  of  the  box.  Their  reflectipg  surfaces  are 
tum^  towards  the  open  ends  of  the  box,  and  their  upper  extremities 
rest  against  each  other  along  a  line,  which  in  the  figure  is  projected 
into  the  point  o,  and  which  divides  the  aperture  ▲  B  into  two  equal 
parts,  separated  by  a  narrow  strip  of  black  card  to  prevent  the  mingling 
of  the  lights  reflected  from  the  two  planes.  In  using  the  insftrument 
it  is  placed  between  the  lights  whose  intensities  are  to  be  compared,  so 
that  they  may  foe  reflected  from  OD  and  o  £  upon  the  tissae  paper  ab. 
It  is  then  approached  nearer  to  one  or  the  other  untQ,  to  an  eye  situated 
above  a  b,  the  two  portions  a  o  and  b  o  appear  equally  illuminated, 
which,  on  account  of  the  immediate  proximity  of  a  o  and  B  o,  may  be 
determined  with  tolerable  correctness,  the  oolour  of  the  two  lights 
being  supposed  the  same.  The  distances  of  the  lights  from  the  vertical 
OF  ^ing  measured  and  squared,  give  the  direct  ratio  of  .the  intensitieaL 

There  is  a  mode  of  comparing  the  illuminating  powers  of  two  lights 
suggested  by  Cotmt  Rumf ord,  which  is  remarkable  for  the  facility  with 
which  it  may  be  appUed,  and  the  simplicity  of  the  requisite  apparatus, 
nothing  more  being  needed  than  a  smooth  surface  of  small  extent  and 
of  a  light  uniform  colour,  and  a  blackened  stick  for  throwing  a  shadow. 
The  sur^uje  is  illuminated  by  the  two  lights  experimented  upon,  which 
are  to  be  so  placed,  that  when  the  stick  is  interposed  between  them  and 
the  surface,  the  two  shadows  may  be  nearly  in  contact^  which  wUl 
enable  the  eye  to  decide  whether  they  are  of  equal  depth,  and  will  at 
the  same  time  ensure  the  intercepting  of  rays  equally  inclined  to  the 
surface.  So  long  as  the  shadows  are  of  imequal  depth,  one  of  the 
lights  must  be  brought  nearer  to  or  withdrawn  farther  from  the 
surface  till  an  equality  of  depth  is  obtained,  and  then  the  squares  of 
the  perpendicular  distances  of  the  lights  from  th^  surface  give  the 
ratio  of  their  intensities.  If  an  equality  between  the  inclination  of 
the  intercepted  rays  to  the  surface  cannot  be  obtained,  then,  when 
the  two  shadows  are  of  the  same  depth,  the  intensities  of  the  lights 
wiU  be  directly  proportional  to  the  squares  of  their  perpendicular 
distances  from  the  surface,  and  inversely  proportional  to  the  sines  of 
the  inclinations  of  the  intercepted  rays  to  the  surface. 

Suppose,  for  example,  it  were  required  to  ascertain  the  illuminafting 
power  of  a  gas-light  burning  5  cubic  feet  of  gas  per  hour,  as  compared 
with  that  of  a  sperm  candle  burning  1S2  grains  of  spermaceti.per 
hour ;  suppose  the  screen  to  be  at  100  inches  from  the  gas-light^  and 
the  candle  only  27*75  inches  in  order  to  equalise  the  Shadows.  The 
relative  intensities  of  the  two  lights  are  then  found  by  squaring  the 
distances  of  each  light  from  the  screen ;  the  gas-light  will  difi\]se  a 
light  which  bears  the  same  proportion  to  that  of  a  candle  as  100^ : 
27*75' ;  or  as  16  to  1. 

Wheatstone's  photometer  consists  of  a  small  bright  bead,  to  which 
a  rapid  looped  motiob  is  imparted,  and  this  being  placed  between  the 
two  lights,  both  are  seen  inflected  from  the  different  points  of  the 
bead's  siu-fsco.    By  the  principle  of  persistence  of  impressions  on  the 
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refcina  the  two  looped  curves  are  seen  of  different  degrees  of  bright- 
ness ;  the  brighter  light  is  to  be  removed  until  these  curves  appear  of 
the  same  brightness,  and  the  intensities  of  the  lights  are  then  as  the 
squares  of  the  distances  as  before.  Bunsen's  photometer  consista  of  a 
compound  disc  of  paper,  of  which  the  inner  white  disc  is  opaque,  and 
the  outer  surrounding  ring  is  made  translucent  by  painting  it  with  oil. 
%yhen  this  is  placed  between  the  two  lights,  and  viewed  on  one  side, 
the  opaque  disc  will  be  seen  by  reflection,  and  the  translucent  ring  by 
transmission  from  the  other  light.  The  disc  is  then  to  be  moved 
until  both  it  and  the  ring  appear  to  be  equally  illuminated,  when  the 
distanoes  may  be  taken  and  sqiuured  as  before.  M.  Babinet  has  con- 
trived a  polarising  photometer.  There  are  also  photometers  for 
measuring  the  relative  brilliancy  of  the  stars.  These  depend  upon 
this  principle: — ^that  the  brilliDiicy  of  the  image  of  a  star  as  seen 
through  a  telescope  depends,  eaterit  paribuSf  on  the  size  of  the  object- 
glass  ;  by  obscuring  the  outer  rings  of  the  object-glass  the  image  of  a 
star  of  high  magnitude  can  be  reduced  to  the  light  of  a  star  of  lower 
magnitude,  as  seen  through  the  entire  object-glass.  The  relative 
brilliancy  of  the  two  bodies  may  then  be  inferred  from  the  diameters  of 
the  free  objectpglasses  employed.  In  practice  it  is  better  to  make  use 
of  two  corresponding  telescopes  simultaneously.    [Stars.] 

PHRASE,  in  music,  a  succession  of  sounds  either  in  melody  or 
harmony,  expressing  an  unbroken  sense  more  or  less  complete,  and 
terminating  in  a  pause  (repos),— that  is,  a  comparatively  long  note  or  a 
resty — ^thus  forming  a  cadence  more  or  less  perfect.  Some  authors 
have  used  the  word  period  instead  of  phrase. 

PHRENOLOGY  (from  ^^v,  mind,  and  A^yof,  discourse)  is,  in  the 
words  of  Dr.  Spurzheim,  the  doctrine  of  the  special  faculties  of  the 
mind,  and  of  the  relations  between  their  manifestations  and  the  body, 
particularly  the  brain.  Without  entering  upon  the  question  of  the 
nature  of  tiie  mind,  or  of  the  number  or  nature  of  its  original  Acuities, 
it  may  be  admitted  as  the  result  of  all  observation,  and  a  fact  on  which 
nearly  all  physiologists  are  agreed,  that  the  brain  is  the  part  of  the 
body  by  means  of  which  aU  the  powers  or  faculties  of  Uie  mind  are 
manifested.  The  fundamental  principles  of  phrenology,  and  those  in 
which  it  chiefly  differs  from  other  pi^chological  systems  are,  that  Uie 
manifestation  of  each  of  the  several  faculties  of  the  mind  depends  on  a 
particular  part  of  the  brain,  and  that,  cateris  paribus,  the  degree  or 
strength  in  which  each  faculty  is  manifested  in  each  individual,  de- 
pends on  the  size  of  its  appropriated  portion  of  the  brain,  or  (as  it  is 
termed)  its  organ. 

The  first  principle,  that  of  the  plurality  of  organs  in  the  brain,  is 
supposed  to  be  supported,  1,  by  ttie  analogy  of  the  other  compound 
organs  or  systems  in  the  body,  in  which  each  part  has  its  special  func- 
tion ;  as,  for  example,  in  the  digestive  system,  in  which  the  stomach, 
liver,  and  other  organs  perform  each  their  separate  share  in  the  com- 
mon result  of  dig^ion  of  the  food;  2,  by  the  different  degrees  in 
whicht  in  different  individuals,  the  several  mental  functions  are  mani- 
fested. Even  in  the  earliest  period  of  childhood,  and  before  education 
can  be  imagined  to  have  exercised  any  influence  on  the  mind,  children 
exhibit  the  most  varied  dispositions — each  presents  some  predominant 
propensity,  or  evinces  a  singular  aptness  in  some  study  or  pursuit ;  and 
it  is  a  matter  of  daily  observation  that  every  one  has  his  peculiar  talent 
or  propensity.  But  it  is  di£Bicult  to  imagine  how  this  could  be  the  case, 
if  the  manifestation  of  each  faculty  depended  on  the  whole  of  the  brain ; 
different  conditions  of  the  whole  mass  might  affect  the  mind  generally, 
depressing  or  exalting  all  its  functions  in  an  equal  degree,  but  could 
not  permit  one  faculty  to  be  stronglv  and  another  wei^y  manifested. 
3.  The  plurality  of  organs  in  the  bram  is  supported  by  the  phenomena 
of  some  forms  of  mental  derangement.  It  is  not  usual  for  all  the 
mental  faculties  in  an  insane  person  to  be  equally  disordered ;  it  often 
happens  that  the  strength  of  some  is  increased,  while  that  of  others  is 
diminished ;  and  in  many  cases  one  function  only  of  the  mind  is 
deranged,  while  all  the  rest  are  performed  in  a  natural  manner.  4. 
The  same  opinion  is  supported  by  the  fact  that  the  several  mental 
faculties  are  developed  to  their  greatest  strength  at  different  periods  of 
life,  some  being  exercised  with  great  enei^gy  in  childhood,  others  only 
in  adult  age ;  and  that  as  their  energy  decreases  in  old  age,  there  is 
not  a  gradual  and  equal  diminution  of  power  in  all  of  them  at  once, 
but,  on  the  contrary,  a  diminution  in  one  or  more,  while  others  retain 
their  full  strength,  or  even  increase  in  power.  5.  The  pluraUty  of 
cerebral  organs  appears  to  be  indicated  by  the  phenomena  of  dreams, 
in  which  only  a  part  of  the  mental  fihculties  are  at  rest  or  asleep,  while 
the  others  are  awake,  and,  it  is  presumed,  are  exercised  through  the 
mediimi  of  the  parts  of  the  brain  appropriated  \o  them.  6.  It  is  stated 
that  the  examination  of  the  brains  of  individuals,  each  remarkable  for 
some  peculiar  propensity  or  talent,  has  demonstrated  a  constant  corre- 
spondence in  the  development  of  a  certain  portion  of  the  brain ;  and 
that  thus  the  results  of  the  observations  upon  which  phrenology  was 
first  founded  by  Dr.  Gall,  exactly  coincide  with  and  confirm  the  aigu- 
ments  by  which  its  truths  may,  d  priori,  be  made  to  seem  probable. 
Lastly,  pain  has  been  felt  in  an  organ  when  the  &culty  with  which  it  is 
presumed  to  be  connected  has  been  greatly  excited ;  and  when  a  faculty 
has  been  morbidly  manifested  during  life,  disease  has  sometimes  been 
found  to  have  affected  the  corresponding  part  of  the  brain. 

The  preceding  arguments  for  the  existence,  in  the  general  mass  of 
the  brain,  of  several  organs  or  instruments  for  the  manifestation  of  the 
different  powers  of  the  mind,  form  also  the  basis  of  the  rules  by  which 


those  powers  which  may  be  called  primitive,  or  original,  are  deter- 
mined. Every  power  of  the  mind  is  regarded  by  phrenologists  as  a 
primitive  &culty,  and  is  considered  to  be  manifested  through  the 
medium  of  a  separate  organ,  which,  1,  exists  in  one  kind  of  animal  and 
not  in  another ;  2,  which  varies  in  the  sexes  of  the  same  species ;  S, 
which  is  not  proportionate  to  the  other  faculties  of  the  same  individual ; 
4,  which  does  not  manifest  itself  simiiltaneously  with  the  other  facul- 
ties, that  is,  which  appears  or  disappears  earlier  or  later  than  they ;  5, 
which  may  act  or  repose  singly ;  6,  which  individually  is  propagated  in 
a  distinct  manner  from  parents  to  children ;  and  7,  which  singly  may 
preserve  its  proper  state  of  health  or  be  affected  by  disease. 

In  accordiuice  with  these  rules  Gall  enumerated  nearly  thirty  primi- 
,tive  mental  faculties,  which  are  admitted,  with  mora  or  less  of  modifica- 
tion, by  all  the  phrenologists  ^of  the  present  day ;  and  their  number 
has  bean  aiigmented  by  Spiuisheim  to  thirty-five.  These  facidties 
Spurzheim  divided  into  moral,  or  affective,  and  intellectual.  The 
affective  faculties  or  feelings  he  again  divided  into  propentUits,  including 
all  those  which  produce  only  desires  or  inclinations,  and  tetUimenU, 
including  such  as  not  only  produce  a  desiro  to  act,  but  aro  combined 
with  some  other  emotion  or  affection  which  is  not  mere  propensity. 
The  intellectual  &tculties  also  he  divided  into  the  perceptive  and  the 
reflective.  The  subjoined  figures  and  the  references  to  them  will  at 
once  indicate  this  division  of  the  mental  faculties,  and  the  situations 
on  the  exterior  of  the  head  which  aro  supposed  to  correspond  with  the 
portions  of  the  brain  belonging  to  each,  according  to  the  system  of  Dr. 
Spurzheim.  We  have  also  added  the  figures  by  which  the  several  organs 
wero  marked  by  Mr.  Combe,  in  the  first  and  second  editions  of  his 
'  System  of  Phronology ; '  in  the  later  editions  he  has  followed  the 
enumeration  of  Dr.  Spurzheim. 


1.  AfnaHveneu  is  the  mental  faculty  which  produces  the  propensity 
to  physical  love,  or,  as  it  was  termed  by  Dr.  Gall,  the  instinct  of  pro- 
pagation.*   Its  organ  is  the  cerebellum,  and  its  energy  is  indicated  by 

*  It  may  be  necetsary  to  mention  that  the  chief  modifications  introduced  into 
the  syttem  of  Gall  bj  Spurzheim  (whoee  arrangement  is  here  adopted  as  being 
received  by  the  great  majority  of  phrenologists  in  this  country)  are  expressed  in 
the  differences  of  their  terms.  Gall  designated  the  organs  according  to  the 
actions  to  which  he  believed  their  predominance  led ;  Spunheim  according  to 
the  nature  of  the  facoltiea.    [See  farther,  Gall  ;  SptrESBXiM,  in  Bxoo.  Dxv.] 
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the  ezcenfe  oi  the  space  on  each  side  o(  the  head  between  the  mastoid 
prooeasi  immediately  bdiind  the  oar  and  the  spine  ol  the  occipital 
bone. 


Combe. 
1. 
2. 
8. 
4. 
fi. 
6. 
0. 
8. 
7. 

10. 
11. 
12. 
IS. 
14. 
18. 
17. 
15. 

16. 
82. 

83. 


Bpnne-         Amermc. 
heim.      I.  JPropetisUiet, 

1.  AmatlTeneas. 

2.  PhiloprogenitiTMieaa. 
8.    Inbabltireness. 

4.  Adheiiyeness. 

5.  Combatlyeneu. 

6.  DestmctiTeneai. 

7.  SecretiTcness. 

8.  Aoquisitiveness. 

9.  Constructireneas. 

II.  SenHmentt, 

10.  Self.Esteem. 

1 1 .  Lore  of  Approbatloiu 

12.  Caatiousnesa. 
18.    Benevolence. 

14.  Veneration. 

1 5.  FirmneBB. 

16.  ConsclentimiBneai. 

17.  Hope. 

18.  MairellonBnesB. 

19.  Ideality. 

20.  UirthfulnesB  or  Gay- 

nesB  (Wit). 

21.  Imitation. 


Combe. 
19. 
20* 
21. 
22. 

28. 
24. 
27. 
25. 

26. 
28. 
29. 

80. 
31. 


Spars*      XmtsllbctvaIw 
heim.        I.  Fereeptwe* 

22.  IndlTidoality. 

23.  Gonflguration. 

24.  Size. 

25.  Weight  and  Besist. 

anoe. 

26.  Colour. 
27k    Locality, 
as.    Calculation. 

29.  Order. 

30.  ETentnality. 
81.    Time. 

32.     Melody. 
83.     Language. 

II.  Rffiteiive, 

34.  Comparison, 

35.  Cauaality. 


2.  PhUoprogeniiiveMsa  is  the  fipiciilty  which  produces  the  feeling  of 
love  towards  offiipring.  The  evidence  by  which  this  is  admitted  as  a 
fundamental  faculty  of  the  mind  may  afford  an  example  of  the  applica- 
tion of  the  seven  rules  already  given  for  determining  them.  There  are 
many  animals  which  take  no  care  of  their  progeny,  as  reptiles  and  fish, 
and,  among  birds,  the  cuckoo.  In  many  species  of  animals  the  females 
alone  take  care  of  their  ofifbpring,  as  among  cats,  cattle,  sheep,  &c.,  and 
in  general,  even  when  both  parents  protect  Uieir  young,  the  attach- 
ment of  the  mother  is  the  stronger.  The  love  of  offspring  .bears  no 
proportion  to  the  other  mental  faculties,  but  is  shared  alike  by  men 
and  bnites,  and  among  the  former  is  often  felt  as  intensely  by  the 
most  degraded  as  by  ti^e  most  exalted  of  the  species.  The  loye  of 
offspring  is  sometimes,  on  the  contrary,  almost  completely  suppr^sed. 
Cases  of  insanity  have  not  unfrequently  occurred  in.  which  parental 
love  was  lost  or  greatly  diminished ;  while  oUiers  are  recorded  in  which 
the  love  of  offhpring  has  been  almost  the  only  feeling  which  remained 
unimpaired  The  seat  of  this  orgaxi  is  directly  above  the  middle  of 
that  of  amativeness ;  and  the  energy  of  the  faculty  is  indicated  by  the 
general  protuberance  of  the  occipital  bone.  Though  placed  in  the 
middle  of  the  head,  this  organ  is  of  course,  like  all  the  others,  double, 
and  extends  to  an  equal  distance  on  each  side  of  the  median  line. 

3.  Inhabitiveness. — The  existence  of  this,  the  propensity  to  inhabit 
particular  regions  or  coxmtries,  which  produces  the  love  of  home,  and 
which  determines  in  each  species  the  dwelling  and  mode  of  life  which 
is  best  adapted  to  it,  is  regarded  as  doubtful  Dr.  Gall  placed  in  this 
situation  the  organ  of  pride  in  man,  and  that  of  the  instinct  in  animals 
which  prompts  them  to  seek  and  inhabit  the  heights  of  mountains  or 
to  fly  high  in  the  air,  believing  that  faculties  which  are  merely  physical 
hi  brutes  may  become  moral  in  man,  and  that  there  is  an  analogy 
between  the  feelings  which  prompt  to  the  pursuit  of  moral  and  those 
which  excite  the  desire  of  physical  elevation.  Mr.  Combe  and  many 
of  the  Edinburgh  school  of  phrenology  name  this  the  organ  of  con- 
cratrativeness,  believing  that  it  corresponds  to  the  faculty  of  main- 
t  lining  two  or  more  powers  in  simultaneous  and  combined  activity,  so 
that  they  may  be  directed  towards  one  object,  a  faculty  disposing  to 
sedentary  pursuits,  and  a  close  and  steady  attention,  especially  by 
meditation,  to  a  given  object.    At  present  it  is  agreed  that  the  evi- 


denoe  is  insuffieient  for  the  complete  estabUahmflat  of  eithar  of  tbeaa 

opinions.  , .      -, 

4.  Adkedvenem  is  the  propensity,  to  attachment  or  friendship,  by 
which  individuals  of  the  same  or  different  kinds  are  induced  to  asao- 
ciate  together,  and  which  oauses  men  to  be  attached  to  the  varioxu 
objects  amongst  which  they  are  placed.  Its  objects  are  disintsrasted 
friendship,  marriage,  society,  and  attachment  in  general.  The  arggn. 
of  this  ^ulty  is  believed  to  be  situated  at  No.  4,  immediately  aboTo 
and  to  the  outer  aide  of  that  of  philoprogenitivettess. 

5.  CombaHvmeu  is  the  natural  dupoeiticm  which  men  and  animftlfi 
feel  in  various  degrees  to  quarrel  or  fi^t.  In  order  to  discover  its 
oigan,  Dr.  Oall  ia  said  to  have  been  in  the  habit  of  calling  together 
boys  from  the  streets  to  endeavour  to  make  them  fight.  There  were 
of  course  some  who  were  fond  of  it,  and  others  who  were  peaceable 
and  timid :  in  the  former  the  part  of  the  head  marked  5  ¥ras  promi- 
nent ;  in  the  lattolr  it  was  flattened  or  depressed.  The  same  differeooe 
is  said  to  exist  in  titie  f onnaldon  of  ^hiB  part,  in  oorreapotidenoe  with 
the  strength  of  this  dispositioa  in  the  several  qpeciea  of  animiJs,  and 
remarkably  in  the  difierent  varieties  of  dogs.. 

6.  Dettruciweneu,  or  the  propensity  to  destroy,  is  the  feeling  which 
is  gratified  by  any  kind  or  mode  of  destruction.  Spursheim  ascribed 
to  it  the  tendency  to  all  kinds  of  destruction,  whatever  were  their 
objects,  or  the  mode  in  whidi  they  were  eflfeoted.  Thus  defined^  the 
propensity  to  murder  is  but  one  of  the  directicHis  whidi  the  dispoei- 
tion  for  destruction  may  take,  and  one  from  which  in  a  oooscieiitiouB  and 
benevolent  man  it  would  always  be  diverted.  In  such  a  man  this  pro- 
pensity will  be  exercised  for  an  innocent  or  even  a  usefnl  end,  as  the 
procuring  of  food  by  the  slaughter  of  animals,  Ac. ;  In  another,  in 
whom  its  influence  is  less  counterbalanoed,  there  will  exirt  an  indifier- 
ence  to  the  suffering  and  calamities  of  others,  or  even  a  positive 
pleasure  in  beholding  or  contemplating  them;  in  a  third,  in  whom 
it  is  unrestrained,  it  may  break  out  in  acts  of  vicdenee  sind  love  of 
blood'shedding  in  every  form.  In  the  diseased  condition  of  its  organ 
this  propensity  is  regarded  as  the  source  of  the  irresiatible  desire  for 
the  destruction  of  life,  of  which  so  many  lamentable  examples  are 
known,  and  which  is  commonly  called  homicidal  monomaniaL  The 
seat  of  the  organ  of  destmctiveness  is  on  each  side  of  the  head  im- 
mediately above  the  ear,  at  No.  6 ;  and  its  various  degrees  of  devdop- 
ment  may  be  seen  in  a  comparison  of  the  width  at  this  part  of  the 
heads  of  carnivorous  and  herbivorous  animala 

7.  Secretiveness  is  the  propensity  to  act  in  a  dandestine  manner;  to 
conceal  emotion,  and  to  be  secret  in  thoughts,  words,  things,  and  pro- 
jects. Its  most  frequent  bad  results  are  cunning  and  hypocrisy ;  and 
the  most  usual  direction  which  it  takes  for  good  ends  is  prudenesi  The 
organ  of  this  propensity  is  immediately  above  that  of  destruefeivenee, 
at  No.  7.  (In  the  casts  made  in  aocordanoe  with  the  entuneratim  of 
the  faculties  employed  by  Mr.  Combe,  in  the  esriy  editiLcms  ol  his 
'  System  of  Phrenology,'  this  organ  is  mariced  9.) 

8.  AcquuiUveneu  is  the  propensity  to  acquire,  its  oi^gan  being 
found  very  large  in  notorious  thieves,  Dr.  Qall  conceived  that  there 
was  a  naturad  disposition  to  theft.  Dr.  Spurzheim,  on  the  elher  hand, 
makes  tio  limitation  as  to  the  purpose  or  mode  of  aoquisHion,  which 
he  believes  to  be  determined  in  each  ease  by  the  degrees  in  which  the 
several  other  faculties  sane  developed.  Variously  modified,  the  pro- 
pensity leads  in  some  to  the  prudent  accumulation  of  property  by 
honest  means ;  in  others,  to  avaricious  and  purpos^ess  money-making 
by  any  method ;  in  others,  to  theft  or  fraud.  l%e  seat  of  its  oigan  is 
at  the  back  part  of  the  temple& 

9.  Oonstrudivenets  is  the  factdty  which  leads  to  conAtraetiDa  of  all 
kinds :  guided  by  it  birds  build  their  nests,  rabbits  burrow,  beavers 
ma^e  their  huts ;  and  men  are  direeted  by  it  to  manufiaetulve,  the 
practice  of  the  several  branches  of  the  fine  arts,  bnilding,  and  Various 
manual  operations.  Its  organ  is  situated  at  the  lower  part  of  the 
temple,  at  9. 

10.  Self-etteem  is  the  sentiment  which  gives  an  individusl  a  high 
opinion  of  himself,  which  in  excess  produces  pride  and  arrogance,  and 
when  moderate  and  modified  by  other  superior  ft^mlties  imparts 
dignity  to  the  mind,  and  renders  it  hostile  to  everything  tfaat  is  mean 
or  degrading.  In  a  state  of  derangement  the  m(M^id  excitement  of  this 
faculty  leads  the  insane  to  imagine  l^msrives  exalted  to  thrones  6r  to 
divinity.  The  seat  of  its  organ  is  at  the  middle  of  the  upper  and  back 
part  of  the  head  (10),  direct^  above  inhabitiveness  (S),  with  which  Dr. 
Qall  (as  already  mentioned)  confounded  it. 

11.  Love  of  Approbation,  according  to  Dr.  Spursheim,  is  tiie  senti- 
ment which  makes  us  regard  thjB  opinion  entertained  of  us,  and  induces 
the  question — What  will  t^e  world  or  the  people  say  f  It  is  fond  of 
approbation  in  general,  wiUiout  attending  to  the  manner  of  acquiring 
it ;  and  may  therefore  be  directed  to  objects  of  the  highest  importance, 
as  well  as  to  such  as  are  of  no  moment,  or  are  even  hurtful.  Ambition 
is  the  distingxiishing  epithet  of  its  agency,  if  the  subject  aspired  to  be 
of  great  importance ;  vazdty,  if  claim  be  laid  to  distinction  on  the 
score  of  trifles.  The  organ  is  seated  on  each  side  of  self-esteem ;  when 
much  developed  it  generally  elongates  the  upper  and  back  part  of  the 
head,  but  is  sometimes  spread  out  latendly  so  as  to  widen  rather  tfasa 
lengthen  it. 

12.  Cautioutness  is  the  diBposition  of  the  mind  which  leads  a  man  or 
an  animal  to  take  precautions  in  whatever  he  has  to  do ;  "it  doubts, 
says  hut,  and  continually  exclaims,  take  earc  **  (Spurzheim).    Wfajsn  too 
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active  it  oauaea  irreBoIution,  anxiety,  and  melanoholy.  Its  organ  Is 
situated  on  the  upper  lateral  and  jxjsterior  part  bl  the  head,  between 
destructiveneia  and  self-esteem. 

18.  Benevoienee  is  the  disposition  of  the 'mind  from  which  result 
oompaasion,  kindness,  phihmthropy,  mildness,  charity,  and  various 
other  aroiahle  social  virtues.  Its  existence  as  a  fundamental  power  of 
the  mind  is  considered  to  be  proved  by  the  rules  above  mentioned, 
and  by  which,  it  may  be  again  observed,  the  existence  of  all  the  pre- 
ceding and  following  faculties  is  determined ;  the  seat  of  its  organ  is 
the  upper  and  middle  part  of  the  forehead,  just  where  the  hair  begins 
to  grow. 

'  14.  VeneroHon.  The  organ  of  this  faocdty  was  called  by  Dr.  Qall 
the  oiigmn  of  religion,  and  he  believed  that  the  disposition  to  the 
worship  of  Gkxl  was  directly  proportionate  to  its  development.  Dr. 
Spuraheim  has  here  agaia  extended  the  scope  of  the  faculty,  by  making 
it  the  oaruse  of  veneration  or  respect  in  general,  whether  directed  to 
divine  or  human  beings,  or  to  intimate  objects.  When  the  organ  of 
this  sentiment  is  much  developed,  the  head  is  remarkably  elevated ; 
and  it  was  by  observing  (as  Lavater  had  before  done)  this  peculiarity 
in  the  shape  of  the  heads  of  very  pious  persons,  that  the  position  of 
the  organ  on  the  front  part  of  the  top  of  the  middle  of  the  head  was 
determined. 

15.  Firmneas  is  the  faculty  which  gives  constancy  and  perseverance 
to  the  other  powers,  and  contributes  to  maintain  their  activity.  In  its 
various  oombinations  with  other  faculties,  the  results  to  which  it  leads 
dififer  considerably :  with  much  self-esteem  and  love  of  approbation,  it 
produces  an  obstinate  peraistenoe  in  the  pursuit  of  honour  and  rank ; 
with  benevolence,  it  excites  the  most  active  and  persevering  philan- 
thropy; with  destruotiveness  and  acquisitiveness,  it  may  excite  to 
daring  acts  of  murder  and  rapine^  When,  on  the  other  hand,  this 
faculty  is  little  developed,  it  leaves  men  inconstant,  and  makes  them 
the  mere  creatures  of  circumstances.  Its  organ  is  situated  at  the  very 
top  of  the  head,  at  15. 

16.  Gontdentiontneis  is  the  fimdamental  and  innate  sentiment  which 
disposea  mankind  to  look  imd  to  wish  for  justice.  The  existence  of 
this  feeling  in  a  high  degree  is  one  of  the  chief  constituents  of  a  noble 
mind,  and  the  strongest  foundation  of  morality ;  its  deficiency  leaves 
men  with  little  restraint  to.  prevent  them  from  following  the  impulses 
of  all  their  worse  propensities,  and  from  striving  to  attain  their  ends 
by  the  most  unworthy  means.  The  situation  of  the  organ  of  con- 
Bcieniiousneas  is  on  the  upper  part  of  the  head,  on  each  side  of  that  of 
^mness. 

17.  Ifope  is  the  sentiment  which  induces  men  to  believe  in  the  pos- 
sibdlity  of  whatever  their  other  faculties  desire ;  it  is  not  mere  desire, 
for  that  may  continue  -vVithout  any  expectation  of  being  ever  gratified. 
The  different  degrees  in  which  it  is  developed  will  lead,  one  person  to 
be  continually  building,  as  it  is  said,  castles  in  the  air,  and  another  to 
despair  of  success  even  in  favourable  circimistances.  It  is  this  senti- 
ment, also,  which  inspires  the  hope  of  a  future  state  and  of  immortality. 
Its  oiigan  is  situated  on  each  side  of  that  of  veneration. 

18.  MarveiloueneaSf  or  vimder,  is  the  sentiment  which  is  principally 
manifested  by  a  belief  in  miraculous  and  supernatural  circumstances, 
and  which  leads  men  to  be  amused  with  everything  that  can  excite 
their  surprise  and  wonder.  Its  organ  is  situated  immediately  in  front 
of  that  of  hope, 

~  19.  JdtiUUy,  Dr.  Qall  regarded  the  organ  of  this  faculty  as  the 
organ  of  poetry,  finding  it  much  developed  in  all  the  great  poets  of 
ancient  and  modem  times.  But  it  is  also  large  in  some  who,  though 
they  may  be  fond  of  poetical  conceptionSi  are  not  poets  themselves. 
Dr.  Spurzheim  therefore  believes  that  the  essential  nature  of  this  sent!- 
ment  is  to  impress  a  peculiar  character  called  poetical  or  ideal,  and  to 
vivify  the  other  faculties ;  to  give  a  sense  and  love  of  beauty ;  to  pro- 
duce sublimity  of  conception,  and  excite  warmth  of  imagination  and 
expression.  The  organ  of  this  sentiment  is  placed  by  the  side  of 
marvellousness,  and  the  two  frequently  act  together. 

20.  Mifihfulneas,  or  WU,  Spurzheim  regards  this  faculty  as  affective, 
not  as  intellectual,  in  which  view  it  is  considered  by  GaU,  and  by  the 
principal  phrenologists  of  the  Edinburgh  school.  He  describes  it  as  a 
sentiment  which  disposes  men  to  view  everything  in  a  gay  or  joyful 
manner,  and  which,  according  to  its  various  applinations  in  different 
circumstances,  and  its  modifications  by  being  variously  combined  with 
other  faculties,  produces  wit,  good  humour,  caricature,  mockery,  irony, 
sarcasms,  epigrams,  and-  satires.  Its  organ  is  situated  in  the  upper 
aud  lateral  part  of  the  forehead,  and  in  the  earlier  Edinburgh  casts  is 
marked  32. 

21.  ImiUUum*  Those  who  have  this  faculty  highly  developed  are 
fond  of  acting,  and  of  imitating  the  gestures,  voices,  manners,  and  in 
general  all  &e  manifestations  of  man  and  animals.  It  is  generally 
more  active  in  children  than  in  adults:  the  former  always  learn  a 
great  deal  by  imitation ;  of  the  latter,  some  only  employ  it  much,  and 
these  are  usually  marked  by  the  gestures  with  which  they  speak,  imi- 
tating the  habits  and  manners  of  whatever  forms  the  subject  of  their 
conversation.  Its  oxgan  is  situated  at  the  front  of  the  head,  and  on  each 
side  of  benevolence. 

,  22.  IndividtuUUjf  is,  in  Spurzheim's  arrangement,  the  first  of  those 
intellectual  feeulties  which  perceive  the  existence  of  external  objects 
snd  their  physical  qualities.  It  is  the  faculty  which  recognises  the 
existence  of    individual  beings.     It  is  this,  also^  which  in  excess 


indnoes  men  to  personify  eveiytMng  of  which  they  speak,  whether 
mere  qualities  or  abstract  ideas,  or  even  phenomena,  such  as  motion, 
life,  the  passions,  Slq,  Its  organ  is  situated  behind  the  root  of  the 
nose,  and  its  greater  development  enlarges  the  forehead  between  the 
eyebrows. 

28.  ConJiffUTaiiM,  op  Form,  is  the  power  which  takes  cognisance  of 
forms  and  figures  generally.  One  of  its  peculiar  applications,  and  that 
by  which  its  organ  was  first  discovered  by  Dr.  Gall,  is  observed  jn  the 
power  which  some  individuals  possess  of  remembering  the  forms  and 
features  of  different  persons ;  another  is  shown  in  the  love  of  portraits, 
or  in  the  ability  to  take  the  likenesses  of  persons  and  things.  Its  oi^n 
is  situated  in  the  internal  angle  of  the  orbit,  and  when  lai^  it  pushes 
the  eyeball  outwards  and  downwards,  giving  the  person  in  whom  it  is 
thus  developed  a  somewhat  squinting  appearance,  and  nuUdng  his  eyes 
appear  unusually  wide  apart  ^ 

24.  Siz«,  This  is  the  faculty  which  measores  the  sise  of  bodies,  ss 
distinguished  from  their  form,  which  is  appreciated  by  the  prece^ng 
power.  Its  oigan  is  plaeed  at  the  )nner  corner  of  the  arch  of  the 
eyebrow. 

25.  Wtighi.  It  is  believed  that  the  mind  esthnates  the  weight  and 
resistance,  as  well  as  many  of  the  other  qualities  of  bodies,  not  by  the 
sense  of  feeling,  but  by  a  peculiar  internal  operation,  which  must 
require  a  special  oxgan.  Dr.  Spursheim  conjectures  that  its  situatioQ 
is  behind  the  orbit,  in  the  neighbourhood  of  configuration  and  sise. 

26.  Colouring.  There  appears  to  be  a  peculiar  faculty  for  ^e  full 
appreciation  of  the  relations  of  colour.  For  though  few  are  incapable 
of  perceiving  the  differences  of  colour  in  the  objects  around  them,  yet 
all  have  not  the  same  power  in  this  respect,  nor  have  all  the  same 
facility  in  recollecting  or  judging  of  their  relations.  Many  artists  who 
draw  well  cannot  colour ;  others  are  good  oolourists,  but  d^mot  imitate 
or  desi^p  forms.  The  organ  of  this  power,  which  must  from  these  and 
other  similar  circumstances  be  regarded  as  an  original  &culty  of  the 
mind,  is  placed  in  the  middle  of  the  arch  of  the  eyebrow. 

27.  Locality,  This  is  the  faculty  by  which  we  appreciate  and 
remember  the  places  occupied  by  objects  around  us;  the  mental 
power  which  makes  the  traveller,  geographer,  and  landscape-painter; 
which  recollects  localities*  and  gives  notions  of  perspective.  It  is 
remarkably  shown  in  the  power  which  many  animals  exlubit  in  tracing 
their  way  through  great  distances  in  migration,  or  in  returning  to  their 
homes ;  and  it  gives  men  tbe  propensity  to  travel,  which  many  have  so 
ren^arkably  exhibited.  Its  oigan  is  placed  above  and  on  each  side  of 
the  root  of  the  nose. 

28.  CalaUaUon,  or  Number,  might  be  called  the  faoulty  of  arith- 
metio;  whatever  concerns  calculation  or  number  belongs  to  it,  snd 
hence  Air.  Combe  and  many  others  speak  of  its  organ  as  that  of  num- 
ber. In  those  in  whom  the  power  of  calculation  is  mudi  developed, 
the  external  angle  of  the  eyebrow  is  either  much  pressed  downwards  or 
elevated ;  the  organ  of  this  faculty  being  situated  beneath  that  part  of 
the  brow. 

29.  Order.  It  is  believed  that  there  is  a  faculty  which  gives  a  dispo- 
sition to  arrai^e  and  put  things  in  order ;  as,  for  example,  in  a  library 
to  place  books  according  to  their  sise  and  form;  in  a  collection  of 
natural  history  to  make  each  subject  occupy  its  right  situation  accord- 
ing to  its  configuration,  or  colour,  or  size.  Cleao^ess  also  seems  to 
depend  on  it ;  and  it  produces  the  pleasure  of  seeing  things  complete. 
Its  organ  is  situated  between  those  of  colouring  and  calculation. 

SO.  EveiituaUty,  Individuals  who  have  this  oi^gan  large  aro  attentive 
to  all  that  happens  around  them,  to  phenomena,  to  events,  to  facts ; 
they  are  fond  of  huitory  and  of  anecdotes ;  are  inquiutive,  and  desire 
information  on  every  branch  of  natural  knowledge.  Individuality 
takes  cognisance  of  things  which  aro,  the  names  of  which  are  nouns; 
and  eventuality,  of  things  which  happen,  the  names  of  which  are  verbs. 
The  oigan  is  situated  in  the  middle  of  the  forehead,  and  those  in 
whom  it  is  much  developed  have  a  peculiar  prominence  of  this  part  of 
the  skull. 

81.  Time, — The  faculty  of  time  conceives  the  duration  of  pheno- 
mena, their  simultaneousness  or  succetision.  Its  organ  is  situated  above 
the  middle  of  the  eyebrow. 

82.  Melody  or  Tune,  —The  organ  of  tune  bears  the  same  relation  to 
the  ears  as  that  of  colour  does  to  the  eyes.  The  ear  is  the  instrument 
by  which  sounds  are  heard,  but  it  has  no  recollection  of  them,  and 
does  not  judge  of  their  relations ;  these  are  the  offices  of  a  peculiar  and 
original  mental  pv.)wer,  whose  organ  is  above  the  outer  part  of  the  eye- 
brow, so  that  when  mdch  developed,  it  enlarges  the  lower  and  lateyral 
part  of  the  forehead. 

83.  Zaii^Tuo^e.— This  is  the  faculty  which  makes  us  acquainted  with 
arbitrary  signs,  which  remembers  them,  judges  of  their  relations,  and 
gives  a  disposition  to  Indulge  in  all  exercises  connected  with  words. 
Its  organ  was  the  first  that  Dr.  Gall  discovered :  in  his  youth  he 
observed  that  while  he  had  great  difficulty  in  oommitting  his  lessons 
to  memory,  there  were  many  boys  who  could  easily  learn  by  heart  even 
things  which  they  did  not  imderstand  so  well  as  he  did.  He  noticed 
that  all  these  boys  were  "  bull-eyed,"  that  is,  had  a  peculiar  pro- 
minence of  the  eye-ball,  which  seemed  to  project  from  its  socket. 
Subsequent  observation  enabled  him  to  confirm  the  opinion  that  the 
organ  of  verbal  knowledge  is  situated  at  the  very  back  part  of  the 
orbit,  which  is,  with  the  eye,  pushed  forward  by  it  when  it  is  much 
developed. 
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34.  Comparison  is  the  reflectiye  faculty  which  compares  the  bcidba- 
tions  and  ideas  excited  by  all  the  other  focoltiesi  and  points  out  their 
difference,  analogy,  similitude,  or  identity.  It  induces  men  to  aigue 
from  analogy,  to  draw  illustrations  of  their  subjects  from  things  well 
known,  to  speak  by  parables,  and  explain  by  examples  and  similes.  It 
leads  to  the  invention  and  employment  of  figurative  language,  and 
according  to  the  degree  of  its  national  development,  the  language 
of  each  country  will  be  full  of  or  deficient  in  figures  and  meta- 
phors. Its  organ  is  situated  ixx  the  middle  of  the  upper  part  of  the 
forehead. 

85.  CausaUty,— The  reflective  faculty  which  engages  men  in  the 
study  of  the  causes  and  orig^  of  things,  and  which  guides  to  the 
employment  of  prooesses  of  induction,  is  thus  named.  Hie  faculty 
of  individuality  makes  us  acquainted  with  objects ;  eventuality,  wiw 
facts ;  comparison,  with  the  analogy,  identity,  difference,  and  other 
relations  of  things ;  and  causality  leads  us  to  search  for  their  causes  : 
together,  these  faculties,  when  fully  developed,  constitute  the  truly 
philosophic  mind.  The  organ  of  causality  is  at  the  upper  part  of  the 
forehead,  on  each  side  of  comparison,  and  their  coincident  development 
gives  the  peculiar  fullness  of  the  front  of  the  head,  which  is  universally 
regarded  as  the  sign  of  a  powerful  reasoning  intellect. 

Having  now  given  a  general  view  of  the  principles  of  phrenology,  as 
stated  in  the  writings  of  Dr.  Spurzheim,  and  adopted  by  most  of  the 
present  advocates  of  the  system,  it  will  probably  be  desirable  to  con- 
sider how  far  it  is  what  it  *'  professes  to  be,  a  system  of  philosophy  of 
the  human  mind,  founded  on  the  physiology  of  the  brain.''  (Combe, 
'  System  of  Phrenology,'  p.  1.)  Keglecting  for  the  present  all  meta- 
ph3rsical  views  on  the  subject,  and  regarding  the  theory  of  the 
existence  of  some  such  primacy  faculties  of  the  mind  as  are  assumed 
in  phrenology,  and  of  the  dependence  of  each  upon  a  separate 
portion  of  the  brain,  as  one  deserving  of  being  tested  by  observa- 
tion, we  will  examine  only  how  far  the  doctrme,  as  it  now  stands, 
is  supported  by  isucta  of  anatomy  and  physiology,  and  whether  it 
is  capable  of  being  established  by  the  evidence  of  CTanioloeical 
investigation. 

Many  of  the  objections  commonly  made  against  phrenology  are 
undoubtedly  of  little  weight :  such  for  example  are  the  statements 
that  in  consequence  of  the  irregularities  of  thickness  in  the  coverings 
of  the  brain,  it  is  impossible  to  determine  its  form  by  examination  ^f 
the  exterior.  This  objection  only  shows  that  there  are  sources  of 
fallacy  in  the  practice  of  craniology,  a  fact  which  no  phrenologist 
denies.  But  on  the  greater  part  of  the  head,  the  differences  of  thick- 
ness of  the  coverings  of  the  brain  are  not  such  as  would  lead  into 
error;  the  majority  of  them  are  nearly  constant  in  their  amount,  and 
are  easily  recognised  by  any  one  acquainted  with  the  anatomy  of  the 
skull,  and  the  rest  are  not  sufficient  to  give  that  degree  of  elevation  or 
depression  to  any  part  of  the  exterior  of  the  head  which  would  be 
regarded  as  indicative  of  excessive  or  deficient  development  of  any 
organ.  ^  No  one  accustomed  to  post  mortem  examination  can  hesitate 
to  admit  that  the  form  of  the  greater  part  of  the  exterior  of  the  head 
corresponds  as  nearly  with  that  of  the  surface  of  the  brain  as  is  neces- 
'sary  for  craniological  purposes.  The  parts  in  which  the  correspondence 
IB  often  inexact  are  those  over  and  in  the  neighbourhood  of  the  eye- 
brows. The  thickness  of  the  superciliary  ridge  of  the  frontal  bone  is 
variable,  and  would  certainly  in  some  cases  make  a  moderately 
developed  organ  appear  large;  and  still  more  the  size  of  the  firontal 
sinuses  (the  cavities  between  the  two  plates  of  the  frontal  bone 
immediately  above  and  by  the  sides  of  the  root  of  the  nose)  must 
always  be  a  source  of  fallacy  in  determining  the  size  of  that  part  of 
the  adult  brain  in  which  the  oi^gans  of  form,  individuality,  size,  and 
weight,  and  part  of  that  of  locality  are  supposed  to  be  placed.  The 
estimate  of  the  supposed  organ  of  language  also,  which  is  indicated  by 
the  prominence  of  the  eye,  must  be  liable  to  error  from  the  varying 
quantity  of  the  contents  of  the  orbit.  From  these  several  circum- 
stances however  the  utmost  objection  that  can  be  raised  is,  that  there 
must  in  general  be  some  difficulty  in  determining  the  size  of  these  few 
parts  of  the  brain.  In  consequence  of  disease  also  the  whole  or  parts 
of  the  brain  may  diminish  in  size  without  being  accompanied  by  any 
corresponding  change  in  the  external  form  of  the  skull.*  But  as  a 
general  rule  the  subjects  of  disease  are  excluded  in  phrenological 
observations.  The  objection  that  parts  of  the  brain  have  been 
destroyed  without  affecting  any  of  the  faculties  of  the  mind  is  also  of 
little  weight,  unless  it  be  first  proved  that  the  organs  are  not  double. 
The  cases  of  this  kind  recorded  before  the  promulgation  of  phrenology 
cannot  fairly  be  deduced  as  evidence,  because  the  statements  which 

•  It  la  commonly  stated  in  phrenological  works  that  as  the  brain  diminishes 
in  size  the  internal  table  of  the  skull  grows  inwards,  increasing  the  thickness  of 
the  sknlL  The  writer  is  convinced  from  numerous  observations  that  the  space 
left  in  the  cavity  of  the  skull  by  the  diminution  of  the  volume  of  the  brain  is 
in  a  large  majority  of  instances  filled  up  by  an  accumulation  of  fluid  in  the  pia 
niatcr  and  in  the  ventricles  [BaAxy,  in  Nat.  Hist.  Div.]  ;  and  that  the  skull 
rarely  undergoes  any  such  change  in  its  thickness  as  would  be  phraiologieally 
important.  Even  when  the  whole,  or,  as  is  more  rarely  the  case,  a  part  of  the 
skull  does  thus  increase  in  thickness,  it  docs  not  indicate  that  there  was  wasting 
of  the  parU  of  the  brain  immediately  beneath  it,  but  more  frequentiy  is  eonse- 
qucnt  on  a  diminution  of  parts  deeply  aituated,  as  the  optic  thalami  and  corpora- 
striata.  The  examination  of  the  skulls  of  those  in  whom  parUcular  organs  are 
iupposed  to  have  wasted,  must  therefore  be  too  fallacious  to  admit  of  any  con. 
•luaions  being  drawn  trom  them. 


they  contain  relative  to  the  preservation  of  the  mental  faculties  after 
injuries  of  the  brain,  reganl  only  the  general  powers  of  sensation, 
volition,  memory,  imagination,  &c.,  and  not  the  primary  &culties  of 

f>hrenologists,  some  of  which  might  have  been  deficient  without  tlLeir 
OSS  being  observed.  The  observations  that  have  been  made  sinoe,  it 
must  be  confessed,  are  not  of  more  weight  against  phrenology,  than 
those  of  the  loss  of  peculiar  faculties  (especially  those  of  language 
and  amativeness)  bv  injury  and  disease  of  the  brain  are  in  its  favour. 
Experimental  mutilations  of  the  brai^  of  animals  must  be  regarded  as 
affording  still  less  oondusive  evidence ;  when  a  part  of  the  brain  is 
thus  removed,  the  condition  of  the  whole  of  the  rest  of  its  mass  is 
altered  by  the  removal  of  the  pressure  of  the  akull,  exposure  to  the 
influence  of  the  atmosphere,  interference  with  the  circulation  of  its 
blood,  &c.  It  is  impossible  that  a  correct  conclusion  upon  any 
part  of  the  fimctions  of  the  brain  should  be  drawn  from  experi- 
ments of  this  kind ;  and  the  whole  of  the  arguments  deduced 
from  them  by  Rudolphi,  Magendie,  and  others,  may  therefore  be 
neglected. 

Fully  admitting  the  insufficiency  of  these,  as  of  some  other  minor 
objections  to  phrenology,  we  come  to  the  consideration  of  some  which 
must  be  regsiided  as  more  important.  If  phrenology  were  true,  it 
might  be  expected  that  its  applications  wotdd  extend  through  the 
whole  animal  kingdom,  and  that  according  to  the  degree  in  which  each 
mental  faculty  is  developed  in  each  animal,  we  should  find  a  oorre- 
sponding  portion  of  its  brain  large  or  small  when  compared  with  that 
of  man.  Tet  this  is  so  ^  from  being  the  case,  that  phrenolcygists  are 
compelled  to  rest  their  opinions  almost  exclusively  on  evidence  derived 
from  the  comparison  of  the  brains  of  different  individuals  of  the  same 
species,  and  to  suppose  that  though  many  faculties  are  the  same  in 
man  and  the  lower  animals,  yet  in  each  species  they  are  manifested  in 
some  peculiar  form  and  structure  not  admitting  of  comparison  with 
those  of  man.  This  is  evidentiy  contrary  to  the  analogical  mode  of 
reasoning  which  we  pursue  in  other  instances ;  all  eyes,  all  ears,  and 
all  organs  of  smell  are  formed  on  the  same  principles,  and  so  we  might 
presume  are  all  organs  of  the  mind ;  so  that  as  by  the  sLse  or  extent 
of  distribution  of  their  nerves  we  can  determine  in  each  animal  the 
power  of  its  sense  of  smell  or  sight  or  hearing,  so  by  the  size  of  a 
special  part  of  the  brain  we  might  in  each  estimate  the  energy  of  some 
corresponding  faculty.  Between  the  vertebrate  and  the  invertebrate 
animals,  for  example,  there  is  an  abrupt  step  in  the  condition  of  the 
nervous  system ;  the  brain  and  spinal  cord  of  the  lowest  of  the  former 
class  differ  widely  from  the  supnwBsophageal  ganglion  and  the  gangli- 
ated  cords  of  the  latter;  we  might  therefore  expect  to  find  an  equ^y 
sudden  deterioration  of  mental  power.  Yet  none  such  occurs :  but 
although  the  supnHssophageal  ganglion  (which  may  be  r^^avded  as 
the  brain  of  insects)  is  only  so  much  laiger  than  tiie  rest  of  their 
ganglia  as  is  proportionate  to  the  number  of  organs  requiring  to  be 
supplied  with  nerves  from  it,  yet  none  will  deny  that  many  insects 
exiiibit  more  exalted  psychical  powers  than  the  majority  of  either 
fish  or  reptiles  do.  But,  taking  the  vertebrata  alone,  in  all  of  which 
there  is  a  certain  general  plan  observed  in  the  nervous  system,  it  is  not 
found  that  in  each  order  or  species,  when  compared  with  the  rest,  the 
parts  of  the  brain  are  developed  in  proportion  to  the  energy  of  the 
faculty  ascribed  to  each  of  them.  The  phrenological  function  of  the 
cerebellum,  for  example,  is  almost  equally  powerful  in  all  species ;  yet 
the  absolute  and  proportionate  size  of  the  cerebellum  regularly  lessens 
as  one  descends  through  the  order  of  vertebrata,  and  in  the  botrachky 
in  which  its  supposed  function  is  extremely  energetic,  it  is  a  mere 
narrow  cord  passing  across  the  fourth  ventricle.  The  part  of  the  brain 
too,  which  is  found  decreasing  as  it  is  examined  in  the  descending 
scale  of  vertebrate  animals,  is  not  the  anterior,  the  seat  of  the  intel- 
lectual faculties,  but  the  posterior,  in  which  are  placed  the  organs  of 
the;  animal  propensities.  A  fair  mode  of  comparison  to  determine 
this  is  to  be  found  in  the  degree  in  which  the  hinder  part  of  ^e 
cerebrum  overlaps  the  cerebellum ;  in  man  alone  does  the  former  ever 
completely  cover  the  latter;  in  idiots  it  often  fails  tb  do  so;  in 
monkevs  it  covers  a  still  less  portion;  and  continuing  to  descend 
through  mammalia,  the  posterior  lobes  of  tiie  cerebrum  grow  ccm- 
stantly  smaller,  and  the  cerebellum  is  proportionally  more,  and  at  last 
completely,  exposed.  From  these  facts  it  might  be  assumed  that  the 
posterior  lobes  are  the  seat  of  some  intellectual  faculties ;  and  such  an 
assumption  can  be  avoided  only  by  believing  that  there  ib  no  analogy 
between  the  form  of  the  posterior  lobes  of  the  cerebrum  in  man  and 
mammalia.  It  is  not  denied  that  these  apparent  anomalies  may 
exist,  and  yet  phrenology  may  be  true ;  but  in  balancing  the  proba- 
bilities of  its  truth  or  falsity,  they  must  not  be  neglected. 

The  necessity  which  Ib  felt  of  limiting  the  comparison  of  oeiebral 
and  psychical  development  to  individuals  of  the  same  species  *  proves 
that  some  other  condition  than  size  is  essential  in  determining  the 
eneigy  of  each  faculty,  and  that  peculiarity  of  form  and  position  of 
parts  of  the  brain  may  give  the  external  appearance  of  excess  or 

*  Although,  to  meet  the  objections  mentioned  above,  phrenologists  insist  oa 
the  necessity  of  comparing  only  individuals  of  the  same  species,  it  is  to  be 
observed  that  they  readily  make  use  of  illustrations  favourable  to  their  opinions 
obttined  by  the  contrary  means,  as,  for  example,  in  the  determination  of  the 
organs  of  combativeness  and  destructlvcness  by  a  comparison  of  carnivorous  and 
herbivorous  animals,  and  of  that  of  construotiveness  by  comparing  the  heads  of 
the  hare  and  the  rabbit. 
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deficienoy  of  size;  admisrioiis  which  must  throw  doubt  on  the 
<mfficienoy  of  the  only  means  ydiich  phrenology  poesesBee  of  collecting 
facts  to  support  its  theoiy.  If  structure  and  f onn  render  it  impossible- 
by  the  size  alone  to  determine  the  comparatiYe  psychical  characters  of 
two  individuals  of  different  species,  the  same  conditions  may  often 
disturb  the  results  that  should  proceed  from  comparisons  of  sixe  in  the 
organs  of  two  of  the  same  species. 

In  the  limited  field  of  the  comparison  of  diffbrent  individuals  of  the 
same  species,  phrenology  is  said  b^jbits  supporters  to  be  established  by 
numberless  £icts  of  the  correspondence  of  strength  or  weakness  of  each 
of  the  Acuities  with  proportionate  extent  or  deficiency  of  develop- 
ment of  its  organ;  and  they  maintain  that  conclosionB  thus  drawn 
from  facts  ban  be  overthrown  only  by  facts  that  contradict  them.* 
But  the  numerous  sources  of  fallacy  which  render  the  presumed  facts 
for  phrenology  doubtful,  present  as  great  an  obstacle  to  the  collection 
of  facts  against  it ;  and  although  its  theory,  which  possesses  so  much 
plausibility,  cannot  be  altogether  overthrown  by  anything  but  well- 
ascertained  facts,  yet  it  is  fiur  for  any  one  to  withhold  his  assent  to  it 
till  he  believes  Uiat  it  is  supported  by  a  sufficient  number  of  positive 
and  unerring  observations ;  and  the  more  so  when  he  finds  it  opposed 
by  some,  however  few,  facts,  and  incapable  of  explaining  several 
circumstances  that  might  be  expected  to  be  placed  under  its  laws. 
For  these  reasons  the  fallacies  to  which  craniological  observation  is 
subject  must  be  admitted  as  casting  doubt  upon  the  testimony  of 
phrenologists,  who,  granting  that  they  are  tmwuling  to  deceive,  may 
yet,  like  all  other  observers,  be  charged  with  the  liability  to  be  them- 
selves deceived.  We  believe  that  in  this  we  do  not  step  at  all  beyond 
the  .commonly  adopted  rules  of  judging  from  evidence,  according  to 
which  it  is  open  to  every  one  to  disbelieve  statements  and  conclusions 
that  seem  to  him  improbable,  although  he  may  not  be  in  a  position  to 
disprove  them  all  by  facts. 

Judging  by  these  rules,  the  very  perfection  to  which  phrenology  is 
supposed  to  have  nearly  attained  is  s&ong  evidence  of  its  improbability. 
No  one  will  deny  Uiat,  in  its  connection  with  the  body,  the  human 
mind  must  be  the  most  difficult  branch  of  physiology.  Tet  if  phre- 
nology be  true,  the  physiology  of  the  brain  is  more  advanced  than  that 
oi  any  other  organ  in  the  body ;  and  the  improbability  is  presented 
that  two  physiologists  accomplished  more  in  about  50  years  of  study 
of  the  most  difficult  branch  of  the  science  of  life  than  the  united 
generations  of  physiologiBts  of  all  dasaea  for  near  2000  years  have 
effected  in  the  most  easy.  There  is  not  one  function  of  the  living  body 
which  can  be  so  perfectly  illustrated  by  the  most  accomplished 
physiologists  as  {ii  phrenology  be  true)  the  functions  of  the  mind  can 
be  elucidated  by  a  mediocre  adherent  to  its  doctrines ;  and  this  too 
while,  to  every  source  of  fallacy  which  it  has  in  common  with  other 
deportments  of  physiology,  it  is  subject  to  still  greater  which  ore 
peculiar  to  itseli 

The  improbability  that  the  labour  bestowed  upon  phrenology  should 
have  had  so  extraordinary  a  result,  will  i^pear  greater  when  some  of 
the  fallacies  are  pointed  out  to  which  the  observations  that  serve  for 
its  basis  are  subject.  Admitting  that  the  size  of  a  part  of  the  brain 
may  be  taken  as  a  measure  of  the  power  of  the  faculty  of  which  it  is 
presumed  to  be  the  organ,  it  can  be  a  correct  measure  of  power  only 
when  all  other  conditions  are  the  same.  This  is  admitted  by  phreno- 
logists, who  maintain  oxdy  that,  ctBterU  paribus,  size  is  a  measure  of 
power;  and  it  may  be  admitted  that  in  this  proposition  Uiey  are 
supported  by  the  analogy  of  other  organs  of  the  body.  But  in  all  of 
them,  and  werefore  probably  in  the  brain,  the  other  oonditionB  are 
fully  as  important  as  size ;  yet  phrenologists  in  their  usual  practice 
refer  to  quality  of  the  brain  only  when  they  find  that  the  indications 
of  quantity  are  manifestly  opposed  to  their  opinions.  Moreover  the 
estimate  which  phrenologiBts  make  of  the  quality  of  the  brain,  bv 
observing  tiie  external  appearance  and  temperament  of  the  individual, 
is  as  fallacious  as  a  measure  of  the  state  of  the  whole  mass,  and  is 
valueless  as  a  sign  of  the  structural  condition  of  each  of  its  several 
parts.  But  any  one  part  of  the  brain  may  as  well  differ  from  the  rest 
m  quality  as  in  quantity;  an  assumption  which  the  phenomena  of 
local  diseases,  which  are  much  more  common  than  genoal  diseases  of 
the  brain,  are  sufficient  to  establish,  and  which  phrenologists  them- 
selves admit  in  their  explanation  of  monomania.  There  is  here 
therefore  a  manifest  source  of  fallacy  in  every  phrenological  observa- 
tion ;  a  source  of  fallacy  comparable  with,  but  greater  than,  most  of 
those  which  have  so  long  obscured  the  knowledge  of  the  more  simple 
departments  of  physiology.  No  one  who  has  had  any  opportunity  of 
appreciating  the  difficulty  of  amdvsing  observations  of  wnich  such  a 
varying  source  of  error  as  is  here  mdicated  forms  a  constant  part,  can 
avoid  suspecting  that  phrenologists,  when  the^  pretend  to  have 
overcome  the  difficulty,  have  merely  wandered  mto  the  facilitieB  of 
error. 

Again,  if  the  condition  of  quality  (in  which  and  included  many  im- 

*  Dr.  Sporsheim  and  his  followers  oonstaatly  call  npoo  the  pablio  to  dedde 
npora  phrenologf  by  their  own  observationB ;  proving  that  thej  regard  it  no 
difficult  nutter  to  observe  and  draw  oorreet  ooneltitionB  in  the  most  ambtgnoos 
queitions  of  physiology.  Upon  this  plan  there  is  certainly  no  theory  so  absurd 
bat  it  will  eaaily  gain  adherents.  One  eanaot  feel  aarared  that  perkms  who  are 
ao  little  aenaible  of  the  difflooltiea  of  observation  are  themaelves  taXLj  competent 
to  obaerre.  The  more  philoeophlc  Dr.  Oall  did  not  fidl  to  admooUh  his  aaditon 
not  to  attempt  praotiaing  phrenology. 

▲BT8  AND  aci.  DIV.  VOL.  VI. 


portant  ciroumstanoes  connected  with  both  the  temporary  and  per- 
manent state  of  the  brain,  each  of  which  is  probably  not  less  important 
than  size)  must  be  regarded  as  a  constant  source  of  inappreciable  error 
in  estimating  the  material  condition  of  the  organs,  there  is  scarcely  less 
fallibility  in  the  other  element  of  a  phrenological  observation,  namely, 
the  determination  of  the  mental  character  of  the  individual  examined. 
The  actions  of  men  are  taken  as  the  index  to  their  phrenological  state ; 
but  (not  to  mention  the  cases  in  which  men  feign  the  possession  of 
dispositions  and  opinions  which  are  not  their  own)  it  is  evident  that  in 
numerous  instances,  in  which  there  is  no  intention  to  deceive,  the  same 
actions  proceed  from  different  motives,  and  this  phrenologists  fully 
admit,  for  in  many  cases  in  which  the  size  of  certain  parts  of  the  brain 
does  not  agree  with  the  apparent  energy  of  the  functions  usually 
allotted  to  them,  they  refer  the  prominent  actions  of  the  individual 
under  examination  to  the  excess  or  defect  of  some  other  parts  of  the 
brain.  But  if  in  one  case  an  apparent  disagreement  between  the  state 
of  any  faculty  and  of  its  presumed  organ  is  thus  easily  capable  of 
explanation  by  the  condition  of  other  faculties  and  organs,  then  in 
every  case  the  state  of  all  the  other  faculties  must  become  an  inappre- 
ciable source  of  fallacy  in  endeavouring  to  esUmate  the  condition  of 
any  one. 

It  is  unfair  to  make  use  of  these  supplemental  modes  of  determining 
characters  in  oases  that  are  opposed  to  phrenology,  and  not  to  admit 
their  influence  in  those  whi6h  seem  favourable  to  it.  If  the  actions  of 
a  man  are  to  be  taken  as  the  index  of  his  mind — ^but  if  at  the  same 
time  it  is  allowed  that  the  same  actions  may  result  from  different  pro- 
pensities, desires,  and  tastes,  it  is  evident  that  it  will  be  almost  im- 
possible to  bring  the  evidence  of  £icts  to  bear  against  phrenology,  in 
which  there  must  then  be  so  many  focilities  of  escape  from  convicUon 
of  error.  If,  to  take  an  illustration  from  the  writings  of  Sir  ^  G. 
Mackenzie,  a  young  man  in  whom  locality  and  inhabitiveness  are  very 
moderately  developed  is  yet  irresistibly  impelled  to  go  to  sea,  by  a 
mechaniced  genius,  and  by  attachment  to  the  mechanism  of  a  ship, 
conjoined  with  perseverance,  courage,  love  of  approbation,  and  ideality, 
there  can  surely  be  no  certainty  that  any  one  propensity  is  proportioned 
to  the  condition  of  a  single  ozgan  rather  than  to  the  combined  condition 
of  several  others. 

When  we  point  out  these  sources  of  fallacy  in  every  phrenological 
observation  that  has  been  made,  and  add  to  them  the  doubt  whidi  is 
cast  upon  it  by  the  total  absence  of  any  anatomical  peculiarity  in  the 
brain  correspondent  with  the  presumed  separation  of  its  organs,  and  by 
the  failure  of  its  application  in  the  comparison  of  the  psychical  con- 
dition of  man  and  animals,  sufficient  has  been  done  to  show  that  a 
person  exercises  a  justifiable  and  even  a  philosophical  degree  of  caution 
in  withholding  his  assent  from  phrenology  as  it  at  present  stands.  He 
may  grant,  as  the  writer  does,  that  its  theory  is  ingenious  and  pro- 
bable ;  that  its  plan  of  classifying  the  faculties  of  the  mind  is  probably 
more  natural  than  that  of  any  other  p^chdogical  aystem ;  that  the 
existence  of  many  of  the  assumed  faculties  admits  of  little  doubt ;  that 
a  comparison  of  the  heads  of  different  nations  and  individuals  renders 
it  almost  certain  that  the  general  divisions  of  the  part  of  the  human 
cerebrum  are  correct;  that  in  many  cases,  on  balancing  the  evidence 
on  each  side,  tiie  result  is  on  the  whole  favourable  to  me  belief  that 
the  positions  of  several  of  the  organs  in  each  part  of  the  brain  have 
been  nearly  determined;  but  without  further  and  very  extended 
inquiry,  and  that  made  with  a  just  appreciation  of  the  difficulties  of 
attaining  to  facto,  when  so  many  of  the  elements  of  the  observations 
are  inappreciable,  and  conducted  by  a  disposition  to  doubt  rather  than 
to  find  confirmation  of  tiie  doctrine  assumed,  he  will  hesitate  to  accept 
its  theory  further  than  as  a  direction  to  lus  inquiries,  and  will  refuse 
to  admit  its  applications  in  any  important  practice. 

PHRYGIAN  MODE.    [Modr] 

FHTHALAMIC  ACID.    [Nafhthalio  Gbgup.] 

PHTHALAMIDK    [Naphtealio  Qboup.] 

PHTHALAMILB  (C,eH,(Ci^,),NOJ  PhenyUaUmide.    An  unim 
portant  derivative  from  ^nilme.    [Nafhthauo  Gbgup.] 

PHTHALANILIC  ACID.    [Naphtealio  Gbgup.] 

PHTHALIC  ACID.    [NAPHTtaAUO  Gbgup.] 

PHTHALIDINE  (CjaH^N).  An  organic  alcaloid,  produced  by  the 
action  of  sulphide  of  ammonium  upon  nitrophthalene  (C^qH, NO  ). 

PHTHALINIDE.    [Nafhthalio  Gbgup.  J 

PHTHISIS  (a  Greek  word,  ^»Ura,  aignitying  "corruption,'' "  decay") 
was  formerly  uMd  as  a  generic  term  to  signuy  a  wasting  or  consumption 
from  any  cause,  and  was  afterwards  more  distinctly  specified,  according 
to  the  organ  in  which  it  was  supposed  to  origrnate :  hence  we  had  a 
PhlkiKU  hepaiica,  P.  maenteriea,  P.  pulmonale,  &c;  but  the  word  is 
now  restricted  to  the  diseaiw  produced  by  tubercles  in  the  lungs,  and 
commonly  known  by  the  name  of  consumption.  An  acquaintance 
with  i'-hiw  disease,  from  which  neither  age  nor  sex  is  exempt,  and  no 
part  of  the  habitable  globe  is  free,  whose  ravages  extend  even  to  the 
brute  creation,  and  whose  course  when  once  beg^un  can  rarely  be 
stayed,  whose  commencement  is  frequently  so  insidious,  and  whose 
termination  so  iaUl,  must,  above  all  others,  be  interesting;  for  if  by 
any  precaution  its  development  can  be  prevented,  it  is  only  b^  a  know- 
ledge of  those  influences  which  most  frequently  give  rise  to  it  that  we 
can  hope  to  attain  our  object. 

Morbid  Anatomy  of  Phthima,'-The  local  morbid  changes  peculiar  to 
phthisis  are  only  the  result  of  previous  changes  in  the  general  system. 
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an  barodittfy  «t  aoqtJred  predlfepoBition,  ddgtiiMble  b^  the  i^jrio*! 
MDditioA  ol  the  pfttient>  acd  by  a  disordered  state  of  varione  fanotione^ 
"  and  whidi,  though  Tefy  generany  aoeompanied  with  a  feeble  (H-gani- 
Bation^  IB  not  inconsistent  with  too  great  development  and  inordinate 
action  of  particular  parte,  and  even  with  oonsidarable  physioal  power  of 
the  Bystem."  By  hr  the  meet  important  and  characterlslao  morbid 
ehaoge  that  occurs  in  ^thisiB  eonsiste  in  the  development  of  tuberdee 
wherever  Uiey  may  be  found ;  but  as  it  is  in  the  lungs  that  they  first 
and  moet  frequently  numifest  themselves,  we  shall  deseribe  them  as 
they  are  seen  in  these  oigans.  Tubercles  of  the  lungs  first  ap^Sear  in 
the  form  of  small^gray,  semi-transparent  granulations,  which  gradually 
enlaige  and  become  opaque  in  thcdr  centre  :  the  opedty  increases,  till 
the  whole  mass  beeomes  of  s  dull  yellowish-white  o^our.  After  a 
certain  time  Uiey  soften,  empty  themselves  into  the  bronchial  tubes, 
and  give  rise  to  excavations  more  or  less  considerable.  In  this  way, 
almost  the  whole  of  both  lungs  may  be  invaded  by  a  succession  of 
tuberoles,  their  healtiiy  structure  being  absorbed  as  tbe  tubersles 
become  deposited,  pr  involved  in  the  destructive  process  consequent 
upon  their  softening.  Tuberoles,  unlike  inflammation,  almost  inva- 
riably commence  at  the  summit  of  the  lungs,  where,  as  well  as  being 
moie  numerous,  they  are  usually  found  in  a  more  advanced  stage  of 
devdopment  than  in  any  other  palt.  The  successive  eruption  of  fresh 
tuberoles  is  an  important  feature  in  this  disease,  as  it  explains  the 
oocasional  recovery  of  patients  labouring  imder  consumption.  A  erop 
of  tuberoles  may  appear  in  the  lungs,  go  through  the  various  stages 
above  described,  and  give  rise  to  all  the  symptoms  of  confirmed 
phthisis ;  yet,  provided  the  conditions  which  gavi  rise  to  them  uti 
removed,  no  fresh  eruption  may  take  place,  and  the  patient  may 
recover.  The  relative  frequency  of  tubercles  in  other  oigans  di£fors 
considerably  in  the  adult  and  in  &e  infant.  In  the  former,  K.  Louis, 
our  grestest  authority  in  all  matters  connected  with  phthisis,  has,  with 
one  exception,  never  observed  them  in  any  organ  without  their  existing 
in  the  lungs ;  so  tliat  he  r^ards  their  presence  in  these  last  viscera  as 
a  necessary  condition  for  their  development  in  other  parts.  But  in  the 
infant  this  does  not  appear  to  hold  good ;  the  bronchial  glands  being 
more  frequently  affected  than  the  lungs,  in  the  proportion  of  87  to  78. 
The  brain  and  its  membranes  are  likewise  more  subject  to  tuberculous 
deposits  in  the  child  than  in  the  adult.  The  next  most  important 
lesion  which  is  met  with  in  phthisis  is  ulceration  of  the  intestinal  canal. 
The  ulcers  may  vary  in  number,  form,  and  sise ;  but  they  all  prteent 
roecific  characters  peculiar  to  itua  disease,  and  exist  in  five-sixths  of 
the  cases  which  terminate  &tallv.  The  third  peculiarity  in  reference 
to  phthisis  is  the  change  which  ^e  liver  undergoes,  to  which 
the  f^^nch  pathologists  have  given  the  nsme  of  /ole  gra$,  or 
fatty  liver.  Lastly,  ulcerations  of  the  epiglottis,  laiynx,  and  trachea 
occur  so  frequently,  and  with  such  uniformity  of  t^,  as  JusUv  to 
lead  to  the  belief  that  they  are  a  part  of  the  disease.  But  besides 
these  morbid  changes,  which  are  peculiar  to  this  disease,  complioationB 
of  various  kinds  occur  which  are  common  to  it  and  other  chr^o 
diseases.  By  for  the  most  frequent  of  these  are  inflammatioiis  6i  the 
pleuna;  86  that  it  is  extremely  rare,  in  making  ^e  post  mortem  exami- 
nations of  persons  who  die  of  phthisis,  net  to  find  Uie  lungs  adherent, 
in  part  or  entirely,  to  the  walls  of  the  chest.  Inflammation  of  the 
substance  of  the  Itmgs  is  likewise  a  frequdnt  oompUcation  in  the  latter 
stages  of  phthisiB. 

Symptoms  of  PJUhisis, — These  generally  commence  with  a  slight 
cough,  which  at  first  excites  no  attention,  but  is  regarded  as  a  simple 
cold.^  The  breathing  is  not  seriouslv  affected,  nor  is  the  appetite 
impaired.  After  a  time  the  cough  mcreaees  in  frequmcy,  and  is 
accompanied  by  expectoration  of  a  dear  frothy  saliva }  the  bareathing 
and  pulse  become  a  little  hurried  after  meals  and  towftrds  evening; 
and  at  this  time  of  the  day  there  is  frequently  experienced  a  slight 
degree  of  chilliness,  followed  by  heat,  which  oontmues  during  the 
greater  part,  of  the  ni^ht,  and  is  succeeded  towards  morning  by  per- 
spiration. The  patient  likewise  becomes  scmiewhat  paler,  and  is 
languid  and  easily  fatigued.  In  some  instances,  the  first  symptoms 
are  preceded  by  a  mere  or  less  copious  hsemoptynnB.  In  the  seoond 
stage  of  phthisis  the  cough  becomes  more  frequent^  especially  during 
the  night ;  and  if  violent,  it  sometimes  occasions  vomitii^.  Hoarse- 
ness, or  less  of  voice,  is  not  unusual.  The  expectoration  changes  its 
chancter ;  it  is  less  frothy  and  more  opaque ;  containing  small 
particles  of  a  yellowish-curd-like  substance ;  or  the  sputa  are  streaked 
with  dull-yellow  lines,  and  hsBmoptysis  is  pretty  frequent,  but  in 
general  not  abundant.  The  breathing  and  pulse  are  more  hurried ; 
the  fever  is  greater;  and  the  perspirations  more  regular  and  copious. 
Pains  in  the  thorax,  denoting  pleuritic  inflammation,  often  occur; 
and  the  languor  and  emaciation  still  increase.  Li  the  last  stage 
of  oonsumption  there  is  nearly  always  profuse  diarrhcea,  and  the 
sweats  and  expectoration  are  more  copious;  the  latter  becomes 
more  uniform  in  composition;  and  is  separated  finto  roundish  distinct 
masBcs,  with  flooculent  edges.  The  emaciation  and  debility  keep 
pace  with  the  other  symptoms,  and  the  feet  and  ankles  sweU 
towards  evening;  the  appetite  generally  declines  in  the  same  pro- 
portion, and  the  patient  dies  in  the  extreme  degree  of  marasmus, 
not  unfrequentiy  flattering  himself  to  the  last  with  a  speedy  recovery. 
In  females,  the  menstrual  discharge  almost  always  ceases  when  hectic 
fever  is  established,  and  occasionally  even  before  that  is  the  case,  whieh 
has  led  to  a  popular  opinion  that  the  disease  in  such  cases  arises  from 


the  suppressifln.  Bueh  are  the  ordinary  symptoms  preMnted  hy 
phthisis  in  its  most  usual  form,  but  varieties  exist  in  the  order  and 
duration  of  the  morbid  phenomena.  Thus,  tuberoles  may  be  developed 
in  the  lungs,  and  remain  for  a  considerable  period  without  exciting 
either  oough  or  expeetoFBition,  or  even  any  important  general  symptomsb 
In  other  cases  they  give  rise  to  intense  general  symptoms,  as  fever, 
emaciation,  anorexia,  before  they  excite  oough  or  expectoration,  ^e 
latter  appearing  onlv  a  short  time  previous  to  death.  To  these  cases 
the  term  laieiU  phAitu  has  been  applied :  and  what  is  remaikable  in 
them  is,  the  absence  ef  appreciable  organic  alteration  in  organs  whose 
functional  derangement  was  mofet  violent,  while  the  only  viseos  really 
aflbeted  seems  functionally  healthy.  The  term  aeute  phAiait  is  applied 
to  those  cases  in  which  the  disease  goes  through  all  its  stages  with 
imusual  rapidity.  It  occun  most  frequently  in  the  young,  and  in 
those  weakened  b^  mrne  previous  disorder.  In  popular  language  it  is 
designated ''  galloping  consumptiozL"  Cfknnic  phihm  is  the  Reverse 
of  the  last,  and  comprehends  all  those  cases  in  which  the  piogisas  of 
the  disease  is  unusually  slow  and  generally  intermittent. 

JHagnoris  of  PhUdnt, — Auscultation  and. percussion  are  the  chief 
means  by  wluch  we  arrive  at  the  diagnosis  of  phthisis  [At^som^ 
TATION ;  Piboussion]  ;  but  there  are  several  collateral  circumstances 
which  must  be  taken  into  consideration  in  order  to  form  a  correct 
(minion  as  to  the  nature  of  the  disease.  It  is  at  the  commencement  of 
phtlusis  that  an  accurate  diagnosis  is  of  most  importance,  and  in 
which  the  stethosoopic  signs  are  least  evident.  We  shall  be  therefore 
more  particular  in  enumerating  the  indications  at  this  period,  than  in 
accurately  describing  the  acoustic  phenomena  which  are  present  at  a 
more  advanced  stage  of  the  disorder.  As  bronchitis  is  the  disease  with 
which  phthisis  is  most  liable  to  be  confounded,  we  shall  place  in  juxta- 
position the  prindpal  points  in  which  they  dlfier.  In  the  greater 
number  of  cases  of  phthisis  the  cough  comes  on  without  any  evident 
cause,  and  many  months  may  elapse  without  expectoration.  This 
apparent  absehce  of  cause  and  dryness  of  oough  are  of  themsdves  very 
remaikable^  and  differ  from  what  occun  in  simple  bronchitis.  Thoracic 
pains,  when  present  in  the  latter  ^fection,  are  generally  fdt  in  the 
middle  of  the  sternum ;  while  in  phtlusis  they  are  situated  in  the  ddss 
of  the  chest  and  between  the  shoulders.  Hsemoptysis,  from  the  com- 
mencement or  during  the  progress  of  cough,  is  frequent  in  phthisis, 
and  is  almost  a  certain  sign  of  the  presence  of  tubercles ;  whereas  this 
symptom  never  occun  in  bronchitis.  Out  of  twelve  hundred  patients 
afliacted  with  various  diseases,  not  including  cases  of  amenorrhoea,  or 
those  arising  from  external  violence,  M.  Louis  found  that  not  one, 
with  the  exception  of  phthisical  cases,  had  experienced  this  symptom. 
Auscultation  gives  us  httie  or  no  aid  in  the  earliest  stages  of  phtiusiB ; 
and  when  the  stethosoopic  signs  fint  manifest  themselves,  thev  are 
such  as  result  from  an  increased  density  in  the  structure  of  the  lung, 
and  not  from  the  presence  of  fluid  in  the  bronchi,  as  is  the  caa>j  in  bron- 
phitis.  Thus  the  expiration,  which  in  health  is  scarcely  aadible, 
becomes  more  distinct ;  the  voice  more  resonant ;  the  sound  elicited 
on  percussion  duller.  These  alterations  in  the  respiration,  and  in  the 
signs  produced  by  percussion,  like  the  development  of  tuberdes,  take 
place  from  the  summit  to  the  base  of  the  chest,  and  at  first  are  almost 
oonstantiy  confined  to  the  upper  lobe  of  one  side.  In  bronchitis  the 
sounds  result  from  fluid  in  the  bronchi,  and  originate  in  the 
lower  part  of  the  chest,  and  usually  on  both  sides.  In  the  more 
advanced  stage  of  phthLds  its  diagnosis  is  less  difficult,  and  is  made 
from  a  consideration  of  the  sputa,  which  we  have  already  described, 
and  from  the  signs  furnished  by  percussion  and  auscultation.  These 
are  now  decisive :  the  upper  parts  of  the  chest  are  duU  on  percoasion ; 
the  respiratory  murmur  is  strong,  coarse,  or  /even  cavernous  under  the 
davides ;  and  the  voice  listened  to  in  the  same  situation  gives  rise  to 
that  peculiar  phenomenon  termed  pectoriloquy.  If  there  should  be 
much  fluid  in  the  lungs,  resulting  from  the  patients  not  having  lately 
expectorated,  we  then  have  a  mucous  rattle  in  all  those  parts  of  the 
chest  corresponding  with  the  seat  of  the  disease ;  and  where  cavities 
containing  fluid  exist,  the  air  passing  through  this  produces  that 
guigling  noise  to  which  the  term  gargouillement  has  been  applied  hj 
the  French.  The  space  in  which  these  different  changes  take  pUce  is 
at  first  limited;  but  it  daily  increases,  and  in  some  instances,  where 
the  entire  upper  lobe  of  the  lung  is  converted  into  numerous  exca- 
vations, the  respiration  is  coarse  and  more  or  less  tracheal  throughout 
its  whole  extent.  The  diagnosis  of  latent  phthisis  is  not  di£cult, 
provided  we  make  use  of  the  proper  means  for  ascertaining  the  con- 
dition of  the  pulmonaiy  oi^gans ;  the  evil  is,  that  the  attention  U 
directed  exclusivdy  to  those  functional  derangements  which  wo  have 
spoken  of  when  describing  latent  phthisis,  while  the  real  seat  of  the 
disease  is  overlooked. 

DuraUon  and  Mortality  of  Phthisis, — Various  circumstances  affect 
the  duration  of  phthisis,  as  age,  sex,  constitution,  occupation,  season  of 
the  year,  climate,  &c.  In  the  upper  ranks  of  life,  where  patients  have 
all  the  advantages  that  a  proper  regimen,  chaxige  of  air,  and  good 
medical  treatment  can  afford,  tiie  average  duration  of  the  disease  is 
considerably  above  that  in  the  lower  classes. 

The  mean  duration  of  814  cases  tabulated  by  MM.  Louis  and  Bayle 
was  28  months,  induding  the  extreme  cases ;  but  162,  or  more  than  half 
of  the  cases,  terminated  in  nine  months,  and  the  greater  proportion  of 
them  between  the  fourth  and  ninth  month.  By  exduding  those  cases 
which  terminate  within  four  months,  and  thoaotbat  exceed  four  years. 
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the  aTorage  dnratioii  of  the  remaining  om68  ib  18  montha.  Witii 
regard  to  tiie  mortality  from  phtluBis,  it  yariea  in  different  dimatea, 
ages,  aexes,  raoei,  and  ooeupationa.  In  England  and  Wales,  aooordins 
to  the  Report  of  the  Registrar-Qeneral  of  Births,  Deaths,  and 
Marriages/  it  is  20  per  cent,  of  the  total  number  of  drnths,  or 
3*82  annuaUy  out  of  1000  living.  In  France  it  is  about  the  same.  On 
the  eastern  tronUem  of  the  Gape  of  Qood  Hope,  where  the  atmoBj^erio 
Tidssitudes  are  sudden  and  great,  the  thermometer  in  summer  some- 
timea  varying  from  110**  to  64°,  and  in  winter  fram  76"  to  82%  in  the 
course  of  a  few  hours,  it  is  only  8|. 

In  cities  the  majority  of  the  male  labouring  population  is  engaged 
in  the  arts,  trades,  and  manufactures,  and  generally  for  many  hours 
together  in  ill-ventilated  apartments,  and  in  unhealthy  pastures  of 
body.  In  the  oountry  the  pursuits  oi  the  same  daas  of  persona  are 
chiefly  agricnlturaL  In  respect  of  age,  the  deaths  are  greatest  between 
20  and  30,  and  diminish  gradually  to  between  50  and  60,  after  which 
deaths  from  phthisis  are  comparatively  unfrequent^ 

CauaeB  of  Phikms. — The  causes  of  phthisis,  says  Sir  J.  CSlarke,  may 
be  divided  into  "the  remote  and  the  exciting,  or  those  which  induce 
the  constitutional  predisposition,  and  those  whidi  determine  the  local 
deposition  of  tuberculous  matter  after  such  prediiposltion  is  established. 
The  one  dass  of  causes  operates  by  modifying  the  whole  system ;  the 
other,  by  determining  in  a  system  so  modified  the  particular  morbid 
action  of  which  tuberculous  matter  is  the  product.  Of  the  remote 
causes,  or  those  which  induce  the  constitutional  predisposltioa, 
hereditary  transmission  is  regarded  as  the  most  powerful ;  not  that  an 
individual  bom  of  consumptive  parents  will  himself  neoessarily  fall  a 
prey  to  the  same  disease,  but  only  that,  when  exposed  to  those 
influences  which  we  are  about  to  enumerate  as  determining  the  tuber* 
culous  cachexia,  he  wiU  be  more  likely  to  beecune  aSbcted  than  one 
bom  of  healthy  parents. 

At  the  same  time  it  must  be  remembered,  that  with  a  diseaae  so 
common  as  phthisis,  a  certain  number  of  persons  would  be  descended 
from  phthisical  parents  who  might  contract  the  disease  independeni  of 
hereditary  descent. '  Dr  Walshe,  after  the  eiamination  of  446  eases  9i 
disease  phthisical  and  non-phthisical,  came  to  the  ooodusion  that 
"  phthisis  in  the  adult  hospital  population  of  this  country  is,  to  a  slk^t 
amount  only,  a  disease  demonstrably  derived  from  parents,'*  and' it 
would  appear  that  this  is  generally  true  of  the  middle  and  upper 
dasses  of  sodety  in  Qreat  Britain. 

Whatever  may  be  the  real  amount  of  tendency  to  this  disease  given 
by  hereditary  transmiamon,  there   can  be  no  doubt  that  external 
circumstances  produce  a  powerful  efibck    ^us  it  is  found  tiiat  the 
death  rate  from  phthisis  is  much  higher  for  towns  thati  it  is  for 
country  districts,  thus  pointing  to  the  fact  that  tiie  circumstances  by 
which  persons  are  surrounded  in  towns  are  more  favourable  to  the 
development  of  phthisis  than  in  country  districts.    Although  much 
may  be  set  down  to  the  wear  and  tear  of  a  town  life  as  compued  with 
the  country,  yet  when  we  come  to  examine  ilie  dass  of  persons 
aflected  in  towns,  we  are  driven  to  the  conclusion  that  one  of  the  most 
powerful  causes  of  the  devdopment  of  phthisis  is  a  defldent  oxygena- 
tion of  the  blood.    It  is  found  that  in  London,  the  deaths  from 
phthisiB  amongst  persons  confined  in  shops  is  as  2  to  1  compared 
with  the  gentry  and  professional  classes.    Taking  the  trades  of  London, 
it  is  found  that  those  which  are  sedentair  favour  the  development  of 
phthisis  much  more  than  those  where  the  occupation  is  more  active 
Again,  those  who  work  in  close  and  ill-ventUated  rooms  are  more 
liable  to  this  disease  than  those  who  work  in  more  open  and  better 
ventilated  apar^nents.    In  the  case  of  persons  who  are  exposed  to  the 
open  air,  as  found  by  the  recent  parliamentary  inquiry  into  the  state 
of  the  barracks  for  soldiers  in  London,  and  nevertheless  suffer  from 
phthisis,  it  has  been  discovered  that  they  deep  In  doee  and  ill- 
ventilated  apartmenttL    The  immunity  of  some  districts  in  Great 
Britain,  as  the  Hebrides  and  north-westem  districts  of  Scotland,  may 
be  attributed  to  the  almost  perfect  ventilation  of  the  huts  or  cabins  in 
which  the  principal  part  of  the  population  reddes.    As  an  illustration 
o{  the  influence  of  overcrowding,  and  the  consequent  elimination  of 
the  oxygenation  of  the  tissues,  the  following  illustration  may  be  given. 
In  the  parish  of  St.  Jameses,  Westminster,  there  are  three  registration 
districts ;  in  one  of  these  134  persons  dwell  upon  a  single  acre,  in  a 
i^ond  262,  and  in  a  third  432  persons  live  upon  an  acre.    In  1858, 
the  death  from  phthisis  in  these  districts  was  as  follows :  in  the  first 
division  one  person  in  every  426  died  of  phthisiB ;  in  the  second,  one 
in  every  422,  whilst  in  the  third  and  most  thickly  populated  district, 
one  in  every  327  of  the  population  died.    There  are  however  other 
conditions  which  lead  to  the  same  deficiencv  of  oxygenation  in  the 
blood,  and  which  act  as  occasional  predisposmg  causes  of  pulmonary 
consumption.    Such  are  exhausting  oocupations,  inactivity  of  body, 
mental  depression,  insuffident  food,  and  the  abuse    of   spirituous 
liquors* 

The  more  immediate  or  exdtiqg  causes  of  consumptioD,  those  which 
determine  the  deposition  of  tubercles,  have  usually  been  attributed  to 
irritants  acting  locally  on  the  bronchial  tubes  or  on  the  lungs,  whether 
oottaioned  bv  inflammation  of  these  parts  or  by  the  mechanical  action 
o{  irritating  bodies  upon  them.  The  result  of  the  latest  investigations 
on  this  subject  leave  no  doubt  that  the  influence  exerted  in  this  way 
has  been  greatly  exaggerated.  Pneumonia  and  bronchitis,  the  two 
^^B^ases  hitherto  regarded  as  the  most  frequent  forerunners  and  pro* 


duoera  of  phthisis,  have  been  diown  by  K.  Louis  to  exert  no  mor^ 
influence  in  its  production  than  any  other  disease.  They  may  indeed 
oooadooallv  hasten  the  devdopment  of  tuberdes,  but  thqr  exert  no 
spedfie  effect,  and  they  act  only  as  remote  causes  in  impAJring  the 
health  generally.  These  condudons  of  Loms,  whichhave  beeil 
deduced  from  ms  own  observations  in  hospital  practice  solely,  recdve 
ample  confirmation  from  the  admirable  Statistical  Reports  of  the 
Registrar-General  and  Hajor  Tullooh,  which  we  have  before  referred 
to.  The  popular  error  of  attributing  consumption  to  cold}  the  breaking 
of  a  blood-vessel,  ftc.,  has  probably  originated  from  mistaking  the  effect 
for  the  causa  We  have  shown  in  a  former  part  of  this  article  that 
eoug^  and  hemoptysis  are  among  the  earliest  qrmptoma  of  tuberculoua 
lungs. 

with  regard  to  mechanical  irritants,  as  dust  of  various  kinds,  noxious 
gases,  smoke,  &c.,  "  no  opinion  has  been  more  prevalent^"  observes  Dr. 
Cowan, "  thui  that  those  who  are  exposed  to  the  inhalation  of  the  dust 
of  vegetable,  mineral,  or  animal  substances,  are  peculiarly  liable  to 
phthias;  and  in  the  suppodtion  that  consumption  was  essentially  a 
disease  c^  the  lungs,  and  in  the  great  majority  of  instancee  the  result 
of  bronchial  inflammation,  no  oondudon  was  more  natural  or  more 
probable.  But  once  remove  from  the  mind  the  impresdon  of  a  neces- 
sary ooonection  between  bronchitis  and  tuberdes,  and  we  feel  per- 
suaded that  the  examination  of  the  evidence  brought  forward  on  tho 
subject  ol  dnat  will  terminate  in  the  oonvietion  that  this  agent  exerts 
at  moot  but  a  verr  secondary  and  unimportant  influence  in  the  prt>' 
duetiom  of  phthists."  The  mortalitv  among  the  workmen  in  some  of 
our  manufacturing  towns  la  usually  Drought  forward  in  support  of  the 
doctrine  of  meehaoical  initition.  Dr.  Knight,  of  Sheffield,  informs  us 
that  there  is  not  an  example  of  a  polidier  of  forks  reaching  his  86th 
year,  nor  do  the  artisans  m  other  departments  attain  a  mudi  greater 
age.  But  it  must  be  recollected  that  many  of  these  men  work  sixteen 
hours  a  day  in  a  dose  atmosphere  and  oonfined  posture  of  body,  two 
conditions  which  contribute  perhapa  more  than  any  other  te  the 
increase  and  production  of  phthisiB.  Kor  has  the  mortality  been 
diminished  by  the  use  of  magnets,  wire  masks,  currents  of  air,  and 
moisture,  which  have  been  sucoesdvdy  tried  for  the  purpose  of  arresting 
the  metallic  particles.  In  the  eases  of  887  quarrymen,  557  stone- 
cutters, and  160  mai1>le-worken,  all  of  them  ooeupatioos  involving  the 
inhalation  of  dust,  M.  Benoiston  found  the  proportion  of  phthisis  was 
less  than  the  general  average;  but  then  these  are  employments  carried 
on  in  the  open  air.  Dr.  Lombard,  whose  researches  are  founded  on  a 
total  of  4800  deaths  from  phthisis,  and  54,572  indiriduals,  exercishig 
820  diflbrettt  oocupations,  found,  by  a  comparison  of  all  the  prtrfessions 
Qttried  on  in  the  open  air  and  in  workshops,  that  the  proportion  of 
deatiui  from  phthisb  was  €wAU  among  the  latter;  and  this  propor- 
tion inereased  as  the  apartments  were  eloee,  nanow,  and  imper^Mtfy 
ventilated. 

Mr.  Watson,  a  surgeon  of  Wenlockhead,  a  minitig  district,  informs 
us  tha^  out  of  74  men  working  during  four  or  five  months  for  sixteen 
home  daily  in  a  mine  where  a  candle  burnt  with  difficulty,  net  one  was 
attacked  with  any  pulmonary  affection.  But  whether  from  the  inhala- 
tion of  any  noxious  gases  or  from  other  causes,  it  is  certain  that  in  the 
majority  of  the  mining  districts  of  this  oountry  the  mortality  from 
phthids  is  high.  The  number  of  males  attacked  by  this  disease  in 
Cornwall  exceeds  that  of  the  females  in  the  ratio  of  170  to  140,  and  in 
the  mining  parfcs  of  Stafforddiire,  Shropshire,  and  Worcester,  in  the 
ratio  of  2^  to  191 ;  while  in  the  non-mining  districts  of  Staflforddiire 
and  Shropshire,  am^  In  the  county  of  Cheshfre,  the  ratio  is  656  males 
to  796  females. 

The  influence  of  smoke,  when  uncombined  with  other  agents  of 
injurious  tendency,  may,  we  think,  fairly  be  called  in  question.  In 
Leedsi  which  is  certainly  the  most  smoky  place  in  the  whole  kingdom, 
the  mortality  of  females  from  phthisiB  is  bdow  that  of  most  of  our 
large  manufrcturing  towns,  add  is  not  much  above  the  average  for  the 
whole  of  Eng^d  and  Wdes.  In  London  likewise  this  is  the  case,  and 
in  nearly  the  same  proportion. 

A  moist  and  changeable  climate  was  long  regarded  as  among  the 
most  active  causes  of  consumption ;  and  Great  Britain,  whose  eiimate 
combines  these  two  conditions  in  a  remarkable  degree,  has  been 
looked  upon  as  such  a  nurseiy  for  phthisis,  that  our  &cetious  neigh- 
bours on  the  other  dde  of  the  Channd  have  styled  it  **  La  Maladie 
Angkdse."  Indeed  the  notions  of  atmospheric  vidsdtudes,  dampness, 
and  consumption,  seem  almost  inseparable.  However,  these  opinions 
have  been  and  stUl  are  undeigoing  a  severe  scrutiny ;  and  the  evidence 
which  we  at  present  possess  on  ■So  subject  tends  very  strongly  to  dis- 
prove their  correctness.  Moisture  and  climate,  like  all  other  agents, 
act  dther  locally  or  generally;  t)opular  belief  has  attributed  their  pre- 
simied  prejudicial  effects  to  local  action.  They  tend,  it  is  sai{  to 
produce  catarrhs  and  coughs,  and  eonsequentiy  consumption.  We 
need  scarcdy  allude  again  to  the  fallacy  of  this  opinion.  We  are  in 
poesesdon  of  littie  information  on  the  mode  in  which  dimate  operates 
to  the  production  of  phthisis.  That  the  disease  prevails  to  a  much 
greater  extent  in  some  climes  and  localities  than  in  others,  is  an  indis- 
putable fact ;  but  it  is  no  less  certain  that  its  prevalence  is  not  coniined 
to  countries  of  variable  temperature,  for  many  of  such  countries  sulTer 
in  a  much  less  degree  than  those  whose  thermometric  range  varies 
littie  throughout  the  year.  Is  phthisis  contagious  ?  This  is  a  question 
I  which  has  been  often  discussed,  and  numerous  are  the  testimonies  both 
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on  the  •fibmative  and  negative  ode ;  bat  the  weight  of  the  evidence 
leemB  to  reet  with  the  non-oontagionirtB. 

Tntameni  of  Phtkint^—TbiA  resolTes  itaelf  into  two  kindfl :  first,  the 
pnphvlaeUe,  or  that  which  has  for  its  object  the  prevention  of  phthisis 
in  those  who  are  hereditarily  or  otherwise  predisposed  to  the  diseaas; 
and  secondly,  the  curative,  or  that  which  endeavours  to  arrest  its 
progress  after  tubercles  have  manifested  themselves.  Much  may  be 
done  in  the  first  case ;  but  experience  proves  the  limited  control  that 
we  possess  over  it  in  the  second.  PhthisLs,  as  we  have  said  before-— 
and,  as  we  are  anxious  to  impress  this  fact  upon  our  readers,  we  again 
repeat— is  not  a  mere  local  disease,  or  one  arismg  from  local  causes; 
but  it  results  tnm  a  general  depravation  or  unhealthy  condition  of  the 
whole  system,  of  wUch  tubercles  are  only  an  effect  They  may  be 
considered  as  the  last  of  the  embryonic  changes  previous  to  the  nascence 
of  the  disease  in  a  cognisable  form. 

This  being  premised,  our  prophylactic  treatment  must  be  directed 
towards  the  prevention  or  the  arresting  of  the  incipient  changes  which 
take  place  previous  to  the  development  of  tubercles.  With  this  view 
the  most  obvious  rules  are,  to  avoid  all  those  causes  which  we  have 
pointed  out  as  ii»n«ting  to  produce  the  tuberculous  diathegis.  Marriages 
should  be  made  with  greater  regard  to  the  health  of  the  contracting 
partise.  Children,  especially  if  sickly,  should  be  reared  and  educated 
with  leas  anxiety  about  their  mental  progress  than  their  bodily  strength. 
Those  professions  and  trades  should  be  avoided  which  combine  much 
sitting,  with  a  confined  posture  of  body,  as  those  of  tailors,  shoebinders, 
shoemakers,  milliners,  lacemakers,  engravers,  jewellers,  watchmakers, 
clerks,  &c.,  all  of  whom  are  peculiarlv  subject  to  phthiids.  Agricultu- 
zdstSy  butchers,  carters,  coachmen,  sailors,  oc.,  are  remarkable  for  their 
general  health  and  thor  freedom  from  this  complaint.  All  occupations 
therefore  that  are  carried  on  in  the  open  air  should  be  chosen  in  pre- 
ference to  those  of  an  opjposite  kind.  Calisthenic  exercises,  when 
^ndulijed  in  with  moderation,  are  healthful,  and  should  by  no  means 
be  ne^ected.  In  short,  everything  which  tends  to  invigorate  the  body 
diminishes  disease ;  and  it  is  proved  by  statistical  facts,  that  wherever 
the  mortality  from  disease  graierally  is  low,  the  mortali^  from  phthisis 
is  also  low. 

It  is  a  matter  of  the  greatest  importance  to  be  able  to  detect  the 
symptoms  of  an  approaching  tuberculous  attack.  •  Individuals  liable  to 
phtlusis  frequently  present  a  peculiar  organisation.  In  one  group  the 
complexion  is  fair,  the  form  delicate,  the  skin  thin,  and  the  subcut- 
aneous veins  numerous,  the  pupils  of  the  eyes  are  unusually  opaoious, 
and  the  eyebells  are  large  and  prominent.  Another  group  of  indi- 
viduals predisposed  to  phthisia  have  a  dark  complexion,  disagreeable 
features,  joints  large,  the  skin  thick  and  sallow,  eyes  dull,  upper  lip 
tumid,  and  the  general  expression  is  heavy  and  listless.  The  develop- 
ment of  phthisis  is  also  preceded  by  a  peculiar  form  of  indigestion, 
whidi  has  been  called  "strumous  dyspepsia."  This  dyspepsia  is 
accompanied  with  heartburn,  add  eructations  after  taking  food,  and  is 
especially  attended  with  a  dislike  of  £atty  food,  whiw  frequently 
extends  to  sugar  and  alcohoL  Such  symptoms  should  have  anxious 
attention,  and  everything  be  done  to  prevent  their  further  development. 
In  this  stage  attention  should  be  given  to  exercise,  the  state  of  the 
skin  and  bowels,  and  a  treatment  adopted  to  rectify  the  condition  of 
the  digestive  organs*  Becent  writers  have  drawn  attention  to  the 
physioil  signs  of  a  ''pretubercular  stage,"  which  is  said  to  consist  in 
the  slightest  subclavicular  dull  peroussioa  sound,  with  lessened  vesi- 
cular murmur,  less  forcible  and  deep  inspiration  and  flattening  of  the 
apex  of  the  lungs.  "Sudi  signs  could  only  be  discovered  by  an 
accomplished  steuioscopist ;  but  wherever  indications  of  dullness  in 
either  lung  is  discovered  in  conjunction  with  the  above  dyspeptic 

rptoms,  there  is  cause  for  anxiety,  and  a  precautionary  tKatment 
lid  be  at  once  adopted." 
The  curative  treatment  of  phthisis  consists  in  regulating  the  health 
generally,  and  in  combating  particular  symptoms.  For  the  attainment 
of  the  first  object,  the  diet  shquld  be  nutritious,  but  not  stimulant; 
and  the  exercise  regular,  but  gentle,  and  not  too  prolonged.  Horse- 
exercise  is  particularly  recommended  in  the  incipient  stage  of  phthisis, 
and  travellmg  may  be  safely  undertaken  in  certain  dronmstances.  Of 
all  the  modes  of  travelling,  sea-voyages  are  perhaps  the  most  beneficial ; 
and  where  much  improvement  has  taken  place  during  the  voyage,  it 
would  be  better  to  repeat  it  than  hazard  the  doubtful  benefit  of  a  resi- 
dence on  land.  The  influence  of  climate  on  consumption,  we  are 
inclined  to  believe,  is  imperfectly  understood.  It  has  been  laid  down 
as  a  general  principle,  that  the  change  from  a  variable  temperature  to 
one  of  an  opposite  description  is  in  the  highest  degree  advantageous, 
and,  ccBleria  paribui,  we  think  this  may  safely  be  admitted;  but  in 
recommending  patients  to  climates  wmch  possess  this  uniformity  of 
temperature,  it  has  been  too  often  overlooked  that  there  are  other 
counteracting  circumstances  which  more  than  neutralise  this  advantage. 
Examples  abound  of  the  mortali^  from  phthisis  in  many  countries 
which  are  remarkable  for  the  equability  of  their  temperature,  while 
others,  as  the  Madras  presidenpy  of  Ind^  and  the  esstem  frontier  of 
the  Cape  of  Qood  Hope  settlement,  to  which  may  be  added  New  South 
Wales  and  South  Australia,  all  of  them  countries  subject  to  sudden 
and  great  changea  of  temperature,  enjoy  an  extraordinary  immunity 
from  phtiusis.  The  practice  of  sending  patients  to  a  foreign  coimtry 
who  are  in  the  last  stage  of  consumptioa,  cannot  be  too  stron^y  repro* 
bated.    Much  difference  of  opinion  exists  on  the  relative  advantages  I 


attending  a  reaidenoe  on  the  coast  or  inland  for  consomptiva  paticnta. 
From  the  great  benefit  of  sea«ir  in  all  scrofulous  disorders,  and  from 
a  review  of  the  causes  of  phthisis,  we  are  inclined  to  think  that  the 
se»ooast  on  the  whole  is  preferable.  Where  drcumstaooes  render 
removal  to  an  anti-phthisicu  coimtiy  impossible,  confinement  to  apart- 
ments where  the  heat  is  regulated,  and  the  purity  of  the  air  as  mafih 
as  possible  preserved,  during  the  more  rigorous  weather  of  this  cUznate, 
may  be  recommended.  It  must  however  be  recollected  that  this  xaod^ 
of  treatment,  being  unfavourable  to  improvement  of  the  general  health, 
should  only  be  enforced  when  exposure  to  the  air  is  constantly  attended 
with  increase  of  the  symptoms.  The  invention  of  the  respirator  haa 
in  a  gieat  measure  obviated  this  inconvenience;  and  the  phthiaical 
patient,  when  vrarmly  dad  and  furnished  with  this  instrument,  may 
be  allowed  to  take  exercise  in  the  open  air,  not  only  vrith  impunity, 
but  with  positive  benefit. 

With  regard  to  medical  treatment  many  remedies  have  been  recom- 
mended, but  none  have  obtained  the  general  reputation  and  univeraal 
acceptation  of  cod  U  er  oiL  The  introduction  of  this  remedy  haa 
formed  an  era  in  the  histoiy  of  the  treatment  of  phthisis,  and  a  larger 
amount  of  evidence  exists  m  favour  of  its  beneficial  eifecta  than  of  anj 
other  remedy.  One  of  the  great  indications  of  treatxhent  in  phthiais 
is  to  improve  the  &ulty  nutrition  through  which  the  tubmuloua 
deposits  take  place,  and  the  agent  most  adapted  for  this  purpose  is 
the  cod  liver  oil  Under  its  use  persons  who  have  become  emaciated 
speedily  gain  flesh,  and  with  this  result  all  the  symptoms  of  diaease 
improve.  If  administered  in  the  early  stage  of  the  disease  there  is 
evidence  to  prove  that  the  tuberculous  deposit  may  be  arrssted,  and 
the  patient  if  not  cured  at  least  restored  to  a  state  of  health  in  which 
the  disease  does  not  progress.  This,  however,  cannot  be  predicated  of  a 
huge  number  of  cases,  but  it  is  something  in  a  disease  like  phthisis  to 
have  a  prospect  of  doing  this  at  alL  This  medicine  is  used  extensively 
at  the  Consumption  Hoqutal,  Brompton^  where  600  gallons  of  the 
oil  are  oonsumed  annually. 

Besides  cod-liver  oil,  other  fatty  subfttanoes  may  be  administered 
in  phthisis.  Thus,  in  the  diet,  fat  meat,  butter,  cresm,  ofly  fish, 
bacon,  caviare,  and  the  marrow  of  the  bones  of  oxen  may  be  recom- 
mended. 

From  the  efficacy  of  bark,  sarsaparilla,  iron,  and  iodine,  in  scrofula 
and  some  other  diafiftiwa  attended  with  constitutional  debility,  it  has 
been  imagined  that  these  medicines  must  necessarily  prove  beneficial 
in  phthisis ;  and  thero  can  be  no  doubt  that  their  tonic  properties, 
when  not  contra-indicated  by  the  existence  of  inflammation  or  mudi 
febrile  exdtement,  may  safely  be  put  in  requisition  in  the  treatment  of 
phthisis.  Another  class  of  romediee,  of  a  totally  different  nature,  but 
not  less  efficadous  when  judidously  applied,  may  be  called  anti-inflam- 
matory. Sudi  aro  bleeding,  dther  general  or  local;  mercury, 
digitalis,  counter-irritation.  The  last  is  one  of  the  moat  power- 
ful therapeutic  sgents  that  we  possess,  and,  like  all  other  romedies, 
when  used  in  the  commencement  of  disease  presents  the  greatest 
chance  of  success.  It  is  inapplicable  when  much  fever  is  present^ 
and  should  never  be  carried  to  the  extent  of  producing  oonstitutional 
disturbance. 

These  aro  the  general  remedies  employed  in  phthisis.  The  more 
prominent  svmptoms  of  the  disease  require  to  be  combated  by  particular 
medicines  which  we  have  yet  to  name,  or  by  a  combination  of  those 
just  enumerated.  One  of  the  most  constant  and  harawnng  of  the 
q^mptoms  of  consumption  is  cough,  which,  by  interrupting  deep  and 
aooewrating  the  drculadon,  exerts  sn  injurious  influence  over  the 
general  comfort  and  health  of  the  patient  It  may  be  tzanquillised  by 
the  application  of  sinapisms,  tartar  emetic  ointment,  or  stimulating 
plasters  to  the  walls  of  the  chest  In  addition  to  these  measures,  the 
cough  may  be  calmed  by  mucilaginous  mixtures,  decoctions  of  Iceland 
moss,  small  doses  of  hyoscyamus.  Prusdc  add,  opium,  ether,  &c. 
Perspirations  in  phthisis  are  very  common,  and  when  profuse  tend  to 
weaken  the  patient.  They  are  diecked  b^  exhibiting  adda.  The  sul- 
phuric add  given  with  quinine,  or  the  nitnc  add  in  a  decoction  of  sarsa- 
nariUa,  are  the  most  eligible  combinatioiis  for  combating  this  symptom. 
We  have  seen  that  the  diarrluBa  which  takes  place  in  phthiEos  is  the 
result  of  inflammation  and  ulceration  of  the  intestinal  canal :  a  know- 
ledge of  this  fact  will  at  once  regulate  our  treatment  AU  stimulating 
food  snd  medic  ne  must  be  avoided ;  the  external  surface  of  the  body 
generally,  and  the  abdomen  in  particular,  should  be  kept  warm ;  gentle 
counter-irritation  may  be  made  to  the  latter,  and  small  doees  of 
rhubarb  and  opium,  chalk  and  opium,  or  lime-water  and  milk,  vomj 
be  given  internally.  With  respect  to  the  treatment  of  pneumonia 
and  pleurisy,  which  are  so  frequent  in  the  latter  stages  of  phthim'w, 
we  cannot  be  too  cautious.  It  must  never  be  foigotten  that  they 
are  mere  complications;  and  in  any  depletory  measures  which  may 
be  thought  necessary,  the  original  disease  upon  which  they  are 
engrafted  must  not  be  lost  sight  ol  On  the  whole,  local  bleeding 
by  leediet  or  cupping  is  preferable  to  venesection,  and  counter-irri- 
tation to  both.  For  an  account  of  htomoptyais  and  its  treatment,  see 
Hjemofttsib. 

PHVOIC  ACID.  The  Protoeoecuf  mdffarie  oontabia  a  nitrogenoua 
add  whidi  is  depodted  from  the  alcoholic  extract  in  voluminous  adcu- 
lar  crystals  which  aro  insoluble  in  water,  but  soluble  in  aloohol,  ether, 
and  fixed  or  essential  dls.  Its  silver  salt  is  white  when  first  pr^wred, 
but  soon  blackens  on  exposure  to  light 
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PHTLLORETIN  {C^Ji^1).  A  czyitalliiie  ream  fouxid  native  in 
the  peat  of  Denmark. 

PHYSALIN  (C„H,aO,p)-  A  Wtter  amorphous  body  contained  in 
the  Phy9cUu  aUoekengi,  and  sometimes  employed  aa  a  remedy  in  inter- 
mittent fevers.  It  is  a  light  yellow  powder,  very  slightly  soluble  in 
cold  water,  but  very  soluble  in  aloohd  and  chloroform. 

PHYSETOLEIO  ACID  (G^fiyfi^^  An  oily  add,  obtained  from 
the  oil  of  the  sperm  whale  (Pkyaeter  maerocqthalut,) 

PHYSICAL  FORCE,  CONSERVATION  OF.  The  principle  of 
the  "  Oantervation  of  Force  **  is  thus  defined^by  Hehnhols,  in  a  memoir 
read  before  the  Physical  Society  of  Berlin,  on  the  28rd  of  Jidy,  1847, 
of  which  Professor  Tyndall  has  given  a  translation  in  the '  Scientifio 
Memoirs '  for  February,  1858 : — 

"In  all  cases  of  tiie  motion  of  free  material  points  under  the 
influence  of  their  attractive  and  repulsive  foroes,  whose  intensity 
depends  solely  upon  distance,  the  loss  m  tension  is  always  equal  to  ths 
gain  iXk  vii  viva,  akid  the  gain  in  the  former  equal  to  the  loss  in  the 
Utter.  Hence  the  mm  of  the  extitu^  tennona  ofnd  vires  viva,  it  ahoaye 
eontiant,  in  this  most  general  form  we  can  diBtingiiiah  our  law  as  the 
pnneipU  of  the  conteraUion  offdreeJ' 

The  importance  attributed  to  this  principle  by  men  of  science,  who 
are  competent  judges,  will  appear  from  the  references  to  it  in  the 
following  article. 

-  PHYSICAL  FORCES,  CORRELATION  OF.  The  CorrdtUifm  of 
Phyeieal  Forea  is  an  important  theoretical  principle  or  doctrine  in 
natural  philosophy, — taking  the  latter  designation  of  science  in  its 
widest  sense, — which  has  been  enunciated  within  these  few  years  past 
by  Mr.  W.  R.  Grove,  the  inventor  or  discoverer  of  the  gas  voltaic 
battery,  and  of  the  powerful  voltaic  combination  of  four  elements 
ciJled  by  IdB  name,  and  sometime  professor  of  experimental  philosophy 
in  the  London  Institution. 

The  intimate  connection  of  all  the  forces  of  nature  with  each  other, 
snd  their  dependence  upon  one  common  principle,  had  been  asserted  by 
many  philosophers  with  more  or  less  precision ;  and  the  mutual  con- 
vertibiUty  of  two,  or  perhaps  more,  of  them  had  been  taught  at  various 
prior,  though  not  dirtant,  epochs  in  the  history  of  natural  knowledge. 
But  the  CorrdeUion,or  necessary  mutual  dependence  and  convertibihtv, 
of  every  one  of  the  physical  forces  upon  and  into  any^  other,  or  into  aU, 
and  ol  all,  reciprocally,  into  each  other,  at  the  period  of  its  original 
enunciation,  was  a  doctrine  peculiar  to  Mr.  Grove.  It  was  first  publicly 
announced  by  him  in  *  A  Lecture  on  the  Progress  of  Physical  Sdenoe 
since  the  Opening  of  the  London  Institution,'  delivered  in  the  theatre 
of  that  institution  on  the  19th  of  January,  1842,  and  afterwards 
printed  for  distribution  to  the  proprietors  (or  members),  but  not 
published,  though  reports  of  the  lecturo  had  appeared  in  some  of  the 
public  journals.  In  the  following  yesr  it  was  fully  developed  in  a 
course  of  six  experimental  lectures,  *  On  the  Conelation  of  Physical 
Forces,'  a  designation  of  the  subject  and  of  the  principle  then  first 
employed  by  Mr.  Grove;  the  substance  of  which  was  printed  three 
years  aftervrards  (August,  184fi),  both  for  the  members  of  the  insti- 
tution and  for  the  public,  .under  the  same  title.  Of  this  work,  the 
author  published  a  second  edition  in  1850,  and  a  third,  considerably 
enlaiged,  in  1S55.  The  Abbe  Moigno  haa  produced  a  translation  of  it 
into  tiie  French  language. 

So  much,  in  this  place,  for  the  history  of  the  subject  We  shall 
now  proceed  to  give,  as  nearly  in  the  author's  words  as  possible,  his 
views  respecting  it,  but  deviating  to  some  small  extent,  for  the  objects 
of  an  expository  article,  from  the  order  in  which  he  has  explained 
them,  and  occasionally  introducing  comments  of  our  own.  Our 
quotations  axe  exclusively  from  &  third  edition  of  Mr.  Grove's 
work. 

The  position  which  Mr.  Grove  has  sought  to  establish  "is,  that  the 
vinous  affections  of  matter  which  constitute  the  main  objects  of  expe- 
rimentsl  physics, — ^namely,  heat^  light,  electricity,  magnetism,  chemical 
affinity,  Mid  motion^— are  all  corrolative,  or  have  a  reciprocal  depend- 
ence; that  neither,  taken  abstractedly,  can  be  said  to  be  the  essential 
oaose  of  the  others,  but  that  either  may  produce^  or  be  convertible 
into,  any  of  the  others :  thus  heat  may  mediately  or  immediately  pro* 
duce  eleotridty,  electricity  may  produce  heat^  and  so  of  the  rest,  each 
merging  itself  as  the  force  it  prodnoea  becomes  developed;  and  that 
the  same  must  hold  good  of  other  farces,  it  being  an  irresistible 
inference  from  observed  phenomena  that  a  force  cannot  originate 
otherwise  than  by  devolution  from  some  pre-existing  force  or  forces." 
That  any  one  of  these  physical  forces  "  may,  medicUeljf  or  immediaUibf, 
produce  'the  others,'  is  aU,"  Mr.  Grove  remarks,  ''  I  can  venturo  to 
predicate  of  them  in  the  present  state  of  science ;  but  after  much  con- 
sideration, I  incline  strongly  to  the  opinicn  that  science  is  rapidly 
progressing  towards  the  establishment  of  immediate  or  direct  relations 
between  afi  these  forces.  When  at  present  no  immediate  relation  ia 
established  between  any  of  them,  electricity  gjenerally  forms  the 
intervening  link  or  middle  term." 

**  The  term  correlation,"  says  Mr.  Grove,  further, "  which  I  selected 
as  the  title  ot  my  lectures  in  1848,  strictly  interpreted,  means  a 
Tinnnmaiy  mutual  or  reciprocal  dependence  of  two  ideas,  inseparable 
even  in  mental  conception :  thus  the  idea  of  height  csnnot  exist 
without  involving  the  idea  of  ita  correlate,  depth ;  the  idea  of  parent 
cannot  exist  without  involving  the  idea  of  ofibpriog.    It  has  been 


scarcely,  if  at  all,  used  by  writers  on  physics;  but  thero  aroavast 
variety  of  physical  relations  to  which,  if  it  does  not  in  its  original 
strictest  sense  apply,  cannot  certainly  be  so  well  eaqpressed  by  ax^ 
other  term."     [sic,] 

**  The  probability  is  that,  if  not  all,  the  greater  number  of  physiosl 
phenomena  aro  conrelative,  and  that,  without  a  duality  of  conceptioiv 
the  mind  cannot  form  an  idea  of  them." 

Thus,  the  sense  Mr.  Grove  has  attached  to  the  word  correlation  ia 
"that  of  a  reciprocal  production;  in  other  words,  that  any  force 
capable  of  producing  another  may,  in  its  turn,  be  produced  by  it — ^nay, 
moro,  can  be  itself  resisted  by  iha  iotob  it  produces,  in  proportion 
to  the  energy  of  such  production,  as  action  is  ever  accompanied 
and  resisted  by  reaction:  thus,  the  action  of  an  electro-magnetic 
machine  is  reacted  upon  by  the  magneto-electridty  devebped  by  its 
action." 

"  To  many,  however,  of  the  cases"  of  the  reciprocal  production  of 
physical  phenomena,  "  the  term  corrolation  may  be  applied  in  a  moro 
strict  accordance  with  its  original  sense :  thus,  with  regard  Ao  the 
forces^  of  electricity  and  magnetism  in  a  dynamic  state,  we  cannot 
electrise  a  substance  without  magnetising  it, — ^we  cannot  magnetise  it 
without  electrising  it :  each  molecule,  the  instant  it  is  aJQfooted  by  one 
of  these  forces  is  affected  by  the  other,  but,  in  transverse  directions ; 
the  forces  aro  inseparable  and  mutually  dependent,  corr^tive,  but  not 
identicaL" 

**  Matter  and  Force  aro  correlates,  in  the  strictest  sense  of  the  word ; 
the  conception  of  the  existence  of  the  one  involves  the  conception  of 
the  existence  of  the  other." 

In  many  esses  wharo  one  phvsical  force  "  b  excited,  or  exists,  all  the 
others  aro  also  set  in  action :  thus,  when  a  substance,  such  as  sulphurot 
of  antimony,  is  electrified,  at  the  instant  of  electrisation  it  beoomea 
moj^iMtic  in  directions  at  right  angles  to  the  lines  of  electric  force ;  at 
the  same  time  it  becomes  keaUd  to  an  extent  greater  or  lees  according 
to  the  intensitv  of  the  electric  force.  If  this  intensity  be  exalted  to  a 
certain  point  iLa  snlphuret  becomes  luminous,  or  UglU  is  produced :  it 
expands,  consequently  motion  is  produced:  and  it  is  decomposed, 
thereforo  themteoL  aetUm  is  produced." ..."  This  simultaneous  pro- 
duction of  all  the  known  affections  of  matter,"  Mr.  Grove  adds, "  seems 
to  me  a  strong  argument  in  favour  of  their  being  modes  of  motion," 
in  agreement  with  the  conception  of  their  intrinsic  naturo  whidi  he 
has  «*T!unffifttfldi 

Motion,  the  most  obvious,  the  most  distinctly  conceived  of  all  the 
affections  of  matter,  will  directly  produce  heat  and  eLectricity:  and 
electricity,  being  produced  by  it,  unll  produce  magnetitm — a  force  which 
is  always  developed  by  electncal  currents  at  right  angles  to  the  direction 
of  those  ouirents.  light  also  is  readily  produced  by  motion :  either 
directly,  as  when  accompanying  the  heat  of  friction,  or  mediately,  by 
electrioitv  resulting  from  motion.  In  the  decompositions  and  compo- 
sitiona  which  the  terminal  wires  proceeding  from  the  conductors  of  an 
electrical  machine  develope  when  immersed  in  difierent  chemical  media, 
we  get  the  production  of  ehewical  afiniiy  by  electricity,  of  which  motion 
is  ue  initial  source.  Lsstlv,  motion  may  be  sgain  reproduced  by  the 
forces  which  have  emanated  from  motion ;  thus,  the  divergence  of  the 
electrometer,  the  revolution  of  Uie  electrical  wheel,  and  the  deflection 
of  the  magnetic  needle,  aro,  when  resulting  from  frictional  electricity, 
palpable  movements  rmroduced  by  the  intermediate  modes  of  force, 
which  have  themselves  oeen  originated  by  motion. 

If  we  now  take  Heal  as  our  starting  point,  we  shall  find  that  the 
other  modes  of  force  may  be  readily  produced  by  it  Motion  is  so 
generally,  if  it  be  not  invanably,  the  immediate  effect  of  heat,  that  we 
may  almost,  if  not  entirely,  resolve  heat  into  motion,  and  view  it  as  a 
mechanically  ropulsive  force,  tending  to  move  the  particles  of  all  bodies, 
or  to  separate  them  from  each  other.  This  molecular  motion  we  may 
readily  change  into  the  motion  of  masses,  or  motion  in  its  most 
ddinaiy  and  palpable  form;  for  example,  in  the  steam-engine^  the 
piston  and  all  its  concomitant  masnnii  of  matter  aro  moved  by  the 
molecular  dilatation  of  the  vapour  of  water.  Heat,  then,  being  a  force 
capable  of  producing  matUm,  and  motion,  as  we  have  also  seen,  being 
capable  of  producing  the  other  modes  of  force,  it  necessarily  f oUows 
that  heat  is  capable,  mediately,  of  producixig  them.  It  will  immediately 
produce  deOtneiity  [Thxbmo-Eleotbioittj,  as  shown  in  the  beautiful 
experiments  of  Seebeck.  "  With  regard  to  chemical  tfffiwtv  and  «ia^ 
netum,  perhaps  the  only  method  by  which  in  strictness  the  force  of 
heat  may  be  said  to  produce  them,  ia  through  the  medium  of  electri- 
city ;  the  thermo-electrical  current ....  being  capable  of  deflecting 
the  magnet,  of  magnetising  iron,  and  exhibiting  the  other  magnetic 
effects;  and  also  of  forming  and  decomposing  chemical  compounds." 
Heat,  however,  directly  affecta  and  modifies  both  the  magnet  and 
chendcal  compounds. 

To  say  that  heat  will  produce  Ught,  is  to  assert  a  fact  apparently 
familiar  to  every  one ;  bat,  in  Mr.  Grove's  opinion,  *'  thero  may  be  some 
reason  to  doubt  wheiher  Ihe  expression  to  produce  light  is  correct  in 
this  particiUar  apjdication : "  the  correUtion  of  heat  snd  light  is  not  so 
distinct  as  with  the  other  affections  of  matter.  ''  Heat  and  light  appear 
to  be  rather  modifications  of  the  same  force  than  distinct  forces 
mutusUy  depoident."  This  is  a  very  important  discrimination,  and 
one  which  ia  undoubtedly  well-foundea,  but  it  points  to  the  establish- 
ment of  a  principle  wmch  is  at  variance  with  Mr.  Grove's  general 
hypotheslB  and  oonglwi^nff,  and  tends  to  their  limitation.    It  indicates 
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(when  we  ooosider  tiie  nlsfcicnie  of  heail  end  light,  thui  tiken  tomiher 
to  the  other  physical  fonses)  thsfe  they  in  radi^  are  the  ini&dng 
loroes  of  nature,  and  that  when  they  aeem  to  he  produeed  by  the  other 
f oroeB,  they  are,  in  &ot^  merely  evolved  from  them.  Ma<m  evidence 
mi^t  be  adduced  from  natural  phenomena,  add  the  reaulta  of  experi- 
mental reaearch,  in  favour  of  this  view  of  theaubjeot  But  heat  and, 
light  appear  to  have  the  power  of  producing  the  other  f oroee  from  the 
moment  of  their  own  origination;  and  the  broftd  induction  from  the 
aictual  state  of  our  knowledge  of  their  radiation  ia  that  they  originate 
in  union,  and— m  an  absolute  sense— «re  inseparable,  both  beiDguwavB 
present,  though  in  variable  proportions  to  each  other ;  with,  at  the 
same  time,  a  certain  redproei^  of  presence  and  activity,  the  one  taking 
the  place  ot  the  other  to  the  extettt,  or  in  the  degree,  to  or  in  which 
the  other  is  absent.  The  recent  experimental  researehea  on  radiation 
of  M.  Foucault,  Mr.  Balfour  Stewart,  and  Professor  Kirchhoff  ('  Proo. 
of  Roy.  Soo./  and  '  PhiL  Mag.,'  1860,  kc),  seem  to  furnish  irrefragable 
evidence  on  this  point;  and  a  remarkable  example  of  the  reciprocity 
here  alluded  to,  in  tiie  relation  of  animal  heat  and  animal  light  to  each 
other,  was  pointed  out  by  Mr.  Brajley,  in  a  lecture  delivered  at  the 
London  Institution  in  1833,  the  substance  of  which  was  communicated 
to  the  Natural  HistotT  section  of  the  British  Association  in  that  year, 
but  not  printed  till  1885,  when  it  appeared  in  'PhiL  Mag./ third aerieay 
voL.vi  pp.  241-247. 

ElectricUy  is  characterised  by  the  author  of  the  theory  of  the  oor^ 
relation  of  physical  forces,  "  as  that  affection  of  matter  or  mode  of 
force  which  most  distinctly  and  beautifully  relates  other  modes  of 
force,  and  exhibits,  to  a  great  extent  in  a  quantitative  fonn.  Its  own 
relation  with  them,  and  their  redprooal  relations  with  it  and  with 
each  other."  Commencing  with  it  as  an  initiating  foroe,  we  get  motion 
directiy  produced  by  it,  in  various  fonns ;  for  instance,  in  the  attraction 
and  repidnon  of  bodies,*  and  in  the  deflection  of  the  galvanometer 
needle.  Electridfy  directly  produces  Asot,  as  ^shown  in  the  ignited 
wire,  the  electric  spark,  and  the  voltaic  arc  In  these  phenomena, 
also,  it  directiy  prodnces  j^&l,  of  the  greatest  Imown  intensity.  It 
directiy  produces  m/ogiutimii,  as  originally  shown  by  Oersted  in  his 
great  discov^  [ELXOTBO-MAGHvnsif].  Lastiv,  electricity  produces 
ehtmiad  afifdhf}  and  by  its  agency  we  are  enabled  to  obtain  eflbcts  of 
analysis  or  synthesis  with  which  onUnazy  cheoiisfary  does  not  fur- 
nish us. 

JAgJu  is,  perhaps,  that  mode  of  force  the  reciprocal  relations  of  which 
with  the  othen  have  been  the  least  tiaoed  out  UntU  the  discoveries 
of  Niepce,  Daguerre,  and  Talbot  [PhotOoba^htI,  very  little  could  be 
definitely  predicated  of  the  action  of  li^t  in  produeiiig  other  modes  of 
force.  Viewing  the  phenomena  of  ]^u>tograplqr  M  resulting  from  a 
function  of  light,  we  get  the  latter  as  an  initiating  loroe,  capable  of 
produdng,  mediately  or  immediately,  the  other  modes  of  force.  Thus, 
it  immediately  produces  chemical  action ;  and  having  this,  we  at  once 
acquire  a  means  of  producing  th#  othen.  In  Mr.  Gkove's  lectures  at 
the  London  Institution  In  1848,a]nadr  mentioned,  he  showed  the 
following  experiment  by  which  tiie  production  of  all  the  other  modes 
of  force  byhght  is  exhibited.  "A  prepared  daguemoUpe  plate  is 
enclosed  in  a  box  filled  with  water,  having  a  glass  front,  wi&  a  shutter 
over  it.  Between  this  gkss  aad  the  plate  Is  a  gridtron  of  silver  wire; 
the  plate  is  connected  with  one  extNmi^  of  a  galvanometer  ooil,  and 
the  gridiron  of  wire  with  one  extremity  of  a  Breguet^s  helix :  the  other 
extremities  of  the  galvanometer  and  helix  are  oonneeted  by  a  wire,  and 
the  needles  broug^t.to  sera  As  soon  as  a  beam  of  either  di^Ught  or 
the  oxyhydrogen  light  is,  by  faisbg  the  shutter,  peiflutled  to  impinge 
upon  the  plate,  the  needles  are  deflected.  Thus,  light  being  the 
initiating  foroe,  we  get  efmMoU  aOum  on  the  plate,  e£sc<rk%  circu- 
lating through  the  wires,  sm^^imMim  in  the  eoil,  AetK  In  the  he&x,  and 
motion  in  the  needles." 

light  would  seem  directiv  to  produce  heat  In  the  phenomena  of 
what  is  termed  absorption  of  Ughl  Whenever  light  is  abaorbed  heat 
takes  its  ph^e,  affording  us  i^parentiy  an  instance  of  the  conversion  of 
light  into  heat;  and  of  the  faii,  that  the  force  of  light  is  not,  in  reality 
absorbed  or  annihilated,  but  merely  changed  in  eharaoter,  becoming  in 
tins  instance  converted  into  heat  hf  impinging  on  solid  matter,  as  heat 
m  converted  into  light  when  solid  incombustible  matter  becomes 
intensely  luminous  1^  being  introduced  into  hi^y-heated  but  only 
slightly  luminous  gaSb  The  diflbrence  between  the  conektion  of 
light  and  heat  and  that  of  the  other  fotom  with  each  other,  and 
with  them,  has  already  been  noticed,  and  iriU  also  be  returned  to  In  the 
sequel 

Magnditm,  aa  was  proved  by  the  Important  disodveiy  of  Fkraday 
rMAavno-SLianuoiTY],  will  produce  eleetrieiiy,  but  with  this  pecu- 
liarity, that  in  itself  it  is  statio)  and»  therefore,  to  produce  a  dynamic 
force,  motion  must  be  superadded  to  it;  it  is  in  &ct  directive,  not 
motive,  altering  the  direction  of  other  forces,  but  not  in  strictness 
initiatiqg  them.    Magnetsbeingmovedinthediiectfenoflhies  joining 

•  ItfoUowfasaeoBMqoeDoeof  thedectriaeof  theeomUtSoBOfftireeepthat 
when  electricity  perfonu  aaj  neehaaical  work  whieh  does  not  tetnm  to  the 
macbin^  electrical  power  is  lost,  having  been  converted  into  meohtnical  force. 
In  a  disconne  •  On  Inferences  tnm  the  Negation  of  Perpetnal  MoUon/  deUrered 
Jnne  25,  1896,  Hr.  Grore  performed  an  experiment  in  which  this  Iocs  wm 
rendered  erident  The  acknowledged  tmth  of  the  impoiiibilitj  of  perpetual 
motion  is  appUed,  dednetlTely,  in  thli  diiconree,  to  verify  the  doctrine  of 
correlation.    (<  Proe.  of  the  HotsI  lutitntion,'  pp.  15S~1 09.) 


their  poles,  produce  electrical  currents  in  andh  neighbouring  hodiea  as 
are  conductors  of  electricity,  in  directions  transverse  to  vie  line  of 
motion.  So  if  the  magnet  be  stationaiy,  conducting  bodisB  moved 
across  any  of  the  lines  of  magnetic  force  have  currents  of  eleetricrty 
developed  in  them.  Magnetism  can,  then,  through  the  medium  A 
electricity,  produce  keat,  Ught,  ehemieal  affinity,  and  motUm,  It  can 
itself  be  prGduced  bv  those  forces,  but  cannot  produce  them  except 
when  in  niotion,  which,  therefore,  is  to  be  regardied  in  this  caae  as  the 
initiative  force.  Magnetism  will,  however,  directiy  affect  the  othor 
forces,  Ug^t,  heat,  ana  chemical  affinity,  and  change  their  direction  or 
mode  of  action,  or,  at  all  events,  will  so  affect  matter  subjected  to  these 
forces  that  their  direction  is  changed.  When  this  f oree,  however,  is  in 
what  may  be  called  its  dynamic  \xmdition,  that  is,  its  state  of  change 
at  the  commencement  and  the  tormination,  or  during  the  increment  or 
decrement  of  its  development,  it  wUl  produce  directiy  some  of  the 
other  forces,  electricity  and  heat  for  example.  "  But  it  may  be  said," 
observes  Mr.  Grove  on  this  point, — and  the  observation  is  isqiortant 
with  reference  to  the  philoeophy  of  the  entire  tubjeet  of  the  oorrda- 
tion  of  physical  forces, — "  while  inagnetism  is  thus  progressive  soma 
other  force  is  acting  on  it,  and  therefore  it  does  not  initiata.''  This  he 
admits  to  be  true,  but  uiges  that  "  the  same  may  be  said  of  all  the 
other  forces ;  th^  have  no  commencement  that  we  can  trace.  We 
must  ever  refer  them  back  to  some  antecedent  foroe  equal  in  amount 
to  that  produced,  and  therefore  the  word  initiation  cannot  in  strictness 
apply,  but  must  only  be  taken  as  signii^ying  the  foroe  aeleoted  as  the 
fixBt."  The  peculiarity,  however,  of  the  mutual  relations  of  heat  atid 
hg^t,  already  noticed,  as  recogidaBd  by  Mr.  Grove  himself,  points^  as 
remarked  above,  to  a  limitation  of  the  truth  of  his  views  in  this 
respectb 

OkemiaU  affinity,  or  the  force  by  which  dissimilar  bodies  tend  to 
unite  and  form  compounds  differing  generally  in  chanMster  from  their 
constituents!  will  directiy  produoe  motion  of  definite  mamas,  by  the 
resultant  of  the  molecular  changes  it  induces,  of  which  the  projectile 
effecte  of  gunpowder  are  familiar  instances,  ^y  chemical  affini^, 
agahi,  we  can  directiy  produce  eketridty,  and  through  ito  medium  it 
may  be  quantitatively  converted  into  Ih^e  other  modea  of  foroe :  but 
heat  and  Ught  are  immediate  produoto  of  «*^aml^  affini^,  and  che- 
mical action  produces  magnetitm  whenever  it  is  thrown  into  a  definite 
direction,  aa  in  the  phenomenon  of  electrolysis,  a  simple  iBstinee  of 
whieh  Mr.  Orove  adduces  as  presented  by  his  gas  voltaio  betteiy. 
This  completes  the  review  of  the  phenomena  arising  from  the 
correlation  of  the  physical  forces,  each  taken  in  turn  as  the  inilisting 
one. 

Mr.  Orove  states  his  belief  that  the  same  prineiples  soad  mode  of 
reasoning  as  have  been  adopted  in  hk  Essay,  mif^t  be  implied  to  the 
organio  as  well  as  the  inorganic  world;  and  that  muscnlsr  ime,  aninisl 
and  Vigeteble  heat,  fte.,  might,  and  at  some  time  will,  be  shown  to 
have  similar  definite  oorralations ;  but  that  ha  has  puipyaely  avoided 
this  subject,  as  pertaining  to  a  department  of  science  to  which  he  has 
not  devoted  his  attention,  fie  alludes,  however,  to  the  saqperiimeDti 
of  Professor  Matteuci,  by  whieh  it  appean  that  whataier  mode  of 
force  it  be  which  is  propagated  along  the  nervous  filsments,  that  mode 
of  force  ia  definitely  affected  by  currente  of  electricity ;  and  ha  states, 
alw,  that  by  an  appUoation  of  the  doctrine  of  tiie  correbtion  of  forces, 
Dr.  Carpenter  has  shown  how  a  difficulty  arising  from  the  ordinaiy 
notions  of  the  development  of  an  organised  b«faQg  from  its  genaa^iell 
may  be  lessoEMd. 

la  the  'PhUosophical  Transactions'  for  1860,  pp.  7Sr-7<7,  is  a 
valuable  paper  by  Dr.  Oarpenter  '  On  the  Mutual  Balations  d  the 
Vital  and  Physical  Forces/  in  which  the  principle  of  the  eonelation 
of  the  latter  ia  successfully  extended  in  some  detail  to  the  lonaer, 
the  subject  of  the  germ-cell  considered,  as  just  alluded  to,  and, 
the  view  of  the  correlation  of  tiie  nervous  aiid  electrisal  teosa,  in 
particular,  which  had  been  proposed  by  Dr.  Oarpenter  seme  vears 
oefote,  and  had  been  aftorwuds  formally  adopted  by  ProJeaeor 
Matteuci,  fully  estebtished.  In  this  paper,  periiapa  the  meat  impor- 
tant general  enunciation  on  the  subjeet  of  oorrelatioa  which  has 
followed  Mr.  Grove's '  Essay/  and  certainly  the  fira^  of  an  adequately 
definite  and  comprehensive  nature,  on  the  application  oi  the  doctrine 
to  the  phenomena  of  organisation,  the  author  stetes,  that  ha  '^  is  not 
aware  tiiat  any  other  attempt  has  been  made  to  formmlanm  the  entire 
series  of  these  mutual  relations,  [the  'very  intimate  mutual relatiops ' of 
the  physical  forces]  than  that  which  has  bcMi  put  forth  by  Ihulaspor 
Grove  in  his  short  treatise '  On  the  Oorfektion,^  ftc"  Bat  Mr.  Grove, 
we  must  here  remark,  did  much  more  than  merelv  formularise  theae 
relations.  He  announced  a  new  conception  oi  their  nature,  which 
Ic^cally  speaking,  ii  a  wnivenal  ot  physios,  and  tins  it  is  whid&  gives 
his  enunciation  its  true  value,  and  elevates  it  almost  to  the  rank  of  a 
dlBoovery.  Another  of  Dr.  Carpenter's  introductorr  remarks  eoucsms 
"  a  point  on  which,"  he  says,  "  IVofessor  Grove  has  not  thought  it 
requisite  strongly  to  dwell ;  namely,  the  necessity  for  a  eertain  WMfifiai 
mbitratum  as  the  medium  "  of  the  conversion  of  force.  The  ssisteiiee, 
however,  of  that  substratum  is  a  necessary  implication  of  Mr.  Qrove*a 
entire  doctrine.  As  he  considen  all  the  physical  foiees  to  be  Intrift* 
sically  affections  of  matter, — ^understanding  that  term  (to  use  the 
language  of  philosophical  criticism)  in  ite  vulgar  sense, — the  necessity 
in  question  is  an  inseparable  element  of  his  theory,  and  Is  therefem 
virtually  dwelt  upon  throughout  his  Essay. 


■-^ 
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Br.  Carpflnter  htm  laUly  (Feb.  24,  I860)  vetamed  to  thii  labjeot,  in 
a  diMSouna  deliTend  at  the  Royal  Institution,  and  printed  in  the 
'  Prooeedxn^i '  at  the  meetingi  of  the  members,  voL  iii.,  pp.  206-209, '  On 
tb«  Belation  ol  the  Vital  to  the  PhysioaL  Forces.'  Heaigae8,that  when 
we  OMref  ully  look  into  the  question,  we  find  that  what  the  genn  reaUy 
supines  is  not  the  force  but  the  dkntcUve  agency.  This  agency  may  be 
regarded,  he  obseires,  like  msgnetism,  as  a  ttaOc  lores ;  and  just  as 
magnetinn  requires  to  be  (as  we  have  already  seen  from  Mr.  Qrove) 
combined  with  motion  to  enable  it  to  develope  electrioity,  so  does  the 
direeiive  agenqy  ol  the  germ  need  the  oo-opeiation  d  a  dytuunie  loroe 
for  the  mamfestation  of  its  organising  power.  That  dynamic  lores  is 
heat,  the  influenee  at  which  upon  the  rate  of  gro/wth  and  derelopment, 
both  animal,  and  ▼egetable,  is  so  marked  as  to  have  univenally 
attraoted  tiie  attention  of  physlologistB,  who^^  however,  have  only 
recognised  in  it  a  viud  tUmuitis,  calling  fortii  the  latent  power  ol  the 
germ,  instead  of  looking  upon  it  as  itself  furnishing  the  power  that 
does  the  woik.  It  is  indeed  only  when  the  physiologioal  survey  is 
extended  from  the  vital  phenomena  ol  warm-blooded  aidmals  to  those 
of  cold-blooded  •^i'wi^^*  and  of  plants,  that  the  immediate  and  direct 
relation  between  heat  and  vital  energy,  as  maoifested  in  the  rate  of 
growth  and  development,  or  of  other  ohanges  peculiar  to  the  living 
body,  is  unmistakeablv  manifested.  "  Hence,*  Dr.  Oarpenter  eon- 
dudes,  after  summarily  reviewing  the  phenomena  of  vegetable  life 
under  this  point  of  view,  "  we  seem  justified  in  ai&rming  that  the 
correlation  between  heat  and  the  vital  force  of  plants  is  not  less 
intimate  than  that  which  exists  between  heat  and  motion.  The 
special  attribute  of  the  vegetable  germ  is  Its  power  of  effecting  the 
metamorphosis,  and  of  utilising  the  organising  force  according  to  the 
plan  ol  construction  characteristic  ol  eadi  Bpedea." 

F6r  the  detaUs  ol  Mr.  Grove's  own  illustrations  and  applications  of 
his  doctrine,  we  must  ref  jr  to  his  work  itsell,  in  which,  also,  are  given 
his  views  ol  the  intrinsic  nature  of  the  physical  forces ;  views  which 
are  inseparable,  in  his  opinion,  from  the  dogma  of  their  correlation. 
In  this,  however,  we  cannot  agree  with  lum.  That  dogma,  we  con- 
oerve,  v^  remain  a  concrete  expression  of  the  truth,  as  ujirit  approx' 
inuUion  of  great  generality,  and  in  point  of  time  the  first  approximation 
to  a  genenu  theory,  whatever  notion  may  be  finally  establiahed  of  the 
nature  of  the  forces  concerned,  and  whether  heat,  for  instance,  be 
regarded  as  a  motion  of  the  particles  of  ordinaiy  matter — that  is  of  the 
matter  exhibiting  its  phenomena — or  as  a  motion  of  a  calorific  ether 
pervading  that  matter.  This  discrimination  we  believe  wiU  be  found 
important  in  the  further  application  and  investigation  of  the  subject. 
In  the  article  Obovb,  William  Robkut,  in  the  Bioobaphioal  Division 
of  this  work,  some  remarks  relevant  on  this  head,  have  been  oflbred 
with  respect  to  the  history  and  interpretation  of  tiie  principle  of  the 
Correlation  ol  Physical  Forces,  to  which  we  may  now  refer  as  com- 
pleting, together  with  the  present  and  following'  remarks,  our  view  of 
the  subject. 

Dr.  Fsraday^s  brilliant  series  of  discoveries  respecting  the  forces  of 
nature,  and  their  relations  to  each  other  and  to  mattery^-of  which 
Volta's  discovery  of  the  pile,  Davy*s  application  of  it  to  electrolysis. 
Oersted's  discovery  of  electro-mjagnetLnn,  Seebeck's  ol  thermo-elec- 
tridty,  ^ndall's  of  the  relation  to  structural  density  of  para-  and 
dia-nu^B^etism,  and  Mr.  Qrove's  own  disooveiy  of  the  gas-battery,  may 
be  dted  as  parallels  of  single  terms  in  that  series,— have  probably 
contributed  more  than  those  of  any  other  experimental  phUoeopher  to 
prepare  the  scientific  pubUe  mind  tor  the  idea  of  correlation ;  and  the^ 
have  had  this  eflect,  not  only  on  account  of  their  aggregate  magm- 
tude,  as  constituting  so  great  a  part  of  the  advance  in  physics  made 
during  the  last  sixty  years,  but  because,  from  their  beanng  so  exten- 
tively  on  what  Ih*.  fViraday  calls  "  the  dual  forms  of  power,"  electricity 
and  msgnetism,  they  have  exhibited  both  the  actuality  of  physical 
correlation,  and  the  convertibility  of  force,  in  a  manner  so  palpably 
intelligible.  In  the  relations  subosting  between  positive  and  negative 
electricity,  and  north  and  south  magnetism,  respectively,  we  have 
the  mental  ideft  of  correlation  realised  to  sensible  perception.  The 
relation  of  those  forces  themselves  is  probably  a  not  less  perfect  cor- 
relation, though  perhans  of  a  different  order;  while  their  mutual 
convertibility,  in  whicn  electro-magnetism  and  magneto-electticity 
originate,  is  so  readily  demonstnted  by  experiment. 

In  an  addition  (June,  1858)  to  his  disoourBe  on  the  "  OonservaticHi 
of  Force,**  (a  designation  introduced  we  believe  by  Helmholz, 
in  advocating  a  principle  long  tacitiy  admitted  in  particular  cases, 
but  which  had  not  before  been  expUcitiy  recognised  in  its  true 
generality,)  delivered  in  the  preceding  year  (Exp.  Res.  in  Chem. 
and  Phys.  p.  461-462),  Dr.  Faraday  says— "Those  who  admit  the 
poasibiliW  of  the  common  origin  of  all  physical  force,  and  also 
acknowledge  the  principle  of  conservation,  apply  that  principle 
to  the  sum  total  of  the  force.  Though  the  amount  of  mechanical 
force  (using  habitual  language  for  convenience  sake)  may  remain 
unchanged  and  definite  in  its  character  for  a  long  time,  yet  when, 
as  in  tiie  oolUsion  ol  two  equal  inelastic  bodies,  it  appears  to 
^  lost,  they  find  it  in  the  form  of  heat,  and  whether  they  admit 
that  heat  to  be  a  continued  mechanictd  action  (as  is  most  pro- 
bable), or  assume  some  other  idea,  as  that  of  electricity,  or  action  of 
a  heat-fluid,  still  they  hold  to  ^e  principle  of  conservation  by 
Admitting  tiiat  the  sum  of  force,  that  is,  of  the '  cause  of  action,'  is 
the  same,  whatever  character  the  effects  assume.     With  them  the 


convertibility  of  heat,  electricity,  magnetinn,  diemical  action,  and 
motion,  is  a  familiar  thought,'*  TUs  is  forcibly  put,  and  is  perfectly 
true ;  but  the  mutual  convertibility  ol  the  forces  enumerated  has  only 
become  "  a  fiunHiar  thought "  since  Mr.  Grove's  announoement  of  the 
principle  ol  their  correlation.  No  one,  however,  could  have  more 
perl eotiy  realised  the  coneeptioo  of  that  principle,  or  appredated  its 
importance,  than  Dr.  Finaday,  as  indeed  the  preceding  extract  may 
itsell  show.  The  latest  oourae  of  leetures  dsliveied  by  him  (and 
publiahed  in  the  '  Ohemieal  News ')  consisted  of  *  Illustrations  of  the 
Various  Forces  of  Hatter,— i  e.,  of  such  as  are  called  the  Physical  or 
Inorganic  Faroes,  inoluding  an  Aooonnt  ot  their  Belations  to  each 
othe^.'  The  subject  of  the  ecmoludiog  leetuie,  given  on  the  7th  of 
January  last  (1860),  was,  «q  noniMis, '  The  Oorrelation  of  the  Physical 
Forces/  ol  which  many  experimental  demonstrations  were  shown, 
relating  chiefly  to  the  change  ol  ohemieal  loroe  into  electricity,  and  ol 
electricity  into  maonetism ;  and  this  eminent  explorator  of  physical 
truth,  observing  to  his  audienee  that  he  might  show  them  many  other 
experiments  by  whieh  he  eould  obtain  electricity  and  chemical 
action,  heat  and  light  from  a  magnet,  terminated  his  course  by  the 
emphatio  question,  "  But  what  more  need  I  show  you  to  prove  the 
universal  oorrelation  ol  the  p^ndoal  loroes  ol  matter,  and  tiieir  mutual 
conversion  one  into  another  f  "^ 

A  oertain  amount  of  anticipation  ol  Mr.  Grove's  views  has  been 
recentiy  daiued  by  Professor  Tyndall  ('  Glaciers  ol  the  Alps,'  p.  800) 
for  the  laie  M.  Rendu,  bishop  of  Annecy,  the  author  of  a  remarkable 
essay  on  glaciers,  published  &  1841.  In  considering  wliat  he  calls  the 
"law  ol  airoulation,"  and  alter  alluding  to  the  drculation  of  water 
throu^  terrestrial  nature,  and  that  of  the  elements  of  organic  aub- 
stanoes  from  the  solid  to  the  fluid,  and  thence  again  to  the  state  of 
organisation,  M.  Rendu  adds,  "That  universal  agent  which  we 
designate  by  the  names  fire,  light,  electricity  and  magnetism,  has  pro- 
bably also  a  citeulaHon  as  wide  as  the  universe."  But  this  is  exactly 
one  ol  those  comparatively  vague  notions,  however  true  in  their 
degree,  referring  the  forces  of  nature  to  a  common  principle,  which 
have  been  alluded  to  in  the  introductory  part  of  this  article,  and  to 
which  every  period  in  the  history  of  philosophy,  for  at  least  a  century 
before,  supplies  a  parall^  When  Profeasor  Tyndall  in  sequence 
claims  also  for  Rendu,  on  the  none  account,  a  degree  of  anticipation  of 
Helmholz's  more  recent  doctrine  of  the  '  Conservation  of  Force,'  quot- 
ing the  latter  as  saying  in  reference  to  the  "  drcuit**  formed  by  "  heat, 
light,  electricity,  magnetism,  and  chemical  afilnify,"  "  starting  from 
each  of  these  different  manifestations  of  natural  forces,  we  can  set 
every  other  in  action,"  he  ascribes  to  Helmholz  what  had  before  been 
exphcitiy  enunciated  by  Grove,  almost  in  the  same  words,*as  may  be 
seen  in  uie  preceding  stiitement  ol  his  doctrine. 

Dr.  (late  Prolesaor)  James  D.  Forbes  ('  Reply  to  Tyndall  on  Rendu  *) 
has  already  noticed  the  futility  of  these  claims ;  but  what  he,  by  the 
free  application  of  meiont,  calls  "the  theoretical  inferences  of  Messrs. 
Ghx>ve  and  Helmhols,"  Faraday,  as  we  have  seen,  accepts  as  demon- 
strated principles  of  nature,  and  Professor  Le  Conte,  we  shall  presentiy 
find,  regards  as  forming  ''a  necessaiy  truth,"  and  "one  of  the  grandest 
generaluations  in  modem  science." 

Two  remarkable  circumstances  have  characterised  the  history  of  the 
reception  of  Mr.  Grove's  doctrine  of  correlation.  Many  physicosts  and 
others  who  admit  in  a  general  manner  the  principle,  seem  very  unwill- 
ing to  use  the  term;  wnile  others  who  expUcitiy  aidopt  and  advocate 
both,  seem  equally  unwilling  to  ascribe  them  to  their  author,  and  omit 
all  reference  to  haa. 

Thus,  in  Professor  LiaU^s '  FRaodlar  Letters  on  Chemistry '  (1858),  in 
the  prence  to  the  fourth  edition,  the  introduction  of  a  letter  (the  13th) 
'  On  the  Correlation  of  the  Forces  of  Inoiganio  Nature,'  is  azmounced  in 
the  preface,  but  neither  in  that  nor  in  the  letter  itself  is  Mr.  Grove 
mentioned,  nor  indeed  are  his  views  given,  though  his  designation  of 
the  subject  is  thus  unreservedly  employed.  It  is  applied,  in  the 
letter,  diiefly  to  a  view  of  natural  forces  taken  by  Dr.  Mayer  of 
Heilfaronn,  asaexting  both  their  indestructibility  and  their  convorU- 
bOity,  as  consequences  of  the  axiom  CauM  aqmU  Rectum,  but 
not  dated,  and  apparentiy  subsequent  to  the  views  both  of  HelmholK 
and  of  Grove. 

The  following  introductory  paragraph  of  an  excellent  paper  by 
Professor  Le  Conte,  of  Soutii  C&rolma  College,  Columbia,  U.  S.,  '  On 
the  Correlation  of  Physical,  Chemical,  and  vital  Force,  and  the  Con- 
servation of  Force  in  Vital  Phenomena,'  contains  one  of  the  most 
emphatic  and  adequate  recognitions  of  the  importance  of  those  princi- 
ples and  intelli^ble  terse  statements  of  their  nature  which  has  yet 
^peered;  though,  even  in  this,  no  allusion  ia  made  either  to  Mr. 
Grove  or  to  M.  Helmhols,  and  the  uninformed  reader  might  be  led  to 
suppose  that  being  necessary  tinths  they  had  always  been  self-evident. 
"Matter  oonstantiy  changes  its  form,  but  ia  itself  indestructible, 
except  by  the  same  power  which  called  it  into  beiog.  The  same 
quantity  of  matter  exists  in  the  universe  at  all  timea  So  also  force 
cnimges  its  form  oonstantiy,  but  is  itself  indestructible,  incapable  of 
increase  or  diminution,  ana  the  same  absolute  amount  of  force  exists 
in  the  universe  at  all  tbnes  and  for  ever.  The  mutual  convertibility 
of  the  various  forms  of  f oroe  is  called '  correlation  of  forces.'  The 
invariability  of  the  absolute  amount  in  the  midst  of  constant  change 
is  adled  *  conservation  of  force.'  This  principle  of  correlation  and  con- 
servaticm  of  force  must  be  looked  upon  as  one  of   the  grandest 
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genenUsatioiiB  in  modem  sdenoe,— «  principle  startling  at  firsts  bnt 
when  clearly  understood  and  firmly  grasped,  almost  axiomatic.  It 
must  be  considered  a  necessary  truth,  and,  as  such,  is  a  legitimate 
basis  of  deductiYe  reasoning.  The  correlation  of  physical  forces  is 
universally  recognised  as  a  principle  in  science,  and  not  only  so,  but 
has  already  been  productiTe  of  many  beautiful  and  useful  results." 
For  Professor  Le  Conte's  application  of  the  principle  to  the  histoiy  of 
oiganio  nature,  we  must  refer  to  the  paper  itself.  '  Amer.  Joum.  of 
Science/  Nov.  1859,  reprinted  in '  PhU.  Mag.  Fourth  Series,'  yoL  xix., 
p.  188. 

Again,  in  the  introductory  address  delivered  on  the  opening  of  St. 
Thomas's  Hospital  Medical  College,  Southwark,  London,  on  the  1st  of 
the  present  month  (October,  1860)  by  Mr.  R.  D.  Qrainger,  F.R.S., 
which  has  the  emphasis  of  being  also  a  valedictory  addras  on  his 
retirement  from  the  chair  of  physiology  in  that  school,  we  find  the 
following  passages,  which  are  here  dted,  not  merely  for  the  purpose  of 
claiming  for  Mr.  Grove  what  of  right  belongs  to  him,  but  because  we 
have  in  them  the  sentiments  of  an  eminent  physiologist  on  tiie  cor- 
relation  of  the  vital  and  physical  forces.  "  In  the  case  of  the  forces 
implicated  respectively  in  inorganic  and  oiganised  bodies,  it  may  in 
the  present  state  of  knowledge  be  veiy  difficult  to  demonstrate  their 
ultimate  identity.  Nor  need  this  be  a  matter  of  surprise  when  we 
recollect  how  very  recently  the  intimate  relations  of  the  several 
physical  forces  themselves  have  been  discovered  by  such  researches  as 
those  of  Oersted,  Faraday,  and  Graham.  Chenuod  force,  electricity, 
magnetism,  caloric,  and  hght,  act  and  react  on  each  other  in  the  mode 
signified  by  the  term  correlation,  and  are  probably,  as  many  profound 
philosophers  suppose,  only  different  manifestations  of  one  universal  all- 
prevadmg  force.'  Proceeding  next  to  the  oiganic  forces,  the  experi- 
ments of  Matteud  on  the  nervous  and  muscular  forces  are  noticed, 
together  with  Dr.  Todd's  proof  that  the  latter  is  not  itself  electridty, 
the  evidence  of  which  is  stated  to  be  afiforded  by  "  phenomena  the 
very  counterpart  of  what  Professor  Miiller  pointed  out  years  ago,  in 
regard  to  the  nervous  and  electric  forces?*  "  Now,  although,"  Mr. 
Grainger  continues,  **  this  may  seem  to  indicate  an  ultimate  and  essen- 
tial difference  between  the  electric  and  muscular  currents,  it  presents 
the  very  same  condition  of  things  as  that  expressed  by  the  term 
'  correlation  of  forces.' "  Farther  on  he  alludes  to  the  maxim,  that  there 
is  no  creation  of  force,  observing  that "  no  force  is  ever  manifested 
without  an  equivalent  change  of  matter,  which  change,  according  to 
the  wide  generalisation  of  one  of  our  former  colleagues,  my  friend.  Dr. 
Leeson,  is  in  every  fortn — flight,  electricity,  magnetism,  gravitation, 
&c. — ultimately  resolvable  into  motion."  'Lancet,'  1860,  vol.  iL 
p.  362,  853. 

Whether  Dr.  Leeson's  generalisation  was  enundated  prior  to  Mr. 
Grove's  we  are  not  aware ;  but  it  is  mmply  one  elementaiy  correlation 
of  the  latter.  The  reader  will  have  observed  that  while  the  doctrine, 
as  well  as  the  designation,  of  the  correlation  of  forces  is  fully  adopted, 
Mr.  Grove's  name  is  not  mentioned ;  nor  does  it  occur  anywhere  in 
Mr.  Graingei^s  address. 

We  have  endeavoured  in  this  article  to  do  justice  to  Mr.  Grove,  and 
to  the  subject  to  which  he  has  devoted  so  much  attention  and  tiiought. 
The  progress  of  science,  in  its  approach  to  the  abstract  truth,  oonmsts 
partly  in  the  ascent  to  higher  and  higher  generalisations  sucoesdvely, 
and  partiy  in  the  limitation  of  generalisations  previously  attained,  or,  m 
other  wozds,  the  verification  of  hypotheses.  Fimy  believing  the  doctrine 
of  the  correlation  of  physical  forces,  we  stated  several  years  since  our 
|opinion  that  that  doctrme  is  the  expression  of  the  deeper  or  bigher 
truth,  that  they  are  all,  not  excluding  mechanioil  force,  effects,  or 
affections,  of  the  ether, — ^the  ether  of  Hooke,  Toung,  and  Fresnd,  and 
generally  of  the  mathematicians  and  physidMs  who  have  advocated  the 
imdulatory  theory  of  light  and  of  heat.  In  the  '  Philoaophical  Maga- 
zine '  for  January,  1859,  Professor  Challis  of  Cambridge,  thus  intro- 
duces his  theory  of  the  prindple : — "  It  appears  to  be  established  by 
modem  experimental  researches,  that  the  different  physical  forces  are 
mutually  related  by  some  common  condition,  or  bond  of  connexion ; 
but  what  the  predse  nature  of  the  connexion  is,  perhaps  experiment 
alone  is  incapable  of  detennining.  This  generalisation  will  become 
i  matter  of  exact  knowledge  only  when  it  is  brought  within  the  domain 
' of  mathematics.  The  great  desideratum  of  the  ATiiyfjwg  state  of  natural 
philosophy  is  a  mathematical  thettry  of  phytieal  forces.  After  the 
explanations  that  have  been  given  of  a  great  variety  of  the  phenomena 
of  light,  which  is  one  of  those  forces,  by  the  hvpothesis  ef  a  highly 
elastic  mediuin  pervading  space,  it  is  not  a  littie  surprising  that  an 
explanation  of  the  'eorreUUion*  of  the  several  forces  should  not  have 
been  sought  for  in  the  existence  of  this  medium,  which  would  seem  to 
be  a  TBst  reservoir  of  force  suffident  to  account  for  all  observed 
dynamical  effects."  Professor  Challis  has  pursued  this  subject  in  a 
series  of  elaborate  analytical  investigations,  also  published  in  the 
'  Philosophical  Magazine'  for  1859  and  1860.  «  The  prindpal  hypo- 
thesis of  the  theory  is,  that  the  physical  forces  are  all  consequences  of 
the  motions  and  pressures  of  a  uniform  and  highly  elastic  medium 
pervading  space.  The  variations  of  the  pressures  of  the  medium  are 
supposed  to  be  proportional  to  variations  of  its  density ;  and  this  sup- 
position forms  we  basis  of  a  mathematical  investigation  of  the  relations 
between  the  motions  and  the  pressures.  Further,  it  is  assumed  that 
the  medium  acts  immediately  by  pressure  on  the  ultimate  atoms  of 
bodies,  which  are  aU  supposed  to  be  spheres  of  invariable  magnituded 


and  of  the  same  intrinsic  inertia.  According  to  these  hypotheses,  the 
different  phenomena  and  properties  of  bodies  depend  only  on  the  maff- 
nitudei  of  their  atoms,  the  proporUona  in  which  they  are  composed  of 
atoms  of  d^eretU  magnitudes,  and  on  the  arranffemeiUi  of  the  atoms." 
As  the  explanation  of  the  sensible  properties  of  matter  must  be  pre- 
ceded by  a  mathematical  investiflation  of  the  laws  of  the  dynamic 
action  of  ^e  assumed  etheriu  medium.  Professor  Challis  has 
already  entered  on  such  an  investigation  relatively  to  light,  heat^ 
the  force  of  gravi^,  the  forces  of  molecular  aggregation,  and  the 
force  at  electrici^;  and  is  still  proceeding  with  the  explanation  of  his 
theory. 

We  will  conclude  this  article  by  the  suggestion  that  progress  in 
natural  philosophy,  in  both  the  directions  mdicated  above,  woaM 
probably  be  effected  bv  the  experimental  and  mathematical  investiga- 
tion of  the  following  theorem : 

Taking  tpaee  to  be  the  extendon  of  material  substance,  the  resultant 
of  its  dimensions,  and  mere  consequence  of  its  existence ;  and  motUm 
to  be  the  substitution  of  one  portion  of  matter  for  another,  identical 
with  the  succesmon  of  phenomena,  our  perception  of  which  is  time: 
heat  and  light  are  correlates  of  each  other,  being  also,  as  we  xeodve 
them  from  the  sun,  and  as  existing  in  thdr  terrestrial  form,  affieo- 
tions  of  an  ether  pervading  space  and  ordinary  ponderaUe  matter; 
but  acting  as  the  initiating  forces  in  respect  of  dectrid^,  mag- 
netism, and  chemical  affinity,  which  are  correlates  of  each  other  ci 
a  different  order,  and  derivative  affections  of  the  ether  (perhaps,  also, 
derivativdy  from  the  ether,  of  the  matter  exhibiting  their  phenomena), 
the  apparent  production  of  heat  and  light  by  them  being  in  reality  the 
evolution  only  of  those  initiating  forces :  all  tiiese  forces  have  the  power 
of  substituting  one  portion  of  matter  for  another,  or  of  causing  motion ; 
the  apparent  agency  of  time  and  motion  being  merely  the  continu- 
ance and  consequent  accumulation  of  action. 

K  PHYSICIAN  (6  ^wue6s),  a  word  derived  from  f6ats,  notitre^  whidi 
meant  originally  what  we  should  now  call  a  natural  jikUoaopkar,  or  <me 
'of  those  persons  who  have  for  their  object  the  investigation  of  nsfore 
and  its  laws,  in  opposition  to  o/  ifiucoi,  or  those  who  examine  particu- 
larly into  the  mom  nature  of  men.  [Philosopht.I  In  English  how- 
ever the  word  physidan  is  used  only  to  designate  the  professors  of  the 
healing  art,  odled  in  Greek  2errpoi,  and  in  Latin  moiia  ;  while  in  most 
(if  not  all)  other  European  lanaguages  the  derivatives  of  the  Greek 
word  axe  still  employed  in  their  original  meaning,  and  the  idea  of 
healing  is  expressed  dther  by  some  native  word  or  by  one  derived 
from  the  Latin.*  The  origin  and  progress  of  physic,  together  with  an 
account  of  the  different  medical  sects,  has  been  given  already  under 
Mbdicine  ;  in  the  present  artide  it  is  proposed  to  mention  some  of 
the  most  curious  and  interesting  facts  respecting  the  rank,  education, 
&0.,  of  the  phyddans  of  antiquity,  and  afterwiuds  to  state  the  leg^ 
qualifications  for  practising  this  raanch  of  the  medical  prof esdon  in 
our  own  country. 

In  Greece  and  Asia  Minor  the  profesdon  of  medicine  seems  to  have 
been  held  in  hi|^  esteem,  for,  not  to  mention  the  apotheosis  of  .£sctt- 
lapius,  who  was  conddoed  as  the  father  of  it,  there  was  a  law  at 
Athens  that  no  female  or  dave  should  practise  it  (Hyginus, '  Fab.,'  cap. 
274) ;  .^Ilian  mentions  one  of  the  laws  of  Zaleucus  among  the  Epize- 
phyrian  Locrians,  by  which  it  was  ordered  that  if  any  one  during  his 
illness  should  drink  wine  contrary  to  the  orders  of  his  phyddan,  even 
if  he  diould  recover,  he  should  be  put  to  death  for  lus  disobedience 
('Var.  Hist.'  lib.  IL,  cap.  87);  and  there  are  extant  several  medals 
strudc  by  the  people  of  Smyrna  in  honour  of  different  persons  bdoi^- 
ing  to  the  mecucaf  profesdon.  (Mead's  '  Dissertatio  de  Nusmiis  qm- 
busdam  ft  Smymssis  in  Medicorum  Honorem  percussis,'4to.,Lond.  1724.) 
If  the  Decree  of  the  Athenians  (publidied  among  the  letters  of  Hippo- 
orates)  be  genuine,  and  if  Soranus  ('  in  Vitft  EKppoer.')  can  be  depended 
on,  the  same  honours  were  conferred  upon  that  phyddan  as  had  before 
been  given  to  Hercules ;  he  was  voted  a  golden  crown,  publidy  initiated 
into  we  Eleusinian  mysteries,  and  maintained  in  the  Ptytaneum  at  the 
state's  expense,  (See  also  Pliny, '  Hist  Nat.,'  lib.  viL,  cap.  37.)  Some 
idea  of  tl^  income  of  a  phyddan  in  those  times  may  be  formed  fnun 
the  fact  mentioned  by  Herodotus  (lib.  ill,  cap.  181),  that  the  .£ginetana 
(about  the  year  B.a  582,  OL  62, 1)  ^d  Democedes  from  the  puUie 
treasury  one  talent  per  annum  for  his  services,  that  is  (if  we  redLon, 
with  Hussey, '  Antient  Weights  and  Money,  Ac'  the  .^tginetan  dradima 
to  be  worth  Is.  IJci.),  not  quite  three  hundred  and  forty-four  pounds; 
he  afterwards  received  from  the  Athenians  one  hundred  mina,  that  is 
(reckoning,  with  Hussey,  the  Attic  drachma  to  be  worth  9)(i),  rather 
more  than  four  hundred  and  six  pounds ;  and  he  was  finally  attracted 
to  Samoa  by  being  offered  by  Polycrates  a  salary  of  two  talents,  that  is 
(if  the  Attic  standud  be  meant)  four  hundred  and  eifhty-eeven  pounds 
ten  shillings.  It  should  however  be  added  that  ValdKenaer  donbts  the 
accuracy  of  this  statement  of  Herodotus  with  respect  to  the  .^ginetaus 
and  Awenians  (and  apparently  with  reftfon),  on  the  ground  uiat  the 
latter  people,  at  the  time  of  tiieir  greatest  wealth,  only  allowed  their 
ambassadors  two  drachmsB  (or  li,  7id)  per  day,  that  is,  somewhat  less 
than  thirty  pounds  per  annum.  (Aristoph.,  '  AohanL,'  ▼.  66.)  It 
seems  to  have  been  not  uncommon  in  those  times  (as  afterwards  in  the 

*  Somewhat  aaalogoiu  to  this  Is  the  use  of  the  AraUo  word  hakim  (from 
hakamm,  *  novit ' '  sapiens  ftait ')  whieh  properly  means  a  wite  or  homed  wun  in 
general,  bat  is  very  fkvqnently  used  la  a  restricted  sense  to  slgnifj  •  phytieUm, 
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later  Boman  empire,  aae  Abchiatkr  in  Bioo.  Biv.),  for  states  to  nudii* 
tain  phyaiGiaofly  who  were  paid  at  the  publio  cost  (Xenophon, '  Memor. 
Socr.;  lib.  17,,  cap.  2,  §  5 ;  Plato, '  Oozg./  §  23;  Strabo,  lib.  !▼.,  n.  126 ; 
Diod.  Sia,  lib.  zii,  cap.  18) ;  and  these  a^edn  had  attendants,  for  the 
most  part  slayes,  who  ezercued  their  calling  among  people  of  low  oon- 
dition.  (Plato, '  De  Leg./  lib.  iy.,  p.  720^  ed.  Staph. ;  Boeokh's '  Public 
Econ.  of  Athens/  yoL  i.,  p.  160.) 

In  the  earlier  times  of  the  Roman  republic  physidans  were  unknown 
(Pliny, '  Hist  Kat./  lib.  zziz.,  cap.  6,  ed.  Tauohn.) ;  and  for  some  time 
afterwards  the  exercise  of  the  profession  waa  in  a  grett  measure  con- 
fined to  persons  of  servile  rank ;  for  the  richer  families  having  sUves 
who  were  skilled  in  all  sorts  of  trades,  ftc,  generally  possessed  one  or 
more  that  understood  medicine  and  surgery.  (Middleton's  Essay '  De 
Medicorum  apud  Bomanos  d^gentium  Conditione/  CSantab.,  1726,  4to., 
and  the  Taiioua  answers  to  it  that  appeared  on  its  publication.)  To 
this  practice  however  there  were  many  exceptions ;  namely,  the  phy- 
sician who  was  taken  prisoner  with  Julius  Ostear  by  the  pirates  at  the 
island  of  Phannacusa  (Sueton.,  cap.  4),  and  who  is  called  his  friend  by 
Plutarch  (see  Gasaubon's  Note  on  Sueton.) ;  Archagothus,  who,  being 
the  first  foreign  suigeon  that  settled  at  Home,  had  a  shop  bought  for 
him  at  the  public  expense,  and  was  presented  with  the  Jus  Quizitium, 
▲.u.c.  535,  B.a  219  (Cassius  Hemina  ap.  Pliny, '  HisL  Nat.,'  lib.  xxix., 
cap.  6) ;  Artorius,  who  is  known  to  have  been  a  physician  (C^  AureL 
*  De  Morb.  Acut.,'  lib.  iii,  cap.  14,  p.  224),  and  who  is  called  the  friend 
of  Augustiis  (Plutarch, '  Vita  Bruti,'  cap.  41,  ed.  Tauchn.,  where  how- 
ever it  ahould  be  noticed  that  some  editions  read  *  Arrows,  instead  of 
'A/iTi8pi0s) ;  Asdapo,  whom  C!icero  calls  his  friend  ('  Epist.  ad  Divers.,' 
lib.  xiii,  ep.  20) ;  Asclepiades,  the  friend  of  Crassus  the  orator  (Cic 
'  de  Orat.,'  Ub.  i.,  cap.  14) ;  Eudemus,  who  is  called  by  Tacitua  ('  AnnaL,' 
lib.  iv.,  cap.  3)  the  friend  and  physician  of  Livia ;  and  others.  With 
respect  to  the  income  made  by  eminent  physicians  at  the  beginning  of 
the  Roman  empire,  we  learn  from  Pliny  {*  Hist.  Nat/  lib.  xxix.,  cap.  5) 
that  Albutius,  Arruntius,  Calpetanus,  Cassius,  and  Rubrius  gained  two 
hundred  and  filty  thousand  aesterces  per  annum,  that  is  (reckoning 
with  Hussey  the  mille  nummi  (tcBterUum)  to  be  worth,  before  the 
reign  of  Augustus,  82. 17<.  Id,)  about  two  thousand  two  liundred  and 
thirteen  pounds  ten  shillings ;  that  Quintus  Stertinius  made  it  a  favour 
that  he  was  content  to  receive  from  Uie  emperor  five  hundred  thousand 
sesterces  per  annum  (or  rather  more  than  four  thousand  four  hundred 
and  twenty-seven  pounds),  as  he  might  have  made  six  hundred  thousand 
sesteroea  (or  five  thousand  three  hundred  and  twelve  pounds  ten  shil- 
lings) hy  his  private  practice ;  and  that  he  and  his  brother,  who  received 
the  same  annual  income  from  the  emperor  Claudius,  left  between  thepi 
at  their  death,  notwithstanding  large  sums  that  they  had  spent  in 
beautifying  the  city  of  Naples,  the  sum  of  thirty  millions  of  sesterces 
(or  two  hundred  and  sixty-five  thousand  six  hundred  and  twenty-five 
pounds).  Of  Uie  previous  mfdical  education  necessary  to  qualify  a 
physician  for  the  leg^  practice  of  his  profession  in  the  early  times,  we 
know  nothing ;  aftennirds  however  this  was  under  the  superintendence 
of  the  Archiatri.    [Archiater.] 

Among  the  Araoians  the  medical  profession  appears  to  have  been 
held  in  high  esteem.  Many  of  their  chief  physicians  were  Jews  or 
Christians,  and  some  apostatised  to  Mohammedanism:  in  some 
families  the  profession  would  seem  to  have  been  in  a  manner  heredi- 
tary, as  in  that  of  Avenzoar  (/&»  Zohir),  five  of  whom  successively 
belonged  to  it.  (Reiske's  'Abulfeda  AnnaL  Moslem./  tom.  iv.,  p. 
669.)  The  qualifications  necessary  for  practising  medicine  seem  to 
have  been  rather  slight,  till  the  Calii>h  Moctader,  a.h.  819  (a.d.  931), 
in  conaequoice  of  an  ignorant  practitioner's  having  killed  one  of  his 
patients,  passed  a  law  that  no  one  should  be  allowed  to  practise  until 
be  had  been  licensed  to  do  so  by  the  chief  physician.  (Casiri, 
'Biblioth.  Arabico-Hisp.  Escur./ tom.  i,  p.  438.)  &)me  idea  of  the 
consideration  in  which  the  Arabic  and  Moorish  physicians  were  held 
may  be  gained  from  the  fact  that  Sancho  the  Fat,  king  of  Leon, 
was  obliged  to  go  in  person  to  Cordova,  a.d.  956  (a.h.  845),  to  be 
cured  of  an  illness,  ('  Mariana/ 1.  viiL  c.  7,  tom.  L,  p.  318 ;  Conde, 
'  Domin.  des  Arabes/  &&,  t.  L,  p.  448.) 

The  first  medical  school  that  was  established  in  Europe  was  that  at 
Salerno  (Salemitana  Schola)  towards  the  end  of  the  7th  century ;  the 
second  was  probably  that  at  Montpelier,  founded  about  a  hundred 
years  afterwards  :  tlieir  course  of  medical  education  is  unknown,  but 
they  doubtless  excercised  a  most  beneficial  influence  on  the  acquire- 
ments, and  therefore  on  the  personal  rank  and  consideration  of  the 
phymdans  of  the  age.  For  a  long  time  however  the  profession  of 
medicine  was  almost  entirely  confined  to  the  cleigy,  who  indeed  were 
the  only  persons  in  those  days  that  poasessed  anv  share  of  learning. 
Stiigery  was  however  given  up  to  the  laity,  as  the  dexgy  were  pro- 
hibited from  undertaking  any  bloody  operation. 

Hence  arose  the  distinction  of  the  three  regular  orders  of  the 
medical  profession,  namely,  physidans,  surgeons,  and  apothecaries; 
<md  it  is  to  the  first  of  these  exclusively  that  the  remainder  of  this 
article  win  be  dedicated.  The  degree  of  bachelor  of  physic  seems  to 
have  been  known  at  Oxford  soon  after  the  Conquest;  and  in  the 
14th  century  we  find  that  the  degree  of  doctor  of  physic  was  by  no 
meani  uncommon.  (Wood's  'Hist  of  Oxford/  vol  it,  p.  765,  ed. 
Outch;  CSiaucer^s' Doctor  of  Physic's  Tale/)  The  English  colleges 
<!ould  not  of  their  own  authority  prevent  any  from  undertaking  to 
practise,  though  they  had  not  obtained  a  degree  in  physic    On  this 
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aooount  therefore,  in  the  ninth  year  of  the  reign  of  Henry  V.,  1422,  our 
universities  proposed  that  an  act  of  parliament  should  be  passed  ordering 
that "  Ko  one  shall  use  the  mystery  of  physic  unleas  he  hath  studied 
it  in  some  universitgr^  and  is  at  least  a  bachelor  in  that  sdence.  The 
sherifT  shall  inquire  if  any  one  practises  in  his  oounfy  contraiy  to  this 
regulation ;  and  if  ^y  one  so  practise,  he  shall  forfeit  40<.  and  be  im- 
prisoned :  and  anv  woman  who  shall  practise  physic  shall  incur  the 
same  penalty."  (Quoted  in  WiUoook^  •  On  the  Laws  of  the  Medical 
Profession/  part  iL,  p.  iiL) 

This  measure  had  not  however  the  desired  effect;  u^deed  thera 
appears  to  be  some  doubt  whether  it  ever  obtamed  the  force  of  an  act 
of  parliament,  on  account  of  its  being  referred  to  the  privy  coundl  for 
confirmation.  In  the  third  year  of  the  reign  of  Henry  YIII.,  1511, 
was  passed^  an  act,  which  is  generally  received  ss  the  first  operative 
law  on  the  subject,  and  which  takes  no  notice  of  the  supposed  statute 
of  Henry  V.  By  this,  which  is  especially  aimed  against  the  sorcerers, 
witches,  snd  smiths, "  who  can  no  letters  on  the  book,"  it  is  enacted 
that "  no  person  within  the  dty  of  London,  nor  within  seven  miles  of 
the  same  shall  take  upon  him  to  exercise  or  occupy  aa  a  physician,  except 
he  be  first  examined,  ^vproved,  and  admitted  by  the  bish<m  of  London, 
or  by  the  dean  of  St,  Paul's^  for  the  time  being,  calling  tohim  or  them 
four  doctors  of  physic;  upon  the  pain  of  foHeiture,  for  every  month 
that  they  do  occupy  as  phvsicians  not  admitted  nor  examined  after  the 
tenour  of  this  act,  of  SL,**  &c.  &o.  After  Ticking  the  same  enact- 
ment for  the  different  coimties,  the  act  goes  on  to  say,  "  Provided 
always,  that  this  act  nor  anything  therein  contained  be  prejudicial . 
to  the  univenitiea  of  Oxford  and  (Cambridge,  or  either  of  them,  or 
tp  any  privileges  granted  to  them."  ( Willcock,  pp.  6,  7 ;  Qoodall's 
'  Hist  of  the  CoL  of  Physicians/  p.  1-3.)  i 

In  the  fourteenth  year  of  the  same  reign,  1522,  another  act  was 
passed,  by  which  the  examination  of  physicians  was  taken  from  the 
persons  appointed  for  that  purpose  by  the  former  statute,  and 
reposed  in  the  college  instituted  by  a  charter  of  that  king.  [Phtsi- 
OIANS,  CoLLBOS  OF.]  Under  this  the  universi^  graduates  who  mixht 
desire  to  practise  in  London  were  included,  as  well  as  the  other 
physicians;  and  since  that  time  the  legislature  has  seldom  inter- 
ferod  on  the  subject 

With  respect  to  the  present  state  of  the  profession,  the  first 
class  of  medical  practitioners  in  rank  and  le^  pre-eminence  is  that  of 
the  physicians.  Th^  are  (by  statute  32  Heniy  YIII.)  allowed  to 
practise  physio  in  all  ita  branches,  among  winch,  surgery  is  enume- 
rated. The  law  therefore  permits  them  both  to  prescribe  and  com- 
pound their  medicines,  and  to  perform  operations  in  surgery  as  well  as 
to  superintend  them.  These  privileges  are  also  reserv^  to  them  by 
the  statutes  and  charters  relating  to  the  surgeons  and  the  apotheoarieSb 
[SuRoxoir.1  Tet  custom  has  more  deddedly  distinguished  the  daases 
of  the  profession,  and  assigned  to  each  its  peculiar  avocations.  The 
practice  of  the  physician  is  universally  understood,  ss  well  by  their 
coUc^  as  the  public,  to  be  properly  confined  to  the  prescribing  of 
medicines,  which  are  to  be  compounded  by  the  apothecaries ;  and  in  so 
far  superintending  tfee  proceedings  of  the  surgeon  ss  to  aid  his 
operations  by  prescribing  what  is  necessary  to  the  general  health 
of  the  patient,  and  for  the  purpose  of  counteracting  any  inter- 
nal disease.  It  would  be  impossible  to  enumerate  here  l&e  legal 
qualifications  required  by  all  the  different  European  universities ;  it 
will  therefore  be  sufficient  to  mention  these  recognised  in  the  British 
dominionsi 

In  the  university  of  Oxford,  for  the  degree  of  Bachelor  of  Medicine, 
it  is  necessary  that  the  candidate  should  have  completed  twenty-eig^t 
terms  from  the  day  of  matriculation ;  that  he  should  have  gone 
through  the  two  examinations  required  for  the  degree  of  bachelor  ol 
arts ;  that  he  should  have  spent  at  least  three  years  in  the  study  of 
his  profession;  and  tiiat  he  should  be  examined  by  the  B^gius  Pro- 
fessor of  medicine  and  two  ether  examiners  of  the  degree  of  M.D.  in 
the  theory  and  practice  of  medicine,  anatomy,  physiology,  and  patho- 
logy ;  in  materia  medica,  as  well  as  chemistry  and  botany,  so  far  as 
they  illustrate  the  science  of  medicine;  and  in  two  at  least  of  the 
following  ancient  medical  writers,  namely,  Hippocrates,  Oelsus, 
Aretffius,  and  Oalen. 

For  the  degree  of  Doctor  of  Medicine,  the  candidate  is  required  to 
have  completed  forty  terms  from  the  day  of  matriculation ;  and  to 
redte  publicly  in  the  schools  a  dissertation  upon  some  subject,  to  be 
approved  by  the  Begins  Ptof essor,  to  whom  a  copy  of  it  is  afterwards 
to  be  presented. 

At  Cambridge  a  student,  before  he  can  proceed  to  the  degree  of 
Bachelor  of  Medicine,  must  have  entered  on  his  sixth  year,  have 
resided  nine  terms,  and  have  passed  the  previous  examination:  tiie 
necessary  certificates,  &c.  are  much  the  same  aa  those  required  at 
Oxford.  A  Doctor  of  Medicine  must  be  of  five  years'  standing  from 
the  degree  of  M.B. 

Since  the  university  of  London  has  been  chartered,  in  1837,  the 
degrees  of  Bachelor  and  Doctor  of  Medicine,  among  others,  have 
hem  conferred  there.  The  following  are  the  regulations  for  these 
degrees. 

for  the  dtgree  tf  Baehdor  of  Medicine, — Candidates  to  have  been 
engaged  for  four  years  in  professional  study  at  one  or  more  of  the 
recQ^iised  institutions,  one  year  at  least  to  be  spent  at  a  recognised 
institution  or  school  in  the  United  Kingdom.    They  have  also  to  pass 
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two  examinatloxiii^  at  the  first  d  wiiioh  they  orasfc  produoe  oertifioatoB 
of  having  completed  their  nmetoenth  year;  of  liAviiig  taken  a  degree  in 
arte  in  this  university,  or  in  a  recognised  tu^versity,  or  of  having 
psseed  the  matriculation  examination;  of  having  been  student  for  two 
years  at  one  or  more  recognised  medical  institutions^  subsequently  to 
having  taken  a  degree  in  arts ;  of  having  attended  a  course  of  lectures 
on  descriptive  and  suigioal  anatomy,  general  anatomy  and  physiology, 
comparative  anatomy,  pathological  anatomy,  ohemistry,  botany,  materia 
medica  and  pharmacy,  general  pathology,  general  therapeutics,  forensic 
medicine,  hygiene,  midwifery,  surgery,  medicine ;  of  having  dissected 
during  nine  montiis;  of  having  attended  a  course  of  practical  ohe- 
mistry; and  of  having  attendMl  praotioal  pharmacy.  CSaadidates  to 
be  examined  in  anatomy,  physiology,  chemistry,  structural  and  physi- 
ological botany,  materia  medica,  and  pharmacy. 

To  ihe  tMmd  examinoHon  no  candidate  can  be  admitted  until  two 
years  after  passing  the  first,  fie  must  produce  certifioates  of  having 
passed*  his  first  examination ;  of  having  subsequently  attended  a  oours^ 
of  lectures  on  each  of  two  out  of  the  four  subjects  mentioned  above ; 
of  having  subsequently  to  his  first  examination  dissected  for  six  months; 
of  having  conducted  at  least  six  labours ;  of  having  attended  the  surgical 
practice  of  a  recognised  hospital  or  hospitals  during  twelve  months, 
and  lectures  on  clinical  surgery;  of  having  attended  the  medical 
practice  of  a  recognised  hospital  or  hospitals  during  other  twelve 
months,  and  lectures  on  clinical  medicine;  of , having  subsequently 
attended  to  practical  medicine  in  a  recognised  hospital,  infirmary,  or 
dispensary,  during  six  months.  The  candidate  must  also  produce  a 
certificate  of  moral  character  from  a  teacher  in  the  last  school  at  which 
he  has  studied.  Candidates  to  be  examined  in  physiology  (including 
comparative  anatomy),  general  pathology,  genend  therapeutics,  hygiene, 
surgery,  medicine,  midwifery,  and  forensic  medicine. 

Pw  the  degree  of  M,  D. — Candidates  to  produce  certificates :  1,  of 
having  taken  the  degree  of  Bachelor  of  Medicine  in  this  university,  or 
a  degree  in  medicine  or  surgery  at  a  imiversity  reeognised  by  this  imi- 
versity ;  2,  of  having  subsequently  attended  (A)  to  clinical  or  practical 
medicine  during  two  years  in  a  reoogmsed  hospital  or  medical  institu- 
tion; (B)  or  to  clinical  or  practical  medicine  during  one  year  in  a 
recognised  hospital  or  medical  institution,  and  of  having  been  engaged 
during  three  years  in  the  practice  of  his  profeaaion ;  (C)  or  if  he  have 
taken  the  degree  of  RM.  in  this  university,  of  having  been  engaged 
during'  five  years  in  the  practice  of  his  profession ;  8,  of  moral  cha- 
racter, signed  by  two  i>ersonB  of  respectability. 

Candidates  who  have  not  taken  a  degree  in  arts,  or  passed  the 
matriculation  examination  in  this  university,  will  be  required  to  trans- 
late a  portion  of  Celsus '  De  Re  MedicA.' 

RsaULATIOKS  BELATIKO  TO  PRACnTnOKBRB  IN  KbDIOINS  OB  SUBOXBT 
DESIBOUS  OV  OBTAININa  DEOBBBS  IN  HXDICINB. 

Degree  cf  Bachelor  of  Medicine, — Candidates  shall  be  admitted  to 
the  two  examinations  for  the  degree  of  Bachelor  of  Medicine  on  pro- 
ducing certificates :  1,  of  having  been  admitted,  prior  to  the  year  1840, 
mem^rs  of  one  of  the'legally  constituted  bodies  in  the  United  King- 
dom for  licensing  practitioners  in  medicine  or  surgery;  2,  of  having 
received  a  part  of  their  education  at  a  reeognised  institutioxl  or  school, 
as  required  by  the  charter  of  the  university;  8,  of  moral  chaiacter, 
signed  by  two  persons  of  respectability. 

Degree  of  Doctor  of  Mediciii£.—C9n6idaJbdB  who  have  been  engaged 
during  five  years  in  the  practice  of  their  profession,  shall  be  admitted 
to  the  examination  for  this  degree  on  producing  certificates:  1,  of 
having  been  engaged  during  five  years  in  the  practice  of  their  profes* 
sion  ;  2,  of  having  taken  the  degree  of  Bachelor  of  Medicine  m  this 
university. 

In  Scotland  the  degree  of  doctor  of  medicine  is  conferred  by  the 
universities  in  Edinburgh,  Glasgow,  Aberdeen,  and  St.  Andrews,  from 
which  last  named  university  a  diploma  can  still  be  obtained  without 
residence ;  the  regulations  at  the  others  contain  nothing  particularly 
worthy  of  notice. 

In  Ireland,  the  King  and  Queen's  College  of  Physicians  exercise 
much  the  same,  jurisdiction  as  the  English  college.  The  degrees  of 
Bachelor  and  Doctor  of  Medicine  conferred  by  OTrinity  College,  Dublin, 
rank  with  the  same  degrees  respectively  from  Oxford  and  Cambridge, 
and  are  never  given  without  previous  study  in  arts,  which  occupies 
four  years.  For  the  degree  of  M.D.  five  years  must  have  elapsed  since 
the  degree  of  M.B.  was  conferred ;  the  candidate  is  then  to  undergo  a 
second  examination,  and  write  and  pubUah  a  Latin  thesis  on  some 
medical  subject 

By  the  English  law  the  physician  k  exempted  from  serying  on 
juries,  from  serving  various  offices,  and  from  bearing  arms.  He  is 
(according  to  Willcock,p.  105)  respoivdble  for  want  of  skill  or  attention, 
and  is  liable  to  make  compensation  in  pectmiary  damages  (as  far  as 
such  can  be  deemed  a  compensation)  to  any  of  his  patients  who  may 
have  suffered  injury  by  any  gross  want  of  prof easional  Imowledge  on 
his  part.  ^ 

In  1858,  a  new  medical  act  obtained  the  assent  o£  the  legislature, 
entitled,  "an  act  to  regulate  the  qualifications  of  praotitionera  in 
medicine  and  suxgery.*'  The  object  of  this  act  was  to  consolidate  the 
Yarious  medical  corporations  of  the  United  Kin£;dom,  to  secure 
redprodty  of  practice  throughout  the  Briti^  dominions,  tnd  by  legal 


registration  independent  of  the  univendtiai  and  ooUeges,  to  secure  to 
the  public  the  means  of  distinguishing  between  qualified  and  non- 
qualified praotitioiiers.  One  of  the  distinguishing  features  oi  this  set 
is  the  oonstituting  a  medical  oounoil,  entitled, "  the  General  Ooandl  of 
Medical  Education  and  Begistration  of  the  United  Kingdom."  This 
oounoil  oonsasts  of  one  person  chosen  from  time  to  time  by  each  ot  the 
f oUovring  bodies : — 

The  Boyal  College  of  Fhysiciaas. 

The  Royal  College  of  Surgeons  of  England. 

The  ApoUiecsries  Society  of  London. 

The  University  of  Oxford. 

The  University  of  Cambridge. 

The  Urdversity  of  Durham* 

The  Univerrity  of  London. 

The  College  of  Physicians  of  Edinburgh* 

The  College  of  Surgeons  of  Edinburgh. 

The  Faculty  of  Physicians  and  Surgeons  of  Glasgow. 

One  person  bhosen  from  time  to  time  by  the  University  of  Edinboiig^ 
and  the  two  Universities  of  Aberdeen  oollectively.* 

One  person  by  the  University  of  Glasgow  and  the  Uulfttsity  of 
St.  Andrews  oollectively. 

The  King  and  Queen's  College  of  Physicians,  Ireland. 

The  Boyal  College  of  Surgeons  df  Irdand. 

The  Apothecaries  Hall  of  Ireland. 

The  University  of  Dublin. 

The  Queen's  University  in  Ireland. 

Six  persons  nominated  by  her  Majesty  by  the  advloe  of  her  privy 
council,  four  of  whom  are  appointed  for  England,  one  for  Scotland,  and 
one  for  Ireland,  and  of  a  president  to  be  elected  by  the  General 
Council.  The  first  president  chosen  under  this  act  was  Sir  Benjamin 
Brodie,  Bart 

The  General  Council  appoints  a  registrar,  who  acts  as  seereftary  and 
treasurer. 

Branch  councils  are  also  aj^inted  for  Scotland  and  Irelaod,  who 
have  each  a  registrar,  and  other  officers  add  clerks. 

The  act  then  provides  for  the  registration  of  every  person  holding 
one  or  more  qualifications  from  the  following  bodies.  The  Collegea  of 
Physicians  of  London,  Edinburgh,  and  Ireland.  The  CoUegee  of  Suigeoss 
of  England,  Edinburgh,  Glasgow,  and  Ireland,  the  Apothecaries  Society 
of  London,  and  the  Apothecaries  Hall  of  Dublin,  graduates  in  mediciae 
of  any  university  in  the  United  Kingdom,  and  graduates  of  any 
foreign  or  coloniu  university  or  college  practising  as  a  physieiaii 
previous  to  the  first  day  of  October,  1858.  Hie  fee  chuged  for 
registration  under  this  act  is  two  pounds.  The  register  contazmog 
the  names  and  qualifications  of  all  registered  piactitionerB  is  published 
yearly. 

The  Council  is  given  power  to  require  that  every  university, 
corporation,  or  college,  whose  graduates,  members  or  licenctates  are 
entitled  to  register,  shall  cause  them  to  go  through  such  a  course  of 
education  and  examination  as  shall  secure  to  persons  obtaining  such 
qualification  the  requisite  knowledge  and  skill  mr  the  efi^dent  practice 
of  their  t>rof  ession. 

Every  person  registered  under  this  act  is  entitled  aoeording  to  bit 
qualification  or  qualifications,  to  practise  medicine  or  sui^geiy,  or 
medicine  and  surgery  as  the  case  may  be,  in  any  part  of  her  Majesty's 
dominions,  and  to  demand  and  recover  in  any  court  of  law  with  full 
cost  of  suit,  reasonable  charges  for  professional  aid,  advice,  and  visifs, 
and  the  cost  of  any  medicines  or  otiier  medical  or  surgicid  appliances 
rendered  and  supplied  by  him  to  his  patient.  A  proviJBo  is  made, 
that  it  shall  be  lawful  for  any  college  of  physicians  to  pass  a  bye  law 
to  the  effect  that  no  one  of  their  fellows  or  members  shall  be  entitled 
to  sue  in  manner  aforesaid  in  any  court  of  law,  and  thereupon  such  bye 
law  may  be  pleaded  in  bar  to  any  action  for  the  purposes  af oresud 
commenced  by  any  fellow  or  member  of  such  college. 

A  clause  in  this  act  defines  the  terms  "  legally  qualified  "  and  "  diily 
qualified"  medical  practitioner,  as  meaning  a  person  r^gist^^  under 
thisact 

Another  important  provisioti  of  this  act  is  in  reference  to  the 
publication  of  a  common  Pharmacopoeia  for  the  three  kingdoms. 
Hitherto  the  Colleges)of  Physicians  of  London,  Dublin  and  Edinburgh, 
have  published  from  time  to  time  their  own  Pharmacopcoias,  but  the 
act  provides  that  the  General  Council  shall  cause  to  be  published 
under  their  direction  a  book,  containing  a  list  of  medicines'and  <!oia* , 
pounds,  and  the  manner  of  preparing  them,  together  with  the  true 
weight  and  measures  by  which  they  are  to  be  prepared  and  mixed, 
and  containing  such  other  matter  and  things  relating  thereto,  as  the 
General  Coundl  shall  think  fit,  to  be  called  the '  British  Pharmacopceia/ 
and  the  General  Council  shall  cause  to  be  altered,  amended  and 
republished,  such  Pharmacopooia  as  often  as  they  shall  deem  it 
necessary. 

The  passing  of  this  act  has  caused  a  very  considerable  movement  in 
the  medical  profeasiorL  The  large  body  of  men  who  practise  in 
England  as  general  practitioners  are  members  of  the  College  of 
Surgeons,  and  practise  as  and  call  themselves  surgeons.  They  practise 
however  not  only  surgery  but  medicine,  and  they  daim  as  practitioners 
of  medicine  the  style  and  title  of  physicians.    Up  to  the  time  d  the 

*  The  two  universities  of  Aberdeen  have  sines  been  consolidate 
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pasBixipf  of  the  msdioal  ftot  the  College  of  PhTnoiaiui  of  London  hi^ 
repudiated  the  gnmting  their  diploma  to  Ihoae  who  sent  out.  their 
medicinee  or  praotised  surgery.  But  on  the  pMsiz^  of  thii  aet»  those 
who  were  registered  ae  phyuoiuui  by  the  diplomae  of  the  CoUegee  of 
Phyaioiana  of  Edinburgh  or  Dublin,  were  entitled  to  practiae  in  all 
pa^  of  the  United  Kingdom,  This,  aooompanied  with  the  lowering 
of  the  fee  for  admigmon  by  the  College  of  Phyaiciane  of  Edinbui^^, 
led  a  large  number  of  general  praotitionerB  to  seek  admiwrion  to  that 
College.  Shortly  after  the  paaeing  of  the  act,  the  College  of  Physi- 
dana  in  London  instituted  a  year  of  gntoe,  in  whioh  they  admitted  to 
the  memberahip  of  the  College  alao  at  a  redueed  fee,  the  graduates  of 
uniyersitiee  and  others  practising  medicine,  who  did  not  send  out  their 
medioinea.  This  has  led  great^  to  the  increase  of  the  number  of 
members  of  the  medical  profession,  who  practise  under  the  style  and 
title  of  physician. 

Some  idea  of  the  amount  of  fees  paid  to  ^xysiolans  in  the  middle 
ages  may  be  gained  by  what  we  are  told  of  Petrus  de  Abauo,  one  of 
the  most  eminent  physidaas  of  the  13th  century.  For  visiting  a 
patient  out  of  his  own  city  he  obairged  one  hundred  and  fifty  fnmcs 
(or  about  six  pounds)  per  day;  and  tha^  when  sent  ior  by  Pope 
HonoriuB  IV.,  he  demanded  four  hundred  ducats  per  day,  or  about 
aerent^  pounds.  (Bayle's  '  Diet,'  srt  '  Apone.')  It  should,  however, 
be  noticed  that  these  charges  were  considored  very  enormous. 

PHYSICIANS,  ROYAL  COLLEGE  OF,  the  principal  chartered 
medical  body  in  England,  was  founded  through  the  instnimentaUty  ol 
Linacre,  who  obtained,  by  his  interest  with  Cardinal  Wolsey,  letters 
patent  from  Hemy  YIII.,  dated  in  the  year  lfil8.  This  charter 
granted  to  John  Chambre,  Thomas  Linacre,  Ferdinand  de  Victoria, 
Nicholas  Halsewell,  John  Frauds,  and  Robert  Yaxley,  that  they  and 
all  men  of  the  same  faculty  of  and  in  the  dty  of  London,  should  be  in 
fact  and  name  one  body  and  perpetual  oommunity  or  ooUege;  and 
that  thfi  same  community  or  college  might  yearly  and  for  ever  elect 
and  make  some  prudent  man  of  that  oommunity  expert  in  the  faculty 
of  medicine,  president  of  the  same  college  or  oommunity,  to  supervise, 
obaerve,  and  govern  for  that  year  the  said  college  or  community,  and 
all  men  of  the  same  faculty,  and  their  affiiirs,  and  also  that  the 
president  and  college  of  the  aame  conmiunity  might  elect  four  every 
year,  who  ahould  have  the  supervision  and -scrutiny,  &c.,  of  sll  phy- 
aicians  vnthin  the  precinct  of  London.  The  statute  14  Hemy  VIIL 
confirmed  this  charter,  and  further  ordained  that  the  six  perso^  above 
named,  choosing  to  themsidves  two  more  of  the  said  oommonal^, 
ahould  from,  hmceforth  be  called  an4  deaped  elects;  and  that  the 
aame  elects  should  yearly  choose  one  of  thian  to  be  president  of  the 
said  commonalty;  and  then  provided  for  the  election  of  others  to 
supply  the  rooms  and  places  of  such  elects  as  should  in  future  be  void 
by  death  or  otherwise,  which  was  to  be  made  by  the  survivors  of  the 
same  elects.  The  statute  32  Henry  VIIL  provides  that  from  thence- 
forth the  President,  Commons,  and  Fellows  might  yearly,  at  such  time 
as  they  should  think  fit,  elect  and  choose  four  persons  of  the  said 
Commons  and  Fellows,  of  the  best  lasmed,  wisest,  and  most  discreet, 
such  as  they  should  think  convenient,  and  have  experience  in  the 
faculty  of  pnysic,  to  search  snd  examine  apothecariea'  warea,  &o.  Hiis 
last  appointment  is  independent  of  the  constitution  of  the  body,  the 
persons  so  appointed  being  offloets  for  a  special  purpose ;  and  it  has 
been  usual  to  select  for  this  office  the  same  four  persons  in  whom  the 
government  of  the  physlds&B  is  reposed  by  the  charter  and  statute  of 
the  14th  of  that  king. 

The  constituted  otficers  then  of  this  corporation  sre  the  eight  elects, 
of  whom  one  is  to  be  president,  and  f6ur  governors,  who  have  generally 
borne  the  name  of  censors.  Iliere  ia  nothing  to  be  gathered  from  the 
charter  or  statutes  in  any  way  tending  to  exclude  any  of  the  elects, 
except  the  president,  from  the  office  of  censor;  and  as  no  duties  are 
aaaigned  to  the  elects,  except  those  of  filling  up  their  own  number, 
electing  one  of  themselves  to  be  president,  and  granting  testimonials 
to  cotintry  practitioners,  they  may  be  rather  regarded  ss  candidates 
for  the  office  of  president  than  as  active  officers  of  the  corporation. 
The  college  is  bound  to  choose  four  censors,  for  the  puipose  of  dis* 
diarging  the  duties  confided  in  it,  whioh  are  to  be  executed  by  these 
offices.  It  is  also  incumbent  on  the  elects  to  preserve  their  number, 
10  that  there  may  at  no  time  be  less  than  five,  induding  the  pre- 
sident, as  they  would  not,  after  a  further  reduction,  be  capable  either 
of  eleetmg  a  president  or  choosing  others  to  fill  the  vacancies  in  their 
own  body.  (WiUcock '  On  the  Laws  of  the  Medical  Profession/  p.  32.) 
It  is  evident  that -the  charter  so  far  incorporated  all  persons  of  the 
s^une  faculty,  of  and  near  London,  that  every  person  on  the  23rd  of 
September,  in  the  10th  year  of  the  reign  of  Hemy  VIIL,  &Uing  within 
that  description,  was  entitled  to  be  admitted  into  the  association. 
Sudi  of  them  as  had  'availed  themselves  of  this  privilege,  and 
ethers  subsequently  admitted,  are  the  persona  described  by  statute 
32  Hemy  VIIL,  as  "  Commons  and  Fellows "  (quoted  in  WiUcock, 
P;  13).  ^  But  as  to  the  persons  who  should  afterwards  enjoy  that 
^^"^nction,  the  ori^nal  charter  and  all  subsequent  statutes  are  silent. 
James  L  and  Charles  II.  granted  charters  to  this  body.  The  first 
u  silent  as  to  the  mode  of  continuing  it ;  but  the  charter  of 
Charles,  after  limiting  the  number  of  fellows  to  forty,  directed  that 
^hen  a  vacancy  should  occur  in  that  number,  the  remainder  should 
elect  one  of  the  most  learned  and  able  peraons  skilled  and  experienced 
m  physic,  then  of  the  commonalty  of  members  of  the  college.    Eseh 


of  these  charters  seems  to  have  been  granted  with  the  view  to  the 
enactment  of  ^  bill  to  the  same  effect,  as  the  kings  ren>ectively 
pledged  themsdves  to  give  it  the  royal  assent.  No  statute  has  been 
at  any  time  passed  in  pursuance  of  this  purpose;  and  it  is  very 
doub^ul  ^ow  far  and  in  what  manner  the  charters  hav4  been 
accepted  by  the  college,  though  they  have  certainly  been  several 
times  acted  upon.    (WiUcock,  p.  34.) 

The  licentiates  of  the  college  who  may  practise  within  the  precincts 
of  London  and  seven  miles  round  it  were  (until  1336)  of  three  orders, 
namely,  fellows,  candidates,  and  mere  licentiates.  The  last  of  these 
classea,  generally  denominated  licentiates,  are  those  who  have  only  a 
licence  to  practise  phydc  within  the  precincts  above  described.  The 
second  chiss  was  abolished  in  ]  336.  The  first  class  are  those  who  have 
received  that  licence,  but  whose  licence  also  shows  that  they  are 
admitted  to  the  order  of  fellows.  This  licence  has  oftcai  been  called 
a  diploma,  but  as  it  confers  no  degrees,  the  word  is  not  properly 
applied,  according  to  its  more  strict  signification. 

The  order  of  licentiates  was  created  by  the  following  clause  of  the 
charter  of  Henry  VIIL  : — "  We  have  granted  also  to  the  same  preddent 
aftd  college  or  community,  and  their  successors,  that  no  one  within  the 
said  dty  or  within  seven  mike  around  may  practise  in  the  said  faculty 
until  admitted  to  this  bv  the  said  president  and  community,  or  their 
successors  for  the  time  being,  by  the  letters  of  the  same  president  and 
co^egSy  sealed  with  their  common  seal,  under  the  penalty  of  one 
huuf&ed  shillings  for  every  month  for  which,  imadmitted,  he  may  have 
practised  in  the  same  faculty,  half  to  be  applied  for  us  and  our  heiis, 
and  half  for  the  same  preddent  and  college."  Now  the  common  law 
having  given  every  man  a  right  to  practise  in  any  prof  esdon  or  business 
in  which  he  is  competent,  the  effect  of  14  Henry  VIIL  must  be  taken 
to  be  this,  namdy,  it  has  left  to  every  man  his  common  law  right  of 
practising  in  the  profesdon  of  physic,  as  in  any  other  profesdon,  if 
competent,  and  has  af^inted  the  president  and  college  to  be  judges  of 
this  competency.  (WiUcock,  p.  33.)  The  mode  of  examination  is 
whoUy  in  the  discretion  of  the  coUege,  which  has  confided  the  imme- 
diate direction  of  it  to  the  censors.  It  has,  however,  also  appointed 
that  the  doors  of  the  oenson^  chamber  shaU  be  open  to  all  f eUows 
who  may  think  proper  to  be  present,  and  that  tiiey  may  take  part  in 
the  examination,  should  they  think  fit;  and  that  the  feUows may  have 
an  op]>ortunity  of  availing  themsdves  of  this  right,  it  is  appointed  that 
sU  examinations  shaU  take  place  at  a  court  hdd  at  certain  regular 
intervals.    (Ibid.,  p.  41.) 

The  order  of  Candidates  was  abolished  in  1336,  as  above  stated,  but 
there  were  reserved  to  students  then  in  the  univerdties  of  Oxford  and 
Cambridge  their  inehoaie  rights. 

The  order  of  FeUows  comprises  those  who  are  admitted  into  the 
fellowship,  oommunily,  comiponalty,  or  sodety  of  the  coUege.  The 
charter  incorporated  aU  phyddans  then  legaUy  practising  in  London, 
so  that  each  of  them  who  thought  proper  to.  accept  it  became  ipao  facto 
a  member  or  feUow ;  but  as  aU  future  practitioners,  within  the  pre- 
dncts  of  and  seven  mUes  round  that  dty,  were  required  to  obtain  the 
Uoence  of  the  coUege,  there  soon  arose  two  arders  of  the  profesdon. 
The  feUows  attempted  by  various  bve-laws  to  limit  their  own  number, 
but  seem  to  have  considered  the  Uoentiates  ss  members  of  the  ooUege, 
or  the  commons,  and  themselves  as  forming  a  select  body  for  the  pur^ 
pose  of  govemmentb  To  tins  state  of  tiie  sodety,  the  statute  32  / 
Hemy  VIII.  seems  to  aUude  in  speaking  of  the  ''commons  and 
fellows."  The  charter  of  Charles  II.  expressly  notices  these  orders  as 
forming  the  body  of  the  society,  inasmuch  as  it  directed  that  new 
fdlows  shoyid  be  deoted  from  tfmong  the  commons  of  the  sodety. 
Ibid.,  p.  44.) 

Up  to  a  very  recent  period  the  CoUege  confined  its  election  of  FeUows 
to  graduates  of  the  umverdties  of  O^dord  and  Cambridge.  This  was 
done  under  the  direction  of  certain  bye-laws,  which  it  appeared  tiie 
CoUege  had  not  by  its  charters  the  power  to  enforce.  These  bye-laws 
have  been  now  modified,  and  graduates  of  aU  British  and  other  uni- 
versities, being  licentiates  of  the  CoUege,  are  open  to  dection  for  the 
feUowship. 

There  is  a  third  dass  of  members  of  the  CoUege,  caUed  extra- 
Ucentiates,  or  Uoentiates  extra  wrbem*  They  are  examined  by  the 
preddent  and  elects  of  the  CoU^ge^  by  virtue  of  an  Act  of  Parliament 
passed  previoudy  to  the  granting  of  the  present  charter  of  the  CoUege. 
By  this  Act,  ]>ower  was  given  to  the  preddent  and  dects  to  examine 
persons  dednng  to  practise  phydo  throughout  England  and  Wales. 
After  the  CoUege  of  Phyddans  obtained  their  charter  this  Act  f eU 
into  desuetude ;  but  the  president  and  dects  having  made  known  their 
power  at  the  beginning  of  the  present  century,  the  list  of  extra- 
licentiates  graduidly  increased,  tiU  in  1851  they  nearly  equaUed  in 
nimiber  the  Uoentiates  of  the  CoUege.  By  the  charter  of  the  CoUege, 
they  were  held  to  have  no  right  to  practice  their  profesdon  witidn 
seven  miles  of  London;  and  in  case  any  of  the  extra-Uoentiates 
came  to  reside  within  that  distance  of  Ixuadon,  they  were  dted  to 
appear  and  be  examined  before  the  censors  for  their  Ucence  to 
practise  in  London.  This  was  not  a  mere  formal  examination,  as 
instances  have  been  known  in  which  the  censors  have  rejected 
candidates  who  had  been  <admitted  to  practise  by  the  elects  The 
revival  of  the  class  of  extrarUoentiates  by  the  elects,  and  the  jealousy 
of  the  censoiB  of  this  body  of  phydcians,  was  one  of  the  causes 
which  led  to  the  passing  of  the  Medical  Act  of  1858,  by  whioh  the 
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extra-licentiates  obtained  the  same  right  to  practise  in  LondoD  as 
the  boentiates.  It  was  even  doubtful,  under  the  old  law,  whether 
the  licentiate  iiUra  wrbem  had  the  right  to  preecribe  beyond  aeren 
miles  of  Tjondon. 

It  would  be  impossible  here  to  give  an  ^account  of  all  the  literary 
controyeraies  in  which  the  College  of  Physicians  have  been  continually 
emcaged,  partly  in  support  of  their  own  just  and  undoubted  rights,  and 
partly  in  defence  of  their  arbitrair  and  unwise  limitations  with  respect 
to  the  election  of  fellows.  A  list  of  the  titles  of  more  .than  fifty 
pamphlets,  &c.,  written  for  or  against  the  college  between  the  years 
1665  and  1810,  is  given  in  a  work  entitled  **  An  Exposition  of  the 
State  of  the  Medical  Ptof  eodon  in  the  British  Dominions ;  and  of  the 
Injurious  Effects  of  the  Monopoly,  by  Usurpation,  of  the  R^al 
College  of  Physicians  in  London/  8vo,  Lond.,  1826,  pp.  873.  The 
following  regulations  for  adnussion  to  the  licence  have  been  published 
by  authori^  of  the  college. 

BegulaUom  o/  the  Boyal  CoUege  of  Phytidans  of  London — The 
College  of  PhysicianB,  having  for  some  years  past  foimd  it  necessary, 
from  time  to  time,  to  make  alterations  in  the  terms  on  which  it 
would  admit  candidates  to  examination,  and  license  them  to  practise  as 
physicians,  has  reason  to  believe  that  neither  the  character  nor  object 
of  those  alterations,  nor  even  the  extent  of  the  powers  with  which  it  is 
invested,  has  been  fully  and  properlj^  understood. 

The  college,  Uierefore,  considers  it  right  at  this  time  to  make  public 
a  statement  of  t^e  means  which  it  possesses,  within  itself,  of  oonf erring 
tiie  nmk  and  privileges  of  physician  on  all  those  who,  having  had  the 
advantage  of  a  liberal  education,  both  general  and  professional,  can 
prove  their  qualifications  by  producing  proper  teetimoniaLi  and  sub- 
mitting to  adequate  examinations. 

Jleffulations  regarding  CerHJlcatet  and  Testvnundah. — ^Every  candidate 
for  a  diploma  in  medicine,  upon  presenting  himself  for  examination, 
shall  produce  satisfactory  evidence — 1.  Of  unimpeaohed  moral  cha- 
racter; 2.  Of  having  completed  the  twenty-sixth  year  of  his  age; 
and,  3.  Of  having  devoted  himself  for  five  yean  at  least  to  &e 
study  of  medicine. 

The  course  of  study  thus  ordered  by  the  ooU^ge  comprises : — 

Anatomy  and  physiology,  the  theory  and  practice  of  physics,  forensic 
medicine,  chemistry,  materia  medica  and  botany,  and  we  principles  of 
midwifery  and  sui^gery. 

With  regard  to  practical  medicine,  the  college  considers  it  essential 
that  each  candidate  shall  have  diligently  attended,  for  three  entire 
years,  the  physioianB*  practice  of  some  general  hospital  in  Great  Britain 
or  Ireland,  containing  at  least  one  hundred  beds,  and  having  a  regular 
establishment  of  physicians  as  well  as  surgeons. 

Candidates  who  have  been  educated  abroad  will  be  required  to  show 
that,  in  addition  to  the  full  course  of  study  already  specified,  they  have 
diligentiy  attended  the  physicians'  practice  in  some  general  hospital  in 
this  country  for  at  least  twelve  months. 

Candidates  who  have  already  been  engaged  in  practice,  and  have 
attained  the  sge  of  forty  years,  but  have  not  passed  through  the 
complete  course  of  study  above  described,  may  be  admitted  to 
examination  upon  presenting  to  t^e  censors'  board  such  testimonials 
of  character,  general  and  professional,  as  shall  be  satisfckctory  to  the 
college. 

The  first  examination  is  in  anatomy  and  physiology,  and  is  under- 
stood to  comprise  a  knowledge  of  such  propositions  in  any  of  the 
physioaL  sciences  as  have  reference  to  the  structure  and  functions  of 
the  human  body. 

The  second  examination  includes  all  that  relates  to  the  causes  and 
symptoms  of  diseases,  and  whatever  portions  of  the  ooliateral  sciences 
may  appear  to  belong  to  these  subjects.' 

The  third  examination  relates  to  the  treatment  of  diseases,  including 
a  scientific  knowledge  of  all  the  means  used  for  that  purpose. 

The  three  examinations  are  held  at  separate  meetings  of  the  censors' 
board.  The  vivd  voce  pai-t  of  eadi  is  carried  on  in  Latin,  except  when 
the  board  deems  it  expedient  to  put  questions  in  English,  and  permits 
answers  to  be  returned  in  the  same  hmg^uage. 

The  College  is  desirous  that  all  those  who  receive  its  diploma  should 
have  had  such  a  previous  education  as  would  imply  a  competent  know- 
ledge of  Greek;  but  it  does  not  consider  this  indispensable,  if  the 
other  qualifications  of  the  candidate  prove  satisfactory;  it  cannot^ 
however,  on  any  account  dispense  with  a  fctniliM-  knowledge  of  the 
Latin  language,  as  constituting  an  essential^  part  of  a  liberal  education ; 
at  the  commencement,  therefore,  of  each  ml  examination,  the  candi- 
date is  called  on  to  translate  vivd  voce  into  Latin  a  passage  from  Hippo- 
crates, Galen,  or  Aretseus;  or,  if  he  declines  this,  he  is,  at  any  rate, 
expected  to  construe  into  English  a  portion  of  tiie  works  of  Cdsus,  or 
Sydenham,  or  some  other  Latin  medical  author. 

In  oormection  with  the  oral  examinations,  the  candidate  is  required, 
on  three  separate  dajs,  to  give  written  answers  in  Rngliiib  to  questions 
on  the  different  subjects  enumerated  above,  and  to  translate  in  writing 
passages  from  Greek  or  Latin  books  relating  to  medicine.  Those  who 
are  approved  at  all  these  examinations  wiU  receive  a  diploma  under 
the  common  seal  of  the  College. 

The  College  gives  iio  particular  rufes  as  to  the  details  of  previous 
education,  or  the  places  where  it  is  to  be  obtained.  It  will  be  obvious, 
however,  from  a  inference  to  the  character  and  extent  of  the  study 
above  described,  the  maimer  in  which  the  examinations  ure  conducted^ 


and  the  mature  age  of  the  candidates,  as  affording  full  time  for 
acquiring  the  necessary  knowledge,  that  there  will  be  ample  secmitj 
afforded  to  the  public  and  the  profession  that«one  but  those  ^vdio  hsTe 
had  a  liberal  and  learned  education  can  presume,  with  the  sligfatol 
hope  of  success,  to  offer  themselves  for  approval  to  the  oensora'  boaid ; 
and  as  the  College  trusts  that,  l^  a  £uthrul  discharge  of  its  own  do^, 
it  can  pronuse  itself  the  satisfaction  of  thus  continuing  to  admit  into 
the  order  of  English  physicians  a  body  of  men  who  shall  do  it  hnoonr 
by  their  qualifications,  both  general  and  professional,  it  is  prepared  to 
regard  in  the  same  light,  and  address  bv  the  same  appellation,  all  who 
have  obtained  its  diploma^  whether  they  have  graduated  elsewheR 
or  not. 

In  drawing  up  and  promulgating  the  above  regulations,  the  Gdk^ge 
has  endeavoorod  fairly  to  look  at  that  which  is  substantial,  ratiier  tbn 
that  which  is  merely  nominal,  in  all  that  concerns  the  qualificatioos 
of  its  members.  It  has  resolved  to  estimate  sll  testimoniialB,  whether 
they  are  presented  under  the  name  of  certificates,  diplomas,  or  degreet 
strictiy  with  reference  to  their  value,  and  to  measure  them  by  tfaif 
standard  alone,  as  parts  of  the  previous  qualification  of  candidate^ 
which  tiiey  are  to  verify  in  their  examinations. 

The  College  feels  confident  that  it  has  overstepped  neither  the  spirit 
nor  letter  of  the  laws  which  have  invested  it  witn  the  power  of  gDveni- 
ing  and  legislating  for  the  whole  faculty  of  medicine  within  ito  jmii- 
diction,  by  thus  eamestiy  endeavouring  to  maintain  its  character  and 
reputation,  and  vindicate  its  claim  to  be  the  source  of  ^ttoimasaai 
honour. 
'  Dec  22, 1888.  Fhakcib  Hawkhts, 

Registrar. 

The  Medical  Act  of  1858  [Phtsiouk]  has  very  considerably  modified 
the  position  and  character  of  the  College  of  Physicians  of  London.  Br 
giving  the  right  to  practise,  according  to  their  qualifioationa,  to  all 
practitioners  registered  under  that  Act,  the  exclusive  privileges  of  the 
fellows  and  licentiates  cA  the  London  College  wore  abolished.  The 
College  of  Physiciaiis  of  Edinbui^gh  at  once  opened  its  doon  to  all 
those  who,  by  previous  education  and  examination,  were  entitled  to 
practise  as  physicians;  and  in  order  to  prevent  its  own  extrarlioentiaiaB, 
and  those  graduates  in  medicine  practising  in  London  and  as  phyaicuiis 
in  the  provinces,  from  obtaining  their  right  to  register  from  jSdinboii^ 
the  London  College  was  compelled  for  some  time  to  admit  to  its 
licence,  at  a  fee  of  ten  pounds,  idl  those  who  wen  desirous  of  joioiog 
the  College.  At  the  same  time,  and  for  the  same  period,  the  College 
declared  a  year  of  grace  for  the  admission  of  fellows^  and  a  large 
number  of  licentiates  were  selected  for  this  honour. 

The  future  of  the  College  is  still,  however,  involved  ui  ofasconiy. 
Whilst  a  large  number  of  the  fellows  are^tiU  desirous  of  nuMntMniiy 
the  College  as  an  institution  for  uniting  those  only  who  piac^ 
strictly  as  consulting  physiciaiis,  thero  are  a  number  of  the  younger 
fellows  who  are  anxious  to  place  the  College  at  the  head  of  the  whole 
profession,  by  instituting  examinations  which  shall  entitie  the  dan  of 
general  priustitioneis  to  its  diploma.    Overtures  have  been  made  to  the 
College  of  Surgeons  to  unite  with  the  Physicians  for  this  purpoae^  but 
they  have  hitherto  refused  to  ooimtenance  such  a  plan.    By  the  new 
Medical  Act,  the  College  of  Physicians  of  London  is  entitled  to  apply 
for  a  new  charter  in  the  following  clause : — "  It  shall  be  lawful  for  her 
Majesty  to  grant  to  the  corporation  of  the  Royal  College  of  Phyaiciioa 
of  London  a  new  charter,  and  thereby  to  give  to  such  oorporatioD  the 
name  of 'The  Royal  College  of  Physicians  of  England/ and  to  make 
such  alterations  in  the  constitution  of  the  same  corporation  aa  io  fler 
Majesty  may  seem  expedient;  and  it  shall  be  lawful  for  the  said  corpo- 
ration to  accept  suck  charter  under  their  conmion  seal,  and  such 
acceptance  shall  operate  as  a  surrender  of  all  chartais  heretofore 
granted  to  the  said  corporation,  except  the  charter  granted  by  King 
Henrv  Y IIL ;  and  shall  also  operate  as  a  surrender  of  such  oharter,and  of 
any  rights,  powers,  or  privileges,  conferred  by  or  enj^ed  under  an  Act 
of  the  session  holden  in  the  14th  and  15th  years  of  lung  Henry  ^^^* 
cha^.  5,  confirming  the  same  as  far  as  such  charter  and  Act  respectiTely 
may  be  inconsistent  with  such  new  charter.  Provided,  neverthdess,  that 
wiuiin  twelve  months  after  the  granting  of  such  charter  to  the  CoU^ 
of  Physicians  of  London,  any  fellow,  member,  or  Uoenti&to  of  the 
Royid  College  of  Physicians  of  Edinburgh,  or  of  the  Queen's  College  of 
Physicians  of  Ireland,  who  may  be  in  practice  as  a  physician  in  any 
part  of  the  United  iUngdom  called  England,  and  who  may  be  d<^^ 
of  becoming  a  member  of  such  College  of  Physicians  of  England,  BhaU 
be  at  liberty  to  do  so,  and  entitied  to  receive  the  diploma  of  the  eaid 
College,  and  to  be  admitted  to  all  the  rights  and  privileges  thereunto 
appertaining,  on  the  payment  of  a  registration  fee  of  two  pounds  to  the 
said  CoUege."  Up  to  the  present  time  (1860)  the  Colle^  of  Phyaidans 
has  not  applied  for  a  new  charter. 

Much  curious  information  respecting  the  antiquities  of  the  CoUfS^ 
of  Physicians  is  to  be  found  in  '  The  Qold-Headed  Cane,'  an  amuamg 
and  interesting  little  volume  by  the  late  Dr.  MacmichaeL  He  tells  u» 
(p.  120),  that  its  very  first  meetings,  immediately  after  its  estabhsh- 
ment,  1518,  were  held  in  the  house  of  linacre,  called  the  Stone  House' 
No.  5,  Knight  Rider  Street,  which  still  belongs  to  the  College.  About 
the  time  of  the  accession  of  Charles  I.,  the  College  removed  to  another 
spot,  and  took  a  house  of  the  Dean  and  Chapter  of  St  Paul's,  at  tue 
bottom  of  Amen  Comer.    Diuing  the  civil  wan  their  premises  were 
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condemned  as  part  of  the  property  of  the  Church,  and  sold  by  public 
auction,  on  which  occasion  Dr.  Harney  became  the  purchaser,  and  two 
years  afterwards,  1649,  gave  them  in  perpetuity  to  his  colleagues.  The 
great  fire  of  London,  1666,  consumed  the  College  and  the  whole  of  the 
library  with  the  exception  of  112  folio  rolumes.  For  the  next  few 
years  the  meetings  of  the  fellows  were  generally  held  at  the  house  of 
the  president,  while  a  new  college  was  being  built  on  a  piece  of  groimd 
that  bad  been  bought  in  Warwick  Lane.  Tbia  was  completed  in  four 
years,  and  was  opened,  without  any  particular  ceremony,  on  the  25th 
of  February,  1764,  under  the  presidency  of  Sir  G^rge  Ent.  Here 
the  fellows  continued  to  hold  their  meetings  for  about  sixty  years, 
when  ^as  Dr.  Macmichael  says) "  thd  change  of  fitshion  having  over- 
come tne  genhu  loci,*'  the  present  new  college,  at  the  nor^-east  comer 
of  Trafalgar  Square,  was  opened  on  the  25th  of  June,  1825,  and 
an  elegant  Latin  oration  was  delivered  by  the  president,  Sir  Heniy 

PHYSICS.  The  word  ph^iihe  (^vo'uc^),  or  science  of  nature,  might 
include  in  one  general  term  all  liiat  is  called  mixed  mathematics, 
natural  philosophy,  chemistry,  and  natural  history.  The  title  of 
physician,  or  student  of  nature,  has  become  in  our*  language  synony- 
mous with  one  who  investigates  the  origin  of  disoases  and  the 
means  of  cure;  but  in  the  continental  languages  it  still  retains  the 
more  general  signification.  Abo  physic  (the  study  of  nature)  has 
come  to  mean  the  drugs  given  to  cure  disorders,  or  medicines;  and 
it  would  be  difficult  to  name  two  more  complete  departures  from 
etymology. 

The  plural  physics  is  always  used  to  mean  the  study  of  nature  by 
means  of'  the  severer  modes  of  investigation.  Some  apply  it  to  the 
application  of  mathematics  to  material  phenomena,  and  to  this  alone ; 
others,  distinguishing  the  preceding  as  mathematical  physics,  include 
under  the  general  term  the  sciences  of  experimentl.  There  \b  no 
usage  which  in  any  degree  approaches  a  universal  reception;  we 
prefer  the  second-mentioned  signification.  In  this  countrv,  the  phrase 
NcUttral  PhUoiophy  usually  includes  all  that  is  understood  b^  the  term 
Physics. 

PHYSIOGNOMY  {^utyrtftAona)  is  the  art  of  determining  the 
mental  character  of  an  individual  by  the  examination  of  his  counte- 
nance.    The  popular  ideas  of  the  indications  afiforded  by  difierent  kinds 
of  features,  by  the  adoption  of  which  almost  every  one  is  at  times  a 
practitioner  of  physiognomy,  are  nearly  as  definite  as  the  few  principles 
which  those  who  have  made  it  an  object  o^  peculiar  study  have 
established.     The  circumstance  on  which  the  chief  and  surest  indi- 
cations afforded  by  the  countenance  depend,  is,  that  when  certain 
feelings  and  habits  are  much  indulged  in,  the  positions  of  the  features 
which  are  associated  with  them  are  apt  to  become  permanent,  eitiier 
by  the  formation  of  wrinkles  or  other  marks  in  the  skin,  or  by  the  en- 
largement and  disproportionate  strength  of  the  muscles  chiefly  exerted. 
Thus  a  person  in  the  frequent  habit  of  sQeering  contemptuously 
acquires  at  last  a  slight  ciurve  in  his  upper  lip  by  the  disproportionate 
size  and  power  of  its  elevator  muscle ;  he  who  is  often  meditating  has 
the  wrinkles  of  the  slight  frown  and  the  contraction  of  the  brows 
which  are  conmionly  associated  with  deep  thought,  permanently  fixed ; 
he  who  has  his  attention  constantly  aUve  to  the  objects  around 
him  acquires  an  expression  of  vivacity  in  the  openness  of  his  eye 
and  the  quickness  -ot  the  motions  of  all  the  muscles  of  his  face; 
while  he,  on  the  other  hand,  whose  thou|^ts  are  rarely  roused  to 
active  efforts,  acquires  a  smoothness  of  feature  and  a  sluggishness 
of  action  in  the  several  parts  of  the  face,  which  indicate  that  its 
muscles  have  been  exercised  as  rarely  and  with  as  little  energy  as  his 
thoughts. 

The  peculiarities  of  feature  thus  acquired  are  often  transmitted  from 
the  parent  to  the  child ;  and  in  thef  latter,  their  indications  will  be 
correct  or  false  according  as  there  has  or  has  not  been  a  coincident 
transmission  of  the  parent's  disposition.  Or  a  child  may  acquire  a 
peculiar  expression  of  countenance  by  imitating  those  among  whom  it 
is  placed,  and  in  this  case  also  it  will  only  be  by  accidental  coincidence 
that  the  indications  of  the  features  are  correct  From  these  and  other 
sources  of  fidlacy,  the  attempts  to  raise  physiognomy  into  a  science 
have  not  been  so  successful  as  to  encourage  a  deeper  study  of  it 
than  every  one  unconscioualy  engages  in  during  his  intercourse  with 
the  world. 

PIANO-FORTE,  a  keyed  musical  instrument,  variously  formed 
and  under  different  denominations,  such  as  grand,  iemi-grand,  squaire, 
cabinet,  cottage,  &c.  The  first  notion  of  the  square  piano-forte  was 
taken  from  ike  clavichord  by  a  Oerman  mechanic  of  the  name  of 
Viator,  more  than  a  hundred  years  ago ;  but,  for  want  of  friends 
or  funds,  he  never  became  known  as  a  inaker.  The  invention,  how- 
ever, was  followed  up  by  other  musical  instrument  makers  of  the 
same  nation,  who  all  ceased  to  produce  clavichords  and  luupsichords, 
and  directed  their  attention  to  the  new  instrument,  the  piano- 
forte. Thus  we  have  Zumpe,  Tabel,  Schudi,  larkman,  Stodart, 
Schoene,  Buntebart,  Pohlman,  Pether,  Beck,  Garcha,  Ganer,  and  a  host 
of  others. 

The  grand  piano-forte  is  supposed  to  be  of  earlier  date  than  the 
square  piano-forte,  and  is  said  to  have  been  the  invention  of  a  German 
musician  of  the  name  of  Schroder,  or,  as  others  say,  of  Christofali, 
&  baxpeiohord-maker  of  Padua.  The  first  maker  at  all  known  in 
this   country  was   Backers  ;    but  we   are   not  aware  that    success 


attended  his  exertions  witb  the  soUd  advantages  which  were  enjoyed 
by  hw  contemporary  Zumpe,  who  reaUsed  an  ample  fortune  and 
rotared.  The  grand  piano-forte  retains  the  shape  of  the  instrument 
from  which  it  was  taken,  the  harpsichord ;  and  although  that  shape  has 
been  much  condemned,  it  is  the  natural  outUne  of  the  instrument; 
and  we  do  not  think  that  a  better  form  for  it  will  ever  be  devised. 

The  square  piano-forte,  we  have  said,  was  taken  from  the  clavichord, 
but  It  retains  only  its  shape,  with  the  same  disposition  of  the  strirnn 
and  keys;  thett  actions  have  no  similarity.  We  must  here  expuSi 
that  the  action  of  all  such  instruments  is  a  technical  name  for  all  the 
mechanism  which  intervenes  between  the  outer  ends  of  the  keys 
on  which  the  fingers  press, and  the  strings  which  emit  the  sounds; 
to  describe  the  action,  therefore,  is  to  describe  the  essential  parts 
of  tte  instrument.  The  action  of  the  clavichord  was  simply  a  piece 
of  brass  pin  wire,  which  was  placed  vertically  at  a  pomt  where  it 
could  be  struck  or  pressed  against  its  proper  strings.  Each  note 
had  two  strings.  The  right-hand  string  wss  free  to  vibrate;  whilst 
that  on  the  left-hand  was  muffled  by  a  piece  of  cloth,  the  object 
of  which  was  to  damp  or  stop  the  string  the  instant  the  finger 
was  taken  off  the  key.  The  touch  of  the  clavichord  was  peculiar, 
partaking  both  of  the  harpsichord  and  the  organ;  in  other  words, 
both  ttruek  and  pressed,  and  the  pressure  coidd  be  so  varied  as  to 
produce  a  kind  of  tremblant  effect.  The  tones  were  feeble,  soft, 
and  melancholy,  and  better  suited  to  the  student,  the  composer, 
or  the  solitary,  than  any  purposes  of  social  amusement.  A  vertical 
section  of  this  action  is  shown  in  ^.  1« 
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o.  Key;  *,  Brass  pin  wire ;  c.  String;  d,  Qoth  woven  between  tbe  strings  as 

a  damper. 

^  The  action  of  the  square  piano-forte,  on  Its  first  introduction,  con- 
sisted of  a  key,  a  Hfter,  a  hammer,  and  a  damper.  The  key  was  the 
same  as  that  of  the  clavichord.  The  lifter  was  a  brass  wire,  with  a 
piece  of  hide  leather  as  a  head,  which  was  covered  with  a  piece  of  soft 
leather  as  a  finish.  This  lifter,  when  in  motion,  struck  the  hammer 
agamst  the  string,  and  thus  produced  the  tone  of  the  instrument. 
The  damper  followed,  and  stopped  the  vibrations  as  quickly  ss  the 
finger  was  runoved  from  the  key.  {Fig,  2.)  The  tone  of  this  piano- 
forte was  thm  and  wiry,  the  hammer  having  only  one  slight  covering 
of  sheep-ddn  leather  upon  it. 


Fis.  S. 
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a,  Key ;  b.  Lifter ;   e.  String ;  d,  Dunper ;  t.  Damper  stiok  or  mopsiidi ; 
/,  Hammer ;  ff.  Lifter ;  A,  Biaai  damper. 

This  rude  idea  of  a  pianoforte  continued  in  use  for  many  yean. 
The  first  improvement  upon  it  was  introduced  by  Longman  and 
Broderip,  who  brought  out  a  patented  invention  having  two  additional 
parts  in  tiie  action,  namely,  the  hopper  and  the  under-hammer,  as  they 
were  called  {Jig,  8.)  This  patent  was  followed  by  another  introduced 
by  Clementi  ft  Co.,  the  bunien  of  which  simply  was  an  improvement 
on  the  damper.  It  was  called  the  Irish  patent,  from  its  having  been 
the  invention  of  an  Irishman  of  the  name  of  Southwell ;  but  it  had 
simplicity  only  to  recommend  it,  wss  found  inconvenient,  and  shortly 
afterwards  was  superseded  by  what  is  now  called^  the  crank  damper. 
We  cannot  give  the  name  of  the  inventor  of  this  improvement ;  it 
became  so  instantaneously  general,  that  the  inventor  was  lost  sight  of 
in  the  crowd  of  makers  who  adopted  his  invention.  It  is  still  in  use, 
and  is  acknowledged  to  be  a  good  and  sufficient  plan.  The  damper 
used  by  Messrs.  Broadwood  previously  to  the  introduction  of  the 
crank  damper  was  made  in  brass  {fig,  2),  but  by  whom  invented  we  do 
not  know.  We  now  come  to  the  last  addition  which  has  been  made  to 
the  action  of  the  square  piano-forte,  the  check.  This  member  was 
borrowed  from  the  grand  piano-forte,  and  is  so  acknowledged  by  tho 
name  given  to  those  square  piano-fortes  which  have  it ;  for  they  arc 
always  called,  par  excellence,  grand-square  piano-fartes.  The  check 
cerUunly  is  a  most  important  part  ^f  a  piano-forte,  and  the  best  of 
actions  is  nothing  without  it.  The  check  is  placed  behind  the  hammer, 
nearly  at  the  end  of  the  key ;  where,  after  tiie  blow  has  been  given,  it 
catches  the  tail  of  the  hammer,  and  holds  it  till  another  is  required 
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PIANO-PORTE. 


FUNO-FOBTE. 
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(/Iff.  S).  For  faihflr  InlormatioQ  as  to  the  aquue  plaoo-f ortei  we  refor 
to  the  djagnma.  The  aqiuure  {nano-jEoite  has  neither  the  toueh,  the 
tone*  nor  the  appeamnoe  ol  either  the  gnnd  or  the  upright 
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a,  Key ;  5,  Hopper,  by  whieh  tlM  eaeape  of  the  lummer  ii  eflReeted;  «,  8trlii|rS 


d,  Irieh  danper ;  dd,  Crank  damper  | 
f  ,  Cheek* 


e.  Under  hammer  j  /,  Hammer  > 


The  grand  piano-forte,  as  above  observed,  was  the  invention  of 
Schroder  or  ChnstofisJi,  manufactured  by  Backers,  and  retains  the 
ahapo  of  the  instrument  from  which  it  was  taken,  the  harpsichord. 
Here  again  we  have  two  instruments  alike  in  form,  but  unlike  in 
almost  every  other  drcumstanoe ;  for  their  action,  their  tones,  and  the 
style  in  which  they  are  played  upon,  are  all  entirely  different.  The 
action  of  the  harpsichord  was  simply  a  key  and  what  was  called  2kjach, 
a  piece  of  pear-tree  with  a  small  moveable  tongue  of  holly,  through 
which  a  cutting  of  crow-quill  wias  passed  to  touch  the  string  when  the 
jade  was  in  action ;  the  tone  produced  by  this  contrivance  was  a  kind 
of  $cratek  with  a  sound  at  the  end  of  it. 

^  ffarptid^ord  Jack. 
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a,  Jack;  h.  Tongue;  e,  Qoill;  d,  Bristle-epring ;  e,  doth  damper. 

The  action  of  a  grand  piano-forte  consisted  of  a  2xy,a  lever,  a  hammer, 
a  huiUm,  a  cheek,  and  a  damper,  with  rails  and  sockets  to  connect  them. 
By  this  combination  of  parte,  every  musical  intention  known  or  desired 
at  that  time  was  perfectly  attainable,  and  with  admirable  effects 
by  Moearty  £taydn,  Cramer,  and  otheiv.  But  we  have  now  new 
and  more  severe  judges  to  enooimter :  former  actions  are  no  longer 
sufficient;  new  e&cte  are  to  be  given,  and  new  powers  are  called  for. 
Fortunately,  these  things  have  been  accompUahod ;  for  new  actions 
have  risen  up  in  abundancoi  and  we  have  only  to  choose  between 
them. 

•  No  musical  instrument  is  so  imiveraally  admired  ae  the  piano-forte. 
Its  compass,  whether  six  octaves,  six  and  a  half,  or  seven,  is  sufficient 
for  all  purposes  of  musical  composition,  and  may  really  be  considered 
a  miniature  orchestra.  The  strings  of  the  early  piano-fortes  were 
partly  of  steel  and  partlv  of  brass — the  treble  notes  of  steel,  and  the 
lower  notes  of  brasa — a  few  of  which,  in  the  bass,  were  over-kpped  or 
covered,  rather  opeut  with  plated  copper-wire  to  give  them  more 
gravity  aooording  to  the  length  attainable  in  the  instrument.  But 
modem  piano-fortes  have  steel  wire  throughout,  with  about  an  octave 
in  the  bass  closely  lapped  with  unwashed  copper  wire.  The  strings 
which  are  now  UMd  in  piano-fortes  are  considerably  larger  than  those 
formerly  used,  to  give  durability  and  firmness.  The  once-fiamed 
Qennan  wire  is  now  no  more  in  esteem  with  Knglish  manufacturers, 
from  the  bad  quality  of  the  metal  and  the  very  imperfect  manner  in 
which  it  was  drawn ;  when  perfectly  round,  which  it  ought  always  to 
be,  it  was  generally  too  soft;  and  w]|en  sufficiently  hard,  it  was 
Bcaroely  ever  well  manufactured,  from  wMch  drcumstance  it  was  con- 
stantly false  in  vibration.  Steel- wire  for  piano-fortes,  of  very  excellent 
quality,  is  now  made  at  Birmingham.    Stops  and  pedals  are  more  or 


le«  adopted  in  different  oountries.    Stops  can  scarcely  be  said  to  be 
used  at  the  present  day ;  they  properly  belong  to  the  middle  age  of 
pianos-forte  making,  and  were  placed  m  the  instrument  on  the  left 
hand  of  the  performer.    The  damper-stop  and  the  buff-stop  were  the 
most  oommon;  the  damper«top  raised  the  dampers  from  tiie  strings, 
which  gave  eontinuation  to  the  tones ;  and  the  buff-stop  raised  a  pieoe 
of  soft  buff  leather  up  to  the  strings,  and  gave  the  instrument  somewhat 
the  tone  of  the  harp.    Pedals  are  much  esteemed  bv  some  performers 
and  little  bv  others ;  in  foreign  piano-fortes  we  find  many  pedak,  but 
in  the  Kngiish  we  have  scarcely  ever  more  than  two-— one  for  piano 
^ects,  and  the  other  for  forte.    This  pedal,  the  forte,  is  an  effectire 
pedal,  and  not  at  all  injurious  to  the  mechanism  of  the  instrument; 
we  cannot  say  aa  much  of  the  piano  pedal,  for  by  passing  the  actioD 
to  one  string,  it  is  not  only  straining  to  the  cen^'es  of  we  hanuners, 
but  is  also  very  kpt  to  disturb  the  tuning  of  the  unisotis,  by  which  an 
instrument  is  often  un&drly  tested  as  regards  its  standing,  and  a  more 
frequent  application  to  the  tuner  is  required.    In  lieu  of  this  pedal, 
some  makers  have  introduced  a  soft  substance,   wool   or   leather, 
between  the  hammers  and  the  strings,  by  which  something  like  the 
buff-stop  is  accomplished^  but  with  more  delicacy  and  vibration  in  its 
effects.    The  foreign  name  for  this  pedal  is  jeu  euetU  ;  and  to  ua  it  u 
more  agreeable,  and  is  certainly  less  injurious  to  the  action  of  the 
instrument,  than  the  more  frequent  piano  pedal. 
We  will  here  give  a  few  diagrams  of  grand  actions. 

The  Commim  Orand  Pianth forte  Action, 
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e.  Key;  h,  Lerer;  e,  Bntton;  tf,  Cheek;  #,  Damper;  /,  String;  p,  Baler; 
h,  Damper  pedal  lifter  \  iii^  Bails  and  eoeketa;  li^  Spring;  I,  hammer. 


BroadwoocFt  mirUet  atnd  latm'  Gramd  Actiomu 


The  shaded  parts  are  the  new  additloaa,  the  intention  of  whieh  is  to  keep  the 
haaamer  at  a  eertaln  dietanee  fhm  the  atring  when  the  linger  Is  on  the  ksf. 

a,  Key;  h.  Lever;  e,  Bntton;  d.  Cheek;  €,  Damper;  f.  String;  g.  Crank  for 
damper;  A^  Daaiper  pedal  lifter;  iiii.  Bails  and  aoekete;  k,  Spriaf; 
/,  Hammer  \  mn.  Block  paaaed  through  the  hammer  butt ;  o,  l^>riBg  fixed 
at  the  back  of  n,  and  preasing  upon  the  front  of  it ;  by  which  arraDgcmait, 
when  the  lever  paaees  the  notch,  it  ia  caught  by  m,  and  the  hammer  la  soft- 
tained  at  the  given  heigtit ;  p.  Another  aprlng,  which  r^nlatee  the  actioa 
of  0,  and  determinea  the  height  it  ahall  riae. 


ObUoiKfs  Graind  Actum, 


a. 


Key;  h,  Hopper;  e,  Button;  d.  Hopper  spring;  e,  Hammer;  /,  Cheek; 
g.  Hammer  rail ;  J^  Damper ;  •  i,  Bail  and  socket ;  k.  Crank  for  damper  i 
I,  Damper  pedal  ttfter. 


PIAHO-TOBTE. 


Avrff  Owu)  JeftM. 


:,  K(<7  ;  t.  Uftir  Mntrtd  la  lb*  k«j  uul  thg  happvr  lenr ;  «,  Hupfu  l«tir ; 
dd,  Huppvr  ;  ',  Hammer  BoiUiniiif  leTer;  /,  Stop  tor  t\  §,  Hopper 
button ;  A,  Batt  for  the  hopper  to  Ut  npdiiet ;  t  i.  Two  •null  *In  etope 
■Dtiiis  upon  «-,  kkf  Hopper  ud  cutolnlDg  iprln^;  I,  Cheek;  m  m^ 
Balnse*  «el«hH  ot  leed ;  n,  Duuper ;  s,  Hammer ;  /,  Hunmer  rmlL 

TTiinNni'i  Ormid  Attk*,  battd  on  Uc  PitttHa  AdUm, 


I,  Key ;  t.  Hopper  luid  ipriim ;  s,  Humuar ;  4,  Cbeak )  a,  Bntun  Is  att  off 
tlia  bapper  ;  /,  Hopper  lenr ;  g.  Tie  iltubed  to  the  butt  of  Iba  hammer . 
A,  Bnatatslnff  aprln;  liiil»d  lo  the  end  of  the  tie,  aLd  Hied  In  the  frcot  end 
nt  thb  hopper  ItTcr.  the  liiing  of  wbleh  pnta  (he  nilaliiiDK  eprt  .. 
ootlon.  TbiB  Bprin;  give*  the  piano  blov  and  uaiata  Id  the  Jbrtt  and 
npetltlon ;  1 1,  Dunper  and  flilnga ;  1;  Hasuner  ruler  aod  back  toni' 
Wood  Btrrlng  lo  aet  up  the  hcppvn. 

ZtiUti't  Orxmd  Action. 


la  of  the  abovB-tutmcd  tnaktr*  bare  petentod  itill  mora  raarat 
i  for  giAod  pi*iio-foTtei,  u  ilao  have  other  nukcn  not  her* 


The  ttpripU  piuio-forte  wu,  donbtli 
harpeichord ;  it  wan  the  mTsotioD  of  u 
Hancock,  a  munoal  iottrutiiBnt  maker 


I,  tekm  fmm  the  upright 


1  Kane  part  ot  Weet- 
tatn  ot  much  ingenuity,  and  produced  aarenl 
Wietiea  in  keyed  inatrumeiiCa ;  Amoogat  whidi  ve  find  the  vrganittd 
piano-forte,  the  portable  ffraad  pianO'forto,  and  aa  jnatrument,  alio  a 
piano-forte,  in  the  ehapo  of  a  ip»uH(.  The  portable  grand,  in  ita  da;, 
vaa  a  aucoenful  and  denrable  iDstniment,  but  haa  long  ainca  bsmi 
eupeiwded  bj  inalnmienlB  of  the  Idnd  called  ial  grandi,  boiidoir  grands, 
pocket  gtanda,  and  mdw  granda.  The  nazt  novelt;  vraa  tha  invention  of 
John  Imio  ^wkina,  irEo  oonatmoted  an  upright  inabtunent  with  a 
detached  soand-bJard  in  an  iron  fnma ;  and  the  whole  w«  ao  armnged 
an  to  be  able  to  meet  the  abnaanliflra  irith  com 
the 


PUNO-FOBTEL 


iroriHiaa'i  Paint  Umqu*  AtHan, 


Numeroui  inventiona  and  impnmtoenti  qipearad  frvm  i 
One  of  these  was  Hr.  Womum  ■  doMt  or  jMttHo  action, 
both  upright  and  horizontal  inatmiueot* ;  ami  another  mi 
form,  now  oo  much  in  use. 

Woniyan'i  DoubU.  w  Fieeela  Jction- 


Thei*  ais  manv  thii^  rdating  to  the  piaao-forte  wUdi  we  have  not 
jchod  upon.  Then  are  also  aoma  forogn  aetdona  io  which  we  have 
t  given  much  attentdon,  eapedallj'  thoaa  called  donm-ilrHcing  actlona. 
her  inTcntiona,  too, — aueh  aa  Mr.  Lithorland'a  patent  helical  apringa 
pronrye  the  tuning,  Mr.  Ri]e]''B  transpoeini;  imrtrument,  Jlr.  Hott't 
itinente,  Hr.  Klibnan'a  octave  atring,  and  Mr.  John  Trott«r'a  aJter- 


n  were  aoootn^dlahed  by 


. .  had  apiral  .  _ 

"uid,  in  the  treble,  three  octavea  of  equal  ti ,  . 

a  uniform  aiia  of  wire.  It  wai  patented,  but  did  not  taka  with  the 
public  anfflciently  to  oome  into  notice.  Following  Hawkina'  wa  had 
William  Sout^wdl.  who  patented  an  improvement  in  upri^t  piano- 
fortes, and  gave  it  the  name  ot  the  cabinet  piano-forte.  The  name  atill 
''^naina  amongat  ua,  but  the  invention  haa  long  linoe  been  aupensded 
"nd  laid  aaide.  The  unique  piano-forte  waa  introduoed  about  fiftjr 
Jean  ago  b;  Heean,  Wilkinson  and  Womum,  and  wu  Qui  inTondon 
*od  patait  of  the  latter.  This  iurtrumsnt  met  the  taats  at  the  daj 
'or  initrumenta  ol  little  altitude ;  it  did  not  atand  higher  than  three  fell 
'«rte  ineAa,  and  the  atringa  were  all  plaoad  tHagoiudif  toward*  llie 
Boor.  The  aotion  waa  nmple  ai^  effective,  but  it  ia  not  now  under 
<i>*nufactaTe. 


ig  inatrument,  Jlr.  1 

.     .   __  „,         Str.Jo 

nat«d  kay-board, — hnvo  all  given  pla™  to  other  tl      „  , 

known  to  the jmeant  generation  of  muiical  people.    Mr.  Uther-' 
waa  a  wed-tatDpered  Mieal  ^rimg,  which  waa  to  be  al ' 
of  the  atring:  thoa,  «•  tile  atring  contracted  the 
it  expanded  ttie  apring  oo" 
string  was  retained  and  the  tuimg 


longer  kl 


aa  Bumgi  uioe,  ne  ue  awuiK  uuumuv^pi  md  Hiring  gaT& 

:panded  va  apnng  oollapaed,  by  which  the  pitch  of  tha 

jned  and  the  tuimg  conaequently  praerved.    It  waa 

adopted  to  any  grot  extent,  but  bad  ita  admiT^r*  :  a  want  of 


firmneaa  in  the  t 
tor  troMpotifioii  waa . 
other,  by  wMch  muai 
notea  k^her  or  lower, 
now  laid  aside.  Itne 
muiic ;   neither  did 


perhaps  Ite  groateet  defect.  Mr.  HOey'i  plan 
mply  a  double  act  of  keys,  one  sliding  under  the 
might  be  played  froiD  (he  nme  acaJe  a  note  or 


,  introduoe  any  n 


._e  practiGe  ol 

valuable  idea  to  the 

IipUcation  of  a  cylinder  and 
oopa  were  attached  to  the 
■tiinga,*  and  the  'cylinder,  which  wM  moved  by  the  foot,  aa  it  were 
iounf  them,  and  the  tones  came  forth  aomewhat  like  the  tonea  ot  tha 
aeraphiub  Under  Mr.  Hott'a  flngera,  Uda  tnatfument  waa  capable  ot 
moat  pleaaing  effect! ;  but  without  auch  aid,  we  never  eateomed  the 
.--_      Vr_  i^ji-^iQ^Q-g  cctiiM  atring  waa  ^plied  al  the  third  atring 
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of  a  grand  piano ;  thia  atring  waa  an  octave  higher  in  pitch  than  the 
other  two,  and  was  somewhat  in  efifect  like  two  diapasons  and  a  principal 
in  an  oigan,  but  not  so  marked  in  character.  It  pleased  for  a  time, 
but  is  now  no  more  thought  of.  In  Mr.  Trottei's  aUemaied  hey-board 
the  peculiarity  was  that  of  alternating  the  keys :  thus  the  octave 
flame  within  seven  white  keys ;  the  black  keys,  too,  were  passed 
unider  the  lehUe,  and  finished  in  front  of  them  below  with  broad  heads  ; 
by  which  arrangement  a  black  key  could  be  taken  by  either  the 
tittmb  or  the  finger,  at  the  option  of  the  performer.  This  instrument 
was  called  by  Mr.  Trotter  a  trantponng  piano-forte ;  and  he  went  so 
far  as  to  promise  a  new  notation  for  it,  which  notation  he  seemed 
to  think  would  do  away  with  the  present  altogether.  That  he  did 
not  live  to  perform  his  promise  we  much  regret ;  for,  certainly,  double 
sharps  and  double  flats,  with  all  their  accidentals,  are  anything  but 
agreeable  to  those  who  cannot  devote  their  whole  lives  to  the  study  of 
ttusic. 

In  relation  to  the  bracing  of  piano-fortes,  there  is  a  difficulty  in 
giving  strength  to  that  of  the  squares  and  grands.  Some  makers  are 
for  iron,  and  some  for  wood ;  but  wood,  it  seems,  is  inconvenient,  and 
iron  is  therefore  mostly  adopted.  That  strength  is  important,  and 
very  important,  is  quite  clear,  when  we  know  that  the  strings  of  a 
grand  piano-forte  pull  equal  to  a  weight  of  six  Umt,  Iron  as  a  sub- 
stance, doubtless,  has  the  greater  strength,  but  may  not  wood  be 
so  applied  as  to  be  strong  enough?  That  wood  is  mora  sonorous 
than  iron,  there  has  never,  we  believe,  ^en  a  question;  and  we 
will  yet  hope  that,  sooner  or  later,  it  wUl  be  allowed  to  be  a  better 
material 

The  piano-forte  manuf acturo  is  now  conducted  in  this  country  on  a 
very  large  scale,  and  comprises  processes  of  the  highest  order  in  the 
working  of  wood.  The  recent  cheapening  of  the  instruments  has 
resulted  in  part  from  the  lessening  of  profits,  by  the  establishment  of  a 
number  of  small  manufactories  in  competition  with  the  few  older  firms. 
But  it  remains  nevertheless  true,  that  a  large  capital,  aided  by  highly- 
paid  workmen's  skill,  aro  necessary  for  the  production  of  the  best 
instruments.  Such  firms  as  Broadwood's,  Colbu^d's,  &c.,  keep  timber 
in  store  for  many  years,  and  bestow  extraordinaiy  cara  upon  it,  that  it 
may  be  perfectly  seasoned  before  being  used.  Specimens  of  wood  of  more 
than  usual  beauty  are  eagerly  bought  by  such  firms  at  enormous  prices : 
an  example  of  this  has  been  noticed  in  the  article  Mabooant.  Some  of 
the  piano-fortes  now  made,  having  the  most  complex  and  elaborate 
actions,  oonsiBt  of  very  little  less  than  four  thousand  separate  and 
distinct  pieces,  each  of  which,  according  to  its  material  and  character, 
has  to  be  carefully  fashioned  before  being  adjusted  to  its  place.  The 
material  thus  used  comprises  ivory,  ebonj,  cedar,  sycamore,  lime-tree, 
pine,  and  oak,  according  to  the  kind  of  service  required ;  besides  tiie 
mahogany,  rosewood,  or  walnut-wood  of  the  exterior ;  and  besides  steel, 
iron,  brass,  lead,  doth,  felt,  leather,  and  vellum. 

The  great  extexision  of  piano-forte  music  in  families,  and  the 
unceasing  demand  in  the  Australian  and  American  colonies,  have  led 
to  a  notable  extensidn  of  the  piano-forte  manufacture  within  the  last 
few  years. 

PIASTRE.    [Monet.] 

PIAZZA,  a  term  adopted  in  its  original  form  from  the  Italian,  but 
with  a  great  change  of  its  meaning;  for  while  in  that  language  it 
signifies  merely  an  open  place,  it  is  employed  by  us  to  denote  a  covered 
ambulatory,  whether  formed  by  columns  or  arches,  in  the  lower  part 
of  a  building,  such  cloistered  vralks  being  very  common  in  the  pUMxze 
or  public  squares  of  Italian  cities,  as  that  of  St.  Mark's  at  Venice,  ftc 
Yet,  although  we  have  borrowed  the  term,  it  has  been  rather  as  a 
distinct  name  applied  in  a  few  particular  oases,  than  as  a  genera] 
denomination ;  for  Inigo  Jones's  arcade,  on  the  north  and  part  of  the 
east  side  of  Covent  Garden,  which  is  expressly  called  the  "Piazza,"  is 
the  only  example,  except  on,  a  very  small  scale,  that  we  can  refer  to  in 
London. 

PIBBOCH,  in  Scottish  musio^  the  march  or  battle-tune  of  the 
Hi^land  cLms. 

PICAMAR.    [Tab.] 

PICHURINSTEAKIC  ACID.    [Utotl  ;  Laueio  Aoid.] 

PICOLINE  (Cj,H,N),  is  a  volatile  oUy  base,  isomeric  with  aniline, 
and  found  in  coal  tar.  It  has  very  powerful  basic  properties,  and  is 
probably  the  same  substance  ss  the  odorine  described  by  Unverdorben. 

PICRAMIC  ACID.    [Phknymo  Gboup.] 

PICRANISIC  ACID.    [Phbwtmo  Gboup.] 

PICRIC  ACID.    [Phbntlio  Gboup.] 

PICROLICHENIK.  A  colourless  cxTstalline  bitter  body,  found  in 
the  variolaria  amara.  It  fuses  below  the  boiling  point  of  water,  and 
is  insoluble  in  water,  but  very  soluble  in  alcohol  and  ether.  Its  exact 
composition  is  not  known,  but  it  does  not  contain  nitrogen. 
Tx  ^l^^'^OXIN  (C^.0  ).  The  active  principle  of  coeeuhu  indieui. 
It  crystalhses  m  white  quadrilateral  prisms,  is  neither  add  nor  alka- 
Ime,  but  has  an  intensely  bitter  taste.  It  is  exceasiTely  poisonous ; 
one-third  of  a  grain  introduced  into  the  stomach  of  a  cat  produced 
tetanic  convulsions  and  death  in  ten  minutes. 

PICRYL  (C„H„NO.)  is  yielded  by  the  distillation  of  the  prt)- 
duct  obtamed  by  acting  on  oil  of  bitter  afanonds  with  sulphide  of 
ammonium.    By  the  action  of  nitric  acid  it  is  converted  into  trim' 

^f^opicnfl  C„  I  g^Q^  I  NO^  which  is  a  yellow  crystalline  powder. 


PICTS,  an  ancient  people  of 'North  Britain,  whose  origin  and  histoKy 
are  singularly  obscure,  and  have  furnished  matter  for  endless  specula- 
tion and  controversy.  The  name  does  not  occur  in  the  enumeration 
of  the.  British  tribes  given  by  Ptolemy  in  the  beginning  of  the  2Dd 
century ;  nor  are  the  Picts  noticed  by  his  sucoessore  Dion  Cassins  and 
Herodian,  the  latter  of  whom  wrote  about  a.d.  250,  any  more  tbsm 
they  are  by  his  predeoesora  Julius  Cffisar  and  Tacitus.  This  has  nU 
prevented  some  writen  from  maintaining  that  the  Picts  were  settled 
in  Britain  before  Csssar^s  invasion ;  that  is,  for  instance,  the  opinion  ot 
Pinkerton ;  but  it  is  certainly  at  least  in  the  highest  degree  improbaUe 
that  they  should  have  been  passed  over  by  Ptolemy  if  they  were  here 
in  his  time.  The  earliest  mention  of  them  by  any  ancient  writer 
occurs  in  an  oration  addressed  by  the  rhetorician  Eumenins  to  the 
emperor  Constantius  Chlorus,  on  his  return  frgm  his  victory  over  the 
usurper  Allectus,  in  the  year  296.  Eimienius  there  speuu  of  the 
Britanni  in  the  time  of  JuUus  Csesar  (according  to  the  best  reading  of 
the  paasaee)  as  "  Solis  .  • .  Pictis  mode  et  Hibemis  adsueti  hostibiui' 
— Shaving  been  used  only  to  the  Picts  and  Irish  as  enemies. 

After  the  time  of  Eimienius  we  have  frequent  mention  of  the  PicU 
in  the  Roman  writers.  Ammianus  Marcellinus,  under  the  year  3d0, 
speaks  of  the  invasion  of  the  bordera  of  the  Roman  province  in  Britain 
by  those  wild  nations  the  Scots  and  Picts — **  Scotorum  Hctorumqoe, 
gentium  ferarum."  Again,  in  864,  he  enumerates  the  "Picti,  Sax- 
onesque,  et  Scotti,  et  Attacotti,''as  harassing  the  Britanni  with  inoea- 
sant  attacks.  We  may  just  observe  that  the  Scoti  or  Scotti  mentioned 
in  these  two  passsges  were  in  all  probability  not  yet  inhabitants  of  any 
part  ol  Britain  any  more  than  were  the  Saxones.  But  the  most  im- 
portant passage  inMareellinua  relating  to  the  Picts,  although  it  refers 
to  another  probably  still  more  important,  which  is  unfortunately  lost, 
occurs  in  his  annals  of  the  year  868,  where  he  says  that,  in  relating  the 
actiona  of  the  emperor  Constans  (a.d.  887-850),  he  bad  already  de- 
scribed as  well  as  he  could  the  situation  of  Britain,  and  that  therefore 
it  is  necessary  for  him  only  to  observe  now,  that  a^  that  time  "  Picti, 
in  duas  gentes  divisi,  Dicaledonas  et  Vecturiones,  itidemque  Attaootti 
bellicosa  hominum  natio,  et  Scotti  per  diversa  vagantes,  multa  pc^rala- 
bantur."  It  thus  appean  that  about  the  middle  of  tiie  -ith  centaxy 
the  Picts  were  understood  to  be  divided  into  two  tribes,  the  Dicaledonas, 
or  Dicaledones,  and  the  Vecturiones.  These  two  names  have  however 
occasioned  much  perplexity.  The  Vecturiones,  or  Vecturones,  indeed » 
are  mentioned  by  Richard  of  Cirencester,  whose  work  however  is  pos- 
sibly nothing  more  than  a  modem  forgery;  but  the  name  Dicaledones 
occun  nowhere  but  in  this  passage  of  Mvc«Uinus.  Skene  ('  The  High- 
landera  of  Scotland,  &o.,'  1837)  maintains  that  the  Picts  and  Caledonians 
were  the  same.  The  Vecturiones  are  admitted  to  be  Picts,  and  if  for 
Dicaledones  we  should  read,  as  has  been  proposed,  Deucaledones,  the 
meaning  of  which  is  "  genuine  Caledonians,  as  in  Du  Albinnach,  a 
genuine  Scotsman^  the  two  tribes  would  appear  to  include  the  whole 
population. 

It  ia  vexy  doubtful  indeed  in  how  far  we  are  to  understand  the 
Roman  writers  as  meaning  at  all  the  same  people  we  now  caJl  the  Picts 
by  their  term  PietL  That  term  seems  always  to  have  been  used  by 
them  in  the  sense  simply  of  painted  men,  rather  than  as  the  name  of 
any  particular  people.  At  least  this  notion,  which  we  find  GLaudian 
indicating  in  his  "  nee  false  nomine  Pictos  "  ('  De  Text.  Cons.  Honorii*), 
and  in  o&er  passages,  seems  always  to  have  been  suggested  to  them  by 
the  name,  and  to  have  therefore  induced  them  to  apply  it  loosely  to  all 
the  wild  inhabitants  of  the  north  of  Britain  who  were  in  the  habit  of 
painting  their  bodies,  or  rathef  among  whom  they  supposed  that  prac- 
tice to  exist;  and  they  were  probably  the  desoendants  of  a  primitive 
laoe,  or  the  oldest  of  which  we  have  anv  trace,  tiie  Albiones  of  Festua 
Avienus,  and  the  Albinnach  of  the  Welsh  and  native  writers.  More- 
over, a  derivatioh  has  been  more  reoentiy  traced  in  the  Welsh  peith,  to 
fight  or  scream,  whence  pic-Ui,  a  fighting  man. 

That  there  waa  m  early  times  a  people  settled  in  North  Britain  bear- 
ing a  name  of  which  the  Latin  PieU  was  intended  as  the  repreaentative, 
may  be  pronounced  to  be  a  fact  only  to  be  disputed  by  that  sort  of 
Boepticinn  which  is  not  less  hostile  to  the  investigation  and  establish- 
ment of  historic  truth  than  the  weakest  credulity.  They  are  men- 
tioned under  the  name  of  Picti  not  ox^y  by  Eumenius,  MaroelIinus» 
Claudian,  and  other  Roman  writen,  but  hy  Gildas,  Nennius,  Bede,  and 
Paul  Wamfrid  (Paulus  Diaoonua),  all  of  whom  lived  while  the  Pictish 
kingdom  still  subsisted  in  the  country  now  called  Scotland ;  Bede  even 
gives  «  history  of  the  first  settiement  of  the  Picts  *in  K<Mth  Britain, 
which  may  be  correct  or  not,  or  partiy  truth,  partiy  fable,  but  which 
agrees  in  some  remarkable  pointa  with  the  aooounta  both  of  the  Irish 
and  of  the  Norwegian  or  Icelandic  azmahsts;  the  Saxon  Chranider  and 
other  contemporary  writen  of  that  nation  n>eak  of  them  under  the 
names  Of  PeohUu,  Pyhtae,  PiK^m,  and  PehiH;  the  Welsh  historical 
fragments  call  them  PAic^'oMJ/ *the  loelandio  writen.  Pels/  the 
ancient  Irish  annalists,  OnMne  tOT  the  northern  Plots,  whOe  the 
southern  were  called  Pvooardack,  names  which  are  sufiioiently  ascer- 
tained to  indicate  the  same  people :  and  popular  tradition  in  Scotland 
still  rememben  them  under  the  name  of  Peehs  (pronounced  with  a 
deep  and  prolonged  guttural  intonation),  which  ia  probably  as  near 
their  true  name  as  any  of  the  other  forms. 

The  main  dispute  with  regard  to  the  Picts,  as  with  regard  to  the 
Caledonians,  with  whom  they  have  been  sometimes  identified,  the 
Scots,  the  C^bri  of  antiquity,  and  the  Cymry  or  modem  Wel^,  the 
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BeilgBB  and  tiie  Ixish  Firbol^s,  has  beeii^wliether  they  were  a  Celtic  or 
a  Teutonio  people.  Their  Teutonic  lineage  is  maintained  by  Uahar, 
Stillingfleety  and  Pinkerton;  that  they  were  Celts  is  the  opinion  of 
Camden,  Bishop  Lloyd,  Father  Innefl,  Qeorge  Chalmers,  Bitson,  and 
others.  The  historic  evidence  that  bears  upon  the  point  does  not 
amount  to  much ;  all  that  can  be  said  is,  that  the  yarious  old  legendary 
accounts  all  make  them  to  have  come  to  Britain  from  Scythla  or  from 
Scandinavia^  But  the  most  curious  and  valuable  fibct  that  we  possess 
in  relation  to  this  matter  is,  that  their  language  appears  to  have  nearly 
zeeembled  the  Welsh,  ^nd  the  Welsh  Triads  uniformly  term  them 
gwyddyl  FfichJti,  the  Gaelic  or  Celtic  Ficts.  Chie  Pictish  word  only  has 
been  expressly  mentioned  by  any  old  writer.  PetVMoKd,  Bede  teUs 
ua,  was  the  Pictish  name  of  the  place  at  which  the  wall  ofr  Antoninus 
terminated  on  the  Forth,  and  which  Nenniua  says  was  called  in  Welsh 
Pengaavl  (Peng^ual  f),  and  in  Scotch  {Seo^)  Cenail,  It  is  still  in  fact 
known  by  the  name  of  Einneil.  Cm,  or'  Cean,  is  the^  Irish  or  Gaelic 
word  for  a  head,  and  Cenail  in  that  dialect  would  mean  the  head  of 
the^  wall ;  and  that  is  also  the  signification  of  the  WeliB^  name,  with 
which  the  Pictish  is  evidently  identicaL  It  is  remarkable  that  in 
Angus,  and  the  other  counties  on  the  north-east  coast  of  Scotland 
where  the  Picts  were  longest  established,  the  popuhur  roeech  is  still 
characterised  by  the  peci^rity  of  the  substitution  of  the  element  / 
for  w,  or  leA,  or  gw.  Thus,  for  loAat  the  people  of  that  district  all  sav 
fat,  just  as  their  Pictish  ancestors  for  Pengual  said  Pen&hel  or  PenfaL 
And  generally  it  i^pears  that  the  ancient  names  of  places  in  those 
pertfl  of  Scotland  formerly  occupied  by  the  Picts  are  Welsh,  as  was 
long  ago  pointed  out  by^jCtunden,  and  afterwards  more  fully  established 
by  George  Chalmers,  in  his '  Caledonia ; '  and  has  been  substantiated  by 
most  subsequent  investigations. 

The  greatest  divers!^  of  opinion  has  also  prevailed  as  to  the  extent 
of  the  territory  occupied  by  the  Picts  in  the  north  of  Britain.  Pinker- 
ton,  who  considers  the  Picts  to  be  the  same  people  with  the  Cale- 
donians, holds  them  to  have  occupied  not  only  the  Orkney  Islands  and 
the  Hebrides,  but  the  whole  of  Scotland  to  the  north  of  the  Friths  of 
Forth,  and  Clyde,  and  to  have  extended  their  conquests  on  the  east 
coast  as  far  south  as  to  the  Humber.  There  is  every  reason  indeed  to 
believe  that  they  were  at  one  time  in  possession  of  a  considerable 
territory  to  the  south  of  the  Forth.  Bede  expressly  states  that  in  his 
time  the  English  held  possession  of  the  Pictish  province  in  which 
stood  Aebbercumig,  now  Aberoom,  in  West  Lothian,  the  seat  of  one 
of  their  bishops.  Here  too  was  Peanvahel,  now  Kinneil ;  and  Edin- 
burgh, farther  to  the  east,  on  the  same  side  of  the  Forth,  is  also 
described  by  old  writers  as  having  been  at  one  time  within  the 
dominion  of  the  Picts.  But,  at  least  during  the  greater  part  of  the 
time  that  it  subsisted,  the  Pictish  kingdom  appears  to  have  been 
bounded  by  the  Frith  of  Forth  to  the  south,  and  to  the  west  by  the 
mountainous  range  stilt  separating  the  Lowlands  from  the  Highlands 
of  Scotland.  The  kingdom  of  Strath-Clyde,  or  Cumbria,  however,  or 
Reged  (that  is,  the  kingdom,  by  way  of  pre-eminence)^  as  it  was  usuallv 
designated  by  the  Welsh,  whiui  comprised  the  south-west  of  Scotland, 
and  perhaps  also  the  county  of  Cumberland  (if  that  did  not  form  a 
separate  state),  must  be  regarded  as  having  also  been  Pictish  on  the 
hypothesis  which  assumes  the  Picts  to  have  been  the  same  people  with 
the  Welsh,  the  latter  being  admitted  on  all  hands  to  be  of  the  same 
race  vrith  the  people  of  Strath-Clyde. 

The  history  of  the  Pictish  kin^^om  established  in  the  north-east  of 
Scotland  is,  as  may  be  supposed,  exceedingly  scanty  and  obscure.  The 
Scottish  and  Irish  chronicles  however  supply  five  different  lists  of  the 
Pictish  kings,  no  one  of  which  evidently  has  been  copied  from  another, 
although  tney  all  agree  substantially,  with  the  exception  of  sudi 
variations  ss  tend  to  establish  the  independent  authority  of  eadL 
From  these  lists  Pinkerton  has  framed  a  Pictish  chronology,  which  he 
divides  into  two  portions :  the  first,  which  he  entitles  Poetical,  extend- 
ing from  the  foundation  of  the  monarchy  by  Cruthen,  or  Cruithne 
(whence  the  Irish  name  for  the  northern  Picts),.about  aJ».  28,  through 
a  sacceesion  of  thirty-six  kings,  ending  with  Talorc  I.,  a.d.  414 ;  the 
second,  styled  Historical,  extending  from  the  accession  of  the  successor 
of  Talorc,  Drust  the  Great,  through  forty  princes  more,  to  the  sub- 
version of  the  monarchy  in  a.d.  843,  in  the  reign  of  Brudi  VIL 
Besides  the  succession  of  the  kings,  a  few  events  of  Pictish  history 
ore  also  recorded  by  the  Irish  and  Icelandic,  as  well  as  by  the  less 
ancient  Scottish  chroniclers.    These  consLst  chiefly  of  the  foundations 
of  a  few  towns,  and  of  battles  fought  with  the  Scots,  or  Irish  colonists 
of  the  north-west  of  Scotland,  with  whom  the  Picts  appear  to  have 
been  almost  constantly  at  war  from  the  first  establishment  of  these 
new  settlers  in  the  coimtiy  about  the  beginning  of  the  6th  century. 
Bede  and  Ailred  state  that  the  Southern  Picts  were  converted  to 
Christianity  by  St.  Ninian  about  the  year  412 ;  but  it  may  be  doubted 
whether  these  were  the    Picts  living  between  the  Forth   and  the 
Qnunpians,  ss  Bede  afiBrms,  or  the  people  of  Strath-Clyde,  among 
whom  it  is  known  that  Ninian  was  established  as  bishop  of  Whithem, 
now  Whitehom,  in  Wigtonshire.    The  conversion  of  the  Northern 
Picts  is  attributed  to  St.  Columba,  about  the  year  6Q5. 

No  passage  of  the  obscure  story  of  the  Picts  is  involved  in  greater 
darkness  thaa.  the  sudden  catastrophe  which  appears  to  have  put  an 
end  to  their  dominion  in  their  principal  seat,  the  north-east  of  Scot- 
land. The  common  account  of  the  Scottish  historians  is,  that  the 
Pictish  kingdom  was  conquered  in  the  year  848  by  the  Dalriadic  or 
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Scottish  king  Kenneth  IL,  who  thus,  for  the  first  time,  united  the 
whole  of  North  Britain  into  one  monarchy.  The  oldest  authorities 
for  this  account  are  the  jISironicoQ  Regum  Pictorum,  written  appar- 
ently about  the  begmning  of  the  llth^century  (it  comes  down  to  the 
year  992),  and  first  published  by  Father  InneB,  in  1729;  and  the 
Register  of  St.  Andrew's,  written  about  1180.  On  the  other  hand  it 
is  extraordinary  that  no  allusion  should  be  made  to  any  revolution  as 
having  taken  place  in  Pictland  about  this  time,  either  by  Nennius, 
who  wrote  about  858,  and  who  expressly  states  that  the  Picts  then 
continued  to  hold  a  third  part  of  Britain ;  by  Asaer,  the  biographer 
of  king  Alfred,  who  wrote  before  the  end  of  the  same  century,  and 
who  speaks  of  the  Danes  ravaging  the  Picts  in  875;  by  the  Saxon 
Chronicler,  by  Ethelwerd,  or  by  Ingulphus,  who,  in  the  10th  and  11th 
centuries,  all  continue  to  speak  of  the  Picts  as  an  existing  people ; 
by  the  Ixish  annalist,  Tighemac,  who  wrote  about  1088,  and  who  con- 
tinues a  regular  chronicle  of  the  Pictish  kings,  among  whom  he 
reckons  Kenneth  himself,  down  to  the  death  of  his  son  Constan- 
tino IL,  in  875 ;  by  the  Welsh  annalists,  who,  in  Kke  manner,  style 
Kexmeth  simply  king  of  the  Picts ;  or  finally,  by  the  singular  genea- 
logical i>oem,  commonly  called  ^e  Gaelic  or  Albanic  Duan,  belonging 
to  the  reign  of  Malcolm  IIL  (1056-1098),  which  passes  over  the  reign 
of  Kenneth  II.  without  any  remark;  though  it  states  that  the 
Cruithne  had  gone  from  Ireland,  and  seventv  longs  had  possessed  the 
Cruithne  plains.  It  thus  appears  that  neither  we  Irish,  the  Welsh, 
nor  the  Saxon  annalists  who  lived  nearest  to  the  time,  ever  heard  of 
this  subjugation  of  the  Picts  by  the  Scots,  which  the  later  Scottish 
chroniclers  would  have  us  believe  amounted  to  the  entire  destruction 
of  the  Pictish  nation^  and  indeed  to  the  utter  extirpation  of  that 
people  from  the  soil  of  Scotland.  Nevertheless,  the  fact  remains  un- 
questionable and  imdisputed,  that  Kenneth  IL,  or  Kenneth  ]UUu»lpin, 
as  he  is  commonly  called,  having  been  originally  king  of  the  Scots,  or 
Dalriads,  became  kSng  of  the  Picts  about  the  date  assigned  to  his 
conquest  of  that  people;  and  the  probability  therefore  seems  to  be 
that  this  Dalriadic  king  had  a  claim  by  descent  to  the  Pictish  throne, 
and  that  the  contest  in  which  he  proved  victorious  was  in  fact  not  a 
war  between  the  Scots  and  Picts,  but  merely  a  dispute  between  him 
and  a  rival  claimant  for  the  crown  of  Pictland,  whic^  (terminated  in 
its  aoquisitf^on  by  Kenneth,  and  consequently  in  the  union  of  the  two 
kingdoms  imder  one  sceptre.  The  two  people  also  were  of  allied  races, 
and  might  have  easily  amalgamated.  Kenneth,  we  may  here  notice, 
appears  to  have  followed  up  this  success  by  a  course  of  policy  having 
for  its  aim  the  ultimate  incorporation  with  his  own  dominions  of  the 
adjoining  (perhaps  PictLsh)  kmgdom  of  Strath-Clyde;  and  that  object 
was  in  fact  accomplished,  and  the  whole  of  what  is  now  called  Scotland 
brought  (nominally  at  least)  under  one  rule,  in  the  year  978,  in  the 
reign  of  his  great-great-grandson  Kenneth  III.  Even  down  to  a  con- 
siderablv  later  date  than  this,  however,  a  great  part  of  the  north-east  of 
Scotland  appears  to  have  been  actually  held  by  Norwegian  princes,  who 
did  not  acknowledge  the  sovereignty  of  the  descendants  of  Kenneth 
Macalpin;  and  even  some  of  the  great  Highland  chiefs  of  the  west 
long  continued  to.  maintain  almost  as  substantial  if  not  as  openly 
avowed  an  independence. 

Certain  singular  architectural  remains  found  in  some  perts  of  Scot- 
land are  still  popularly  known  there  by  the  name  of  Picts'  houses : 
and  the  Picts,  or  Pedis,  live  in  the  traditions  of  the  country  as  a 
people  of  almost  superhuman  'strength  and  dexterity.  This  would 
seem  to  indicate  the  poaseasion  by  that  race  of  a  more  advanced  civili- 
sation than  belonged  to  the  other  races  by  whom  they  were  surrounded. 
Many  carvings  on  stone,  of  a  very  remarkable  character,  the  prevailing 
emblems  being  a  serpent  with  a  zigzag  line  passing  through  it,  and 
two  or  sometimes  three  circles  united  by  double  parallel  lines,  are 
scattered  over  the  whole  of  the  tract  which  once  formed  the 
dominion  of  the  Picts ;  but  these  curious  monuments  have  not  yet 
received  the  investigation  they  deserve,  and  whether  they  are  Pictish 
or  Norwegian  remains  doubt^  Of  these  various  works  an  interest- 
ing account  is  given  in  Danid  Wilson's '  Archaeology  and  Prehistoric 
Annals  of  Scotland/  1851. 

PICTURE.    [Painting.] 

PICTURESQUE  (in  Italian  PittorMCo,  punter-like  or  picture-like, 
and  therefore  expressed  in  German  by  the  word  MahUrisch,  which  is  of 
exactly  the  same  import)  is  that  quality  which  peculiarly  recbmmends 
objects  for  pictorial  representation.  Consequently,  in  order  to  ascer- 
tain wherein  this  quality  consists,  it  is  necessary  to  consider  what  it  is 
that,  independently  of  other  things,  contributes  to  the  general  effect  of 
a  picture,  and  recommends  more  puticularly  certain  classes  of  objects 
as  suitable  for  the  pencil.  A  picture  ia  a  representation  upon  a  plane 
sur&ce  of  bodies  m  relief,  delineated  as  they  appear  to  the  eye,  by 
means  of  form  and  colour,  and  their  accompanying  Ught  and  shade, 
which  degree  of  relief  or  illusion  will  generally  be  in  proportion  as  the 
objects  th!smselves  are  favourable  to  artistical  execution  on  account  of 
the  apparent  diversity  and  variety  which  they  present  to  the  eye,  and 
with  whidi  they  must  accordingly  be  represented  in  painting,  although 
in  themselves,  or  taken  separately,  they  may  appear  monotonous. 
Hence,  provided  any  object  presents  that  variety  to  the  eye  which  the 
artist  requires  in  order  to  display  the  artiflee  of  his  pencil,  it  matters 
not  how  impicturesque  it  may  be  when  otherwise  viewed,  or  though  it 
should  possess  in  itself  none  of  those  qualities  which  are  commonly 
insisted  upon  as  essenti^ftl  tq  the  picturesque. 
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"  The  ideaa  of  n^at  and  tmoolh,'*  aays  QilpiAyWhois  ganenfly  vef erred 
to  w  an  authority  upon  tbis  subject,  "  instead  of  being  picturesque^ 
disqwUify  the  object  in  which  tiiey  reside  ^from  any  pretensdonB  to 
picturesque  beauty."  But  how  can  we  reooodle  this  iheoiy  with  fact 
when  we  observe  that  many  things  which  are  remaikable  lor  ihs  yerj 
imoothneia  here  objected  to  as  a  disqualification,  are  selected  by  the 
artist  as  being  admirably  suited  for  his  pendl?  Still  it  may  be 
granted  that  whilst  the  painter  often  has  to  tuggeet  the  idea  of  neatDflos 
or  smoothness  in  the  objects  he  depicts,  he  is  careful  to  ayoid  that 
'  degree  of  neatness  and  smoothness  wl^ch  the  artisaa  aims  to  produce. 
Smoothness  is  one  quality  of  satin  and  velvet ;  and  the  idea  of  smooth- 
ness, it  may  be  presumed,  and  generally  of  uniformity  of  calhuT  ^v>, 
throughout  the  material,  is  excited  in  the  beholder ;  but  .then,  in  order 
to  produce  such  appearance  in  painting,  ^le  artist  must  employ  a  great 
number  of  tints  and  colours,  some  of  them  quite  different  from  the 
local  or  positive  colour  of  the  object '  itself,  in  order  faithfully  to 
express  all  the  various  modifications  which  tiie  actual  colour  of  the 
object  receives  horn  light,  when  seen  as  it  is  intended  to  be  repre- 
sented in  the  picture. 

Another  opinion,  which  appears  equally  inooirect,  is  that  the 
picturesque  is  something  distinct  from  and  opposed  to  beauty,  whereas 
this  is  very  far  from  being  the  case ;  for  although  there  is  an  extensive 
class  of  objects  which  are  disagreeable  in  reality,  and  which  yet  become 
attractive  in  representation,  where  they  are  divested  of  aU  that  renders 
them  physically  repulsive  (sudi  aA  beggars,  hovels  that  seem  the  abode 
of  penury  and  filth,  ftc.),  there  are  likewise  nitmerous  others  which, 
iwhUe  th^  are  beautiful  in  themselves,  are  far  from  being  deficient  in 
picturesque  quality.  It  is  true  Hvate  are  alsp  not  a  lew  that  are 
eminently  ddightful  or  beautiful  in  nature,  yet  beeome  insipid  in 
representation;  but  that  is  because  they  are  deficient  in  that  variety 
of  colour  and  form  which  painting  demands.  A  level  well-kept  lawn 
presenting  a  uniform  suiuoe  of  rich  verdure  is  beautiful,  that  is, 
excites  lively  pleasurable  emotions,  but  it  is  so  ^  from  picturesque 
that  it  is  generally  made  use  of  as  an  argument  to  prove  that  neatness 
and  smoothness  are  incompatible  with  pietuieaqueneBS.  Such  an 
object  undoubtedly,  when  transferred  to  the  canvas,  andmade  to  oocupy 
a  prominent  place  in  the  composition,  .does  not  produce  a  good  efifeot, 
inasmuch  as  it  then  shows  only  ks  a  mcmotonous  suifaqe  of  nearly 
unbroken  green  colour :  but  if  we  break  its  uniformity  of  surface  by 
fi^:ures,  by  idiadows,  by  gleams  of  light,  by  gradations  of  hue,  and  make 
it  duly  subordinate  to  the  objects  placed  upon  it,  though  it  will  still 
convey  the  idea  of  being  a  levd  pieoe  of  grass,  it  will  be  divested  of 
its  monotony,  and  may  even  become  picturesque,  if  it  should  produce 
a  good  contrast  to  other  parts. 

The  same  theory  holds  true  with  respect  to  form,  it  beiiiig  by  no 
means  correct  that  objects  are  picturesque  in  proportiop  as  they  are 
irreeular  and  devoid  of  symmet^ ;  though,  as  before  said,  the  painter, 
whilst  maintaining  the  appearance,  gets  rid  of  the  formal  presentation 
of  symmetry.  Thus,  of  a  piece  of  regular  architecture :  if  it  be  shown 
merely  in  elevaticm,  a  structure  which  is  symmetarical  will  produoe' a 
stiff  and  inartistic  appearance;  but  on  the  contrary,  by  means  of 
judicious  foreshortening.or  perspective,  of  shadows  thrown  upon  it  so 
as  to  break  up  the  too  ^^eat  equality  of  its  masses,  and  by  means  of 
ijgures  and  other  accidents,  it  may  be  made  to  present  an  agreeable 
species  of  irregularity  to  the  eye,  at  the  i^me  time  that  it  suggests  to 
the  mind  the  idea  of  the  most  perfegit  symmetry. 

Although,  therefore,  i^e  term  picturesque  is  often  applied,  by  way  of 
distinction,  to  that  daas  of  objects  whidi  are  w^  suited  for  painting, 
but  possess  qualiti^  more  or  Ubb  disagreeable  in  themselves,  and  so  &r 
implies  something  distinct  from  if  not  i^tMolutely  opposed  to  beauty,  it 
comprehends  also  another  class,  which,  whUe  they  are  beautiful  in 
themselves,  require  to  be  accommodated  to  pictorial  r^resentation, 
inasmuch  as,  in  order  to  produce  their  images  upon  canvas,  there  must 
be  great  contrasts  and  irregularities,  both  in  respect  of  form  sad  oolour. 
The  truth  probably  is,  thi^t  while  every  object  may  be,  under  certain 
circumstances,  adxniaaible  into  a  picture,  and  by  means  of  proper 
artistic  treatment  be  so  far  rendered  agreeable  to  the  oye  as  to  be  then 
properly  termed  picturesque— yet  there  are  particular  objects  which  by 
then:  forms  or  surfaces  are  suitable  for  representation  as  leading  f eatm^ 
in  a  picture,  without  that  artistic  modification  which  more  formal 
objects  require,  unless  they  be  introduced  as  mere  accessories :  and 
hence  these  are  not  improperly  distingmshed  by  the  term  picturesque. 
^  PIEPOWDER  COURT.  By  the  common  law  eveiy  ownerof  a 
fair  or  market  is  bound  to  hold  a  court  for  the  decision  of  matters 
arising  therein,  which  being  instituted  principally  for  the  convenience 
of  the  itinerant  dealer,  was  called  in  Norman  French  '  pied  pouldreux,* 
the  court  of  pipowders,  "curia  pedis  pulveriaati."  The  court  is  held 
before  the  owner  of  the  fan-  or  market,  or  his  steward,  who,  by 
II  1  ^"i?^*  ^'  ^'  **  prohibited  from  entertaining  any  action  unlees 
the  plaintiff  or  his  attorney  swear  that  the  cause  of  action  arose  within 
the  precmcts  and  during  the  time  of  the  same  fair  or  market  Before 
gat  statute  these  courts  appear  to  have  emulated  tho^e  of  Westminster 
Hall  in  seeking  to  extend  their  jurisdiction;  and  in  tiie  iH«)eding 
reign,  W.  Larke,  the  servant  of  a  burgess  coming  to  the  pediiament, 
was  arrested  in  the  fair  of  the  abbot  of  Westminster.  He  was  trans- 
ferred by  his  creditor,  Margerie  Janyns,  to  the  Fleet,  where  he 
remained  till,  by  the  interference  of  the  House  of  Commons,  he 
obtained  his  discharge.    (4  Rot.  Pari,  867.) 


This  court  in  its  turn  has  been  gradually  encroached  upon  by  the 
superior  courts,  and  is  now  fallen  into  total  disuse.  (See  BladEst 
'Com./  voL  iiL,  and  Mr.  Morley's  account  of  Piepowder  Court, 
voL  viL  of  'Notes  and  Queries,'  new  series,  p.  498.)  A  book  is 
deposited  in  Ghiildhall  library,  in  the  city  of  Londoxi,the  last  entiy  in 
wiueh  is,  "September  2, 1864 — The  lord  mayor  not  havii^  proclaimed 
Barthdomew-^ur,  the  court  of  piepowder  consequently  was  not  held." 

PIER  (from  the  Frwich  pierre,  stone)  the  general  nanie  for  the  mM 
spaces  between  a  series  of  openings  in  a  wall,  whether  windows  or 
arehes;  but  in  its  technical  meaning  the  term  is  more  particuLuij 
applied  to  the  pillar-like  masses  of  masonry  or  brick-work  from  which 
arches  spring,  rising  from  what  is  termed  the  HMpoBt  capping  the  pier, 
and  which<generally  consists  of  a  series  of  mouldings,  although  aome- 
times  it  is  merely  a  platband,  and  occasionally  the  impost  is  omi^ 
altogether,  especially  in  rusticated  basements. 

Piers  are  frequently  decorated  with  either  pilasters  or  engp^ 
columns.  In  many  instances  columns  are  substituted  for  piers,  jAacad 
either  singly  or  in  pairs ;  and  the  arches  spring  either  immediately 
from  their  capitals  or  from  an  entabkture  over  them.  Tbeie  an 
again  many  examples  in  which  both  piero  and  a  lesser  order  or  bub- 
order  of  colinnnB  are  en^iloyed,  the  latter  being  insulated  on  each  skl« 
of  the  pier,  and  their  entablature  forming  the  impost  from  which  tii« 
arches  spritig.  Palladio'a  Basilica,  or  PalaEax>  di  Ragione,  at  Vicenza^ 
alfovds  an  example  of  the  kind,  in  which  the  faces  of  the  piers  them* 
salves  consist  of  a  huger  order  in  hall  cc^umns,  so  that  the  whole  oom- 
position  resembles  a  series  of  what  are  termed  arched  Yonetaan  win- 
dows entirely  filling  up  the  spaces  between  the  Luger  cdumDii. 
Besides  these  and  other  modes  of  decoration*  niches  are  oocasiooUlj 
introduced  as  ornaments  to  piers. 

In  Pointed  Qothic  architecture  the  insulated  piers  suppcrtingVfaat 
are  distinguished  by  the  name  of  pier^rches  are  not  rectangular  in 
plan,  but,  q>layed  o^  or  turned  diagonally.  Early  En^^ish,  or  First 
Pointed  piers,  as  at  Salisbury,  frequently  consist  of  an  insulated  cjlin- 
drical  column,  surrounded  by  slender  detached  shafts,  all  uniting  imdfir 
the  same  capital;  but  sometimes  the.  central  > column  i»  oota^ioalor 
square.  In  Middle  Pointed  or  Decorated  churches  the  pier  is  frequentlj 
formed  of  four  semi-cylindrical  shafts  united  togeth^ ;  aometii&es  U 
eight  shafts  joioed  together,  four  large  and ,  four  small,  either  plain  or 
filleted  up  t^e  &M>e ;  in  some  cases  it  resembles  a  cluster  of  slender 
shafts  united  on  a  lozenge  plan :  but  many  varieties  oocur,  though 
almost  invariably  the  smaller  shafts  are  attached  instead  of  being 
detached  as  in  the  preceding  style.  The  Third  Pointed  or  Perpen- 
dicular piers  are  commonly  in  section  a  square  or  paralh»logram  with 
the  angles  splayed  or  out  in  a  deep  hollow;  or  else  they  are  often 
moulded  shafts,  which  latter  are  sometimes  a  contanuatioa  of  the 
mouldings  forming  the  arch,  carried  down  without  any  inteiTuptio& 
by  capitels  or  horizontal  mouldings  to  the  shafts,  jei  s<»Qetimes  ter- 
wiinatnng  below  in  moulded  bases ;  at  others  dying  tuto  or  uniting  with 
the  plain  surince  forming  the  footing  or  general  base  of  tiie  pier. 
[GofHio  Arojuteoty&b.] 

The  teem  pier  is  also  api^ied  to  the  solid  masses  supporting  the 
arches  of  a  bridge ;  with  the  exertion  of  the  extreme  ones,  iK'hich  are 
distinguished  by  the  name  of  abutments.  [Abutments.]  The  }Hera 
of  bridges  have  no  impost  mouldings,  and  they  are  carried  quit« 
through  the  structure,  their  depth  being  equal  to  the  breadth  of  the 
bridge  itself  from  the  parapet  on  one  side  to  that  on  the  oUier. 

Pier  is  likewise  the  name  given  to  a  mole  or  jetty  carried  oat  into 
the  sea.    See  the  article  Pises. 

PI£RRI£R  was  the  term  originally  applied  to  an  engine  for  casting 
stones;  then  to  a  small  kind  of  cannon  used  with  stone  shot  It  is  now 
generally  ^pUed  to  a  description  of  mortar  for  throwing  stones,  and 
also  to  a  fougass  [Fouqass]  loaded  with  stones  made  for  £e  protection 
of  breaches,  &a,  to  be  fired  when  the  assaulting  column  appreadies. 

PIERS,  of  ffarboun  and  qf  Landing-Places.  In  the  arti&cial  har- 
bours formed  upon  the  shores  of  bays  or  roadsteads,  it  ia  often  nece&aaiy 
to  execute  a  defensive  mass  of  stone- work,  or  occasionally  of  timber, 
either  for  the  purpose  of  securing  the  tranquillity  of  the  harbour,  or.  of 
providing  the  means  for  landing  goods  and  passengers  &om  ships  ifttich 
require  a  considerable  depth  of  water.  These  works  are  known  by  the 
names  of  pien  or  oi  jetties,  and  their  construction  involves  some  of  the 
most  interesting  questions  pf  the  science  of  marine  hydraulic  engineer- 
ing, on  account  of  the  mechanical  difficulties  of  their  execution,  and  of 
the  influence  whic^  every  change  in  the  outline  of  a  sea-shore  mifist 
exercise  upon  the  relative  conditions  of  the  tides,  ciurents,  and  alluvial 
deposits  which  take  place  on  that  shore.  It  would  seem,  from  th^se 
remarks,  that  the  most  important  points  to  be  discussed  in  debig^ing 
any  work  of  these  descriptions  are — 1,  the  directions  to  be  giv«a  to 
them  in  plan ;  2,  the  techmcal  methods  of  their  execution ;  and  3,  the 
precautions  to  be  taken  to  prevent,  or  the  methods  to  be  adopted  fur 
removing,  any  (iccumnlation  of  alluvial  matters  caused  by  the  erection 
of  the  piers. 

1.  Before  enterimc  upon  the  oonsideration  of  the  details  of  piers  or 
jetties,  it  may  be  observed  that  their  execution  is  only  desirable  when 
the  port  they  are  intended  to  serve  is  situated  in  a  bay  whldi  is  natu- 
rally sheltered  from  the  extreme  violence  of  the  sea.  There  are^  ^ 
doubt,  many  haibours  formed  upon  exposed  coasts  where  the  pieis  are 
nisde  to  inclose,  at  once  from  the  sea,  an  outer  harbour,  leading  to  still 
water  inner  basins ;  as,  for  instance,  at  Ram^gate,  Dieppe,  £c    But 
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however  the  pien  of  such  hArboun  may  be  placed,  there  mint  ahrays 
be  BO  great  a  danger  of  a  ship  mining  the  entrance  in  a  storm,  vnA  the 
agitalrion  of  the  wavee  in  the  outer  harbour,  at  such  periods,  must  pro* 
duce  such  an  amount  of  injury  to  the  lo^-gatea  of  the  inner  harbour, 
that  it  may  be  laid  down  as  a  general  rule  that  no  safe  hiffbour,  no  real 
harbour  of  refuge,  can  ever  be  formed  on  an  open  shore. 

Aflsuming,  however,  that  the  position  selected  for  the  erection  of  the 
piers  of  a  harbour  is  properly  sheltered  from  tiie  violenoe  of  the  open 
sea,  the  direction  of  the  piers  tbemeelves  must  be  such  as  to  allow  the 
current  of  the  flood-tide  to  assist  in  carrying  a  ship  into  the  bir  way 
of  the  channel ;  and  the  general  practiee  appears  to  be  In  fevour  of 
their  being  placed  so  r  as  to  form  an  angle  of  from  12*  to  20*  to  the 
direction  of  the  prevailing  vHnds,  although  local  drcumstanoea  may, 
and  often  do,  require  that  the  latter  law  should  be  modifled.  If  the 
sea  should  be  exposed  to  the  action  of  the  wind  to  such  an  extent  as  to 
be  Terv  rough  in  stonny  weather,  the  piers  must  not  be  built  in 
straight,  or  even  in  long,  circular,  or  elliptical  lines ;  because  in  that 
case  the  agitation  of  the  open  sea  would  be  tiansmitted  to  the  inner 
harbour.  But  when  the  outlines  of  the  piers,  in  plan,  are  made  p<dy- 
gona),  the  agitation  of  the  sea  may  be  reflected  from  nd»  to  side,  and 
thua  reach  the  inner  harbour  in  perhaps  a  more  dangerous  manner 
than  even  in  the  case  of  the  straight  walls,  because  the  wares  will  be 
more  irregular,  and  will  interfere  greatly  with  the  steering  of  the  ship. 
It  would  appear  that  the  system  adopted  in  the  construction  of  the 
jetties  of  Dieppe  and  of  Havre,  in  bow  of  whioh  ports  wood^  break- 
waters are  inserted  in  the  line  of  the  piers  (the  latter  b^ng  polygonal 
in  plan),  is  the  one  most  fitted  for  harbours  in  exposed  situationa ; 
whereasf  in  sheltered  positions,  either  straight  or  carved  pier^tnay  be 
resorted  to. 

One  of  the  most  important  functions  piers  are  designed  to  per- 
form being  to  facilitate  the  movements  of  the  shipping  resorting  to  a 
harbour,  it  is  advisable  in  designing  them  to  dispose  their  plans  so  as 
rather  to  facilitate  the  entiy  than  the  departure  of  vessels ;  because  a 
ship  in  harbour  can  ahroys  wait  for  a  favoinable  condition  of  droum- 
stances,  whilst  a  ship  entering  may  be  compelled  to  do  so  under  stress 
of  weather.  Under  these  conditions,  the  entrances  are  disposed  so  as 
to  allow  the  current  of  the  flood-tide,  or  the  inshore  cnrrsnts,  if  no 
marked  tides  should  exist,  to  carry  the  ship  into  the  fair-way  dumnel, 
without  exercising  any  influence  likely  to  carry  the  ship  against  the 
jetty  walls.  As  to  the  length  to  be  given  to  the  piers,  it  muat  be 
regulated,  firstly,  by  the  distance  of  the  deep-water  line  from  the  Hne 
of  the  shore ;  secondly,  by  the  set  of  the  currents;  and  thirdlv,  by  the 
means  used  in  the  particiiJar  port  for  hauling  out  the  vessels.  This 
latter  practical  detail  of  navigation  will  be  found  especially  to  affset 
the  respective  lengths  of  the  pien,  when  two  are  used ;  because  when 
the  outgoing  vessels  are  hauled  by  men,  or  warped  by  ropes,  the  pier 
which  serves  for  those  operations  must  be  made  sufficiently  long  to 
allow  the  vessel  to  make  her  first  tack  without  any  danger  of  her 
falling  off  against  the  opposite  pier.  As  a  general  rule,  it,  is  pteferable 
to  make  the  pier  under  the  prevailing  wind  longer  than  the  other  one ; 
but  local  circumstances  may  at  times  render  it  necenaty  to  modify 
the  application  of  this  law. 

The  width  to  be  given  to  the  dbannel  between  the  two  pien  of 
harboun,  where  such  double  works  are  required,  should  be  at  least 
such  as  to  allow  three  ships  to  enter  at  the  same  time,  under  full  sail ; 
and  this  width  may  vary  between  100  and  260  feet,  according  to  the 
clasa  of  vessels  frequenting  the  harbour.  At  the  heads  of  the  pien 
the  widths  of  the  channels  should  be  increased,  because  the  ships 
entering  require  more  room  for  their  evohxtionB  when  under  the 
influence  of  the  way  they  bring  in  from  the  open  sea  than  they  do 
when  they  have  followed  the  narrow  channel  for  some  time.  The 
general  use  of  steam-tugs,  by  enabling  several  vessels  to  leave  at  the 
same  time,  seems  to  have  rendered  it  desirable  to  increase  the  width  of 
the  channels. 

In  river-pien,  and  in  landing-stages,  the  only  considerations  which 
affect  the  plan  to  be  given  to  the  structures  are,  the  depth  of  the  water, 
and  the  possibility  of  the  transmission  of  the  agitation  from  the  open 
sea,  or  of  the  locaJ  agitation  produced  by  the  action  of  tiie  wind  upon 
a  large  suriace  of  water.  The  latter  jmenomenon,  as  is  well  known, 
depends  on  the  depth  quite  as  much  as  on  the  extent  of  the  water- 
surface  over  which  the  wind  blows ;  and  it  is  for  tius  reason  that,  in 
broad  deep  riven,  such  as  the  Southampton  Water,  the  pien  are  made 
curvilinear  in  plan,  in  order  to  inclose  and  protest  a  species  of  port ; 
whilst  on  the  shallow  shores  of  the  Thames,  at  such  places  as  South- 
end, a  straight  pier  is  found  to  be  sufficient  for  the  real  necessitieB  of 
the  locality.  The  peculiar  range  of  the  tides  at  any  particular  place 
may  render  it  neoeasaiy  to  vary  the  means  adopted  for  fadlitatmg  the 
loading  and  unloading  of  ships ;  but  a  study  of  the  various  landing- 
stagea  on  the  Thamea  will  teach  the  student  far  mora  on  this  subject 
than  it  would  be  possible  to  do  within  the  limits  of  this  article. 

2.  As  to  the  technical  methods  of  constructing  pien,  they  must 
evidently  be  regulated  by  the  nature  of  the  building  materials  fur- 
nished by  the  locality ;  and  those  structures  may  either  be  formed  of 
wood,  concrete,  loose  rubble  stone,  or  solid  masonry  bedded  in  mortar ; 
they  may  be  either  perfectly  closed  on  the  water-lme^  or  open,  so  as  to 
allow  any  Uttoral  current  to  sweep  through  them. 

When  wood  is  used,  the  foundations  intended  to  receive  the  upper 
■fcructure  require  to  be  executed  with  great  care,  and  in  such  a  manner 


as  to  allow  the  said  upper  structure  to  be  repaired  with  ease,  and  with- 
out afllbcting  the  foundations ;  for  it  is  essential  to  bear  in  mind,  ihat 
tiie  shook,  or  the  abrasion,  produced  either  by  vessels,  by  waves,  or 
eumnte,  and  that  the  ravages  of  the  Teredo  navaU$,  or  at  the  Limnoria 
terdiromt,  are  most  injurious  to  the  parts  of  a  wooden  pier  placed' 
between  high  and  low  water-mark.  All  those  parts  must,  therefore, 
be  easily  aooesrible,  and  renewable,  either  separately  or  entirely,  as 
may  be  required.  It  is  customaty  to  execute  wooden  pien  with  piles 
and  whaling-pieces,  fixed  below  the  level  of  the  ground  of  the  fore- 
shore, and  upon  these  a  series  of  trapezoidal  frames,  carefully  braced 
and  bolted  together,  are  plaoed.  The  lower  part  of  these  frames  in 
covered  with  loose  rubble,  concrete,  or  fascines,  m  order  to  protect  the 
foundations. 

In  open  wood  pien  the  frames  are  fixed  at  distances  asunder  of  from 
6  to  10  feet  in  the  sea,  according  to  the  depth  of  water,  and  the 
habitual  agitation  of  the  latter  at  the  place  considered.  The  frames 
are  made  in  the  form  of  a  trapesium,  the  inclined  sides  beins 
respectively  turned  towards  the  open  sea,  or  towards  the  sheltered 
ohimnel,  and  fonning  an  angle  of  from  13*  to  88^,  witl^  a  vertical  line 
passing  through  their  points  of  junction  with  the  sill  pieces.  According 
to  the  width  intended  to  be  given  to  the  roadway  of  the  pier,  the 
frames  are  made  with  one  or  more  upright  posts,  between  the  inoUned 
sides,  and  the  whole  are  retained  in  their  places  by  cross  ties  and 
raking  braces  converting  ^e  parts  of  the  assemblage  into  a  series  of 
triangles,  the  sills  and  heads  forming  with  the  inclined  sides  the  outer 
Hnes  of  the  framsSi  Longitudinally  these  frames  are  connected  hy 
whales,  stringen,  and  by  the  joists  of  the  platform,  and  upon  the 
latter  ike  planking  of  the  road-way  of  the  pier  is  laid ;  this  planking 
is  formed  of  rather  narrow  timber,  about  4  or  5  inches  thick,  Jaid  with 
intervals  of  about  I^  or  1  inch.  The  planks  are  spiked  down  upon  the 
joists,  but  upon  th^  ends  they  are  clipped  by  a  bridging  joist,  bolted 
to  the  longitudinal  sill  fastened  to  the  frames;  sometimes  this 
bridging  joist  also  bean  a  handrail  of  open  timberwork.  Tenon  joints 
should  be  avoided  in  the  caipentei^B  work  of  the  frames,  and  under  no 
circumstances  whatever  should  th^  planking  of  the  roadway  be  laid 
water-tight. 

Should  the  wooden  pien  be  filled  in  with  rough  stonework,  the 
latter  material  wiU  be  retained  by  means  of  close  boarding  laid  hori- 
eontally  against  the  upright  posts  of  the  framing;  and  when  that 
planking  &  carefully  laid,  the  interior  may  be  filled  in  with  shingle, 
sand,  or  clay,  or  with  concrete  made  with  a  hydraulic  lime  basis.  It 
would  appear  that  the  best  position  for  the  planking,  under  these 
circumstances,  is  upon  the  outside  of  the  frames;  for  although 
unquestionably,  the  planks  would  resist  the  tendency  to  displacement, 
from  the  weight  of  the  filling-in  material,  more  efficaciously  if  they 
were  nailed  upon  the  inside  than  if  they  were  nailed  upon  the  outside, 
yet  in  the  latter  case  the  framing  would  be  far  more  efficaciously 
protected  from  the  action  of  the  waves,  and  it  would  be  much  easier  to 
repair  any  accidental  damage.  The  esMntial  condition  in  all  these 
cases  is,  in  fact,  that  the  substantial  framing  should  be  withdrawn  as 
much  as  possible  from  the  direct  action  of  the  sea ;  and  that  those 
parts,  which  are  exposed  to  it,  diould  be  susceptible  of  being  easily 
refdaced. 

The  advantages  of  wooden  jetties  consist  in  the  economy  of  theor 
constractton ;  but  in  practice  it  is  found  that  the  repahs  of  such  work 
are  so  frequent,  and  so  costly,  that  the  use  of  wood  should  be  only 
resorted  to  when  it  is  utterly  impossible  to  resort  to  the  use  of  more 
durable,  even  though  originidly  more  expensive  materials.  Open  wood 
pien  have,  however,  another  occasional  advantage,  namely,  that  they 
do  not  seriously  interfere  with  the  advance  of  any  littoral  current,  and 
therefore  they  are  not  so  likely  to  produce  any  change  in  the  outline  of 
the  shore,  by  producing  a  deposit  of  alluvial  mattera,  as  a  solid  pier 
would  do.  In  the  landing  stage  lately  erected  at  Mai^gate  an  attempt 
has  been  made  to  unite  the  advantages  of  open  pien  With  greater 
durability,  by  the  use  of  cast  iron  piles ;  but  it  would  be  desirable  to 
watch  the  effect  of  sea  water  on  the  iron  during  some  yean,  before 
passii^  any  opinion  on  the  merits  of  this  system.  It  may  be 
added  that  the  use  of  creasoted  timber,  for  works  exposed  to 
the  action  of  the  sea,  seems  to  have  removed  some  of  tiie  mc^  serious 
objections  to  the  use  of  that  material ;  for  not  on^  has  this  process 
incrcAsed  the  durability  of  the  wood,  ^  but  it  would  appear  to 
constitute  also  an  efficient  protection  against  the  teredo.  Whether 
wood  or  iron  piles  be  used,  it  is  necessary  to  guard  against  the 
pertniflsive  action  of  the  ground  swell  upon  their  heads;  and  it  is  for 
this  purpose  that  the  layer  of  concrete,  rubble,  or  fasdnes,  over  the 
foundations  is  introduced. 

Stone  pien  are  either  executed  of  loose  rubble  thrown  down  and 
allowed  to  assume  its  natural  slope  by  the  action  of  the  waves ;  or  of 
ashlar  masonry  external  walla  bonded  together  so  as  to  form  a  series  of 
cases  filled  in  with  concrete,  or  with^bble  ipasonry,  or  with  a  hearting 
of  earthwork  protected  hj  dressed  masonry  walls;  the  determining 
motives  for  the  selection  of  either  of  these  modes  of  execution  being, 
of  course,  merely  economical  ones.  The  most  difficult  part  of  such 
structures  consists  in  their  foundations  when  executed  at  some 
distance  from  the  shore,  and  in  deep  water,  where  caissons,  or  coffer 
dams  cannot  be  used ;  especially  if  any  strong  littoral  currents  should 
exist  in  the  partioular  locality.  The  very  successful  manner  in  which 
the  new  graving  dock  of  Toulon  was  entirely  construcced  of  concrete. 
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under  a  head  of  water  of  not  Iobb  than  37  feet,  proves  that  it  would  be 
poasible  to  ma^e  a  much  greater  use  of  that  material  than  is  usually 
done  in  England ;  but  of  whatsoever  material  the  piers  may  be  formed, 
the  necessity  for  protecting  the  foundations  from  the  undermining 
actions  of  the  currents,  or  of  the  ground  swcdl,  must  remain  the  same. 
The  other  practiod  remarics  to  be  nuide  with  respect  to  the  execution 
of  masonry  piers  are,  that  they  must  setUe  equably  throughout  their 
whole  mass ;  that  no  openings  should  be  left  by  means  of  which  water 
could  get  into  the  interior,  either  directly,  or  by  syphonment;  that 
the  masonry  should  be  protected  against  the  abrasion  of  the  aUu- 
violis    carried   forward  by  the  curronts,  and  that  the  ships  lying 
alongside  liie  piers  should  not  bear  directly  against  the  face  of  the 
masoniT,  for  which  purpose  fender  piles  are  used ;  finally,  all  abrupt 
projections  must  be  avoided  whether  in  the  plan  or  the  elevation  of 
the  piers,  and  the  surface  of  the  roadway  must  be  carefully  laid,  so  as 
to  throw  off  all  the  water  which  may  break  over  the  piers.    It  is  usual 
to  make  the  width  of  the  roadways,  in  the  body  of  the  work,  from  10 
to  28  feet,  and  to  increase  tliat  width',  at  the  heads,  to  from  80  to  50 
feet ;  the  body  of  the  pier  bemg  kept  about  10  feet  above  the  level  of 
high  spring  tides,  and  the  heads  about  12  feet  above  the  same  leveL 
Generally  speaking,  a  li£;ht*aci!9e  is  erected  near  the  extremity  of  a 
pier;  fog  bells  and  signal  g!U>B  are  fixed;  and  the  necessary  bollards, 
or  mooring  poets,  reeving  puliies,  capstans,  and  landing  staircases  are 
to  be  provided.    It  is  curious  that  the  softer  calcareous  stones  are 
nearly  as  much  affected  by  the  boring  moUusca  as  wood  is  affected  by 
the  Immoria  and  teredo ;  and  that  the  solenidie,  pholidfe,  and  litho- 
domi,  exeroise  fearful  ravages  upon  that  class  of  stones    in  some 
places.    Where  those  animals  abound,  or  where  the  littoral  currents 
carry  forward  much  alluvial  matters,  it  becomes  necessaiy  to  employ 
the  more  resisting  siliceous  rocks,  or  the  granites. 
'     3.   The  questions  connected  with  the  interferences  likely  to   be 
produced  by  the  erection  of  a  pier  upon  the  outline  of  a  coast  are 
often  of  extreme  importance,  not  only  to  the  harbour  it  is  desired  to 
create,  but  also  to  the  whole  of  the  surrounding  district;  andthev 
must,  therefore,  be  very  carefully  and  attentively  studied  before  such 
works  are  conunenced.     Unless  there  should  exist  some  local  cause  of 
diBtiu*bance,  it  will,  in  fact,  be  found  that  the  alluvial  matters  detached 
from  clifb  and  sea-shores  by  the  action  of  the  sea,  will  be  carried 
forward  by  the  fiood-tide  until  they  meet  with  some  impediment  able 
to  check  Uieir  advance ;  they  then  begin  to  accumulate  behind  this 
shelter  until  the  angle  is  filled  in,  when  the  onward  progress  of  the 
alluvions  is  resigned.    If  the  littoral  current  should  sweep  across  the 
mouUi  of  the  pass  between  the  piers,  it  may  carry  the  sand  and  shingle 
past  the  latter ;  but  under  almost  all  cirounistances  a  large  portion  of  Uie 
finer  matters  in  suspension  will  be  carried  into  and  serve  to  silt  up 
the  harbour.    The  same  thing  will  [occur  with  a  few  trifling  modifi- 
cations  when  single  solid  piers  are  carried  out  from  a  shore,  whether 
their  plan  be  straight  or  curved,  or  whether  th^  be  constoicted  in 
the  sea  or  in  rivers ;    the  allu'rial  matters  will  accumulate  on  the 
upside  to  the  current,  and  it  often  happens  (as  it  did  lately  at  Dover) 
that,  until  the  advance  of  the  shingle  again  brings  some  light  moveable 
materials  to  protect  the  fore-shore,  the  newly-created  counter-current 
will  wear  away  the  original  outline  of  the  coast  on  the  downside  of 
the  pier. 

The  Roman  engineers  appear  at  an  early  period  in  the  history  of 
engineering,  to  have  recognised  the  importance  of  these  laws,  and  thev 
constructed  their  ports  habitually  upon  a  series  of  open  arcades,  with 
the  avowed  intention  of  interfering  ss  little  as  possible  with  the 
advance  of  the  littoral  currents.  In  modem  times  the  use  of  wooden 
or  of  iron  open  jetties  has  been  recommended  for  the  same  purpose; 
but  all  these  me^ods  of  palliating  the  evils  of  the  intraference  with 
the  progress  of  the  alluvions  are  open  to  the  serious  objection  that 
they  leave  the  interior  of  the  harbour  without  protection  firom  the 
undulations  of  the  open  sea ;  and  it  therefore  follows  that  if  the  com- 
merce of  the  harbour  should  be  important,  the  piers  should  be  rendered 
sufficiently  solid  to  intercept  the  normal  deposition  of  the  alluvions, 
even  on  the  condition  of  constructing  defence  works  for  the  shores  on 
the  down  side.  Any  materials  which,  under  these  circumstances,  may 
be  carried  round  the  heads  of  the  piers  must  be  removed,  either  by 
means  of  dredgers  or  by  periodical  sluicing.  [Sluiok.]  The  practice 
of  the  most  scientifio  engineers  of  the  present  day,  it  may  be  added, 
tends  towards  the  use  of  dredgers  in  preference  to  sluidng;  both  on 
the  score  of  economy  and  of  efficiency.  When  the  alluvial  matters  are 
removed  by  sluicing  they  are  in  £gict  ozdy  carried  to  the  distance 
which  the  transporting  power  of  the  water  can  command;  and  then 
they  almost  always  are  thrown  down  in  the  form  of  a  bar,  aoroas  the 
mouth  of  the  harbour.  It  would  really  i^pear  that,  imder  these  cir- 
cumstances, it  is  wiser  to  provide  for  the  extraction  ci  the  alluvions 
by  machinery,  proportionate  to  the  quantity  brought  in  within  certain 
definite  periods ;  especially  as  it  would  then  be  easy  to  construct  the 
piers  in  plan,  solely  with  referenoe  to  the  physical  conditions  of  the 
locality  as  affecting  the  navigation,  instead  of  (as  in  the  case  of 
resorting  to  sluicing)  building  the  piers  for  the  purpose  of  guiding 
the  outpouring  waters. 

Lamblardie  is  the  engineer  who  has  studied  the  question  of  the 
advance  of  alluvial  matters  on  a  sea-shore  with  the  most  skill,  attention, 
and  success ;  and  it  is  to  his  works,  or  to  those  of  Zendrini,  or  of  Sir 
H.  Delabeche,  that  the  student  of  this  subject  must  be  refen^    The 


leading  principles  of  this  branch  of  the  science  of  hydraulic  engineering, 
so  far  as  they  are  likely  to  affect  the  construction  of  piers  or  harbours, 
may,  however,  here  be  stated  briefly  as  follows — allowance  of  course 
being  made  for  local  causes  of  disturbance. 

At  the  base  of  steep  cli£b  the  alluvions  follow  the  outlines  of  the 
coast,  and  they  have,  under  ordinary  ciroumstances,  but  little  tendency 
to  change  their  positions ;  in  deep  bays  they  will  assume  a  curvilinear 
outline,  whose  concavi^  will  be  turned  towuds  the  sea  in  the  directioo 
of  the  prevailing  wind,  imless  where  modified  by  the  line  of  the 
current.  If  the  directions  of  the  prevailing  wind  and  of  the  current 
should  be  parallel  to  the  shore,  the  transporting  power  of  the  current 
to  carry  forward  alluvial  matters  will  be  less  than  when  the  directioo 
of  those  forces  assumes  an  ang^e  of  iS^  to  the  coast;  and  when  the 
wind  blows  perpendicularly  to  the  shore,  the  waves  may  exercise  a 
great  effect  in  abrading  the  latter,  but  the  movement  of  the  alluvioos 
will  be  almost  impercq[>tible.  A  bay,  or  a  harbour,  whose  axis  may  be 
in  the  line  of  the  prevailing  wind  will,  therefore,  be  exposed  to  beeome 
rapidly  silted  up;  and  this  rcmilt  will  take  place  with  increased 
rapidity  if  any  land  waters  bringing  down  matters  in  suspension  from 
the  uplands  uould  discharge  themselves  into  the  bay.  One  importtfit 
remark  to  be  made  with  respect  to  the  deposition  of  alluvial  inattera 
in  the  embouchures  of  rivers  receiving  the  flood-tide,  under  circuia- 
stanoes  which  should  allow  the  latter  to  carry  forward  the  ahingle  it 
previously  detached,  is,  that  the  alluvions  so  carried  in  are  of  far  more 
serious  importance  in  their  effects  upon  the  accumulatioiis  arooiKi 
piers  or  harbours  constructed  in  those  rivers  than  are  the  allurial 
matters  brought  down  from  the  uplsnds.  There  is,  in  fMst,  eveiy 
reason  for  bdieving  that  in  such  rivers  ss  the  Thames,  the  Seine,  or 
the  Rhine,  more  idluvial  matter  is  carried  in  from  the  lea  than  the 
land  floods  can  transport  to  their  respective  mouths ;  which,  it  may  be 
added,  is  another  reason  for  constructing  open  piers  in  such  situations, 
because  they  offer  less  resistance  to  the  natural  laws  of  such,  localities. 
After  all,  engineering  ia  essentially  the  science  of  adapting  the  meani 
to  the  end  desired ;  and  economical  conditions  of  first  outlay  may 
often  render  it  expedient  to  depart  from  the  strict  implication  of  even 
strictly  demonstrated  laws ;  but  the  attempt  to  run  counter  to  those  lain 
will  always  be  productive  of  disastrous  results ;  and  in  no  case  ia  thii 
more  true  than  with  regard  to  the  effSsct  of  piere  upon  the  outline  of  a 
coasts  The  histories  of  Ramsgate,  Dover,  Calais,  or  Dunkirk  hsrboim, 
or  of  the  ports,  so  called,  of  refuge  on  our  eastern  coast  may  be 
referred  to  as  illustrations  of  this  remark. 

The  Brighton  chain-pier  may  be  referred  to  as  an  illustration  ol  an 
ingenious  method  of  constructing  woiks  of  this  description  without 
prioducing  any  interference  with  tfie  movement  of  the  alluvions;  bat 
piers  with  such  wide  Intervals  between  the  points  of  support  give  no 
protection  from  the  agitation  of  the  waves. 

PIETISTS,  the  name  given  in  the  17th  oentury  to  a  kind  of 
German  Methodists  or  Evangeliads,  who»  being  members  of  the 
Lutheran  Church,  were  dissatisfied  with  the  cold  dogmatism  of  the 
generality  of  its  oleigy,  and  felt  the  want  of  a  revival  of  religioitt 
feeling  and  of  practical  piety  and  charity.  Without  aepanting  ti^- 
selves  from  the  church,  they  instituted  meetings  called  ''Collegia 
Pietatis,"  from  which  the  denomination  of  Pietists  was  derived. 
Philip  Jacob  Spener,  a  divine  of  the  Lutheran  Churbh,  who  was 
preacher  at  Frankfort  and  afterwards  at  Dresden  and  Berlin,  was  the 
chief  promoter  of  these  meetings,  which  began  about  1670.  [Sfikib, 
in  Bioa.  Drv.] 

PIEZOMETER  (irt^<Sg»  and  awtmw).  Under  ELASTionT  are  noticed 
the  various  attempts  to  measure  tne  compressibility  of  water  and  other 
fiuids,  and  reference  is  made  to  Professor  Oersted's  instrument  by 
which  the  problem  was  satisfactorily  solved.  It  consists  of  a  strong  glass 
cylindrical  vessel  ▲  B  o  d  with  a  smaller  cylinder  ▲  B  s  r  screwed  into  the 
top,  containing  an  air-tight  piston  k  worked  by  a  screw;  x  is  a  glaaa 
bottle,  into  theneck  of  which  is  ground  a  capillary  tube  a  a,  open  at  both 
ends,  of  fine  bore,  and  each  inch  of  its  length  must  express  a  predae 
fraction  of  the  contents  of  the  bottle.  TMi  is  done  by  wsgfaing  how 
much  meroury  the  bottle  will  hold,  and  how  much  an  inch  of  tiie 
bore  of  the  tube.  In  some  of  Oersted's  tubes  each  inch  in  length 
was  found  to  hold  nijfimths  of  the  contents  of  the  bottle.  Let  ua  now 
suppose  the  whole  oTthe  apparatus  to  be  filled  with  water :  any  pres- 
sure upon  it  which  causes  its  surface  in  the  tube  a  a  to  descend  one 
inch,  will  have  compressed  it  by  iijjtmths  of  its  bulk.  The  scale 
attached  to  the  tube  was  graduated,  each  inch  into  40  partsj,  so  that  a 
depression  of  the  water  in  the  tube  through  one  of  thcM  diriaioQa 
would  indicate  a  compression  of  two-millionth&  The  apparatus  being 
arranged  as  in  the  figure,  only  with  the  piston  K  at  the  bottom  of  the 
short  cylinder  in  contact  with  the  water  wMdi  fills  the  lai^ge  cylinder 
and  the  bottle  In,  the  piston  is  screwed  back  towards  Br,  and  ss  it 
recedes  water  is  drawn  into  the  venel  by  the]  siphon  b  p  from  the 
veMel  F.  A  cock  is  then  closed  in  the  siphon,  and  on  screwing  the 
piston  downwards  the  pressure  is  propagated  throiigli  the  ?rater  in 
the  cylinder,  and  also  through  the  tube  a  a  to  the  water  in  the  bottle^ 
such  pressure  being  of  course  precisely  the  same  withui  and  without 
the  bottle.  A  separation  is  made  between  the  water  in  the  tube  as 
and  that  in  the  luge  (^linder,  by  means  of  a  bead  of  air  contained  in 
the  glass  cap  p,  wluch  yielding  to  the  pressure  descends  the  tube  a  a, 
and  serves  as  an  index  finger  to  the  scale.  The  amount  of  pressure 
applied  by  driving  down  the  piston  is  meafuxad  hy  means  of  the  tube 
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N,  which  is  dosed  tA  the  top,  open  at  the  bottom,  and  graduated  into 
equal  poiiB.    It  has  a  ring  of  lead  at  the  bottom  to  keep  it  immerBed, 

and  being  full  of  air  it  readily  indicates  by 
its  compression  the  amount  of  pressure 
applied  to  the  water  by  the  piston.  By 
the  law  of  Marriotte  [Elabticitt],  the 
diminution  in  the  bulk  of  aeriform  bodies 
is  proportional  to  the  pressure,  so  that  by 
observing  the  degree  to  which  the  air  » 
compresmd  in  the  tube  by  the  rise  of 
water  in  it,  tiie  pressure  exerted  by  the 
piston  and  that  sustained  by  the  water  in 
the  bottle  is  always  known.  In  this  way  it 
was  ascertained  that  water  is  compressed 
46j^th  millionths  of  its  bulk  for  every 
atmoephere  of  15  lbs.  on  the  square  incn. 
Of  course  by  filling  the  apparatus  with 
some  other  liquid  its  compressibility  could 
be  ascertained,  and  taking  mercury  as 
unity  in  millionths  of  an  inch,  alcohol  was 
found  to  be  20,  sulphide  of  carbon  80, 
water  46*1,  sulphuric  ether  60. 

The  results  obtained  by  Messrs.  Golladon 
and  Stunn  differ  considerably  from  those 
of  Oersted.  Those  physicists  state  that  a. 
correction  should  be  made  for  the  com- 
pression  of  the  substance  of  the  tube  and 
bottle,  in  consequence  of  the  pressure 
sustained  by  them  within  and  without. 
H,  Poisson  has  given  a  simple  rule  for  this 
correction,  the  necessity  for  which  is  denied 
by  Oersted,  who  states  that  the  recession 
of  water  in  the  oapilkry  tube  is  about  1| 
millionths  greater  when  bottles  of  lead  ana 
tin  are  used  instead  of  bottles  of  glass. 
Piezometers  with  bulbs  of  different  ma- 
terials, filled  with  some  liquid  of  known  compressibility,  have  been 
used  for  ascertaining  the  cubic  compressibility  of  the  material  of  the 
bulbs.  Thus  it  has  been  ascertained  by  Professor  Forbes,  that  the 
cubic  compressibility  of  caoutchouc  is  about  the  same  as  that  of 
water,  for  when  a  piesometer  with  a  caoutchouc  bulb  filled  with 
water  is  compressed,  the  index  remains  nearly  stationary  in  the 
stem. 
PILASTER.  [Column.] 
PILE.    [Galvanism.] 

PILE.  A  piece  of  timber,  or  of  iron  (either  oast  or  wrought), 
driyen  into  the  ground  for  the  purpose  of  acting  in  the  manner  of  a 
oolunm,  to  transmit  the  weight  of  a  superincumbent  structure  to  an 
inferior  resisting  stratum,  when  the  siuiace  stratum  is  of  so  com- 
pressible a  nature  as  to  be  unable  to  support  the  weight  intended  to  be 
put  upon  it,  and  is  so  thick  that  it  cannot  be  removed.  Piles  may  be 
used  either  in  water,  or  on  land ;  and  they  may  be  used  either  isola- 
tedly,  or  in  dose  rows,  retaining  strictly  the  name  of  piles,  in  the  first 
case,  or  those  of  gauge  pHu,  vhUe  pihng,  or  tKeetpUuig,  in  the  latter. 
The  gauge  piles  are  those  driven  to  mark  out  the  position  the  dose 
piling  is  intended  to  enclose ;  the  whole  piling  is  a  dose  endosure 
of  whole  baulks  of  timber;  and  the  sheet  pUing  is  a  similar  endosure 
formed  of  hdf  baulks.  When  cast-iron  pilm^  is  used,  the  gatige 
pHes  are  made  with  grooves  on  the  side,  into  which  plates  with  stiffen- 
mg  ribs  are  inserted ;  whereas  in  the  case  of  wood  piling,  the  dose 
piling  is  made,  in  the  best  description  of  woriu,  with  grooves  and 
tongues,  and  is  kept  in  its  position  by  being  driven  between  whaling 
pieces,  or  horizontal  ties. 

The  descriptions  of  wood  used  for  piles,  in  England  at  least,  are 
beech,  elm,  larch,  Baltic  fir,  rock  elm,  live  oak,  green  heart,  and  the 
sabaca  from  GuianAw  Of  these  woods  the  beech  decays  rapidly  when 
exposed  to  altematioos  of  dryness  and  of  humidity,  but  it  resists  wdl 
when  constantly  immersed ;  dm  resists  changes  of  condition  more 
successfully ;  and  fir,  when  free  from  sap,  is  still  more  durable ;  the 
American  heurd  woods,  such  as  the  rock  elm  and  live  oak,  are  preferable 
to  the  soft  woods  when  the  piles  have  to  be  driven  into  hud  gravd, 
^nd  they  appear  to  be  very  durable ;  and  it  may  be  observed  t£it  the 
green  heart  and  the  sabaou  have  beoi  used  to  a  great  extent  on  account 
of  their  supposed  immunity  from  the  attacks  of  the  teredo.  It  is, 
however,  now  asoertsined  Uiat  those  destructive  creatures  will  attack 
the  green  heart  with  nearly  ssmuch  readiness  as  Ihey  will  attack  any 
other  kind  of  wood ;  and  inasmuch  as  the  lymexylon  atta^  the  green 
heart  on  land,  there  can  be  little  d  priori  reason  for  supposing  that  the 
Ihonoria  should  avoid  it  in  the  water.  In  fact,  the  result  of  all 
the  enqidries  or  experiments  which  have  been  made  with  respect  to 
the  value  of  the  processes  for  the  preservation  of  piles,  or  to  the  un- 
auisted  resistance  of  woods  in  such  positions,  has  hitherto  been  to 
show  that  nothing  but  the  careful  injection  of  creasote  is  able  to 
prolong,  even  temporarily,  their  durability.  As  the  boring  worms, 
however,  do  not  attack  wood  which  is  entirely  buried  in  tiie  ground; 
and  as  the  durability  of  the  wood  itself  is  infinitdy  greater  when  it  is 
potected  from  the  action  of  external  atmospheric  influences  by  .being 
buried;  the  common  sense  of  the  use  of  piling  appean  to  be  to  carry 


the  solid  masonry  or  concrete  foundations  below  the  ground  line, 
so  as  to  ensure  that  the  piles  shall  dways  be  covered. 

Wooden  piles  are  generally  pointed  and  shod  with  iron  at  the  lower 
end,  and  they  are  temporarily  hooped  at  the  top,  in  order  to  prevent 
their  heads  from  being  split  or  beaien  up  during  the  operation  of 
driving.  Occasionally  piles  are  driven  with  their  broad  ends  down- 
vrards,  when  foundations  are  required  to  be  executed  in  soft  mud  of 
indefinite  thickness,  as  in  the  case  of  the  port  of  L'Orient.  It  is  con- 
sidered that  in  such  cases,  the  piles  only  act  to  resist  con^ression  by 
the  friction  devdoped  upon  their  surfaces,  and  that  their  resistance  is 
only  equivalent  to  about  45  lbs.  per  foot  superficial  of  those  surfaces ; 
but  in  addition  to  this  small  amount  of  resistance,  piles,  such  as  are 
thus  described,  are  exposed  to  the  great  inconvenience  of  being  Itkely 
to  be  deflected  from  the  perpendicular  by  any  subsequent  compression 
of  the  subsoil.  If,  however,  such  a  mode  oi  driving  piles  be  resorted 
to,  and  indeed  in  almost  all  cases  of  piled  f  oimdationB,  it  is  advisable  to 
commence  with  the  outer  rows,  ana  to  drive  inwards,  or  towards  the 
centre  of  the  mass,  in  order  to  compress  the  endosed  ground  as  much 
as  possible  under  the  seat  of  the  intended  foundations.  Of  late  years, 
tiie  introduction  of  the  Mitchell's  screw  piles  has  greatly  facilitated  the 
execution  of  works  of  this  description,  in  homogeneous  and  soft 
foundations;  but  they  do^ot  act  in  any  way  to  compress  the  ground, 
and  are  of  more  use  for  the  purpose  of  fixing  piles  intended  to  resist 
lateral  strains,  than  for  driving  piles  intended  to  resist  vertical  weights. 

In  cdculatiiog  the  wdght  a  pile  should  support,  it  is  not  customary 
to  take  into  account  the  assistance  it  recdves  laterally  from  the  ground 
into  which  it  is  driven ;  and  the  number  of  piles,  and  the  load  to  be 
brought  upon  them  are  ascertained  upon  the  supposition  that  they 
must  be  able  to  support  ^at  load  if  they  were  really  isolated ;  or  in 
other  words,  the  longer  the  pile  the  less  must  be  the  weight  it  is  made 
to  bear.  Bondelet,  in  his  '  Art  de  Batir/  gives  a  series  of  tables  of  the 
respective  weights  which  may  safely  be  brought  upon  piles  of  variable 
ratios  between  the  diameters  and  height;  and  it  may  suffice  here  to  say, 
that  when  that  ratio  does  not  exceed  16  times  the  diameter,  Kondelet 
considered  that  the  load  brought  upon  the  pUe  permaiMntli/,  might 
safely  be  carried  to  between  480  and  500  lbs.  per  inch  superficial  of  the 
sectional  area.  Morin,  after  verifying  Mr.  Eaton  Hodgkinson's  tables 
of  the  resistance  of  columns  to  compression,  increased  the  vdue  of  the 
resistance  of  piles ;  and  the  proportionate  (permanent  safety)  loads  to 
be  brought  upon  them  are  considered  at  the  present  day  to  be  nearly 
as  follows : — 


Katlo  diametar  . 
Weight  in  Iba.,  per 
inch  anperfiieial 


IS 

14 

16 

18 

20 

22 

24 

82 

86 

629 

596 

559 

625 

496 

464 

426 

S12 

271 

40 
218 


When  piles  are  being  driven,  they  should  be  made  to  advance  so  far 
into  the  earth  that  the  effort  exercised  upon  their  heads,  or  the  driving 
weight,  should  virtually  exceed  the  statical  effect  of  the  intended 
pennanent  load ;  and  when  this  is  attained,  the  pile  is  said  to  have 
attained  iU  rtfvMiL  There  are  no  recorded  experiments  upon  which  to 
found  a  theory  for  ascertaining  the  conditions  regulating  the  descent  of 
piles ;  and  therefore,  the  rules  for  fixing  their  refusal  must  be  con- 
ddered  as  being  simply  empiricd.  It  is,  however,  customary  to  consider 
that  a  pile  has  attained  a  satisfactory  refusd,  if  it  be  intended  to 
support  25  tons,  and  will  not  descend  more  than  fths  of  an  inch, 
uxKler  a  series  of  80  blows  from  the  monkey  of  a  ringing  engine, 
weighing  12  cwt,  and  falling  a  distance  of  4  feet ;  or  under  a  series  of 
10  blows  from  a  monkey  of  the  same  weight ,  fdling  a  distance  of 
12  feet ;  if  the  weight  be  reduced  to  124  ^i^  P^  pi^^e,  the  refusd  is 
diminished  to  tths  of  an  indi ;  and  if  to  5  tons,  to  2  inches.  At  the 
bridge  of  NeuiUy,  where  the  piles  support  a  weight  of  52  tons  each, 
Perronet  adopted  a  refusd  of  l-5th  of  an  inch  for  a  series  of  25  blows 
with  a  12  cwt  monkey  falUlig  4  feet  8  inches.  It  is  important  to 
observe,  in  all  these  cases,  ^at  the  piles  may  often  appear  "  to  refuse," 
after  having  been  struck  by  frequent  blows  succeeding  one  another 
rapidly,  perhaps  on  account  of  the  superinduotion  of  a  state  of  vibra- 
tion in  either  the  piles  themsdves,  or  in  the  ground ;  and  that  if  the 
driving  be  recommenced,  after  an  intervd  long  enough  to  allow  the 
vibration  to  cease,  the  pile  will  begin  to  descend  s^gain.  In  practice, 
therefore,  no  pile  shomd  be  considered  to  have  attained  its. refusd, 
imtil  the  trid  has  been  repeated  at  the  intervd  of  at  least  one  day 
after  the  first  observation  upon  its  conditions  of  descent. 

In  regularly  piled^foundations,  it  Iy  now  the  custom  to  surround  the 
heads  of  the  piles  with  concrete,  to  a  depth  of  three  feet  below  the 
timber  platform,  and  to  extend  the  concrete  at  least  three  feet  beyond 
the  outer  line  of  the  piles.  The  platforen  is  usually  made  of  two 
courses  of  planks,  the  lower  one  tenonting  upon  the  pile-heads,  and  the 
upper  one  hdving  upon  the  lower.  The  whole  of  tfds  timber  is  again 
buried  in  concrete  to  a  depth  of  two  feet  above  its  uppermost  surface. 
It  is  sought,  in  cases  where  these  precautions  are  taken,  to  render  the 
whole  of  the  foundation  homogeneous,  and  to  guard  against  any  laterd 
displacement  by  the  piles  turning  over  on  their  lower  extemd  edges, 
an  accident  which  often  occurs  when  a  lofty  quay  wall  is  built  upon  a 
oompresdble  subsoil ;  and  dthough  the  precautions  may  be  costly,  the 
result  of  the  works  executed  in  many  of  our  own,  and  in  many  foreign, 
sea-ports,  proves  that  they  cannot  saiely  be  dispensed  with. 

PILE-ENGIKE.  The  machinery  used  for  the  purpose  of  driving 
piles  is  rather  varied ;  but  it  is  only  within  a  very  few  years  that  it 
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has  aasnimed  anything  lilce  a  scientific  character,  or  has  admitted  the 
application  of  any  mechanical  power  oth^  than  mere  brute  strength. 

The  pile-engines  wliioh  are  still  used  in  countries  behind  the  spirit 
of  the  age  in  the  development  of  the  mechanical  arts,  such  as  Holland, 
Germany,  Spain,  or  Italy,  ore  the  old-fashioned  ringing  engfaie,  in 
which  a  monkey,  or  a  large  hammer,  is  raised  by  means  of  a  ptdley 
and  a  rope,  the  latter  being  connected  with  a  great  number  of  cords, 
which  are  puUed  in  unison  by  an  equal  number  of  men.  The  weight 
at  the  monkey  of  these  macnines  is  usually  about  10  or  12  cwt.,  and 
the  f^  is  only  from  4  feet  to  i  feet  8  inuies ;  and  in  practice  it  is 
found  that  the  dynamical  force,  thus  brought  to  bear  upon  the  piles, 
is  not  sufficient  to  dtive  them  through  grounds  of  any  notable  degree 
of  resistance ;  the  ringing  engines,  moreover,  require  so  much  space, 
and  so  great  a  number  of  men,  as  to  render  their  use  extremely  incon- 
venient when  numerous  piles  have  to  be  driven  in  a  small  area. 

In  EiUgland  and  in  Fximce  the 'pile-engines  generally  used  consist  of 
n  vertiosi  frame  of  about  24  feet,  or  at  times  80  feet,  in  height,'  bearing 
at  tile  top  a  puUey,  over  which  passes  a  chain  starting  from  a  crab 
fixed  on  the  ground,  and  able  to  reach  a  monkey  resting,  when  the 
machineiy  is  in  repose,  on  the  pile  head«  When  the  pile  is  being 
driven  the  monkey  is  raised  until  some  fixed  pins  open  the  clutch 
which  supports  the  monkey,  and  the  latter  then  lolls  on  the  pile  head ; 
the  usual  weight  of  the  monkey  is  from  12  to  16  cwt,  and  the  fall 
varies  from  12  to  18  feet,  according  to  the  resistance  the  pile  meets 
with  in  its  descent';  occasionally  the  fiiU  may  be  extended  to  26  feet, 
and  the  crabs  are  often  worked  by  steam,  when  the  number  of  piles  to 
be  driven  within  a  given  area  is  considerable.  The  principal  objection 
to  the  use  of  these  engines  consists  in  the  danger  which  must  exist  of 
their  splitting  the  piles,  either  by  turning  the  shoe,  or  by  the  develop- 
ment of  cross  fissures,  from  the  enormous  force  of  the  blow  produced 
by  a  great  weight  falling  from  a  great  height ;  but  at  the  same  time 
the  rate  of  advance  they  produce  Is  very  rapid,  and  they  are  ecotfo- 
mically  worked. 

The  various  systems  for  sinking  piles  by  pneumstio  pressure  have 
not  hitherto  succeeded  well,  when  applied  to  piles  of  me  dimensions 
ordinarily  used,  although  th^ir  results  have  been  satisfactory  when 
laige  cyunders  have  been  used.  At  the  present  day  these  systems 
have  been  afanost  entirely  abandondd ;  and  when  it  is  necessatr  to 
sink  even  large  hollow  cylinders,  to  a  very  great  depth  through  fight 
soil,  the  use  of  caissons  working  with  compressed  air,  in  the  same 
manner  as  was  done  at  the  Rochester  or  the  Saltash  bridges,  has  been 
substituted  for  the  costly  and  partially  inefficient  meUioids  ol  pile 
driving  by  pneumatic  pressure.  In  fact,  the  latter  system  consists  in 
creating  a  vacuum  beneath  i^  surface  exposed  to  the  air,  and  the 
weight  of  the  atmosphere  in  excess  of  the  weight  of  the  enclosed  air  is 
supposed  to  cause  the  pile  to  deseend ;  but  it  frequently  happens,  that 
in  proportion  as  the  internal  air  is  witlidrawn,  so  does  the  moveable 
groimd  beneath  it  f  oUow  into  the  open  spoee ;  and  l^  ihvm  oompresnag 
the  air  in  iha  interior  It  annthiktes  the  dii^noe  between  tlM^  two 
pressures.  Whereas,  whffi  the  oompreised  ahr  is  used,  a  fresh  quantity 
is  pumped  into  the  interior  of  the  oylindflrs  utitil  it  attains  a  pressm^ 
of  about  60  lbs.  on  the  square  fneh,  whioh  is  sufficient  to  prevent  any 
running  sand,  or  semifluid  mud,  from  rising  imder  or^novy  hydrostatic 
pressure  at  least.  But  it  must  be  repeated  that  either  of  these  systems 
is  adapted  t6  sinkiqg  caissons  rather  tium  piles,  althoogh  they  mij^ 
originally  have  been  applied  to  the  kttor. 

The  Mitchell's  tertw-piiea  ore  so  ealled,  beoanse  they  are  made  with 
the  worm  of  a  screw  at  their  extremity,  and  tiiey  ore  cbiven  by  turning 
them  in  the  grdund  in  precisely  the  same  manner  as  on  ordinary  screw 
is  driven  into  wood.  It  must,  however,  be  evident,  that  piles  so 
driven  do  not  compress  the  groimd  in  ai^  appreeiable  manner ;  and 
that  they  do  not  furnish  any  direct  evidMice  of  the  amount  of 
resistance  they  o£fer  to  vertical  compression.  The  Mitohdl's  pUes  are 
idmirably  adapted  to  resist  efiforts  of  tension,  as  in  the  case  of  the  dead 
works  of  a  floating  buoy,  or  of  a  hauling  himp^  or  mooring  block ; 
because  the  whole  prism  of  earth  around  the  screw  must  be  torn  out 
before  they  can  move,  and  the  same  condition  renders  them  equally 
fitted  for  the  piles  of  piers  driven  into  tolerably  &m  «od  even  soils, 
which  piers  ore  exposed  to  cross  seas,  bat  are  not  exposed  to  heavy 
vertical  weights.  The  easy  descent  of  the  Mitchell's  piles,  and  the 
absence  of  vibration  whikt  t^ey  are  descending,  may,  in  many  practioal 
instances,  constitute  a  great  recommenda^on  for  them. 

The  most  striking  ^lustration  of  tibe  adaptation  of  machinery  to 
pile  driving,  is  perhaps  the  apphcation  of  the  Nosmyth's  steam  hammer 
to  this  piui>osek  In  this  case  the  steam  isadmitted  into  the  bottom 
of  a  cylinder  bearing  a  piston-rod  eonnected  direolly  with  the  mcmkey, 
so  as  to  raise  it  vertically  until  the  piston  reaches  the  head  of  the 
stroke ;  the  steam  then  escapes,  and  the  piston  falls.  The  weight  of 
the  monkey  in  these  engines  need  only  be  limited  by  the  oapaoity  of 
the  cylinder,  or  by  the  elasticity  of  the  steam ;  and  it  is  in  prootioe 
made  to  range  between  32  and  45  owl ;  but  the  hei^t  of  the  &11  is 
hmited  by  the  length  of  the  stroke,  and  it  rsrely  exceeds  2  feet  6  inches. 
In  the  ordinary  pile  engines,  the  number  of  blows  does  not  exceed  85 
or  40  per  hour;  but  with  the  Nasmyth's  hammer  it  is  easy  to  incrsMe 
that  number  to  between  50  or  60  per  minute.  It  follows  from  the 
dynamical  conditions  of  this  engine,  that  in  ordinary  days,  sands,  or 
alluvial  deposits,  inhere  the  resistance  to  the  descent  of  the  ^es  is  not 
rexy  great,  and  is  tolerably  un^orm^  that  the  Nasmyth's  pile-engine 


drives  pUes  with  a  rapiditv  far  greater  than  any  other  madiine  hitherto 
applied  to  such  a  purpose ;  but  when  the  resistance  beoomes  oonsider- 
able,  the  piles  are  very  much  exposed  to  be  beaten  up,  to  be  set  on  fire, 
or  to  be  bittken  by  "^e  frequent  blows ;  or  if  those  results  should  not 
occur,  they  may  be  set  into  such  a  state  of  vibration  as  to  oppose  a 
serious  resistance  to  their  descent.  Tlie  writer  of  this  article  hu 
actually  seen  5680  blows  strw^  in  1}  hour  upon  a  14  square  pile,  by 
a  moiucey  of  42  cwt.  falling  2  leet  6  inches,  without  causing  it  to 
advance  mora  than  8  inches ;  but  the  head  of  the  pile  was  literally 
beaten  up  into  a  sponge :  an  ordinary  pile-engine  with  a  monkey  of 
16  cwt.  falling  18  feet,  would,  in  six  hours,  have  produced  a  greater 
dynandeal  effect  under  iar  more  advantageous  conations.  The  use  of 
the  Nasmyth's  steam  pile-driver  should  therefore  be  limited  to  the 
class  of  soils  above-named ;  but  in  driving  through  hard  gravel,  or 
tufaoeous  limestone,  the  monkeys  with  large  falls  and  slower  action 
should  be  used :  in  fact,  the  mechanical  effect  produced  by  a  weight 
falling  on  the  head  of  a  pile  is  such  that  tbe  descent  of  the  pile  is 
proportional  to  the  hH  of  the  monkey;  and  it  is  adufiitted  thnt 
eeouomieally  there  is  an  advantage  in  the  adoption  of  heavy  monkeys 
falliDg  through  heights  ranging  between  12  and  20  feet.  It  has  been 
shown,  by  direct  experiment,  that  the  descent  of  a  pile  is  proportioDal 
to  the  mass  of  the  monkey,  added  to  that  of  the  pile,  multiplied  by 
the  square  of  the  common  velocity  of  those  two  bodies  after  the  diock. 
For  if  the  mass  of  ike  monkey  be  represented  by  m,  and  that  of  the 
pile  by  m',  the  common  velocity  of  the  monkey  and  of  the  pile  by  12, 
and  the  velocity  of  the  monkey  before  the  shock  by  F,  the  descent  may 
be  dmved  from  the  following  formula : — 


(m+mO**^— («»+»') 


m^P 


m^V^ 


but  as  in  this  case  V^-=2ffh,  in  which  ^=  the  acceleraUng  force  of 
gravity  (32}  feet  in  London),  and  k  =  the  fall  of  the  monkey,  the 

descent  of  the  pUe  is  proportional  to  .?£^  =  ^^. 

i»+m       1+m' 

'  The  nature  of  the  soil  to  be  traversed,  and  the  nimiber  of  piles  to  be 
driven  in  a  given  time,  must  be  the  determining  motives  lor  the  Bele^ 
tion  oi  the  pile-drivinf^  machinery  to  be  adopte£  For  oaasp-sheetiiig 
the  ring^  engine  vrUl  suffice;  the  Nasmyth's  hammer  is  odmiiabl;^ 
adapted  to  soft,  equable,  softs ;  but  the  orctinary  pUe^engiiiie  wotked  by 
orabs  is  the  best  fitted  for  hard  irregular  soils. 

PILES,    [ysnrs,  DisBASW  or  the.] 

PILGRIM  is  the  name  given  to  a  person  who  travels  for  the  poiposi 
of^visiting  the  shrines  or  tombs  of  holy  men,  or  places  whic^  from  any 
cause  have  come  to  be  regarded  as  sacred ;  and  the  act  Itself  is 
called  Pilgrlnutfe.  The  words  pilgrim  in  English,  pUger  in  German, 
pe&egnno  in  ItaSaa,  pUarin  in  French,  are  all  corruptioBS  of  the  Latin 
**  peregrinus,"  whic^  means  a  stranger  (w  foreigner.  PUgtima^  to 
Jerasalem,  Bethlehera,  and  other  places  whixdi  were  the  soenes  of  the 
Saviour^  life  and  death,  and  which  are  ioeluded  in  the  general  bsbm 
of  the  **  Holy  Land,"  began  at  an  eariy  period,  probably  about  the 
time  of  Conskoatlne.  We  are  told  by  Eusebins  and  others  that 
Helena,  Ck>n8tBnti&e's  mother,  proceeded  on  a  pUgriraoge  to  Palestine, 
and  bidlt  the  church  of  the  Holy  Sepul<dire.  1^  practioe  became 
eammoii  about  the  end  of  the  4th  eentniy,  and  we  find  H  noticed  as 
soek  by  the  fathers  of  the  church,  Jerome,  Augustine,  and  othera. 
Gregsvyof  Nyssa^in  one  of  his  epistles,  reproves  the  Indiscriminate 
eostdm  of  pilgrimages,  espeetoUy  by  women,  who,  he  <4»erves,  were 
particularly  exposed  during  a  long  and  toilBoine  jotuney  throogh 
oountries  like  Syria,  notorious  for  lieentiousneaa  of  msnaem  His 
^nniona  ooncemingf pilgrimages  are  in  accordance  wi^  those  expressed 
by  other  fathers  of  the  church.  St.  Augustine,  St.  Chiysostom,  and 
St.  Jerome,  all  agree  as  to  the  uselessness  of  such  pilgrimages.  - 

In  the  course  of  time,  however,  the  practice  of  pilgrimage  Increased, 
and  extended  to  other  places  besides  Falestise.  People  resorted  to  the 
shrines  of  St.)  Peter  and  St.  Paul  at  Borne,  to  that  of  St.  lago  de 
Compostella  in  Spain,  of  St.  Gregory  of  Toure  in  France,  to  the 
monastery  of  £insiedlen  in  Switserluid,  to  our  Lady  of  Loreto  is 
Italy,  to  the  tomb  of  Thomas  h  Becket  at  Canterbury,  and  to  msay 
other  places; 

The  pilgrim's  garb  was  a  gra^  or  brown  gown,  a  brDad-brimmed  fast 
adorned  with  a  palm  leaf  if  gomg  to  the  Holy  Land,  or  a  eoallop^bdl 
if  going  te  other  plaoea^  with  a  long  staff  round  at  one  end  and  pointed 
at  the  other;  and  his  pouoh  was  a  hollowed  gourd* 

In  the  west,  the  celebration  of  tiie  Jubilee  perpetuated  the  custom 
of  pilgrimages  to  Home.  The  institution  of  the  Roman  JubQee  is  due 
to  Boniface  VIII.  At  the  beginning  of  the  year  1809, 'a  report  was 
apread  at  Borne  that  all  those  who  should  visit  the  church  of  St 
Peter  that  year  would  obtain  a  plenary  indulgence,  and  thateveiy 
centenary  year  enjoyed  the  some  privilege.  Pope  Boniface  seorehed 
the  ancient  records  for  the  grounds  of  this  report,  and  he  intefrogaied 
a  man  107  years  old,  who  told  him  that  in  the  year  1200  his  father,  a 
labouring  man,  had  gone  to  Home  to  get  the  indulgence,  and  had 
advised  him,  if  he  should  live  to  the  next  ooitenary,  to  follow  hifl 
example.  Some  other  old  men  in  Franoe  and  Italy  confirmed  this 
tradition.  After  consulting  the  College  of  Oeu'dinah^  Boniface  issued  a 
bun, stating  that  "as  according  to  the  faithful  report  of  the  elders 
great  indulgences  ore  granted  to  those  who  visit  the  churoh  of  the 
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prince  of  the  AdosUob  eyery  hundredth  year,  we  confirm  them,  and 
grant  plenary  indulgence  to  all  those  who  have  confessed,  and,  being 
duly  repentant,  sh^dl  visit  the  churches  of  the  Apostles  during  the 
present  year,  1300,  and  every  other  centenary  year  aiter."  This  is  the 
origin  of  the  featival  which  wa3  afterwards  called  jubilee.  Fifty  years 
later,  Clement  YI.  reduced  the  period  of  its  recurrence  to  l»lf  a 
oentuiy,  and  styled 'it  jubilee  ii^  commemoration  of  the  jubilee  of  the 
Jews,  which  was  celebrated  every  forty-ninth  or  fiftieth  year,  when  all 
slaves  became  free,  and  all  lands  returned  to  their  original  owners. 
{Leviticus,  zzv.  10,  ei  aeq,)  This  jubilee  began  at  Christie^,  1340,  and 
it  was  attended  by  a  prodi^ous  concourse  of  people  from  all  parts  of 
Europe,  it  is  said,  mor^  than  a  million  at  a  time.  Petrarca,  who  went 
to  Home  on  that  occasion,  speaks  with  wonder  of  the  concourse  of 
pilgrims.  The  crowd  diminished  during  the  heat  of  the  summer,  but 
increalbed  again  towards  the  fall  of  the  year  1350,  at  which  time  the 
nobiUty,  and  especially  the  great  ladies,  from  distant  parts  came.  It 
appears  that  all  these  ladies  canae  by  the  road  of  the  March  of  Ancona> 
where  Bernardino  da  Polenta,  lord  of  Bavenna,  one  cl  those  robber 
barons  of  the  middle  ages,  and  his  men,  lay  in  wait  for  them,  and 
ravished  some  of  them,  and  obliged  the  retit  to  pay  ransom.  The 
chronicler  who  relates  this  adds,  that  "  hacl  they  remained  at  home, 
such  mii^ia$)s  would  not  have  happened  to  them:"and  that  "indul- 
gences and  pilgrimages  are  not  suited  to  young  ladiea.''  (P.  Ajsar, 
(^utmica,  foL  359.)  Similar  misfortunes  are  reported  to  have  befallen 
those  ladies  who  in  former  ages  resorted  to  Palestinei  when  pilgrims 
were  exposed  to  insults  and  even  violence. 

The  period  of  the  recurrence  of  the  Jubilee  has  been  altered  several 
times ;  some  popes  reduced  it  to  twenty-five  years,  in  order  that  each 
generation  should  have  the  advantage  of  it.  There  are  foundations  at 
Home  for  receiving  and  feeding  the  poorer  class  of  pilgrims  who  resort 
there  at  jubilee  time ;  one  of  these  institutions  or  hospitals  is  oaUed  la 
Trinity  del  Pellegrini.  The  fashion  of  devotional  pilgrimage  however 
has  very  much  decreased  in  our  time;  but  yet  there  are  annu^ 
"  excursion "  pilgrimages  to  the  "Holy  Land  from  BVance,  &c.  The 
popes  granted  to  several  monasteries  the  privilege  of  holding  jubilee, 
with  the  Indulgences  attached  to  it,  every  fifty  years;  amoiig  others  to 
that  of  Canterbury.  Concerning  former  pilgrimages,  many  notices  are 
found  in  the  ancient  chroniclers,  especially  those  of  the  Crosadef^ 
Chauoer,  in  his  '  Canterbury  Tales,'  has  given  sketches  oi  the  pijgrir 
mage  to  l^homas  li  Becket's  ahrine.  Erasmus  wrote  a  'Pilgriinage 
to  Walsingham  and  Canterbury,'  republished  in  1849,  edited  by  J.  &. 
Nichols.  Henry  Watson  wrote  '  Instructions  for  Pilgrims  to  the  Holy 
Land.'  TimberlaJie  wrote  the  *  Travels  of  Two  English  Pilgruna  to 
Jerusalem,  Gaza,'  &c. 

The  Mohan^nedaos  have  also  their  pilgrimages.  According  to  a 
precept  'of  the  Koran,  every  Mussulman  wno  possibly  can,  ought  once 
in  his  life  to  visit  the  tomb  of  the  prophet  at  Mecca  and  thd  Holy 
Kaaba.  [Mohauhsd,  in  Bioa.  Biv.J  The  ceremonies  performed  b^ 
the  pilgrims  at  Mecca  are  minutely  described  by  Major  Burton  in  bu 
'Pilgrimage  to  El  Medinah  and  Mecca.'  There  are  also  saootuaries 
for  the  Mohammedans  of  the  sect  of  Ali  at  Musl^  in  Ehorassao^  and 
Koom  in  liak  Ajenu,  which  contains  the  tomb  of  Fatima,  the  sister  of 
Iman  Beza,  whidi  are  visited  yearly  by  number^  of  Perdan  pilgrims. 

The  Hindus  likewise  have  their  places  of  pilgrim^e,  the  most 
celebrated  of  which  is  that  of  Juggernaut  or  Jagsuthnatha*  on  the  ooasft 
of  Orissa  in  Coromandel,  where  extensive  buildingi  are  allotted  for  th# 
idol  and  his  priests.  The  statue  of  the  idol  is  brought  forth,  at  (pertain 
periods,  and  moimted  upon  an  enormous  car  sixty  Ceet  high,  which  Is 
draped  along  by  the  devout  multitude  amidst  crowds  of  pilgrims,  who 
resort  thither  from  every  part  of.  Hindustan.  The  prooession  is 
attended  by  dancing  girls  and  dissolute  young  men,  who  perform  acts 
of  obscenity,  while,  until  the  practice  was  discountenanced  by  the 
English  authorities,  fanatics  threw  themselves  under  the  wheels  of  the 
car  to  be  crushed  to  death.  The  whole  scene,  of  which  BuchanaQ, 
Laurie,  and  other  writers  give  a  full  accovnt,  is  a  frightful  com- 
pound of  superstition^  cruelty,  and  lust. 

The  JTapanese  are  said  to  ^ve  their  pilgrimages  to  the  temples  of 
Xinto  or  Xaca,  of  which  aooounts  are  given  by  Thunbeig  and  other 
tranrellers. 

PILIKG  OF  SHOT,  an  instance  in  which  a  process  of  pure  mal^he- 
matioB,  the  summation  of  series,  becomes  of  immediate  ^plicution. 
Three  shot,  or. spherical  balls  of  equal  size,  placed  together  on  the 
ground,  will  support  a  fourth,  and  four  will  support  a  fifth.  Kot  more 
than  four  can  be  placed  together  so  as  to  touch  each  other  and  support 
one  more.  Henoe  arise  two  distinct  methods  of  piling  shot,  the  tri- 
angular and  the  rectangular. 

In  a  triangular  pile  the  base  is  an  equilateral  triangle,  with  one  shot 
at  the  vertex,  two  adjoining,  three  in  the  next  row,  axid  so  on.  The 
number  o^f  shot  in  the  base  (supposed  to  have  n  rows)  is  therefore 
1+2  +  3+.. .  .+n,  or  4n(»+l).  The  number  of  interstices  in  which 
other  shot  can  lie  is  1+2+8^+. ..+»—!,  or  i(»—l).«.  If  such  a 
pile  be  eompleted  until  one  shot  stands  at  the  vertex,  the  pile  wiU  be 
n  layers  hig^,  and  oomiting  from  the  top,  the  layers  will  seveFally 
contain  X,  8, 6, 10,  •  • . .  ^  n  (»+ 1),  of  which  the  sum 

n(»+l)(n+2) 

6 

is  the  number  in  a  complete  triangular  pile. 


Let  there  be  a  rectangular  base,  say  of  16  by  11.  The  number  of 
interstices  is  15  by  10,  and  when  the  second  layer  is  put  on,  the  number 
of  interstices  ia  li  by  9,  and  so  on ;  whence  the  eleventh  layer  is  a 
single  row  of  6.  If  a  and  /s+i  be  the  numbers,  in  the  longer  and 
shorter  sidw  oi  the  rectangular  ham,  the  number  ia  the  oom{^te 
pile  VI 

^(a  +  1)  (2a+l+3&) 

If  the  base  be  a  s^uarei  h=^0,  an4  the  number  in  the  pile  is 

tt(atl)(2tt+l) 

6 
PILLAR.    [CoLUKK.]  .  ' 

PILLOBT.  The  pillory  was  a  mode  of  punishment  for  erfanes  \jf  a 
public  exposure  of  UiB  offiwider,  used  lor  many  centuries  in  most  of 
the  ooun^es  ol  fiurope  undor  various  names,  fii  FVance  it  was  called 
piUorie,  and,  in  mare  noent  times,  tmrean  ;  and  in  Genaaany  pra/nga*. 
In  En^aad  it  existed  before  the  Norman  conquest,  and  was  in  frequent 
use  in  our  criminal  km  isom.  that  period  until  it  was  Anally  abolished 
in  the  year  1887,  W  the  statute  1  Viei:,e;28.  In  the  lawsof  Caniite 
(Wilkinfl's  *  Anglo-Saxon  Lawi,'  p.  11)  it  was  oalled  heeUfange,  or,  more 
coireoth'  ferhaps,  hal^ng^  that  is,  oateh^ieak,  a  name  derived,  without 
doubt,  from  the  form  of  the  instrument  used^  and  the  mode  in  which 
the  punishment  was  inflicted.    Hence  abo  the  Latin  name  of  the 

Sory,  coUiMgium  (quaa  tellum  striagens),  is  said  to  be  taken. 
weU's  *  intea^reter/  ad.  voe. '  Pflioiy.')  The  tumbrel,  ir^ucketum, 
an  obecure  pusudunent,  whibh  is  said  to  be  ih.e  same  as  the  ducking 
or  cucking  stool,  and  was  used  t6t  women,  who  were  exempted,  on 
acoount  of  their  seac,  from  the  ftlUoiy^  is  oft«i  i^ken  of  in  the  ancient 
Knghsh  laws  in.  eonjunoiion  with  the  pUlory.  In  early  periods  ot 
English  history,  the  ri^t  ol  having  a  pillory  and  tumbi^,  and  some- 
times alao  Jwca,  cr  gdUows,  wsthin  their  jurisdiction,  was  eldteed  and 
insisted  on  as  a  beneficial  franchise  by  lonis  of  leets :  in  prooess  ot 
time  this  privilege  waa  converted  into  a  burdbu  for  the  public  use ; 
and  sueh  persons  were  held  to  be  bound  to  maintam  a  pillory  and 
tumbrel  as  i^purtenaat  to  their  criminal  jurisdiction,  on  pain  of  for- 
feiture of  their  franchises.  (Hawkins's  '  Pleas  of  the  Grown,'  book  ii.> 
oap^  11,  sec,  5.)  in  like  manner  the '  Droits  de  Carcan  et  de  Pillori ' 
ore  mmtioiifid  is  ancient  fVeneh  customaries  as  belonging  formerly  to 
seigneurs  haut-justioiera.    (Vougians, '  Loil  Oriminelles  de  France.') 

The  form  of  the  piliory  as  tised  in  England  in  the  thne  of  Henry 
VII.,  may  be  seen  in  a  oeUeotioa  ol  prints  published  by  the  Society  of 
Autjqnftriee.  In  modem  times  it  was  nothing  more  than  a  wooden 
fmme  or  screen,  raised  several  feet  frem  the  grcrond,  and  behind  which 
the  oolprit  stood,  sapported  upon  a  platform,  his  head  and  oitns  being 
thrust  throogh  holes  in  the  screen,  so  as  to  be  exposed  in  front  of  it ; 
and  in  this  position  he  remained  for  a  definite  time,  sometimeB  fixed 
by  law,  bob  usually  assigned  at  the  discretion  of  tiie  judge  who  passed 
the  sentence. 

The  piUoiy  was  intended  "  magis  ad  ludibrium  et  inlamiam  quam  ad 
poenam;"  but  serious  injury,  and,  in  some  cases,  loss  of  Kfe,  haa 
occurred  where  the  i)0pu]ace  have  been  much  excited  against  the 
pfiender.  (Bairington's  'Antient  Statutes.')  On  the  other  hand, 
where  the  unpopularity  of  the  prosecution  or  other  causes  have  occa- 
sioned a  feelidg  in  the  puUio  mind  favourable  to  the  offender,  the 
exeeution  haa  sometimes  be«n  a  speeiea  of  triumph. 

In  England  the  pillory  was  abolished  by  the  statute  above  referred 
to;  in  France,  the  oarcan  was  diseontlnued  upon  the  revision  of  the 
Code  P^nal  in  1882 ;  and  in  the  numerous  codes  and  schemes  of  codes 
which  have  appeared  in  the  different  states  of  Germany  during  recent 
years,  punkhmente  by  public  exposure  of  tiie  person  or  otherwise 
tending  generally  to  degrade  the  ^laracter  have  been  omitted. 
(^  Entwtorfe  fiir  Wiirtemberg,  Saohsen,  Hannover,  Baden,'  &c.) 

PILOT.  In  many  maritime  countries  the  name  of  pilot  is  applied 
to  a  constant  officer  in  a  ship,  who  has  ^e  charge  of  the  helm  and  the 
general  direetion  of  the  Skip's  course ;  and'tf  so  to  a  person  who  under- 
takes the  special  diaige  of  navigating  ships  in  particular  rivers,  roads. 
or  chsnnelih  or  in  entering  and  leaving  porto,  and  who  is  entrusted 
with  such  charge  independently  of  the  captains  or  masters,  in  con* 
sequence  of  his  peculiar  aoquaintance  with  the  navigation  within  the 
liidite  to  whicfa  lus  duty  in  restricted.  In  France  large  vessels  usually 
cany  several  officers  of  the  former  kind,  who  are  called  pilotes  hautu- 
rien  ;  the  halter  description  of  pilot  is  called  J9t^e  cdtier,  or  lamaneur. 
The  ancient  laws  of  France  contained  provisions  for  the  education  and 
regulation  of  both  these  kinds  of  pilote  (Merlin,  ^  Rdpertoire  de  Juris- 
prudence,' art,  'Lamaneur  et  Pilote ;'  Valin,  'Commentaire  sur 
rOrdonnance  de  la  Maine  du  Moi  d'Aott,'  1681,  tom.  i.,  p.  483) ;  but 
they  are  not  mentioned  in  the  Code  de  Commerce.  In  England  the 
term  is  applied  ezdunvely  to  officers  of  the  latter  description.  By 
the  laws  of  many  maritime  countries,  taking  a  pilot  to  navigate  a  vessel 
on  approaching  port  has  been  eonsidered  from  early  times  to  be  obli- 
gatory on  the  master.  Thus,  by  the  laws  of  Vhsbuv,  which  were 
promulgated  in  the  12th  oentury,  and  vrere  incorporated  in  the  marine 
laws  of  most  European  countries,  it  was  oompulsoiy  on  the  master  to 
take  a  coast-pilot  on  board,  though  the  merchant  or  master  opposed  it. 
'  ('  Ordonnances  de  Wisbuy,'  art.  44.)  A  similar  provision  is  found  in 
tiie  '  Gonsolato  del  Mare.'    (Bouch^,  '  Consolat  de  la  Mer,'  vol  iL) 
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In  this  country,  pilots  are  established  at  several  ports  for  limited  parts 
of  the  coast,  who  are  appointed  and  regulated  sometimes  by  acts  of 
parliament,  and  sometimes  by  charters  of  incorporation ;  and  in  general 
the  master  of  a  ^p  eng^ed  in  foreign  trade  must  put  his  ship  under 
the  chaiige  of  such  a  pilot,  both  in  his  outward  and  homeward  voyage, 
within  the  limits  of  every  such  estaUishmenti  Pilotage  in  the  Thames 
and  Modway,  and  along  the  coast,  from  Orfordness  to  the  Isle  of 
Wight,  excepting  the  jurisdiction  of  the  Cinque  Ports,  has  been  for 
HeveraJ  centuries  under  the  management  of  the  corporation  of  the 
Trinity-house,  and  acts  of  parliament  have  been  from  time  to  time 
passed  to  regulate  the  Tnnity-house  and  Cinque  Port  pilots.  All 
these  regulations  were  reconsidered  by  parliament  in  the  year  1825, 
and  the  majority  of  them  were  consolidated  in  the  statute  6  Geo.  IV., 
c.  125,  which  contains  also  some  general  provisions  respecting  pilots  in 
other  parts  of  the  kingdom.,    (Abbott '  On  Shipping,'  1840.) 

It  was  not  tUl  the  passing  of  the  Merchant  Shipping  Act,  in  August, 
1854,  that  the  present  system  of  pilotage  was  oi^gamsed.  By  it  the 
existing  powers  for  regulating  pilotage  were  confirmed  and  arranged. 
Rules  of  pilotage,  limits  of  districts,  funds  for  superannuated  pilots, 
the  granting,  renewing,  and  cancelling  licence  certificates,  powers  to 
make  and  amend  by-laws — all  these  underwent  revision :  the  Trinity- 
house  being  the  source  of  authority  in  case  of  irregularities  in  the 
furnishing  of  returns,  &e. ;  the  whole  being  subject  to  the  Board  of 
Trade  (vide  17  &  18  Vict.,  c.  104). 

PIMARIC  ACID.      [TURPENTINB.] 

PIMELIC  ACID  (Ci^H,oO,2HO).  A  white  crystalline  acid,  ob- 
tained by  the  action  of  nitric  acid  upon  oleic  acid,  bees'-wax,  sperma- 
ceti, linseed  oil,  and  other  fatty  bodies.  It  is  a  bibasic  add,  and  its 
neutral  salts  have  the  formula  C^^K^fi^  2,M0. 

PIMENTA,  or  PIMENTO,  allspice,  the  i^roduce  of  Eugenia  Pimenta, 
a  tree  native  of  the  West  Indies,  but  cultivated  almost  exclusively  in 
Jamaica,  thence  called  Jamaica  pepper.  The  unripe  two-seeded  berries, 
which  are  about  the  size  of  a  pea,  are  dried  by  frequent  turning  in  the 
suUf  by  which  their  colour  is  changed  from  green  to  brown  or  grayish- 
brown.  Externally  they  are  of  a  dull  aimearance,  somewhat  rough, 
crowned  with  the  remains  of  the  calyx,  and  frequently  furnished  with 
a  little  stalk.  The  shell  is  very  brittle,  about  the  thickness  of  a  card, 
and  encloses  two  seeds,  which  are  roundish,  dark  brown,  and  somewhat 
shining ;  and  having  a  weak  aromatic  taste.  The  shell  possesses  an 
agreeable  clove-like  taste  and  smelL  Two  kinds  are  met  with  in  com- 
merce, English  and  Spanish,  of  which  the  former  is  the  better. 
'  Pimento  berries  are  said  to  be  adulterated  with  the  berries  or  seeds 
of  the  Cocculus  Indicus ;  these  are  larger,  about  the  siae  of  bay  berries, 
extremely  bitter,  and,  in  large  quantity,  poisonous.  This  adulteration 
is  scarcely  credible,  for  the  latter  come  from  the  East  Indies,  are 
dearer,  and  could  only  be  successfully  passed  off  when  mixed  with  the 
powdered  berries  of  pimento.  The  fraud  may  be  detected  by  making 
an  infusion,  which,  if  pure,  is  not  disturbed  by  tincture  of  galls  or 
acetate  of  lime,  which  cause  a  precipitate  when  cocculus  berries  are 
present. 

,  The  shell  appears  to  be  the  most  efficient  part,  and  to  contain  more 
of  the  active  principles. 

Bonastre  obtained  from  the  shells  10  per  cent,  of  a  heavy  volatile  oil, 
8  per  cent,  of  a  green  ia/t  oil,  an  extrsustive  containing  tannin,  resin, 
gum,  and  sugar ;  also  a  principle  similar  to  caryophyllin. 

By  distillation  an  oil  is  procured  which  resembles  oil  of  cloves,  and 
which  conducts  itself  in  the  same  way  towards  alkalies.  It  is  a  mixture 
of  a  light  and  heavy  oil. 

As  an  aromatic  stimulant,  pimento  stands  intermediate  between 
PjBpper  and  cloves,  for  the  Isst  of  which,  ou  aocotmt  of  its  greater 
cheapness,  it  may  often  be  substituted. 

It  is  useful  in  dyspepsia  dependent  upon  atony  of  the  stomach,  and 
in  diarrhoea  dependent  upon  a  similar  cause. 

PIN  MANUFACTURE.  It  is  not  known  at  what  time  pins  made 
of  metal  of  the  present  form  were  first  manufactured  in  this  country, 
but  it  must  have  been  some  time  previous  to  1548.  In  this  year  a 
statute  was  passed  (85  Henry  VIII.,  c.  6),  intituled  "  An  Acte  for  the 
True  Making  of  Pynnes,"  in  which,  after  stating  that  much  deceit  had 
been  practised  in  the  making  of  pins,  it  was  enacted  that  in  future 
none  uiould  be  sold  but  such  as  were  well  pointed  and  had  the  heads 
firmly  soldered  on  to  the  stems,  and  further  liiat  the  price  charged 
should  not  be  more  than  six  shillings  and  eight  pence  a  thousand.  No 
mention  is  made  of  them  in  any  previous  statute,  with  the  exception 
of  an  act  of  Richard  III.,  which  prohibited  their  importation  from 
abroad ;  but  the  pins  there  alluded  to  were  much  lai^ger  than  those  now 
in  use,  and  were  made  of  box-wood,  bone,  or  silver. 

Pins  of  English  manufacture  being  in  great  repute  abrxMid,  the 
foreign  trade  is  very  considerable.  The  number  actually  made  in 
this  country  daily  was  estimated  thirty  years  ago  at  fifteen  millions; 
but  it  must  now  be  far  grmter,  although  there  exist  no  means  of 
determining  it.  By  hand  labour  ten  persons  can  produce  a  pound,  or 
about  5500  pins  of  medium  size,  in  rather  lees  than  eight  hours :  each 
person  taking  up  the  work  as  soon  as  the  operation  preceding  that 
which  he  or  she  has  to  perform  is  completed,  and  eadi  being  employed 
about  a  tenth  part  of  the  eight  hours,  lliese  calculations,  relating  to 
the  division  of  labour,  are  taken  from  Babbage's  '  Essay  on  the  General 
Principles  which  regulate  the  application  of  Machinery/  in  the  portion 
of  the  '  Encyclopeedia  Metropolitaoa/  comprising  Manufactures  and 


Machinery;  they  are  valuable  in  relation  to  the  division  of  labour, 
but  the  statistics  or  quantities  are  no  longer  strictly  applicable  to  the 
manufacture  under  notice. 

The  first  thing  to  be  done,  in  the  pin-manufacture,  is  to  reduce  a 
quantity  of  brass  wire  to  the  requisite  size.  This,  though  property 
speaking  a  preliminary  operation,  is  generally  done  in  the  pin-factoiy, 
as  the  wire  is  received  of  larger  diameter  than  necessary.  It  is 
performed  in  the  usual  manner  of  wire-drawing.  The  wire  is  thai 
made  up  into  coils  of  six  inches  diameter ;  and  any  dirt  or  enist  wbidi 
may  be  attached  to  the  surfaoe  is  got  rid  of  by  first  soaking  the  coQs 
in  a  diluted  solution  of  sulphuric  acid  and  water,  and  then  beatu^ 
them  on  stones.  The  next  process  is  to  straighten  the  wire.  Two 
short  lines,  parallel  and  very  dose  to  each  other,  are  drawn  at  one  end 
of  a  board  or  table,  and  seven  or  nine  pins  are  driven  into  the  wood, 
at  a  short  distance  apart,  alternately  in  the  two  lines.  The  end  of  the 
wire  is  placed  between  these  two  rows  of  pins  and  is  thus  held  in  a 
zig-zag  position :  it  is  then  drawn  between  the  pins  to  the  other  end 
of  the  table,  and  a  length  of  about  twenty  feet  is  cut  ofL  nds  proces 
is  repeated  until  all  the  wire  is  straightened  and  cut  into  similar  pieoesi 
A  number  of  these  lengths  are  then  taken  together,  and  by  means  of  a 
powerful  pair  of  shears,  worked  by  the  foot,  they  are  cut  up  into 
shorter  pieces,  each  a  little  longer  than  six  pins.  These  latter  pieces 
are  then  pointed  at  each  end.  The  pdnter  sits  In  front  of  a  snuQ 
machine,  which  has  two  steel  wheels  or  mills  turning  rapidly.  These 
wheels  are  usually  about  six  inches  in  diameter,  and  their  rims  or 
cutting  sur&ces  are  about  three  inches  broad.  The  rims  are  cut  some- 
what after  the  manner  of  a  file :  one  coarse,*  for  the  rough  formation 
of  the  points,  and  the  other  fine,  for  finUhinfr  them.  Several  ot  the 
pieces  of  prepared  wire  are  taken  in  the  hand,  and  by  a  dexterous  move- 
ment of  the  thumb  and  fore-finger  are  kept  continually  presenting  a 
different  face  to  the  mill,  against  which  they  are  pressed.  The  points 
are  then  finished  off  by  being  applied  in  the  same  manner  to  the  fine 
mill.  After  both  ends  of  the  pieces  have  been  pointed,  one  pin's 
length  is  cut  off  from  each  end,  when  they  are  repointed ;  and  so  on 
until  each  length  is  converted  into  six  pointed  pieces.  The  stems  of 
the  pins  are  then  complete.  The  next  step  is  to  form  the  head,  which 
is  effected  by  a  piece  of  wire  called  the  mould,  the  same  aize  is  thsi 
used  for  the  stems,  being  attached  to  a  small  axis  or  lathe.  At  the 
end  of  the  wire  nearest  the  axis  is  a  hole,  in  which  is  placed  the  end 
of  a  smaller  wire,  which  is  to  form  the  heading.  WhUe  themoold 
wire  is  turned  round  by  one  hand,  the  head  wire  is  guided  by  the  other, 
until  it  is  wotmd  in  a  spiral  coil  along  the  entire  length  of  the  former. 
It  is  then  cut  off  dose  to  the  hold  where  it  was  commenoed,  and  the 
coil  tsken  off  the  mould.  When  a  quantity  of  these  ooils  are 
prepared,  a  workman  takes  a  dozen  or  more  of  them  at  a  time  in  his 
left  hand,  while  with  a  pair  of  shears  in  his  right  he  cuts  thorn  up  into 
pieces  of  two  turns  or  spirals  each.  To  prevent  them  froon  flying  oS. 
from  the  shears  when  separated,  the  fore-finger  of  the  left  hami  ii 
applied  to  the  tip  of  the  coil,  and  the  end  .thus  cut  off  is  cau^t  in  a 
lx>wl  placed  beneath  it.  In  some  factories  this  is  performed  by  a  chisel 
and  gage,  instead  of  Uie  shears,  a  mode  which  has  the  adnrants«e  of  re- 
quiring less  dexteritv.  The  heads,  when  cut  off,  are  annealed  by  being 
made  hot  and  then  tnrown  into  water.  When  aimealed,  they  are  ready 
to  be  fixed  on  the  stems.  In  order  to  do  this,  the  operator  is  prorided 
with  a  small  steel  die,  containing  a  hollow  the  exact  shape  of  hslf  the 
head.  Above  this  die,  and  attadied  to  a  lever,  is  the  corresponding  die 
for  the  other  half  of  the  head,  which,  ^hen  at  rest,  remains  suspended 
about  two  inches  above  the  lower  one.  The  workxnan  takes  one  of  the 
stems  between  his  fingers,  and  dipping  the  pointed  end  into  a  bowl 
containing  a  number  of  the  headsy  catches  one  upon  it  and  slides  it  to 
the  other  end;  he  then  places  it  in  the  lower  die,  and,  moving  a 
treadle,  brings  down  the  upper  one  four  or  five  times  upon  the  head, 
which  fastens  it  upon  the  stem,  and  also  gives  it  the  required  figure. 
There  is  a  small  channel  leading  from  the  outside  to  the  centre  of  the 
dies,  to  allow  room  for  the  stem.  The  pins  are  now  finished  as  regsrds 
shape,  and  it  only  remains  to  tin  or  whiten  themu  They  are  boiled  in 
a  picUe,  either  a  solution  of  sulphuric  add  or  tartar,  to  remove  any 
dirt  or  grease,  and  also  to  produce  a  slight  roughness  ujpon  their 
surfaces,  which  facilitates  the  adhesion  of  the  tin.  After  being  boiled 
for  half  an  hour,  they  are  washed,  and  then  placed  in  a  copper  vessel 
with  a  quantity  of  grain  tin  and  a  solution  of  tartar ;  in  i^ut  two 
hours  and  a  half  they  are  taken  out,  and  after  being,  separated  firom 
the  undissolved  tm  by  sifting,  are  again  washed.  They  are  then  dried 
by  being  well  shaken  in  a  bo^  with  a  quantity  of  bran,  which  ii  after- 
wards separated  by  shaking  them  up  and  down  in  open  wooden 
trays,  when  the  bran  flies  off  and  leaves  the  pins  perfectly  dry  and 
dean. 

Papering  the  pins  for  sale  is  one  of  the  slowest  operations  in  the 
manufacture.  When  the  pins  sre  separated  from  the  bran,  as  just 
described,  they  are  thrown  into  bowls,  with  their  points  in  all  direc- 
tions ;  but  before  papering  it  is  necessary  to  arrange  them  all  the  same 
way.  This  is  done  by  laying  e  number  of  them  Upon  a  sort  of  comb, 
between  the  teeth  of  whidi  they  are  caught  by  the  head ;  they  are  then 
placed  upon  a  jHece  of  metal,  with  as  many  grooves  as  there  are  {hzis 
required  in  a  row,  and  held  there  by  another  piece  of  metal  being 
placed  upon  them.  These  pieces  of  metal  are  not  quite  so  broad  as 
the  pins  are  long,  so  that  their  points  project  beyond  the  edge  of  the 
metu.    The  paper  Is  folded  into  the  required  shape,  and  pressed 
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against  the  points  of  the  pins,  which  are  then  relieved  from  the  holder; 
and  the  ne^  row  is  arranged  in  like  manner. 

Of  these  operations,  drawing  the  wire,  cutting  it  into  lengths, 
cutting  the  heads  from  the  coils,  and  tinning,  are  performed  by  men ; 
the  rest  by  the  women  and  children. 

The  above  description  relates  to  the  manufacture  of  pins  by  hand. 
It  must  now  be  stated,  however,  that  most  of  the  operations  have 
gradually  been  brought  within  the  scope  of  machinery.  One  of  the 
earliest  pin  machines  was  that  of  Mr.  Rundy.  This  machine  fixed  on 
the  heads  in  the  old  manner,  but  more  firmly.  Each  head  was  fastened 
by  one  blow,  and  several  pins  were  operated  on  at  the  same  time. 
Since  that  time  several  other  machines  have  been  invented  for  forming 
the  head  out  of  the  stem  of  the  pin  itself,  by  pressing  a  small  part  of 
the  end  of  the  stem  into  a  hollow  die.  A  lai^  proportion  of  the  pins 
now  manufactured  are  made  in  this  way,  and  are  much  superior  to 
those  made  in  the  old  £uhion.  One  objection  however  has  been  urged 
against  them.  It  is  stated  that  to  form  the  head  in  this  manner  by 
pressure,  the  wire  requires  to  be  very  soft,  and  consequently  the  pins 
will  easily  bend  ;  but  this  evil  has  gradually  been  somewhat  lessened. 
In  Wright's  pin-making  machine,  motion  is  given  either  by  manual 
power  or  by  machinery  to  a  strong  axis  working  in  collars.  This  main 
axis  carries  several  cams  or  excenMc  wheels  which  put  forward  at  each 
revolution  as  many  levers  or  slides  at  right  angles  to  the  main  axis. 
These  levers  return  to  their  former  situation  as  soon  as  the  cam  ceases 
to  operate  by  means  of  a  strong  spiral  spring  attached  to  each ;  a^  the 
other  ends  of  these  slides  the  difforent  operations  are  performed.  A 
coU  of  brass-wire  of  the  requisite  size  ia  placed  upon  a  reel  and  spindle, 
and  the  end  is  drawn  through  a  set  of  zig-zag  pins  as  before  described 
for  straightening  the  wire,  and  placed  between  the  teeth  of  a  strong 
pair  of  pincers.  This  is  all  that  is  necessary  to  be  done  before  setting 
the  machinery  in  motion.  The  first  slide  then  moving  forward  shuts 
the  pincers  upon  the  wire  and  instantly  carries  it  forward  into  a 
nipping-gauge  which  closes  and  cuts  off  sufficient  for  one  pin.  This 
length  can  be  regulated  by  the  adjustment  of  a  small  screw  attached 
to  the  first  slide.  The  piece  thus  cut  off  is  carried  by  an  ingenious 
little  adaptation  called  a  carrier  to  the  next  operating  slide.  These 
carriers  are  four  in  number,  mounted  on  a  bar  at  right  angles  to  the 
working  slides,  and  parallel  to  the  main  axis ;  this  bar  has  a  motion 
given  to  it  in  the  direction  of  its  length,  and  moves  once  for  every  pin- 
length  of  wire  cut  off  by  the  gauge  before  mentioned.  The  carriers 
themselves  are  made  somewhat  in  the  manner  of  a  pair  of  pliers,  ^e 
under  chap  being  kept  up  to  the  other  by  a  spring.  The  juncture  of 
these  chaps  is  exactly  opposite  to  the  pin,  which  is  forced  between  the 
ch&ps  and  carried  to  the  pext  operation.  The  piece  of  wire  is  deposited 
by  the  first  carrier  in  the  centre  of  a  chuck  attached  to  a  small  numdril, 
which  by  a  moveable  lever  clutches  the  pin ;  the  instant  this  is  done, 
the  frame  which  supports  the  mandril  is  tilted  so  as  to  bring  the  point 
of  the  pin  down  upon  a  revolving  steel  null  just  below  it ;  a  lever  or 
finger  then  presses  the  end  of  the  wire  upon  the  mill,  and  at  the  same 
instant  the  mandril  carrying  the  pin  is  set  in  motion.  The  wire  is 
thus  groimd  to  a  point;  the  mandril  frame  then  rises,  the  mandril 
itself  is  brought  to  rest,  the  pin  released,  and  conveyed  by  the  second 
carrier  to  a  finer  mill,  where  the  point  is  completed  by  exactly  the 
same  process  as  the  preceding.  It  is  then  taken  by  the  tlurd  carrier  to 
the  first  heading  die,  where  the  body  of  the  pin  is  firmly  held  while  a 
steel  punch  advances  against  the  end  of  the  wire,  and  forcing  it  into  a 
hollow  in  the  die,  partially  forms  the  head.  The  last  carrier  then  takes 
the  pin,  and  placing  it  in  another  die,  the  head  is  completed  by  another 
punch ;  a  small  forked  lever  then  draws  the  finished  pin  from  the  die, 
and  drops  it  into  a  receptacle  below.  The  pins  are  then  tinned  in  the 
xnanner  previously  described.  These  operations  are  carried  on  by  the 
machine  simultaneously,  and  each  occupies  the  same  time ;  five  pins 
being  constantly  under  operation  in  the  different  stages ;  the  machine 
'will  produce  fifty  or  sixty  pins  per  minute,  and  only  requires  the 
attendance  of  one  person.  . 

The  patent  method,  just  adverted  to,  was  devised  by  an  American  of 
Massachusetts,  but  was  first  tried  in  England.  A  laige  factory  was  set 
up  for  the  purpose  at  Lambeth,  stocked  with  sixty  of  the  pin-making 
noachines.  A  difficulty  at  first  arose  in  heading  the  pins ;  and  a  new 
Quuslune  was  invented  for  this  purpose.  A  lengthened  period  of  ill- 
success  brought  on  the  ruin  of  the  company  by  whom  tne  enterprise 
was  conducted.  Mr.  Taylor,  one  of  the  sufferers  by  the  scheme,  bought 
the  machines  at  a  low  price,  took  them  down  to  Stroud  in  Glouces- 
tershire, made  several  improvements,  procured  the  assistance  of 
capitalists,  and  established  a  solid-headed  pin  manufactory.  This  led 
to  the  establishment  of  others ;  and  Stroud  is  now  one  of  the  head- 
quarters of  the  trade. 

America  was  supplied  with  pins  from  England  until  1812 ;  when  the 
^^^  between  the  two  countries  checked  the  import,  and  set  the  inven- 
tors to  work.  Manufactories  were  established  at  New  York  and  else- 
where; but  when  the  war  ended,  the  United  States  were  suddenly 
slutted  with  English  pins  at  a  price  so  low  as  to  ruin  these  enterprises. 
Gradually,  companies  were  formed  (as  is  usual  in  the  United  States)  to 
conduct  the  manufacture  by  new  machines ;  and  at  the  present  time, 
Bome  of  these  companies  conduct  the  operations  on  a  very  large  scale, 
'"^^^king  eight  or  ten  tons  of  pins  per  week  each.  The  Americans  have 
)>tten  successful  hi  inventing  machines  whereby  the  papering  of  pins 
can  be  conducted  with  great  expedition. 
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PIN-MONET.  Gifts  by  a  husband  to  his  wife  for  the  purchase  of 
apparel,  ornaments  for  her  person,  or  for  her  private  expenditure,  are 
called  pin-money;  and  such  gifts  may  either  be  made  during  marriage, 
or,  what  is  the  more  usual  case,  a  sum  of  money  for  that  purpose  may 
be  secured  by  settlement,  or  by  articles  executed  before  marrii^.  It 
is  only  money  secured  before  marriage  t^t  is  properly  called  pin- 
money  ;  for  a  gift  of  money  to  the  wife  after  marriage  is  liable  to  the 
husbuid's  debts ;  but  a  provision  for  pin-money  is  not  so  liable,  and 
the  wife  is  entitled  in  all  cases  to  such  money,  and  to  her  savings  out 
of  it,  and  things  bought  with  it 

Several  of  the  questions  upon  pin-money  have  arisen  after  the 
husband's  death  when  arrears  have  been  claimed  by  the  wife ;  lind  it 
is  the  general  rule  that  she  can  only  claim  arrears  of  one  year's  pin- 
money  if  she  has  been  supported  by  the  htisband  with  necessaries 
during  the  time  that  such  arrears  have  accumulated,  it  being  pre- 
sumed that  she  has  waved  her  claim  to  pin-money;  but  she  may  by 
evidence  rebut  such  presumption. 

If  the  husband  leave  a  legacy  to  the  wife  equal  to  the  arrears  of  pin- 
money  or  more,  such  legacy,  according  to  the  general '  rule  as  to  the 
satisfaction  of  debts  by  ths  giving  of  legacies,  will  be  considered  as  a 
payment  of  the  arrears  due  at  the  time  when  the  wiU  was  made.  If  a 
wife  elope  and  live  apart  from  her  husband,  either  in  a  state  of  adultery 
or  not,  she  does  not  thereby  forfeit  her  right  to  her  pin-money,  and 
she  may  recover  it. 

PINE-APPLE,  the  fruit  of  the  Ananasga  saiiva,  Lindl.,  a  tropical 
plant,  indigenous  to  South  America  and  some  of  l^e  West  India 
Islands.  It  has  become  so  perfectly  naturalised  in  many  parts  of  the 
hot  r^ons  of  Asia  and  Africa,  that  it  has  been  thought  to  be  likewise 
a  native  of  those  countries.  It  was,  however,  first  introduced  into 
Europe  from  South  America,  and,  as  it  is  recorded  by  M.  Le  Cour  of 
Leyden,  about  the  middle  of  the  17th  century :  from  Holland  it  was 
brought  to  this  country  in  1690,  by  the  Earl  of  Portland,  according  to 
the  Sloanean  MSS.  in  the  British  Museimu  There  is  a  painting, 
formerly  in  the  collection  of  Horace  Walpole,  in  which  Charles  II.  is 
represented  as  being  presented  with  the  Jint  pine-apple  by  Rose,  his 
gardener ;  but  there  are  some  doubts  whether  that  fruit  was  grown  in 
England  or  obtained  from  Holland.  It  may,  however,  be  fairly  con- 
cluded that  pine-apples  were  exceedingly  rare  in  this  country,  even  at 
the  tables  of  thQ  nobility,  in  the  beginning  of  the  last  century ;  for  in 
1716,  Lady  Mary  Wortley  Montagu  remai^  that  pine-apples  were  on 
the  cdectoral  table  at  Hanover  when  she  was  there  in  that  year,  on 
her  journey  to  Constantinople;  and  she  states  that  she  had  never 
previously  seen  that  species  of  fruit  ('Letters  of  Lady  M.  W. 
Montagu.')  Since  that  period  the  cultivation  of  the  pine-apple  has 
been  prosecuted  with  perseverance  in  Britain,  but  frequentlv  the 
results  have  been  very  disproportionate  to  the  expense  incurred.  At  the 
present  day  the  pine-apple  in  England  is  so  abundantly  produced,  that 
although  expensive,  it  is  very  common.  Its  delicious  fiavour,  and 
the  noble  appearance  which  a  well-grown  fruit  exhibits,  render  the 
cultivation  of  it  a  special  object  of  horticultural  enterprise  and  skill. 

As  notwith stand ing  the  many  treatises  that  have  been  written  on 
the  subject,  failures  in  the  production  of  fine  fruit  continue  to  occiur, 
it  seems  desirable  to  point  out  in  what  the  mismanagement  of  a  gardener 
is  most  likely  to  consist,  and  how  he  may  apply  the  directions  to  be 
found  in  books  of  gardening  with  least  chance  of  failure. 

It  has  been  alrc^y  stated  that  this  plant  is  an  inhabitafit  of  the 
tropics,  and,  it  may  be  added,  near  the  level  of  the  sea.  The  latter  cir- 
cumstance it  is  necessary  to  remark,  because  if  it  were  a  mountain 
plant,  even  though  tropical,  it  might  be  natural  for  it  to  endure  a 
comparatively  low  degree  of  temperature.  But  according  to  Beyrich 
('  Gardeners'  Magazine,'  liL  442), "  the  pine-apple  in  its  wild  state  is 
f oimd  near  the  sea-shore,  the  sand  accumulated  there  in  downs  serving 
for  its  growth,  as  well  as  for  that  of  most  of  the  species  of  the  same 
family.  The  place  where  the  best  pine-apples  are  cultivated  is  of  a 
similar  nature.  In  the  sandy  plains  of  Praya  Velha  and  Praya  Grande, 
formed  by  the  receding  of  the  sea,  and  in  which  no  other  plant  will 
thrive,  are  the  spots  where  the  pine-apple  grows  best."  The  tem- 
perature at  the  level  of  the  sea  at  or  near  the  equator  varies  but 
little  throughout  the  year;  for  instance,  the  mean  temperature  of 
the  warmest  month  at  Cumana,  10*  27'  N.  lat,  is,  according  to  Hum- 
boldt, 84*38',  and  that  of  the  coldest  79*16^  At  Havanna,  on  the 
skirt  of  the  tropics,  the  mean  of  the  warmest  month  is  83*84** ;  that  of 
the  coldest  69*98*.  At  Vera  Cruz  the  mean  temperatures  of  the 
warmest  and  coldest  months  are  respectively  81*86**  and  71*06°. 

In  conformity  ¥dth  the  above,  and  also  from  the  results  of  experience, 
it  may  be  stated  that  the  artificial  temperature  of  the  Atmosphere  in 
which  the  pine-apple  is  intended  to  be  grown  should  have  a  mean  of 
about  80* ;  or  a  minimum  not  lower  than  70°  at  any  time  of  the  year, 
and  a  TnaTimiim  not  higher  than  90*.  When,  from  the  shortness  of 
our  days  in  winter,  there  is  a  deficiency  of  light,  and  when  forcing 
the  plant  in  its  absence  would  produce  only  imperfectly  formed 
tissue,  70*  will  be  proper.  In  summer  80*  to  85*,  or  in  the  case 
of  fruiting  plants,  from  that  to  90*  will  not  be  too  much.  The 
TnftTimiim  by  sun-heat  may  extend  higher,  but  100*  should  be  its 
limit. 

With  regard  to  bottom-heat,  it  should  be  in  imitation  of  the  heat 
of  the  tropical  soil;  and  this  varies  even  less  than  the  temperature 
of  a  tropicsd  atmosphere.    The  mean  temperatiire  of  the  earth  is  gene* 
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rally  supposed  to  be  somewhat  higher  thatl  the  tnean  of  the  atmosphefe, 
owing  to  the  greater  capacity  of  the  soil  for  retaining  caloric.  The 
discrepancy,  however,  cannot  be  great  j  smd  if  the  meflil  atmospheric 
temperature  at  the  eqtiator  be  from  80"  to  64*,  as  haa  been  ascer- 
tained from  numerous  observations,  the  temperature  of  the  soil,  It  may 
be  presumed,  will  not  average  lower ;  nor  will  it  be  many  degrees 
higher  where  moisture  sufficient  for  vegetation  exists,  as  is  generally 
the  case  in  islands ;  although  on  continents  it  becomes  so  great  as  to 
reduce  the  soil  to  a  desert.  iThe  temperature  of  the  earth  ft  foot 
below  the  surface,  in  New  Granada,  is  86^  during  summfer,  according 
to  a  correspondent  of  Mr.  Hay  ('  Gard.  Mag.*) ;  atid  this  degree  of  heat 
will  be  found  a  very  good  mediutn  for  the  roots  of  the  pine-apple. 
Bottom-heat  then  should  never  be  allowed  to  fall  below  75%  nor  rise 
higher  than  90". 

Pine-apples  can  be  raised  from  seeds,  but  ill  England  this  Is  rarely 
done  except  for  the  purpose  of  procuring  varieties.  They  are  pro- 
pagated usually  from  suckers.  Formerly  the  ctoWlis  were  used,  but 
the  suckers  are  found  to  be  more  early  productive.  The  soil  in  which 
they  are  planted  requires  to  bo  rich.  A  fresh  yellow  loam,  strong,  but 
by  no  means  of  a  binding  nature,  with  which  is  mixed  a  quantity  of 
cow-dung,  wiU  answer  very  well.  The  pots  require  to  be  well-drained, 
and  over  the  drainage  some  pieces  of  turf  may  be  placed.  Manure- 
water,  made  by  steeping  sheep's-dung  or  cow-dung,  is  occasionally 
applied,  care  being  taken  that  it  be  properly  diluted.  If  the  plants  are 
found  not  to  be  thriving,  they  may  be  shifted,  without  hesitation,  at 
any  period  of  their  growth. 

It  is  very  important  that  a  perfect  drainage  be  at  all  times  main- 
tained. When  pots  are  plunged  in  tan,  the  worms  are  apt  to  close  the 
holes  in  the  bottom  of  the  pots  by  their  excretions ;  or  a  stoppage 
may  occur  in  consequence  oi  the  preBSiu*e  of  the  pot  upon  the  tan 
when  it  wastes  and  becomes  capable  of  being  rendered  compact.  i>Vom 
whatever  cause  the  defect  proceeds,  a  good  preventive  may  be  easily 
effected  by  simply  plunging  an  empty  pot,  with  its  movik  doumtoards, 
and  on  this  placing  the  bottom  of  that  containing  the  plant,  closing 
the  tan  round  the  sides  of  the  latter  in  the  usu^d  way.  If  at  any  time 
the  tan  should  become  too  hot,  it  may  be  J>artially  removed  from  the 
sides  of  the  pot. 

Moisture  is  essential  for  the  growth  of  the  pine-apple.  The  con- 
dition  of  the  soil  in  the  pots  will  of  course  indicate  whether  water 
should  be  applied  or  withheld.  But  in  summer  the  atmosphere  should 
be  kept  moist  by  syringing,  particularly  before  shutting  up  at  night. 
No  water  should  on  any  account  be  used  of  a  temperature  many 
degrees  lower  than  that  of  the  soil  in  the  pots  where  the  plants  are 
growing;  it  should  not,  in  short,  be  applied  lower  than  75",  and  80° 
will  prove  a  good  medium.  When  the  fruit  is  ripening  off,  moisture 
of  course  should  be  withheld ;  and  in  damp  cloudy  weather  iii  winter, 
when  it  is  an  object  to  restrain  rather  than  promote  grolxrth,  they 
should  be  kept  rather  dry  than  otherwise.  Moisture  wm  not  prove 
injurious  when  it  is  accompanied  by  a  su&ciently  high  temperature 
and  a  due  share  of  light.  The  mode  of  heating  by  tueans  of  hot- 
^ater  pipes  is  undoubteidly  the  best  for  pine-stoves ;  and  steam  from 
the  boiler  should  be  at  command,  so  that  it  may  be  introduced  to  thd 
interior  of  the  house  as  occasion  requires. 

Pine-apples  may  be  grown  under  various  modes  of  treatment. 
Instead  of  being  confined  in  pots,  they  are  sometimes  planted  in  a  bed 
of  soiL  This  has  been  found  to  answer  very  well  where  good  dnunage 
was  secured,  and  where  a  proper  degree  of  bottom-heat  could  be 
applied.  ^  They  have  also  been  grown  in  pots  placed  oil  shelves  or  on 
land ;  this  mode,  however,  has  not  proved  fully  successful,  for  the 
roots  are  subjected  to  vicissitudes  consequent  not  only  upon  the 
Variations  in  the  temperature  of  the  atmosphere  of  the  house,  but  also 
its  hygrometrical  conditions. 
,  A  principal  cause  of  failure  in  the  cultivation  of  the  pine-apple 
appears  to  have  arisen  from  the  idea  that  the  phmts  will  bear  a  much 
lower  degree  of  temperature  than  that  above  pointed  out  as  being 
natural  to  them.  They  will  apparenUy  do  so ;  but  although  the  plants 
may  continue  to  have  a  healthy  appearance,  yet  experience  proves  that 
their  vital  eneigy  ia  interfered  wiUi,  and  their  powers  of  organisation 
diminished,  as  is  continually  indicated  by  the  fruit-stem  being  sent  up 
with  only  a  few  imperfect  pips.  The  stagnation  of  water  about  the 
roots  from  defect  of  drainage,  too  much  heat  and  moisture,  or  too 
much  heat  and  dryness,  or  checking  the  plants  by  cold  in  order  to 
bring  them  to  a  fruiting  condition,  instead  of  lorwarding  them 
naturally  to  that  state,  are  other  sources  of  failure  on  the  part  of 
cultivators.  With  regard  to  the  last,  the  only  method  that  ought  to 
be  taken  to  bring  on  the  time  of  fruiting  is  to  mspissate  the  sap,  and  to 
augment  the  amoimt  of  secretions  by  gradually  withholding  moisture 
and  increasing  the  temperature,  at  the  same  time  admitting  a  little 
more  air  than  usual ;  and  after  this,  by  the  sudden  applic^on  of  a 
brisk  temperature  witii  more  moisture. 

To  richly  manured  soil  the  large  size  of  the  pine-apples  produced  in 
Eilgland  may  be  attributed;  and  to  the  means  that  cultivation  under 
glass  affords  of  progressively  intyiBsating  the  juioes  towards  the  period 
of  ripening,  may  be  ascribed  the  superiority  of  the  fruit  to  that  pro- 
duced in  countries  where  the  plants  are  indigenous,  as  alluded  to  onder 
Anakassa  sativa,  in  Kat.  Hist.  Drr. 

Pine-apples  are  now  cultivated  to  a  large  extent  in  the  Bahamft 
UlAads  for  the  Ex^glish  market    * 


PINE  APPLE,  JSssence  of,    [Butteio  Acid.] 

PINIC  ACm.    [TuBPE»TnrE.] 

PiNIPICRIN  (C^^Hj^O,,?).  An  amorphous  bitter  organic  sab- 
stance  contained  in  the  leaves  of  tiie  Pinta  sylvatriM,  It  k  boluble  in 
water  and  in  a  mixture  of  alcohol  and  ether. 

PINITANNIC  ACID.    [TAimo  Acids.] 

PINITE  (CijH^Ojo).  A  saccharine  substance  produced  by  the 
action  of  fire  upon  the  trunk  of  the  Pvnus  LamberHana,  in  California. 
It  is  eaten  by  the  Indians:    It  does  not  ferment. 

PINK.  The  flower  so  cfdled  {Dianihus  plumariiu)  bdongs  to  the 
genus  Dianthus,  to  which  also  belong  the  carnation  {Dianthua  caryo- 
phyUua),  the  sweet-william  {PiarUkus  harhattts),  and  others,  and  tiie 
cultivation  of  all  of  thetii  is  similar.  Although  some  of  the  species 
are  indigenous  to  Great  Britain^  by  &r  the  greatest  numb^  are 
natives  of  the  southern  parte  of  Europe;  abounding  in  Germany, 
Switzerland,  Italy,  aiod  along  thegshores  of  the  Mediterranean,  Black, 
and  Caspian  Seas,  inhabiting  rocks,  mountains,  and  dry,  warm,  stony 
places  most  frequently,  although  occasionally  living  in  sandy  and 
damper  places. 

It  is  therefore  obvious  that  the  gardener  must  pay  special  attention 
to  this  peculiarity,  and  guard  by  every  means  in  his  power  against  the 
access  of  wet,  imless  when  the  plants  are  in  a  state  .of  free  growth.  In 
the  winter,  when  they  are  at  rest,  they  bear  moisture  vety  impatiently. 
It  is  tiierefore  either  upon  rockwork  or  in  pots  housed  in  winter  that 
the  species  of  Dianthus  are  best  preserved.  The  soil  in  which  thej  are 
planted  should  consist  of  equal  quantities  of  good  fresh  loam  and 
vegetable  mould,  to  which  may  be  added  a  little  horse  dung  and  sand, 
the  whole  to  be  mixed  well,  and  allowed  to  remain  for  a  season 
before  being  used. 

All  the  species  may  be  propagated  either  by  seeds  or  by  layering 
or  piping.  Both  operations  should  be  performed  about  tiie  end  oi 
May  or  beginning  of  Jime.  Layering  is  decidedly  the  tnirefit  method, 
as  the  young  shoot  derives  support  &om  the  parent  plant  until  it  has 
protruded  rootlets  of  its  own  for  nourishment.  In  this  operation 
gardeners  generally  practise  a  method  technically  called  tongneing, 
which  is  simply  making  a  slit  with  a  knife,  from  ft  little  below  the 
joint,  up  through  its  centre,  and  then  carefully  pegging  the  yoong 
shoot  down  as  in  the  common  way.  Pipings  are  a  sort  of  cuttings, 
and  will  root  freely  in  a  melon  or  cucumber  frame,  which  can  often 
conveniently  be  applied  to  this  puxpose  in  the  end  of  the  season;  bat 
as  artificial  heat  is  not  essential  to  success,  those  Who  have  not  this 
convenience  may  succeed  very  well  with  a  small  hand-glass. 

If  the  pipings  are  not  in  a  shaded  situation,  it  is  necessary  to  shade 
them  when  the  sun's  rays  are  powerful  *  because  the  rootlets  are  for 
some  time  insufficient  to  supply  the  stem  with  fluid  enough  to  counter- 
act the  effects  of  evaporation.  It  is  the  Want  of  due  attentioii  to  this 
which  causes  the  result  of  propagating  the  Dianthus  by  pipings  to  be 
considered  uncertain :  if  shade  and  moisture  are  supplied  for  a 
sufflcietatly  long  time,  thei«  is  little  risk  of  the  pipings  not  foxming 
young  pk^ts. 

When  the  young  plants  are  rooted  they  should  be  transplanted  into 
beds,  about  6  inches  apart;  the  soil  of  the  bed  being  a  rich  loam  and 
not  less  than  a  foot  in  depth,  and  well  drained.  As  they  begin  U 
bloom  remove  all  but  two  or  tiiree  of  the  flower-buds,  and  uie  flower 
fttems  should  be  supported  by  being  tied  loosely  to  sticks. 

PINK  SALT  (NH^Cl,  SnCy.  A  double  chloride  of  tin  and 
ammonium,  used  as  a  mordant  by  dyers. 

PINK  SAUCERS.    [Carthamik.] 

PINT,  the  half  of  a  quart,  and  the  eighth  part  of  a  Q^LLCof,  which 
Is  the  standard  measure  connected  with  the  pmt. 

PINUS  BALSAME^    [Balsam,  Baltam  of  Canada,] 

PIONEERS.  There  are  thirteen  picked  men  (artisans)  in  each 
regiment  of  infantry  who  act  as  pioneers :  these  carry  no  muskets,  but 
a  sword  with  a  saw  back  which  acta  as  a  weapon,  and  also  as  a  tool 
Besides  which  a  regular  complement  of  tools,  such  aa  picks,  shovels, 
felling  axes,  saws,  crowbars,  is  divided  amongst  and  carried  by  Uie 
men,  slimg  on  their  shoulders,  or  strapped  to  their  backs.  Pioneers 
are  employed  in  the  field  in  removing  obstacles,  and  on  the  line  of 
march  in  rendering  posts  Qefensible,  doing  repairs  in  -eamp,  or  directing 
working  parties,  &c. 

PIPE  (measure),  a  name  given  to  two  hogsheads  of  the  old  wine 
measure ;  two  hogsheads  of  sde  or  beer  were  called  a  butt. 

PIPE.  A  column  of  air  contained  in  a  tube  and  maintained  in  a 
state  of  vibration  yields  a  miisical  sound,  depending  upon  its  length 
and  (slightly)  upon  the  state  of  the  atmosphere.  Our  object  in 
the  present  article  is  to  give  such  an  accotmt  of  the  theory  of  a 
musical  pipe  as  may,  with  the  articles  Acoustics,  Cord,  Harmoxics, 
Scale,  Temferamekt,  kc,  complete  the  statciment  of  the  leading 
principles  of  soimd  and  the  doctrines  of  music. 

In  this  subject  a  distinct  line  should  be  drawn  between  those  or- 
oumstances  which  are  of  easy  and  difficult  explanation :  for  exampK 
to  a  person  who  thoroughly  understands  the  composition  of  wares 
moving,  in  opposite  directions  [Acoustics  ],  it  is  not  difficult  to 
point  out  what  the  state  of  a  pipe  must  be  when  in  mtudcal  vibration ; 
but  to  explain  how  the  action  of  a  current  of  air,  ad  Ifl  the  common 
flute,  or  the  joint  action  of  the  air  and  a  reed,  as  in  the  darionet  or 
reed-stops  of  an  oigan,  produces  and  malntainti  this  itete  of  irilMtfon* 
is  quite  another  thmg. 
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We  sball  fiz9^  Qomdcbr  the  pipe  in  a  state  of  contUiued  BonorooB 
Tiluration  (no  oiAtter  how  produoed)i  yielcUDg  the  lowest  note  which  it 
will  give :  let  it  be  «  simple  pipe  open  at  both  ends,  and  let  it  be  sounding, 
say  Sie  o  ol  the  treble  clef,  which  note  requires  258  double  vibrations 
per  second.  U  we  now  remember  that  the  air  at  the  two  extremities 
is  in  communication  with  the  outer  air,  we  see  that  no  condensation  or 
rarefiiustion  can  take  place  ^t  those  extremities,  or  only  veiy  small  ones 
comfared  with  those  which  ta](e  place  in  the  interior  of  the  tube.  To 
get  approximately  at  the  conditions  of  vibration,  let  us  suppose  that 
no  condensation  ov  pure&ction  takes  place  at  the  extremities.  We 
then  see  [Aooubtics]  that  the  state  of  the  pipe,  its  two  extremities 
never  bemg  condensed  or  rarefied,  is  as  it  would  be  if  two  waves  of 
sound  were  travelling  in  opposite  directions,  every  particle  of  the 
interior  being  affected  by  the  joint  condensations  and  velocities  of 
bo^.  Moreover,  the  distance  between  two  uncondensed  particles  is 
always  the  whole  length  of  the  wave  of  condensation  or  that  of  rarer 
&ction,  or  a  multiple  of  this  length ;  that  is,  the  pipe  must  be  either 
the  half -lengtit^  of  a  double  wave  or  a  multiple  of  this  half-length. 
When  the  pipe  soun<i9  the  lowest  uote,  it  must  idve  th9  longest  wave ; 
that  is,  the  length  of  the  pipe  must  be  that  of  tne  simple  wave  of  con- 
densation or  rarefaction.  Hence,  the  .lowest  note  which  i^  pipe  can 
yield,  which  is  called  iU  fimdammUU  note,  is  that  belonging  to  a  double 
wave  of  sound  whUdi  is  double  of  its  length-  SSftch  double  wave 
answers  to  a  complete  or  double  vibration  of  a  string. 

To  compare  thiE^  result  with  practice,  let  W  suppose  sound  to 
travel  at  the  rate  of  1X25  feet  per  second  (tempen^ture  62"  fVur.).  The 
note  c  having  258  double  vibrations  per  second,  this  1125  feet  must 
contain  258  double  waves,  or  ea<;h  double 'wave  must  be  4 '36  feet.  The 
single  wave  then  is  2'18  feet,  or  2  feet  2  inches  and  *16  of  an  inch, 
which  is  the  thtoreUcal  length  *of  the  pipe.  HiTow  the  oigan-builders 
say  2  feet  [Obqan,  Constbugtion  of],  but  this  of  course  is  a  rough 
description,  since  the  French  orgao-builderB  also  say  2  feet  (according 
to  Biot),  and  the  French  foot  is  longer  than  the  English.  Further  on 
in  the  artide  referred  to  we  see  2  feet  2  inches  given  as  the  length  of 
this  0  in  an  open  pipe  (the  dulciana),  and  1  foot  X  ipch  in  a  stopped 
pipe  (the  stopped  diapason),  which,  as  we  shall  presently  see,  ought  to 
be  hiUf  as  long  as  an  open  pipe.  The  common  flute,  when  everything 
is  stopped,  gives  this  same  o,  imd  the  length  from  the  embouchure  (or 
mouth-hole)  to  the  end  of  the  instrument  is  a  little  mor^  than  2  feet, 
but  certainly  never  2  feet  2  inches.  It  mustbe  remembered  however 
that  this  instrument  is  made  up  of  the  flute  (so  called)  and  the  player, 
whose  Ups,  when  they  come  over  the  embouchure^  coii&ne  the  air,  and 
are  equivalent  to  a  slight  lengthening  of  the  pipe.  It  is  not  the  man- 
ner of  blowing  which  does  this,  but  the  approach  of  the  lips,  as  may 
be  thus  shown.  '  Take  a  common  flute,  and  without  holding  it  to  the 
lips,  strike  the  uppermost  hole  with  the  finger;  a  faipt  sound  will  be 
heard.  Now  approach  the  lipe  to  the  embouchure,  but  without  blow- 
ing, and  Uien  strike  the  same  hole  with  the  finger;  another  faint 
sound  will  be  heard,  decidedly  flatter  than  the  former.  It  is  well 
known  to  those  who  play  on  this  instrument  (to  those  who  play  in  tune 
at  least)  that  drawing  the  lips  back,  so  as  not  so  much  to  confi4e  the 
air  contiguous  to  the  embouchure,  sharpens  the  tone,  and  what  some 
persons  call  humouring  the  instrument  means  continual  alteration  of 
the  position  of  the  lips,  so  as  to  shorten  or  lengthen  the  pipe  by  turns, 
according  to  the  note  to  be  sounded.  It  is  also  well  known  to  players 
that  this  humouring  can  be  carried  to  a  much  greater  extent  with  the 
bigh  notes  than  with  the  low  notes ;  but  so  little  were  the  practical 
musicians  in  connection  with  the  theoretical  in  the  time  of  Daniel 
Bernoulli  (who  first  gave  the  mathematical  theory  of  this  subject), 
that  this  simple  fact  was  only  discovered  by  him  ^om  a  new  and  some- 
what complicated  experiment. 

In  the  preceding  theory  all  the  parts  of  any  section  of  tlie  pipe  pei^ 
pendicular  to  its  axis  are  supposed  to  vibrate  in  the  same  manner. 
This  cannot  be  the  case  in  the  common  flute  or  in  the  organ-pipe, 
in  which  the  cause  of  condensation  is  supplied  at  the  side ;  and  in  &ct 
all  experiments  in  which  the  cause  of  imdulation  has  been  equally 
applied  over  all  the  parts  of  a  section  perpendicular  to  the  axis,  have 
agreed  in  the  result  that  the  time  of  yibration  is  wholly  independent  of 
the  diameter  of  the  tube :  while  those  in  which  the  same  was  not 
equally  applied  give  the  result  that  the  greater  the  diameter  the  lower 
is  the  tone.  Moreover,  when  an  orifice  is  made  in  the  side  of  a  pipe, 
as  in  the  flute,  it  is  not  equivalent  to  the  formation  of  a  new  pipe  ter- 
minating at  that  orifice,  Uiough  the  results  are  somewhat  resembling, 
i^ny  note  between  the  fundamental  note  and  its  octave  may  be 
obtained  by  an  orifice  of  one  size  or  .another  made  at  or  near  the 
middle  of  a  pipe. 

We  have  seen  that  we  may  suppose  the  extr«mitiea  of  the  open  pipe 
to  contain  between  them  2,  3,  ftc.,  half-waves,  which,  the  wnole 
pipe  being  one  half-wave  in  length,  will  give  the  HARUomos  of  the 
fundamental  note.  This  subject  is  sufficiently  treated  ^in  the  article 
cited. 

Various  instruments  yield  different  harmonics  more  or  less  readily ; 
the  general  rule  being  that  the  more  violent  the,  agitation  which  pro- 
duces the  sound,  the  larger  the  number  of  half-waves  formed  in  the 
tube,  and  the  higher  the  harmonic :  also  that  a  certain  diameter,  the 
Wger  the  greater  the  length  of  the  tube,  is  necessary  to  the  produc- 
tion of  the  fundamental  note.  Thus,  if  an  organ-pipe  be  too  small  in 
the  bore,  it  will  yield  the  octave  of  the  fundamental  note;  or  if  the 


latter,  only  with  great  attention  to  the  voicing,  or  adjustment  of  the 
orifice  through  whidi  the  wind  enters.  If  the  bore  of  a  flute  be- 
too  narrow  (which  we  imagine  to  be  the  case  in  modem  instruments), 
the  lower  notes  will  be  difficult  to  obtain.  And  the  various  harmonics 
are  produced  wi^  very  di^eren^  degrees  of  facility ;,  a  circumstance  of 
which  the  theory  can  give  no  account.  Tl^us,  players  on  the  trumpe)^ 
find  it  exceedingly  difficult  ^  produce  that  tone  which  divides  the 
instrument  into  seven  parts,  or  tho  flat  sevmith  in  the  third  octave 
above  the  fundamental  note ;  while  in  tiie  flute  there  is  no  moderately 
skilful  placer  who  camiot  produce  it.  It  is  to  be  observed  however 
that  all  pipes  of  the  trumpet  class  are  of  tapering  diuneter ;  and 
though  they  agree  in  all  material  points  witli  the  theory  of  cylindrical 
and  prismatic  pipes,  it  is  not  remarkable,  in  the  present  state  of  the 
mathematical  analysis  of  this  subject,  that  they  should  present  circum- 
staftces  difficult  of  explanation. 

Jt  will  be  obvious,  from  the  consideration/i  in  Acoustios,  that  when 
the  extremities  of  the  pipe  contain  between  them  n  half- waves,  there 
will  be  f»  + 1  points  (the  orifices  included)  at  which  the  velocities  are 
always  greater  than  elsewhere,  and  no  condensations  or  rarefactions ; 
and  n  points  (in  the  middle  of  the  subdivisions),  at  which  the  condensa- 
tions  or  rarefactions  are  always  greater  than  elsewhere,  and  which  are 
alwavs  at  rest  or  nearly  so.  These  imp^oveabl^  points  are  called  nodes 
of  vibration ;  and  there  is  one  of  them  in  the  middle  of  the  tube  only 
when  the  number  o|  hal|-i^ves  in  the  pipe  is  odd. 

Let  us  consider  the  case  of  a  pipe  with  one  end  closed.  It  is  obvious 
now  that  the  open  extremity  is  a  point  of  no  condensation,  while  the 
closed  extremity  must  be  a  node,  or  point  of  no  velocity.  Hence  the 
tube  must  be  tne  half  of  an  odd  number  of  [limple  waves  in  length, 
twice  the  tube  must  be  an  odd  number  of  simple  waves,  and  four 
times  the  tube  an  odd  number  of  double  waves  in  lengtL  Hence 
the  fundamental  note  belongs  ^  a  double  wave  of  four  times  the 
length  of  the  tube ;  so  that  the  fimdamental  note  of  a  pipe  dosed 
at  one  end  is  an  octave  lower  than  that  of  the  same  pipe  open  at 
both  ends.  It  is  the  same  thing  to  say  thst  a  pipe  of  half  the  length 
of  an  open  pipe,  closed  at  one  end,  gives  the  same  note  as  the  open 
pipe,  This  is  ^e  reason  why  the  pipes  of  the  stopped  diapason 
stop  of  an  organ  ar^  halyee  of  the  lengths  of  tl^ose  of  the  open 
diapason. 

^  Again,  since  the  double  length  of  the  pipe  is  an  odd  number  of 
simple  waves,  the  harmonics  which  the  pipe  can  yield  are  not  the  com- 
plete set  yielded  b^  the  open  pipe  of  double  the  length,  but  every 
other  one,  beginning  from  the  fundam^tal  note.  T^e  number  of 
vibrations- per  second  being  1,  those  of  the  harmonics  producible  by 
the  pipe  closed  at  one  eod  are  3,  5,  7,  ftc.  We  wiU  leave  the  pipe 
closed  at  both  ends  (a  matter  of  no  practical  concern,  since  its  sound 
could  not  be  heard)  to  the  student ;  the  result  he  should  arrive  at  by 
the  preceding  considerations,  is  that  it  i^  in  all  respects  analogous  to 
the  vibrating  Cobd  fixed  at  both  ends.  But  he  must  not  infer,  by  a 
reversed  analogy,  that  the  vibrations  of  an  elastic  body  fixed  at  one 
end  (as  the  spring  of  a  tuning-fork)  answer  to  those  of  a  pipe  closed  at 
one  ^nd,  since  their  law  is  very  different. 

It  is  usual  first  to  give  the  theory  of  a  dosed  pipe,  and  then  to 
suppose  the  open  pipe  made  of  two  dosed  pipes,  with  their  closed  ends 
together,  and  their  closing  diaphragms  removed.  The  opposition  of 
the  vibrating  movements  will  then  keep  the  partides  in  the  middle  at 
rest.  This  is  a  sufficient  explanation  of  those  modes  of  vibration  of 
the  open  pipe  in  which  there  is  a  node  in  the  niiddle. 

We  now  come  to  the  explanation  of  the  manner  in  which  the 
sonorous  vibration  of  a  pipe  is  maintained.  If  we  suppose  a  vibrating 
body  placed  at  the  orifice,  it  is  f  oimd  that  if  the  vibrations  of  the 
body  be  equal  or  nearly  equal  to  those  of  the  fundamental  note  of  the 
tube  in  the  preceding  theory,  or  one  of  its  harmonics,  the  sound  of  the 
vibrating  bcdy  is  reinforced  by  the  tube.  A  slight  idteration  of  the 
tube,  though  it  may  sharpen  or  flatten  the  note,  does  not  by  any  means 
produce  such  a  difference  as  would  be  caused  by  the  same  alteration, 
if  the  sound  were  caused  by  the  tube  alone.  We  do  not  intend  to  go 
into  this  subject ;  the  reader  may  find  it  discussed,  both  mathematically 
and  experimentflJly,  in  a  paper  by  Hr.  Hopkins,  published  in  the 
fifth  volume  of  tJie  *  Tr^sactions  of  the  Cambridge  Philosophical 
Sodety.' 

When  the  sound  is  caused  by  a  current  of  air,  as  in  the  oommon 
flute  or  simple  oxgan  pipe,  a  tolerably  satisfactory  explanation  of  the 
phenompia  hte  been  given  in  the  ease  of  the  pipe  dosed  at  one  end  (to 
which  writers  have  confined  themselves) ;  but  none  whatever  in  that 
of  the  pipe  which  is  open  at  both  ends.  In  the  former  case,  as  in  a 
reed  o{  the  Pan's  pipe,  a  current  of  air  is  directed  laterally  over  the 
mouth  of  the  pipc^  with  a  slight  obliquity  of  direction.  A  condensa- 
tion is  therefore  produced  in  the  tube,  which  travels  to  the  dosed  end, 
and  is  there  reflected;  so  that  bv  the  time  the  oondensation  has 
travelled  over  twice  the  length  of  the  tube  (down  and  back  again),  the 
whde  condensation,  such  as  it  was  when  it  began,  is  doubled.  Hence 
the  air  in  the  tube  has  now  beicome  more  powerful  than  the  external 
stream,  and  the  condensed  portion  begins  to  be  discharged.  This 
continues  until  not  onlv  the  whole  of  the  condensation  is  dischaiged, 
but  also  until  all  the  velodty  of  the  issuing  partides  has  been  destroyed ; 
and  this  is  not  done  until  ibe  effect  of  that  velocity  has  produced  a 
rarefaction  in  the  tube.  The  effect  of  the  condensation  is  destroyed  in 
the  same  time  as  that  in  which  it  was  produced ;  and  hence  the  com- 
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plete  unduktion  belonging  to  the  whole  length  of  the  closed  tube  is 
tour  times  the  length  of  the  tube.  Imperfect  as  the  preceding 
explanation  is,  we  know  of  no  way  of  applying  even  so  much  to  the 
open  tube.  * 

It  is  also  to  be  noted  that  the  whole  of  the  preceding  theory  is  but 
an  approximation.  The  extremities  of  the  open  tube  are  not  points  of 
absolute  non-condensation  and  non-rarefaction,  but  points  at  which  the 
condensations  and  rarefactions  aie  least  and  smalL  Similarly  the  nodes 
are  not  points  in  which  the  air  is  absolutely  at  rest,  but  points  at  which 
the  motion  is  least.  The  extensions  of  this  theory,  howeyer,  important 
as  they  are  in  a  physical  point  of  view,  are  not  essential  to  that  funda- 
mental explanation  of  the  musical  phenomena  of  a  pipe,  to  which 
we  have  expressed  our  intention  of  confining  ourselves  in  tiie  present 
article. 

PIPE,  a  circular  or  square  artificial  channel  for  the  conveyance  of 
watery  fluids,  either  under  pressure,  or  flowing  freely,  or  for  the 
passage  of  roriform  flxiids,  or  of  sound.  According  to  the  almost  endless 
varieties  of  uses  to  which  pipes  may  be  converted,  and  to  the  positions 
in  which  they  may  be  placed,  the  materials  of  which  they  are  formed 
may  be  modmed  in  an  equally  varied  manner.  A  few  of  the  more 
prominent  uses,  and  of  the  more  generally  adopted  materials,  are 
therefore  all  that  it  will  be  possible  here  to  aUude  to,  under  the 
general  name  of  pipes. 

For  the  purpose  of  removing  rain-water  from  buildings  the  ancients, 
and  even  occasionally  the  modems  also,  have  resorted  to  the  use  of 
euthenware  pipes  of  ordinary  clay  baked  in  kilns,  but  of  late  years 
lead,  zinc,  or  iron  pipes  have  been  used  in  preference  either  to  the 
earthen,  or  the  stoneware  pipes.  Copper  pipes  are  commonly  used  for 
the  ascending  pipes  from  force  pumps ;  but  the  distribution  of  water 
horizontally  ia  almost  always  effected  through  cast  or  wrought  iron,  lead, 
or  tin  pipes.  Qas  is  distributed  through  cast  iron  mains,  wrought  iron 
service-pipes,  or  through  small  pipes  of  tin,  or  of  mixed  metal  with  a 
tin  base.  The  foul  waters  from  modem  houses  are  removed  through 
glazed  stoneware  drains,  whilst  land  drainage  waters  are  removed  by 
means  of  red  earthenware  pipes.  Until  ¥nlthin  a  very  few  yean  the 
whole  of  the  water  supply  of  our  towns  was  carried  through  elm  pipes ; 
and  at  the  present  day  wood  is  still  used  for  conveying  water  in 
agricultural  districts,  whilst  that  material  ia  considered  to  be  the  most 
fitted  for  the  conveyance  of  such  fluids  as  tan  liquor,  or  the  bilge 
waters  of  ships.  Indian  rubber  and  gutta  percha  pipes  are  some- 
times used  for  garden  and  irrigation  purposes ;  and  leather  pipes  are 
almost  tufiversally  used  for  fire  engines,  or  for  moveable  pumps,  of  any 
kind. 

Smoke,  hot  air,  and  hot  water  are  conducted  through  pipes  or 
channels  formed,  as  the  case  may  require,  of  ordinaiy  bricks;  of 
moulded  bricks,  of  glazed  brick,  or  stoneware  pipes;  or  of  cast  or 
wrought  iron,  or  of  copper,  zinc,  lead,  or  tin ;  and  in  ihe  construction 
of  boiler  furnaces,  of  drawn  brass.  Sound  is  conveyed  through  metal 
pipes,  or  through  Indian  rubber,  or  gutta  percha  tubes. 

The  stoneware  and  cast  iron  pipes  certainly  are  the  most  durable 
under  ground ;  but  the  chemical  natures  of  the  fluids  conveyed,  and  of 
the  ground  itself,  vaiy  within  so  wide  a  range  as  to  render  it  necessary 
to  exercise  great  circumspection  in  the  choice  of  the  materials  to  be 
used.  Every  case  must  in  fact  be  regarded  on  its  own  merits; 
observing  simply  that  metals  are  peculiarly  liable  to  decay  imder  the 
continuous  action  of  dilute  acids ;  and  that  such  decay  will  be  accele- 
rated if  any  galvanic  action  should  be  superinduced.  In  earth,  it  may 
be  taken  as  a  general  rule  that  stoneware  pipes  wUl  last  longer  than 
metal  ones ;  that  lead  will  last  longer  than  cast  iron,  and  much  longer 
than  wrought  iron  or  wood ;  and  that  both  on  the  score  of  their  rapid 
decay  in  such  positions,  and  of  their  compressibility,  the  pipes  made 
trom  vegetable  substances,  such  as  gutta  percha  or  Indiaik  rubber, 
ire  very  objectionable  for  use  in  the  groimd.  [Sbwxraob;  Water 
Supply.] 

Cast  iron  pipes  are  cast  verticaUy  in  loam  moulds;  wrought  iron 
pipes  are  either  lapwelded  or  brazed ;  lead  pipes  are  either  soldered  on 
their  longitudinal  seams,  or  they  are  forced  by  hydraulic  pressure  upon 
a  mandril,  so  as  to  ensure  their  perfectly  homogeneous  character ;  tin 
.pipes,  and  copper  or  composition  pipes  are  usually  brazed,  but  in 
unimportant  works  their  longitudinal  joints  may  be  soldered  like 
those  of  the  lead  pipes.  The  end  joints  of  cast  iron  pipes  are  either 
made  with  a  spigot  and  faucet  joint,  which  may  be  either  turned  so  as 
to  fit  quite  tijjit,  or  be  left  large  enough  to  receive  a  packing  of  yam, 
white  lead,  and  melted  pig  lead;  or  they  are  made  with  flai^  joints 
connected  by  means  of  bolts  and  washers.  The  ends  of  wrought  iron 
pipes  may  be  connected  by  means  of  screw  couplings,  or  by  flanges ; 
and  the  end  joints  of  the  more  easily  soldered  materials  are  made  by 
that  process,  taking  care  of  course  to  provide  against  the  irregularities 
of  contraction,  or  of  expansion  in  the  pipes.  It  is  precisely  on  account 
of  the  pky  afforded  hy  the  spigot  and  faucet  joints  of  cast  iron  pipes. 


spigot  and  faucet  joints.  The  end  joints  of  gutta  percha  and  of 
Indian  rubber  tubes  are  melted,  and  both  the  longitudinal  or  the  end 
joints  of  leather  pipes  are  sewn  or  riveted ;  wood  pipes  have  tumed 
and  bored  joints  fitting  into  each  other,  which  are  sometimes  screwed 
together* 


The  strength  of  a  pipe  must  be  such  as  to  ensure  its  rewistance  to 
the  external  and  internal  pressures  it  is  likely  to  be  exposed  to ;  but, 
if  it  should  work  under  pressure,  the  internal  force  will  be,  genenllj 
speaking,  so  much  in  excess  of  the  external  one,  that  it  will  suffice  to 
consider  the  former  condition  to  the  exclusion  of  the  latter.  The 
usual  formula  for  calculating  the  thickness  of  pipes  is  as  follovi: 
calling  p,  the  pressure  per  square  inch ;  r,  the  radius  in  inches  of  the 
interior  diameter ;    and  e,  Uie  cohesive  strength  of  the  metal  per 

P  ** 
square  inch;  then  x  =  - — -- :  Kr.  Hawksley  adopts  a  rather  simpler 

formula,  namely :  x  =  O'lSy/d;  in  which  (2  =  the  diameter  in  inches. 
In  practice,  however,  the  theoretical  thicknesses  attidned  by  either  of 
these  f  ormulfiB  are  exceeded,  on  account  of  the  difficulty  of  securing  good 
sound  pipes,  when  the  thickness  is  very  small  Stone  and  earthen- 
ware pipes  hieing  usually  made  of  large  diameters,  and  being  exposed  to 
great  external  pressures  and  jars,  seem  to  require  greater  thicknesM 
than  are  usually  given  to  them ;  perhaps  when  their  diameter  exceeds 
9  inches  they  ought,  in  the  present  state  of  the  arts,  to  be  nude  of 
such  a  thicbiess  that  the  latter  dimension  should  be  equal  to  ^th  of 
the  diameter  at  least. 

Bain-water,  or  other  metal  descent-pipes  are  made  with  projecting 
ears  upon  the  socket  ends,  for  the  purpose  of  receiving  the  naib  b; 
which  they  are  to  be  fixed  one  above  another.  In  these  cases  the  end 
joints  are  not  required  to  be  fitted  hermeticalhr. 

PIPE-OFFICE,  or  more  properly  the  Office  of  the  Clerk  of  the 
Pipe,  an  ancient  office  In  the  Exchequer,  abolished  with  that  of  comp- 
troller of  the  pipe,  by  3  &  4  William  lY.,  e.  99.  The  records  of  the 
office  were  then  transferred  to  the  custody  of  the  king's  remem- 
brancer. See  the  Report  of  the  Commissioners  on  Public  Records, 
1837,  p.  198. 

PIPER,  MEDICAL  PROPERTIES  OF.  Pepper.  Aooor^tothe 
analysis  of  Pelletier,  black  pepper  contains  an  acrid  soft  resin,  a  t(^ 
tile  oil,  piperine,  extinctive,  gum,  bassorine,  malic,  aad  tartaric  acids, 
salts,  fto.  White  pepper  is  the  same  fruit  deprived  of  its  outside 
rind. 

The  odour  of  pepper  is  probably  due  to  the  volatile  oO,  which  is  not 
acrid;  the  pungent  taste  is  most  likely  owing  to  the  resin.  Piperine  is 
generally  yellow,  from  the  presence  of  some  resin,  to  which  it  is  most 
probably  indebted  for  its  virtues,  as  when  purified  by  means  of  ether  from 
all  resin,  it  seems  devoid  of  power,  and  the  febrifuge  virtues  ascribed 
to  it  belong  in  reality  to  the  acrid  resin.  Pepper  is  much  more  em- 
ployed as  a  grateful  condiment  than  as  a  medicine,  and  it  appears  to 
be  essential  to  the  process  of  digestion  in  hot  countries.  Of  50,000,000 
po\mds  of  pepper  collected,  one-third  only  goes  to  Europe,  the  greater 
portion  b^ng  consumed  by  the  Chinese.  Its  moderate  use  with  cdd 
raw  vegetables  or  other  substances  difficult  of  digestion  is  to  be  sp- 
proved ;  its  employment  in  excess  is  hurtful  to  the  liver,  and  a  raj 
large  dose  may  prove  fatal,  not  only  by  exciting  inflammation  of  the 
stomach,  but  by  an  impression  on  the  nervous  system.  Black  pepper 
readily  poisons  hogs. 

Whole  pepper  is  a  popular  remedy  against  intermittent  fevers,  and 
impure  piperine  is  used  beneficially  in  Uke  cases. 

Piper  betie  and  piper  siriboa,  besides  the  use  of  them  in  chewing, 
are  also  employed,  in  the  form  of  the;  freshly  expressed  juice,  as  s 
febrifuge  medicine,  and  as  an  antispasmodic,  especially  agsinst  obsti- 
nate dry  coughs. 

Piper  methysticum,  by  fermentation,  yields  a  powerfully  intoxicating 
drink.  Matico  is  yielded  by  a  plant  called  ArtarUke  eUmffota,  fonnerly 
considered  a  species  of  piper.    [Matico.] 

PIPERIDINE.    [PiperinilJ 

PIPERINE  (C„H„N,0„  ?).  An  alkaloid  contained  in  the  different 
varieties  of  pepper.  [Piper,  in  Nat.  Hist.  Div.]  It  was  discovered 
by  Oersted  in  1819,  and  ia  best  obtained  by  the  following  process. 

White  pepper,  coarsely  comminuted,  is  digested  in  alcohol,  the 
latter  recovered  by  distillation,  and  the  residual  extract  treated  with  a 
small  quantity  of  solution  of  potash  to  remove  resinous  matter;  the 
resulting  impure  piperine  is  washed  with  water  and  obtained  pure  hj 
one  or  two  reciystallisations  from  alcohol  Piperine  occurs  in  cobur- 
Jess  prisms,  it  is  insoluble  in  cold  water,  only  slightiy  so  in  hot  water, 
tolerably  soluble  in  ether,  and  readily  so  in  alcohol,  the  essential  oils, 
and  acetic  acid.  Heated  to  about  212'  Fahr.  it  melts,  and  at  a  higher 
temperature  decomposes.  Concentrated  sulphuric  or  hydrochloric 
acids  dissolve  it,  and  nitric  acid  oxidises  it  to  a  .brown  coloured  sab- 
stance,  that  dissolves  in  caustic  potash  with  production  of  a  beautifol 
blood-red  colour. 

Piperine  is  but  a  feeble  base.  It  absorbs  hydrochloric  acid  gas  with 
avidity,  a  stable  hydrochlorate  being  formed.  The  chloroplatiMtt 
(CogH,0N,Oj^  Hd,  PtCl,)  forms  large  orange-coloured  crystals,  very 
soluble  in  water  or  alcohoL 

Piperidine  (Cj^H^jN)  is  obtained  when  one  part  of  piperine  u  dis- 
tilled with  three  parts  of  potash-lime.  It  is  a  light  oily  body  that  rises 
to  the  surface  of  the  distillate  on  the  addition  of  solid  hydrate  of 
potash.  It  is  volatile,  boiling  at  about  222*8'  Fahr.,  colourless  when 
pure,  has  a  powerful  ammoniacal  odour,  and  is  very  soluble  in  water. 
Its  constitution  has  not  yet  been  satisfactorily  ascertained ;  it  is  usually 
looked  upon  as  ammonia  in  which  two  equivalents  of  hydrpgen  are 
replaced  by  the  diatomic  radical  piparyl  (Cxfiw    ^^  ^*)-     ^V^^ 
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zxiay  however  be  a  compound,  and  contain  two  radicals  (C«  H^  +  Ci&~c 
Hio-,),  each  capable  of  taking  the  place  of  an  equivalent  of  hydrogen 
in  ammonia. 

Piperidine  forms  crystalline  compounds  with  most  of  the  acids. 
Tlie  hydrochloraU  (Cj^,N,HCl)  occurs  in  long  colourless  needles 
veiy  soluble  in  water.  The  oxalate  (2  C^^^^JS,  Cfi,  2  HO)  also  forms 
delicate  needles. 

Piperylrvrea,  or  the  cyanaU  of  piperidine  {C^{K^'P^'^l^fi  or  N(H, 
I*p"),  0,  CyO),  is  formed  on  boiling  a  solution  of  sulphate  of  piperidine 
inrith  one  of  cyanate  of  potash;  it  may  be  obtained  in  long  white 

MethyUpiperyl  urea  (N  (H,  C,H,,  Pp'^  0,  CyO)  and  ethyl-piperyl  urea 
(N  (H,  C^Hg,  I^')  0,  CyO)  are  produced  by  acting  upon  piperidine  with 
the  cyanates  of  methyl  and  of  ethyl  respectiyely. 

By  the  action  of  the  iodides  of  the  alcohol  radicals  upon  excess  of 
piperidine  the  following  bases  are  produced.  They  are  oily  liquids, 
bare  fixed  boiling  points,  and  f onn  well  defined  crystalline  salts  with 
acids  :-^ 


Metbjl-piperidine 
Ethyl-piperidine 
AmyUpiperldine  • 


•  "  t  Pp" 

•  ^  \  Pp' 


Excess  of  the  alcohol  iodide  gives  rise  to  iodides  of  the  following 
ammoniums.  By  the  usual  oxide  of  silver  method  these  iodides  yield 
hydrated  oiddes : — 

Dimethyl-piperyl-ammoniimi        •        •        •        .  NCCaH,],??" 
BiethyUpiperyl-ammonlam I^CCaHs)^??'' 

Piperyl-ntlphoearbamie  acid.  Bisulphide  of  carbon  combines  .ener- 
getically with  piperidine  (Cahom) : — 

Oerhardt  thinks  the  product  may  be  piperyl-sulphocarbamate  of 
piperdine^  viz. : — 

^sa«a«w«»4     -     NHPp"II,  S      J 

Piperylrbemomde  or  Itenxopiperide  [N  -j  q^j^  o  )  ^  ^^^^^^  ^"^  ^^ 

ing  upon  piperidine  with  chloride  of  benzoyL    It  may  be  obtained  in 
colourless  prisms. 

Piperjfrcaminaanide  (^  {q  ]g  q  )  ^^™^^  ^™  piperidine  and 

chloride  of  cumyl,  crystallises  in  tables. 

PIPERYL-BKNZAMIDB.    [Pipebine.] 

PIPERYL-CUMINAMIDE.    [Pipbbikk.] 

PIPERYL-SULPHOCARBAMIC  ACID.    [PiPteiNE.] 

PIPERYL-UREA.    [Piperihb.] 

PIQUETS^  or  PICKETS.  All  armies  and  smaller  bodies  of  men,  in 
camp  or  bivouac,  are  protected  against  surprise  by  small  detachments 
of  troops  tenned  piquets,  thrown  out  on  their  front  and  flanks.  There 
are  two  descriptions  of  piquets,  the  outlying  and  inlying  piquets,  whose 
strength  depend  of  course  on  the  length  of  front  to  be  watched  and 
the  liability  of  attack.  The  outlying  piquet  is  advanced  a  consider- 
able distance  in  front  of  the  camp,  while  the  inlying  piquet  generally 
remains  in  camp  ready  accoutred  to  turn  out  at  a  moment's  notice  to 
support  the  outlying  piquets :  communication  between  the  two  sets 
being  maintuned  by  sentries  conveniently  posted  for  hearing  and 
observing  any  alarm  in  front,  and  if  necessaiy  by  patrolling 
to  the  {^vanced  posts.  The  general  duties  of  the  outlying  piquets 
are  to  insure  the  safety  and  repose  of  the  camp,  to  gain  intelli- 
gence of  the  enemy's  movements  as  early  as  possible,  and  even  of  his 
intentions  by  examining  the  peasantry,  and  to  prevent  his  making 
reconnaissances ;  with  this  object  they  are  posted  with  a  chain  of  double 
sentries  in  front,  on  the  same  principle  that  light  troops  aro  extended 
to  cover  a  line,  with  supports  in  their  rear,  and  if  far  from  the  main 
body  with  a  reserve  also.  Each  company  on  piquet  is  divided  into 
three  reliefs,  one  relief  being  extended  on  sentiy  while  the  other  twtf 
are  in  support,  the  sentries  being  relieved  every  hour  during  the  night. 
As  a  furUier  precaution  against  surprise,  and  as  a  means  of  obtaining 
information,  frequent  patrolling  is  directed  along  the  front  of  the  line 
of  sentries,  and,  if  the  enemy's  posts  be  far  off,  along  the  roads  in  their 
direction,  as  far  as  is  deemed  expedient.  These  patrols  are  preceded 
by  feelers,  quidL  intelligent  men;  and,  avoiding  all  unnecessary  firing, 
so  as  not  to  create  false  alarms,  retire  steadily,  and  if  possible  unob- 
served, on  the  piquets,  on  finding  themselves  in  presence  of  the  enemy. 
A  strong  patrol  should  always  be  sent  out  about  an  hour  before  day- 
light, when  the  whole  of  the  advanced  piquets  are  also  got  under  arms, 
as  this  is  the  time  when  an  attack  is  most  likely  to  be  made ;  for  this 
reason,  also,  piquets  are  generally  relieved  at  this  hour,  as  a  great 
accession  of  force  is  thus  obtained.  In  the  daytime  the  sentries  should 
be  on  high  ground,  the  better  to  observe  the  enemy's  movements ; 


whilst  at  night  they  should  have  the  highest  ground  before  them,  in 
order  to  see  an  approaching  party  against  the  sky  without  being  them- 
selves seen.  The  duties  of  officers  in  command  of  piquets  is  to  give 
immediate  information  of  any  signs  indicating  Uie  intention  of  the 
enemy  to  make  an  attack,  such  as  a  strengthening  of  the  outposts, 
unusual  movement  of  troops,  noise  of  artillery  on  the  march,  &c. 
Should  an  attack  be  made,  the  object  of  the  piquets  is  by  all  means  in 
their  power  to  gain  sufficient  time  to  enable  the  main  body  in  their 
rear  to  get  under  arms  and  prepare  for  action.  Hence  the  posts  should 
be  strengthened  by  breastworks,  abbatiB,  &c,  which  the  piquet  should 
defend  as  long  as  its  flanks  are  not  attacked.  It  is  not  the  object  of 
piquets  that  they  should  defend  themselves  to  the  last,  or  shutting 
themselves  up  in  a  house  or  enclosure  be  cut  off,  but  rather  that  they 
should  retire  steadily  on  the  main  body,  disputing  every  available 
obstacle ;  but,  at  the  same  time,  in  an  extreme  case  an  officer  must 
remember  that  it  is  his  duly  to  sacrifice  himself  rather  than  be  driven 
in  on  the  main  body  before  it  has  had  time  to  form. 

PIRACY  (immediately  from  the  Latin  pircUa,  and  remotely  from 
the  Greek  ire ipar^s)  or  robberv  and  depredation  on  the  high  seas,  is  an 
offence  against  the  tmiversal  law  of  society;  a  pirate  being,  as  Black- 
stone  expresses  it, "  hostis  humani  generis."  "  With  professed  pirates," 
Lord  Stowell  observes  (2  Dods.,  244),  "there  is  no  state  of  peace. 
They  are  the  enemies  of  every  country,  and  at  all  times ;  and  therefore 
are  universally  subject  to  the  extreme  rights  of  war." 

MoUoy,  an  ancient  writer  on  maritime  law,  but  whose  doctrine  it 
would  be  dangerous  to  adopt  in  these  days,  says,  *  If  a  piracy  be 
attempted  on  the  ocean  and  the  pirates  are  overcome,  the  captors  may 
immediately  punish  them  with  death,  and  not  be  obliged  to  bring 
them  into  any  port,  provided  this  occurs  in  places  where  no  legal  judg- 
ment can  be  obtained.  So  likewise  if  a  ship  be  assaulted  by  pirates, 
and  in  the  attempt  they  are  subdued  and  taken,  and  carried  into  the 
next  port,  if  the  judge  openly  rejects  their  trial,  or  the  captors  cannot 
wait  till  judgment  shall  be  given  without  certain  peril  and  loss,  they 
may  do  justice  on  them  themselves  without  further  delay  or  attend- 
ance."   (MoUoy, '  De  Jure  Marittmo,'  chap,  iv.,  sect.  12, 13.) 

**  There  is  said  to  be  a  &shien  in  crimes;  and  piracy,  at  least  in  its 
simple  and  original  form,  is  no  longer  in  vogue.  There  was  a  time 
when  the  spirit  of  buccaneering  approached  in  some  degree  to  the 
spirit  of  chivalry  in  point  of  adventure ;  and  the  practice  of  it,  par- 
ticularly with  respect  to  the  commerce  and  navigation  and  coasts 
of  the  Spanish  American  colonies,  w;as  thought  to  reflect  no  dis- 
honour upon  distinguished  Englishmen  who  en^kged  in  it  The  grave 
judge  (Scaliger)  observes,  in  a  strain  rather  of  doubtful*compliment, 
*  Nvdli  melius  piraticam  exercent  qulun  Angli' "  (Lord  Stowell,  2 
Dods.,  874.) 

The  offence  of  piracy,  by  the  common  law  of  England,  consists  in 
committing  those  acts  of  robbery  and  depredation  upon  the  high  seas, 
which,  if  committed  upon  land,  would  have  amounted  to  felony  there. 
But  by  various  statutes  other  offences  are  made  piracy,  especially  dealix^g 
in  slaves.  (See  on  this  pointy  Blackst '  Com.'  Mr.  Kerr's  ed.,  voL  iv. ; 
and  Abbott, '  On  Shippmg/  140, 141, 142, 289.) 

Persons  guilty  of  piracy  were  formerly  tried  belore  the  admiralty  courts 
according  to  the  rules  of  the  dvil  law.  This  was  altered  by  the  statute 
28  Henry  V III.,  c  15,  which  enacted  that  the  trial  should  be  before  com- 
missioners of  oyer  and  terminer,  and  that  the  course  of  the  proceedings 
should  be  according  to  the  common  law.  Further  provision  was  made 
by  the  statutes  89  Geo.  IIL,  c.  15 ;  48  Geo.  IIL,  c.  118 ;  46  Geo.  IIL, 
c.  54 ;  and  now,  by  the  stat.  i  &  6  Wm.  IV.,  c  86,  sec.  22,  the  trial  of 
offences  conmiitted  on  the  high  seas  is  before  the  Central  Criminal 
Court,  or  the  judges  at  the  assizes. 

PISCES  (the  Fishes),  the  last  constellation  of  the  6ld  zodiac.  There 
is  in  the  mythological  stories  (which  are  \mworthy  of  note)  a  confusion 
between  this  constellation  and  Piscis  Australis,  presently  to  be  noticed. 
(See  Grotius,  in  his  notes  on  Aratus.)  The  constdlation  consists  of 
two  fishes  linked  by  a  string  attached  to  their  taOs  :  they  are  not  close 
together,  the  upper  one  being  dose  to  Andromeda,  the  lower  one  imder 
the  wing  of  Pegasus.  The  rectangular  figure  mentioned  in  Psoasus 
will  be  a  guide  to  the  position  of  the  two  fishes  :  the  line  of  a  Andro- 
medsB  and  y  Pegasi  being  paralld  to  the  body  of  one  fish^  and  that  of 
y  Pegasi  and  a  Pegasi  to  the  body  of  the  other. 

The  principal  stors  are  as  follows  : — 
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PISCIS  AUSTRAlilS,  or  AUSTRrNUS,  or  NO'TIUS  (the 
Southern  Fish),  one  of  the  old  constellations  situated  directly  under 
Aquarius :  the  stream  from  the  water-pot  of  the  latter  constellation 
finishes  at  the  mouth  of  this  fish.  It  contains  a  remarkable  star  of 
the  first  magnitude,  Fomalhaut,  which  only  just  rises  above  the 
horizon  in  these  latitudes ;  when  on  the  meridian,  it  is  nearly  in  the 
same  vertical  circle  with  a  and  fi  Pegasi. 


PISCIS  YOLANS. 
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PISCIS  VOLANS  (the  Flying-Fbh),  one  of  Bayer's  southern  con- 
stellations, situated  between  the  South  Pole  and  Ai^go.  It  contains 
no  stars  of  conspicuous  njagnitude. 

PISTOL.    [Aems.] 

PISTOLE.    [Monet.] 

PISTON.    rHYDBAULics;  Stkam-Enqine.] 

PITCH.    rTAB.l 

PITCH  IN  MUSIC.    [Acoustics  ;  Tunikg,] 

PITTACAL.    [Tab.] 
.    PIYOT,  in  military  manoeuvres,  is  the  officer  or  soldier  stationed  on 
ihe  flank  of  a  section,  company,  battalion,  &c.,  on  which  it  wheel^, 

PIX,  TRIAL  OF  THE.    [CoiNAaB.] 

PLACES  OF  ARMS,  in  fortification,  are  the  enlaigemente  in  the 
covered  way  [Bastion]  at  th^  re-entering  and  salient  an^esofthe 
counterscarp ;  the  latter  are  termed  salient  places  of  arms,  and  are 
simply  made  by  rounding  the  counterscarp;  and  the  former,  the 
re-entering  places  of  arms,  are  formed  by  setting  off  demi-gorges  of 
ibout  thirty  yards,  and  making  the  faces  form  angles  of  100**  with  the 
sdjoining  branches  of  the  covered  way,  as  in  Yauban's  first  system. 
These  places  of  arms  receive  a  considerable  development  in  various 
lystems,  as  in  the  modem  system,  where  they  are  large  and  furnished 
inth  redoubts,  and  in  the  system  invented  by  Chasseloup  de  Laubat, 
^id  called  after  him,  where  they  form  one  of  the  principal  points  of 
defence. 

PLAGAL,  a  term  in  old  ecclesiastical  music,  relating  solely  to  the 
Canto-Fermo,  or  Plaik-Sono,  and  signifying  collaleraL  When  the 
octave  was  so  divided  that  the  fifth  was  above  the  fourth,  the  mode  or 
key  was  said  to  be  PlagaL 

PLAQUE.    [Pbstilbnok.] 

PLAID,  a  chequered  woollen  cloak  or  mantle,  the  garb  of  the  high- 
landers  of  Scotland,  but  worn  also  in  that  country  bv  many  of  the 
lowlanders.  In  Gaelic  it  is  termed  breacwurfeile,  the  cnequered,  spot- 
ted, or  striped  covering.  The  chequered  patterns,  by  their  varied 
colours,  indicated  among  the  highlanders  the  peculiar  clan  to  which 
they  belonged,  and  a  detailed  account  of  the  patterns  is  given  by  Mr. 
B.  M*Ian,  in  his '  Clans  of  Scotland  Illustrated.'  It  was  a  part  of  the 
dress  proscribed  by  the  act  of  parliament  of  1747,  after  the  rebellion 
of  1745.  The  restriction  was,  however,  afterwards  repealed,  and  the 
plaid  was  made  part  of  tlie  uniform  of  what  were  called  tl^e  highland 
re^ments.    It  is  also  worn  by  the  pipers  of  the  Coldstream  guards. 

But  the  term  plaid  was  not  confined  to  the  chequered  doth.  Mr. 
Logon,  in  his  '  History  of  the  Gael,'  says  that  it  was  frequently  "  woven 
of  one  colour,  or  an  intermixture  of  the  black  and  white,  so  often  seen 
in  Scotland  to  the  present  day."  This  was  the  shepherd's  plaid,  worn 
even  yet  by  lowlanders,  and  sometimes  called  the  maude.  Jamieson, 
in  his  '  Popular  Ballads,'  calls  it  a  sort  of  blanketing.  It  was  also  used 
by  females,  both  as  a  c^wl  or  mantle,  and  for  other  parts  of  dress. 
Tlius  Bamsay,  in  his  '  Gentle  Shepherd,'  says  that  his  heroine,  Peggy, 
shall "  change  her  plaiding  coat  for  silk."  "The  old  "  belted  plaid"  of 
the  highlanders  consisted  of  twelve  yards  of  stuff,  wound  round  the 
body,  and  girdled  round  the  waist  bv  a  leathern  belt,  the  um>er  end 
being  left  loose  and  thrown  over  the  left  dioulder,  to  which  it  wss 
frequently  fastened  by  an  ornamental  brooch* 

PLAIN-CHANT.    [Plain-Sono.] 

PLAIN-SONG,  or  OafUut  Firmue  (Lat),  or  Canto  Fermo  (Ital.),  a 
name  given  by  the  Church  of  Bome  to  the  ecclesiastical  chant.  The 
Plain-S<mg  is  an  .extremely  simple  melody,  if  melodv  it  may  be  called ; 
it  admits  but  one  measure,  the  duple,  and  only  notes  of  equal  vadue. 
It  is  rarely  allowed  to  ext^id  beyond  the  compass  of  an  octave,  and 
never  exceeds  nine  notes ;  and  the  staff  on  which  the  notes  are  placed 
consists  of  but  four  lines.  The  clefs  are  those  of  o  and  f.  To  St. 
Ambrose,  archbishop  of  Milan,  the  church  is  supposed  to  be  indebted 
for  the  regular  form  of  the  Plain-Song,  and  to  the  Pope  St.  Gregory, 
sumamed  the  Great,  for  having  perfected  and  brought  it  into  that  state 
in  which  it  still  continues  to  be  used  in  the  Roman  Church. 

PLAINS.  All  those  parts  of  the  dry  land  which  cannot  properly  be 
called  mountainous  are  plains,  and  such  compose  by  far  the  greater 
part  of  the  earth's  surface.  Thus,  for  instance,  it  has  been  estimated 
that  in  South  America  the  plains  are  to  the  mountainous  country  as 
4  to  1.  We  are  not  aware  that  a  similar  calculation  has  been  made  for 
the  other  parts  of  the  World,  nor  are  there  perhaps  materials  sufficiently 
exact  for  the  purpose. 

The  word  plain  has  but  an  indefinite  meaning  of  itself,  and  seems  to 
be  lightly  understood  only  when  used  in  opposition  to  the  word 
mountains,  or  when  conjoined  to  the  name  of  some  known  place,  in 
which  case  it  means  the  country  itself  so  designated,  or  the  environs  of 
some  particular  spot.  Thus  we  speak  of  the  cities  of  the  plains,  the 
valleys  of  the  plains,  the  plains  of  Lombardy,  the  plains  of  Qiuto,  &c. 


It  were  a  great  error  to  imagine  that  by  the  word  plain  a  perfectly 
horizontal  surface  is  always  understood.  In  its  usual  acceptation  it 
means  a  greater  or  less  extent  of  country,  flat  in  its  general  level  as 
compared  with  a  mountainous  country.  The  more  perfectly  even  and 
horizontal  the  surface,  the  better  does  it  deserve  to  be  called  a  plain, 
such  as  the  plains  of  Venezuela  and  of  the  lower  Orinooo,  Mesopo- 
tamia, &c.  But  the  surfoce  of  the  ground  may  be  gently  waving,  as 
Salisbury  plain  and  the  Ukraine ;  or  more  prominently  uiodulated,  as 
the  plain  round  Paris ;  or  it  may  be  studded  with  hills,  as  the  plains  of 
(he  Caaaiquiare ;  or  it  may  be  traversed  by  valleys  more  or  less  wide 
and  deep,  like  that  part  of  France  which  lies  between  the  Loire  and 
the  Garonne ;  or  intersected  with  deep  ravines,  as  the  central  plains  of 
Bus^,  without  ceasing  on  such  accounts  to  be  a  plain. 

Plains  have  been  divided  into  two  classes,  high  and  low;  but  a 

moment's  reflection  wiU  show  that  such  denominations  can  ^plv 

rigorously  only  to  the  two  extremities  of  a  scale  of  elevation,  at  the 

bottom  of  which  would  stand,  for  example,  the  delta  of  Egypt  or  the 

llanos  of  South  America  (which  latter  are  raised  only  about  150  feet 

above  the  level  of  the  ocean,  and  in  some  places  even  less),  and  at  the 

top  the  plain  of  Antisana,  18,485  feet  above  the  tea-level ;  whereas 

the  greater  number  of  plains  are  found  at  intermediate  heights,  as  the 

following  will  show : — 

Feet  above  the  Oecan. 

The  plains  of  Hungary 200  to   SdO 

The  extensive  plains  on  the  north  of  the  old  con- 
tinent turn  the  Sohelde  to  the  Teniaei .        .    .      850  to    SOO 
Plain  from  -whioh  the  Himalayas  rise  (aversffe)    •      ^00 
Plains  of  Moaoov  ..,..•      460 

Prairie  in  lower  parte  of  UlinoU  .        .        •        .      400  to   550 

Plaina  of  Lombardy 500 

Plains  of  Lithuania 600 

Suabia 000 

The  plateau  of  ValdaX 1000 

Auvergne 1100 

Prairie  of  Southern  Wiseonain  .  •  •  .1100 
Plaina  of  India  skirting  the  Himalayas,  highest  •  1200 
Switzerland  between  the  Alps  and  Jura        .        .     1400 

Steppes  of  the  Kirghis 1800  to  1600 

Bavaria 1650 

Plains  of  the  two  Caatiles        •        .        .        .    .     1800  to  S 100 

Mysore 2S0C  to  2600 

Table-land  of  Persia 3800' to  4200 

^Ve8temmoet  Prairies  of  Missouri  •  .  .5000 
Eastern  edge  of  the  table.land  of  Abyssinia      .     .    7000  to  9000 

PUin  of  Antisana 13,485 

Table-land  of  Asia  in  Tibet     .        •        .     '.     .15,000 

Though  we  generally  regard  those  plains  which  are  the  least  raised 
above  the  surface  of  the  ocean  as  the  lowest,  it  must  not  be  foi^otteD 
that  ro\md  the  Caspian  and  Aral  there  are  plains  of  many  thousand 
square  miles  considerably  depressed  below  the  sea-level ;  as  is  also  the 
case  ¥nlth  the  plain  or  valley  of  the  Jordan. 

The  term  plateau  has  often  been  given  exclusively  to  elevated  plains; 
but  this  also  is  incorrect,  inasmuch  as  by  a  plateau  u  sometimes  meant 
a  great  extent  of  country  considerably  raised  above  tho  rest  of  the  land, 
and  having  its  mountains,  its  plains,  and  its  valleys,  as  is  particularly 
exemplified  in  the  minor  plateau  of  Albania,  and  in  the  great  plateau  of 
Central  Asia,  described  below. 

Table-land,  properly  so  called,  is  an  elevated  plain  rising  more  or  less 
abruptly  from  the  general  level  of  the  country,  and  being,  as  it  wer^ 
the  broad  and  horizontal  or  gently  \mdulating  top  of  an  immense 
mountain,  as  the  NUgherrv  district  of  India.  Sometimes  there  are 
several  such,  set  one  upon  the  other,  at  least  on  one  or  two  sides,  when 
they  are  called  platforms  or  terraces,  as  those  on  the  easteni  slope  of 
the  Cordillera  of  New  Mexico. 

Some  writers  regard  the  words  plateau  and  table-land  as  merely  tho 
French  and  English  names  for  the  same  sort  of  elevation.  Humboldt 
is  of  opinion  that  these  names  should  be  confined  ,to  elevations  pro- 
ducing a  sensible  diminution  of  temperature,  and,  accordingly,  to  siich 
heights  only  as  attain  to  1800  or  2400  feet.  Some  again,  as  Balbi,  give 
the  name  of  plateau  to  all  high  and  extensive  mountain-tracts. 

Generally  speaking,  the  plains  of  Europe  are  of  middling  elevation. 
the  extremes  of  high  and  low  being  principally  found  in  Asia  and 
America.  Thus  while  the  great  plains  of  Central  Asia,  about  Ladak. 
Tibet,  and  Katchi,  and  round  Koukounoor  and  elsewhere,  attain  a 
Jieight  sunilar  to  those  of  Quito  and  Titicaca,  or  from  9000  to  12,000 
and  15,000  feet,  the  great  marshy  plains  of  Siberia  along  the  borders  of 
the  Frozen  Ocean  are  very  slightly  raised  above  the  sea-level,  as  is  also 
the  case  with  the  plains  of  ]£n£^  at  £he  mouths  of  the  Qanges,  tho 
whole  of  Hesopotunia,  the  Tehama  of  Arabia,  &c. 

The  plains  of  India  which  skirt  the  foot  of  the  southern  face  of  tho 
Tibetan  table-land,  for  an  extent  of  1500  miles,  nowhere  have  an  ele- 
vation exceeding  1200  feet  above  the  sea,  the  average  being  much  less. 
"The  greater  part  of  the  country  between"  the  Sikkim  Himalaya, 
forming  part  of  that  face,  and  the  sea,  as  we  are  informed  by  Dr.  Joseph 
D.  Hooker, ''  is  a  dead  level,  occupied  by  the  delta  of  the  Ganges  and 
Brahmaputra,  above  which  the  slope  is  so  gradual  to  the  base  of  the 
mountains  that  the  surface  of  the  plain  from  which  the  Himalayas 
immediately  rise  is  only  300  feet  above  the  sea."  We  have  every 
reason  to  suppose  that  the  plateau  of  Yarkend  and  Ehotan,  on  the 
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nortliem  border  of  the  table-land,  like  the  country  around  Bukhara 
or  Buchario,  lies  at  a  very  small  elevation,  probably  not  more  thao 
1000  or  2000  feet  above  ^he  sea,  while  the  surface,  as  we  know,  and  ill 
agreement  with  a  previous  statement  in  this  article,  descends  on  the 
borders  of  the  Caspian  to  80  feet  below  that  leVeL 

The  table^land  of  Tibet  itself  is  the  summit  of  a  great  protuberance 
above  the  general  level  of  the  earth's  surface,  of  which  the  Kouenlun 
and  Himalaya  are  the  north  and  south  faces,  while  the  other  mountain- 
ranges  and  intervening  valleys  commonly  marked  on ,  our  maps  of 
Tibet  are  but  corrugations  of  the  table-land  more  or  less  stronglv 
marked.  In  ita  general  relief,  however,  the  table-land  is  laid  out  hori- 
zontally, at  a  mean  elevation  of  15,000  feet.  The  Indus  and  Brahma- 
pootra rivers  maintain.a  course  along  the  length  of  the  summit  of  the 
table-land,  and  receive  as  they  proceed  the  drainage  of  its  entire 
breadth^  with  the  exception,  first,  of  an  occasional  strip  along  its 
southern  edge,  from  which  the  water  passes  off  more  or  less  directly  to 
the  north  t^ugh  the  Himalaya;  and  secondly,  of  some  parta  chiefly 
found  in  the  northern  half  of  the  table-land,  from  which  the  water  has 
no  escape,  but  is  collected  in  lakes  in  depressions  on  its  very  simimit. 
The  waters  accumulated  in  these  two  streams  are  at  length  discharged 
by  two  openings  in  the  Himalayan  slope,  through  the  plains  of  Hindos- 
tan,  into  the  Indian  Ocean.  None  of  the  drainage  of  the  table-land,  so 
far  as  is  known,  passes  in  the  opposite  direction  through  the  northern 
slope.  The  waters  of  that  slope  itself  exclusively  flow  down  to  the 
plains  of  Tarkend. 

That  portion  of  the  table-land  which  forms  a  plain  along  the  upper 
course  of  the  river  Sutlej,  we  are  informed  by  Major  H.  Strachey  (to 
whose  researches,  and  those  of  his  brother  Captain  H.  Strachey,  mtich 
of  our  present  accurate  knowledge  of  these  regions  is  due),  **  lies  imme- 
diately to  the  north  of  the  British  provinces  of  Kumaon  and  Gurhwal, 
and  is  about  120  miles  in  length,  its  breadth  vatying  from  15  to  60 
miles.  Its  surface,  to  the  eye  a  perfect  flat,  varies  in  elevation  from 
1(3,000  feet  along  its  outer  edges,  on  the  south-west  and  north-east,  to 
about  15,000  feet  in  its  more  central  parts,  where  it  is  cut  through  by 
the  river  Sutlej,  which  flows  at  the  bottom  of  a  stupendous  ravine, 
formed  out  of  the  alluvial  matter  of  which  the  plain  Is  composed  to  a 
depth  of  2000  or  3000  feet,  and  at  its  west  end  even  more."  But 
the  table-land  itself,  it  must  be  remembered,  is  a  mountain-mass. 
"  The  so-called  plairu"  of  Tibet,  Dr.  Hooker  remarks,  "are  the  flat 
floors  of  the  talleys,  and  the  terraces  on  the  margins  of  the  rivers, 
which  all  flow  between  stupendous  mountains,'*  either  those  of  the 
northern  and  southern  slopes  of  faces,  or  of  the  corrugations  already 
mentioned. 

In  South  America,  contrasting  with  the  lofty  plains  of  Quito,  of 
Santa  ^6  de  Bogota,  &c.,  are  the  Uanos  and  the  plains  of  the  Amazon ; 
while  in  North  America,  the  interminable  prairies  and  the  low  swamps 
round  New  Orleans  form  a  striking  contrast  with  the  Rocky  Mountains 
and  the  elevated  plains  of  Mexico. 

Of  Africa  con^paratively  little  is.  known ;  but  if  the  plains  of  Lower 
Egypt  and  part  of  the  Sahara  are  very  low,  there  are  high  plains  in 
some  of  the  mountainous  regions. 

The  great  plateau  or  table-land  of  eastern  Africa,  according  to  Dr. 
Jkke,  to  whose  continuation  southward  of  Dr.  Riippell's  Investigations 
we  mainly  owe  our  present  knowledge  of  it,  begins  to  the  south  of  the 
country  of  Taka,  in  about  15'  of  north  latitude,  where  the  anticlinal 
axis  between  the  Nile  and  the  Red  Sea  rises  rapidly  till  it  attains  an 
elevation  of  7000  or  8000  feet  above  the  level  of  the  ocean.    At  Halai, 
at  the  summit  of  Mount  Taranta,  not  more  than  eighteen  geographical 
nulea  from  ZuUa  (the  ancient  Adule,  recently,  1860,  taken  possession  of 
hy  the  French  government),  near  Massowah,  the  edge  of  the  table-land 
has  an  absolute  elevation  of  8625  feet,  which  gives  a  rise  of  1  in  12*7, 
equal  to  an  angle  of  4**  30'  with  the  horizon,  to  the  eastern  slope  of  the 
table-land  (or,  as  it  may  be  more  correctly  called,  in  Dr.  Beke*s  opinion, 
broad  mountain-chain   of   Abyssinia).     The   western   counter-slope 
tc^ards  the  interior  of  ike  continent  has  a  fall  of  1  in  348*7  only, 
giving  an  inclination  of  10' ;  consequently,  on  a  direct  line  from  east  to 
west  along  the  fifteenth  parallel  of  north-latitude,  the  eastern  slope  of 
the  Abyssinian  mountam-duun  (or  table-land)  towards  the  sea  is,  to 
the  western  counter-slope  towards  the  Nile,  as  29  to  1.    But  on  a  line 
corresponding  with  the  courses  of  the  principal  rivers  from  south-east 
to  north-west,  the  eastern  slope  has  a  rise  of  1  in  38'83,  equal  to  an 
angle  of  1*  41',  and  the  counter-slope  of  1  in  460,  or  V  30",  giving  the 
proportion  of  11*8  to  1.    In  making  this  estimate,  however,  the  rise  of 
the  eastern  slope  is  not  taken  from  the  level  of  the  sea,  but  from  that 
of  the  river  Hawash,  which  is  the  recipient  of  the  waters  of  the  eistetn 
slope  as  t£e  Nile  is  of  the  western,  and  has  itself  an  absolute  elevation 
of  2200  feet,  at  a  point  distant  from  the  sea  about  200  miles.    This, 
again,  gives  a  fall  of  about  1  in  550,  equal  to  an  angle  of  6'  15",  for 
the  eastward  dip  of  the  comparatively  low-level  country  between  the 
Hawash  and  the  Indian  ocean.    "  As  regards  the  counter-slope  of  the 
Abessinian  (Abyssinian)  chain,"  Dr.  Beke  says, "  it  would  seem  that  the 
|aU  of  the  land  towards  the  Nile  in  the  western  portion  of  it  is  con- 
siderably greater  tlian  it  is  in  the  eastern ;  so  that  the  surface  of  the  table- 
Iwd,  or  lm)ad  summit  of  the  mountain  chain,  approaches  more  nearly 
^  a  level  than  if  the  slope  were  the  same  throughout.    It  is  certain, 
however,  that  titie  table-land  nowhere  forms  an  absolute  level,  and  that 
the  general  dip  west^N^od  commences  from  its  extreme  eastern  Umit." 
This  table-land,  as  the  same  geographer  has  shown,  may,  in  the  moot 


general  way,  be  compared  with  those  of  the  Indian  peninsula  and  South 
America,  but  with  this  dilFerence  :  the  Western  Qhauts  in  the  former, 
and  the  Cordilleras  of  the  Andes,  present  their  principal  aoclivitieB 
towards  the  west,  and  thence  slope  gradually  eastwards ;  whereas  the 
A^can  plateau  rises  abruptly  on  its  eastern  side,  and  has  its  western 
counterslope  towsrds  the  interior  of  the  continent  and  the  valley  of  the 
Nile.  Another  point  of  difference  is,  that  while  the  rivers  which  rise 
near  the  western  edge  of  the  Qhauts  and  of  the  Andes  take  their 
courses  eastwards  over  the  counter-slopes,  at  right  an^es  with  the 
water-parting  (commonly  called  the  water-shed)  [Water-Shed]  or 
nearly  so,  and  dischaige  their  waters  into  the  ocean — the  streams 
which  have  their  sources  at  the,  water-parting  of  eastern  Africa 
flow  in  a  general  north-westerly  direction,  and  &11  into  the  Nile, 
which  skirts  the  lengthened  western  counter-slope.  To  these  com- 
parisons of  Dr.  Beke,  it  may  be  added  that  the  general  structure  of  the 
African  plateau  resembles  that  of  Tibet,  described  above.  While 
the  principal  direction  of  the  latter,  however,  is  from  east  to  west, 
its  slopes  being  on  the  north  and  south — ^the  principal  direction 
of  the  former,  as  we  have  seen,  is  from  north  to  south,  the  slopes 
being  on  the  east  and  west.  But,  mutatii  mutandu,  accordingly,  the 
resemblance  between  the  great  table-lands  of  Africa  and  Asia  is 
closer,  we  think,  than  that  of  the  former  to  the  elevated  country 
bounded  by  the  Ghauts  and  the  Cordilleras  respectively.  In  this 
comparison  the  Indus  and  the  Brahmaputra  correspond  to  the  Nile 
itself,  while  their  main  tributaries,  the  Jumna,  Qanges  proper,  ftc., 
answer  to  the  streams  which  fall  into  the  Nile,  as  already  mentioned, 
from  the  south-east.  The  structural  resemblance  between  the  table- 
lands of  the  two  great  continents  is  also  very  near  Sn  another  respect, 
allowing  for  the  different  distribution  of  dimensions.  In  the  southern 
extension  of  the  African  plateau,  the  rivera  flow  through  deep  trans- 
verse valleys,  forming  openings  through  the  eastern  slope  into  the 
low  country  at  its  base,  and  thence  into  the  ocean ;  just  as  the  waters 
accumulated  in  the  two  great  Indian  rivers  are  dischazged  by  openings 
in  the  Himalayan  or  southern  slope  qI  the  Asiatic  table-land,  tnrough 
the  plains  of  Hindostan,  into  the  ocean. 

The  African  table-land,  as  a  whole,  may  be  described  as  a  succession 
of  extensive  undulating  plains  (like  the  corrugations  and  so-called  pl^ns 
of  Tibet,  already  mentioned),  but  dipping  very  gradually  towards  the 
west  and  north-west,  and  intersected  by  numerous  streams,  which, 
after  a  short  course  oVer  the  surface  of  tke  plateau,  fall  alnoiptly  into 
the  deep-cut  fissures  or  valleys  just  noticed,  in  which-  they  soon  readi 
a  depression  of  8000  to  4000  feet  below  the  general  leved  of  the  table-  - 
land.  In  addition  to  the  irregularities  produced  by  these  valleys,  the 
uniformity  of  the  surface  is  broken  by  loftier  mountain-masses,  which  , 
In  some  parts  of  Abyssinia  attain  an  absolute  elevation  of  from  11,000 
to  15,000  feet.  The  eastern  edge  of  the  plateau  itself  has  been  clearly 
traced  as  far  as  the  ninth  parallel  of  north  latitude,  to  which  distance 
it  forms  the  water-parting  between  the  basins  of  IJie  rivers  Nile  and 
Hawash.  "How  much  further  it  extends  southward,**  Dr.  Beke 
remarks,  "  our  present  knowledge  scarcely  enalftes  us  absolutely  to 
determine;  but  we  may  safely  regard  it  as  reaching  beyond  the 
equator."  The  snowy  mountains  observed  by  Captain  Short,  and  tl^ose 
discovered  by  the  miflsionilries  Krapf  and  RebiAann  south  of  the 
equator,  appear  to  be  connected  with  the  broad  mountain  range  of 
eastern  Africa,  of  which  the  Abyssinian  table-land  forms  the  northern 
portion.  These  are  the  "  Mountains  of  the  Moon  "  of  the  natives  and 
of  the  ancient  geographer  Ptolemy,  which  Dr.  Beke  has  proved  to  be 
thus  a  meridional  and  not  an  east  and  west  chain,  in  which  are  the 
soiitroes  of  the  Nile,  and  which  form  the  eastern  &oe  of  the  table- 
land in  its  southern  extension.  .The  continuation  of  this  range  was 
crossed  as  far  south  as  7"  80'  south  latitude  by  the  recent  travellers. 
Captains  Burton  and  Speke.  Detailed  information  on  the  whole  of 
this  subject,  with  max>s  and  sections  of  the  country,  will  be  found 
in  Dr.  Beke*s  work  entitled  'The  Sources  of  the  Nile,'  London,  1860 ; 
from  which,  except  as  otherwise  indicated,  and  with  slight  variations 
of  description,  the  preceding  view  of  the  African  table-land  has  been 
derived. 

Plains  diB^  not  only  in  their  elevation,  but  in  the  hori£ontalitv  of 
their  surface  and  general  slope,  and  in  the  nature  of  their  soU ;  which 
circumstances,  toother  with  their  geographical  position,  influence  their 
climate  and  productions,  and  give  to  the  mcist  considerable  among 
them  a  particular  character  and  physiognomy.  It  may  be  remarked 
that  the  rocky  and  sandy  plains  belong  almost  exclusively  to  the  hot 
and  temperate  regions  of  the  old  world.  The  plains  of  America  are 
generally  characterised  by  their  gramineous  covering  or  their  vast 
forests ;  the  Asiatic  steppes  by  a  twofold  appearance,  being  in  some 
parts  studded  with  low  saline  plants,  and  In  othen,  as  in  southern 
Russia,  Siberia,  and  Turkistan,  covered  with  plants  of  the  families  of 
the  Oomponta  and  Leguminotcs  :  whila  the  greater  part  of  the  European 
plains  are  richly  cultivated. 

We  sav  such  are  the  general  characteristics,  for  thet^  are  plains  of 
similar  character  and  phymognomy  in  very  different  and  widely  separated 
regions  of  the  world.  The  high  land  of  the  Campos  Piirexis,  for 
instance,  in  South  America,  is  very  similar  in  physiognomy  to  the 
desert  of  Ck)bi  in  Asia.  The  Xfedertoi,  near  Coquimbo,  are  of  the  tMme 
character  as  the  Sahara.  The  Puizta  of  Hungary  resemble  the  savannas 
of  the  New  World;  and  the  pampas  of  Coidova  are  not  unlike  some 
of  the  Siberian  steppes. 
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Tkouc^,  as  we  have  nid,  plains  constitute  by  far  the  greater  portion 
o£  the  earth's  surface,  and  are  very  varied  in  their  appearancei  there  are 
nevertheless  some  which  are  remarkable  not  only  for  their  extent,  but 
for  the  peculiarities  which  disUnguiah  them ;  peculiarities  derived,  no 
doubt,  in  part,  from  the  circumstanoes  attendmg  their  ori^al  forma- 
tion, and  which  no  subsequent  causes  have  been  able  to  obliterate. 
These  remarkable  plains  are  known  under  the  names  of  deserts,  landes 
snd  heaths,  steppes,  savannas  and  prairito,  llanos,  pampas,  and  selvas  (or 
forest  plains)  of  the  Maralion.  Deserts  having  been  already  described 
imder  their  particular  head,  we  shall  here  give  a  brief  account  of  the 
others. 

Meathi  and  Landa  of  Europe, — ^From  Paris  to  Moscow  and  Cazan 
on  the  one  hand,  and  to  Astrakan  on  the  other,  is  one  continued  plain, 
comprising  the  lowlands  of  Northern  France,  the  Netherlands,  the 
North  of  Germany,  the  whole  of  Prussia,  and  the  greater  part  of  Poland 
and  Russia,  as  far  as  the  first  terraces  of  the  Ural.  Besides  which 
there  are  many  minor  plains,  as  those  .of  Wallachia  and  Bulgaria, 
Htmgary,  Lombardy,  &c  The  ancient  civilisation  of  Europe  has 
covered  the  greater  part  of  its  plains  with  cultivation  and  rendered 
some  of  these  lands  the  richest  in  the  world  (the  plains  of  Lombardy) ; 
nevertheless  there  are  some  spots  which  seem  to  defy  all  human  efforts 
to  bring  them  into  cultivation;  such  are  those  between  the  Lower 
Volga  and  the  Ural,  of  which  we  shall  speak  more  fully  in  describing 
khe  steppes,  and  such  are  the  heaths  and  landes.  Of  these,  next  to 
those  of  Russia,  the  most  extensive  are  in  Lapland  and  west  Gothland. 
But  the  chief  landes  and  heaths,  properly  so  called,  lie  in  the  north- 
west of  Germany*  In  Lower  Silesia,  Lusatia,  and  Brandenbui^,  there 
is  little  else  than  sand,  and  also  in  Fomerania  and  Mecklenburg, 
studded  with  a  few  hills,  numerous  lakes,  and,  along  the  maritime 
parts  of  the  latter,  having  some  woods  of  oak.  In  Hanover  the  gentle 
acclivities  are  covered  with  heii^,  which  extends  through  part  of 
Holstein  to  the  centre  of  Jutland.  The  most  sterile  parts  of  Hanover 
however  are  the  landes  of  Liineburg  and  Verden  between  the  Elbe  and 
the  Weser,  and  those  of  Meppen  on  the  right  bank  of  the  Ems.  Those 
of  Liineburg  and  its  vicinity  are 'said  to  cover  a  space  of  about  6000 
square  miles.  These  landes  are  covered  with  heath,  with  pine  woods, 
and  marshes.  On  the  west  of  the  Ems,  about  Bentheim,  there  are 
also  extensive  landes  covered  with  swamps  and  stagnant  pools.  In  the 
province  of  the  Lowef  Rhine,  in  the  environs  of  Monjoie,  between 
Eupen  and  Malmedy,  we  again  find  vast  landes  coated  with  heath.  In 
Fnmce,  of  which  oountiy  about  one-twelfth  is  unproductive  soil,  there 
are  extensive  landes  and  barren  spots*  That  tract  which  extends 
eastward  from  the  right  bank  of  the  Adour,  and  gives  its  name  to  the 
department,  consists  al^nost  wholly  of  pools,  manhes,  and  heath,  and 
this  sterile  plain  extends  a  great  way  into  the  department  of  the 
Gironde.  The  shingle  plain  of  Crau,  in  the  department  of  the  Bouches 
du  Rhone,  is  well  known,  and  likewise  the  sterile  chalky  plain  of 
La  Champagne  Pouilleuse.  In  the  kingdom  of  Naples  there  are  con- 
siderable landes. 

Sieppet, — ^This  natfie,  which  is  Russian,  is  given  more  particularly  to 
the  extensive  plains  which  lie  on  the  north-wesi  of  Asia.  Considered 
as  a  whole,  the  steppes  have  a  character  quite  different  from  the  other 
great  plains  of  the  world,  though  in  different  parts  they  present 
partial^  the  distinguishing  features  which  characteriBe  the  llanos,  the 
savannas,  the  pampas,  the  sandy  deserts,  &c.  Genersdly  speaking,  they 
consist  of  rich  pastures  intermingled  with  woods,  barren  sands, 
muriatif erous  clay,  and  abounding  in  lakes,  pools^  and  streams  of  salt 
and  bitter  waters. 

From  the  sea  of  Azof  on  the  west  to  the  foot  of  the  Little  Altai  on 
,the  east,  there  is  a  band  extending,  in  a  north-east  direction,  from  the 
mouth  of  the  Kuban  towards  Torusk,  where  the  undulations  of  the 
plain  prevent  the  egress  of  the  waters,  which,  percolating  through  a 
highly  saline  soil,  are  collected  in  the  hollows  into  innumerable  lakes 
and  pools  of  salt  water,  which  give  a  pecidiar  feature  and  interest  to 
these  steppes. 

Farther  northward,  the  Siberian  plains  have  a  general  slope  towards 
the  Frozen  Ocean,  and  are  intersected  by  the  great  rivers  Obi,  Yenisei, 
and  Lena;  between  the  lower  courses  of  which  extend  immense 
frozen  marshes,  covered  with  moss,  and  interspersed  with  a  few  sandy 
and  dayey  hills  crowned  with  tufts  or  dumps  of  stunted  birch  and 
other  dwiui  shrubs. 

^  The  greater  part  of  what  are  properly  called  the  steppes  form  a  con- 
siderable part  of  the  country  known  as  Independent  Tartary,  which  is 
inhabited  by  the  nomadic  hordes  of  the  Kirghis  Cossaks. 

The  steppe  which  lies  on  the  north-west  of  the  Caspian,  bounded  by 
the  Caucasus,  the  sea  of  Azof,  the  lower  course  of  the  Don,  and  thence 
to  the  Ural  or  lalk,  is  inhabited  by  the  Cossaks  of  the  Black  Sea  and 
the  Nogay  Tartars.  The  whole  of  this  steppe  is  chaiacterised  as 
composed  of  hills  of  a  moving  shelly  sand,  between  which  are  beautiful 
green  pastures,  and  marshy  hollows  with  reeds  snd  dumps  of  trees, 
among  which  are  willows,  poplars,  and  the  wild  olive.  There  are  nume- 
rous salt  streams  and  brine  pools,  barren  patches  covered  with  a  saline 
efflorescence,  and  in  many  places  tufts  of  sdine  plants.  The  fertility 
of  the  hollows  seems  due  to  a  sheet  of  water  which,  coming  from  the 
hilly  range  called  Obstchel  Sirt,  a  branch  of  the  Ural,  flows  imme- 
diatdy  bdow  the  sandy  surface,  being  probably  retamed  by  an  im- 
pervious substratum. 

Between  the  laik  on  the  west  and  a  low  ridge  of  hUls  on  the  east^ 


which  may  be  regarded  as  a  south-eastern  continuation  of  the  Ural, 
and  which  extends  between  the  Aral  and  the  Caspian,  is  another 
steppe  sinular  in  character  to  that  already  described.  It  is  occupied 
by  the  Eii^his  of  the  little  horde ;  while  what  is  called  the  central 
or  middle  horde  ranges  over  the  vast  steppe  contained  between  the 
lake  Aral  and  the  Sr  on  the  south,  the  low  hills  already  mentioned 
on  the  west,  the  Ouloustaon  and  Naouigiuskaia  ranges  on  the  north, 
and  the  Sarasou  on  the  east.  With  the  exception  of  the  Sir,  all 
the  waters  of  thus  great  basin  lose  themsdves  in  the  sand,  or 
in  lakes  more  or  less  salt,  the  prindpal  of  which  la  the  iamoui 
Aksakal  Bari. 

To  the  north  of  the  last-mentioned  steppe  lies  the  great  steppe  or 
plain  of  lachim,  which  extends  from  the  eastern  dope  of  the  southern 
extremity  of  the  Ural,  across  the  Tobol,  to  the  Irtish.  It  takes  its 
name  from  the  river  Isdiim,  which,  dividing  it  nearly  in  two,  hUa  into 
the  Irtish  near  PetropavloffskoL  The  north-east  part  of  this  steppe 
towards  Tara,  on  the  left  bank  of  the  Irtish,  is  covered  with  daue 
forests  abounding  in  game  and  rich  in  firs. 

Crossing  the  Irtish,  we  enter  the  great  steppe  of  Baraba,  occupying 
all  the  space  between  that  river  and  the  Upper  ObL  l^iis  stiqipe, 
lying  nearer  the  foot  of  the  mountainous  district  of  the  south  and  east, 
contains  numerous  lakes  and  pools,  particularly  in  its  souths 
portion.  This  district  is  in  many  places  extremdy  fertile,  and  aloog 
the  water-courses  the  grass  grows  luxuriantly.  The  north  and  north- 
west parts  are  wooded,  but  uie  more  southern,  those  lying  along  the 
Irtish  and  towards  the  Altai,  have  few  trees,  and  are  leas  fertile.  The 
lake  Tschany,  the  largest  and  nearly  the  most  northerly  of  the  grett 
group  of  lakes,  aboundei  in  fish ;  the  surrounding  coimtiy  is  extr^nelj 
fertile,  and  abounds  in  aquatic  game,  the  chief  nourishment  of  ihe 
Tartar  tribes  who  live  dispersed  along  the  frontiers  of  this  caatoo. 
Inte^persed  with  the  sandy,  barren,  and  saline  spots,  are  many  places 
where  there  is  excellent  land  for  tillage,  in  whidi  grain  ud  flax 
succeed  wdl.  The  ELirghis  of  the  great  horde. occupy  a  more  moon- 
tainous  country  to  the  south  of  the  Sarasou. 

Besides  these  great  steppes,  there  are  numerous  other  patches  of 
greater  or  less  extent  and  similar  general  character  in  Centnd  Siberia, 
reaching  from  the  Uml  to  the  Lena. 

Previous  to  the  subjection  of  the  wandering  hordes  to  Russia,  that 
country  had  lines  of  fortified  posts  for  its  protection  against  theao 
predatory  bands;  but  now  that  the  different  hordes  of  Kii{^ 
acknowledge  the  supremacy  of  Russia,  and  their  several  chie&  are  paid 
by  the  Russian  government,  many  of  these  posts  have  be«n  abandoned, 
and  open  villages  are  now  multiplying  along  the  roada  by  which  the 
Russian  caravans  travel  towards  Kiachta  uid  in  the  dinMstioa  of  the 
mining  districts  of  the  Altai*.  The  inhabitants  of  these  villages,  some 
of  which  are  very  large,  are  the  only  stationary  population  of  the 
steppes.  The  wandering  tribes  are  very  numerous,  and  are  oontinaallf 
shifting  their  ground  to  find  food  for  their  numerous  cattle,  oonaiatiDg 
of  horses,  camels,  homed  cattle,  sheep,  and  goats. 

The  extent  of  the  steppes  properly  so  called,  exduding  the  marshy 
plains  of  the  north,  may  be  about  1,000,000  square  miles. 

SavixnaMU  or  Prairies.— The  central  part  of  North  America,  from  the 
Frozen  Ocean  to  the  Gulf  of  Mexico,  may  be  regarded  as  one  con- 
tinuous plun,  divided  by  a  low  water-parting  into  the  north-eastezn 
basin,  whose  waters  flow  into  the  Polar  Sea,  Hudson's  Bay,  and,  b; 
the  great  lakes  and  St.  Lawrence,  into  the  Atlantic,  and  the  basin 
of  the  Missouri  and  Mississippi  whose  waters  faU  into  the  Oulf  ol 
Mexico. 

This  immense  tract  of  country,  estimated  by  Humboldt  at  2,430,000 
square  miles,  is  extremely  varied  in  dimate,  in  character  and  pro- 
ductions ;  for  while  the  northern  portion  which  is  watered  by  the 
Mackenzie,  Back's  River,  the  Churchill,  and  the  Saskatchewan,  is  con- 
demned for  the  greater  part  of  the  year  to  all  the  honors  of  an  iron- 
bound  soil  and  stunted  polar  vegetation,  palms  and  other  tropical 
trees  grow  at  the  extremity  of  the  southern  portion.  It  is  this 
southern  basin,  watered  by  the  mighty  Missouri  and  Misassippi,  with 
their  abundant  afBuents,  that  contains  those  extensive  grasa-oorered 
tracts,  the  savannas  and  prairies.  The^  lie  diiefly  on  the  western  side 
of  the  Mississippi,  though  along  the  Hhnois  river  th^  are  found  to  the 
extent  of  1,200,000  acres,  and  also  in  other  parts  of  the  basin  east  of 
the  MissLBsippi.  But  the  whole  of  the  territory  from  the  right  bank  of 
the  Mississippi  to  the  mountains  ia  not  one  continued  savanna,  or  even 
an  imbroken  horizontd  plain ;  for  it  rises  towards  the  moontainSt 
many  of  whose  spurs  are  readied  by  the  Missouri,  which  has  eroded 
their  extrenuties  into  bluffs.  These  ridges  form  the  boundaricB  of  the 
basins  of  the  great  tributary  streams,  the  Platte,  the  Kansas,  the  Osage, 
the  Arkansas,  &c.  Woods  are  ahK>  occasionally  met  with  dongthe 
Mississippi  and  other  watercourses,  as  likewise  in  Arkansas;  and  in 
Bome  plaoes,  as  between  the  Platte  and  the  Missouri,  there  are  exten- 
sive surfaces  of  moving  sands  resembling  those  of  the  African  desert 
Elsewhere  again,  as  from  the  mouth  of  the  Arkansas  alons  the  Hissi^ 
sippi,  a  distance  of  450  miles  long  and  40  miles  broad,  the  soil  is  all 
swamps  and  pools,  with  abundance  of  trees :  this  Ib  also  the  case  above 
lUinoiB  lake  and  elsewhere.  Along  the  upper  Missouri,  from  the 
territory  of  the  Mandans,  is  an  interminable  plain  without  trees  or 
s^nibs  except  in  the  maxdiy  spots.  In  various  parts,  but  more  espe- 
cially dong  the  borders  of  the  great  plain,  and  in  Arkansas^  Bdt  is 
found. 
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The  BaTaaoaS;  or  pnirifiB,  as  th^  are  alao  called,  are  divided  l^  Flint, 
an  American  writer,  into  three  kinda : — 1,  the  heathy  or  buahT,  which 
have  spriogB  and  are  covered  with  small  shmbs,  gnpe-vines,  ac./vei7 
common  in  Indiana,  Illinois,  and  Missoori;  2,  dry  or  rolling  (a  desig- 
nation which  will  be  explained  in  the  seqiiel),  generally  dflstitnte  of 
water  and  almost  of  au  vegetation  but  grass;  they  are  ihe  most 
common  and  extensive :  the  traveller  may  wander  for  days  in  these 
vast  and  nearly  level  plains  without  wood  or  water,  and  see  no  object 
rising  above  the  horizon ;  8,  the  aUuvial  or  wet  pmiries,  the  smallest 
division ;  thc^  are  covered  with  a  ridi  vegetation  of  tall  rank  grass. 
The  soil  is  deep,  black,  friable,  and  fertile,  and  abounding  in  pools 
without  issue,  left  by  the  floodiiigs  of  the  rainy  season.  It  is  over  the 
second  kind  diiefly  that  -tiie  bisons  wander  in  herds  of  from  40,000  to 
50,000.  Stsgs,  or  more  properly  wapitis,  are  also  veiy  numerous ;  and 
between  the  Arkansas  and  Bed  rivers  there  are  droves  of  wUd  hotaes. 
Deer  are  also  numerous ;  and  along  the  borders  of  the  Miawuri,  above 
the  Platte,  or  shallow  river,  the  antelope  abounds  in  herds  of  several 
hundreds.  In  smnmer  wild  goats  ave  seen  in  vast  numbos  along  the 
Mississippi.  Above  the  Maadan  villages  sre  grinly  bean;  and 
badgers,  beavers,  otters,  foxes,  wolves,  racoons,  opossums,  squirrels, 
porcupines,  and  skunks  inhabit  the  same  region.  To  this  enumera- 
tion of  Warden's  and  Flint's,  Lyell  adds  Uie  jaguar.  The  waters  teem 
with  aUigators  and  tortoises,  and  their  sur&ce  is  covered  with  millions 
of  migratory  water-fowl,  which  peif orm  their  annual  v(yyage  between 
the  Canadian  lakes  and  the  shores  of  the  Mexican  Quit 

IVedse  information  on  the  extent  and  peculiar  characters  of  the 
Prairies,  obtained  in  an  elaborate  survey,  has  recently  been  given  by 
Mr.  James  Hall,  state  geologist  of  Iowa,  a  man  of  science  advantegeously 
known  to  English  geologiste.  This  is  introduced  in  an  account  of  the 
physical  geography  of  that  region,  forming  Chapter  I.  of  Mr.  Hall's 
'Report  on  the  Geological  Survey  of  the  State  of  lowa^'  published  by« 
authority  of  the  legislature  of  that  state,  1S6S,  It  involves  many  par- 
ticulara  having  an  important  bearing  on  the  structure  of  the  pliSns  of 
North  America  in  general,  and  with  some  slight  omissions  we  diall 
now  transfer  it  to  our  columns.  Fortuna^fcely  for  Uie  investigation  of 
this  subject,  the  state  ol  Iowa  conusts,  mainly,  of  prairie  country. 

The  prairie  region  of  the  west  occupies  a  vast  extent  of  country, 
extending  over  the  eastern  part  of  the  Ohio,  Indiana,  the  southern 
portion  of  Michigan,  the  soutiiem  part  of  WisconsiQ,  nearly  the  whole 
of  the  states  of  Illinois  and  Iowa,  and  the  northern  portion  of  Missouri, 
and  gradually  passing,  in  the  territories  of  Kansas  and  Nebraska,  into 
the  arid  and  desert  region  which  lies  at  the  base  of  the  Rocky  Moun- 
tains,  called — in  that  local  technicality  vriiich  is  so  characteristic  of 
America,  and  which,  in  everv  part  of  we  world  appears  to  have  pre- 
ceded scientific  geographical  description — ihe  Pkuns.    This  passsge 
tikes  place  in  the  region  between  ^e  panllels  of  97*  and  100%  west  of 
which  belt  ihe  countrybeoomea  too  barren  to  be  inhabited  and  worth- 
len  for  cultivation.    The  passage  from  the  heavify  wooded  region  of 
the  north  and  east  into  the  treeless  plains  of  the  west  is  a  gradual  one, 
and  the  disappearance  of  the  underwood  and  the  piredominance  of 
**  oak  openinga,"  or  groves  of  oak  and  other  forest  trees,  not  crowded 
together,  but  scattered  over  the  surface  at  a  considerable  distsnce  from 
one  another,  without  any  low  shrubs  or  underbrush  between  them, 
is  the  characteristic  of  the  border  at  the  prairie  region.  To  one  coming 
from  the  dense  thickets  of  low  and  tangled  durabs  which  choke  the 
forests  of  the  north,  and  render  travelling  through  them  difficult,  even 
to  the  pedestrian,  the  open  woods  of  the  north-west  offer  a  striking 
contrast  to  that  which  has  been  left  behind,  and  form  a  natural  intro- 
duction to  the  grassy  plains  or  pmirie& 

The  elevation  of  the  prairie  region  above  the  level  of  the  sea  gra- 
dually increases  from  the  east  to  the  west  The  lower  part  of  lUinois 
varies  from  100  to  250  feet  above  the  river  at  Cairo,  or  400  to  550  feet 
above  the  aealeveL  In  the  central  portions  of  the  state  the  levellings 
along  the  line  of  the  Illinois  central  railroad,  indicate  an  average  eleva- 
tion of  from  650  to  750  feet^  which  increases  towards  the  northern 
boundary  to  800  or  000  feet  above  the  sea.  Some  of  the  highest 
swells  of  the  prairie  attain  an  elevation  of  nearly  1000  feet.  The  more 
elevated  portiona  of  Southern  Wisconsin  are  about  1100  feet  above 
tide-water.  The  region  from  the  Missiisippi  westward  is  a  gradually 
ucenduig  plain  as  far  as  the  very  base  of  the  Rocky  MountatnSi 
Within  the  limits  of  Iowa  the  table-land  along  the  water-parting 
between  the  atreams  flowing  into  the  Mississippi  and  the  Missouri,  the 
"Plateau  du  Coteau  des  Prairies  "  of  Nicollet,  attains  the  sltitude  of 
irom  1400  to  1500  feet  above  the  sea ;  and  to  the  west  of  the  Missouri 
'  the  ascent  still  continues,  the  soil  being  more  and  more  arid,  until  at 
the  105th  meridian,  an  elevation  of  5000  feet  is  attained. 

The  prairie  is  designated  as  "flat "or  "rolUng,"  its  surface  in  the 
^  case  being  nearly  level,  and  in  the  other  gently  undulating.  The 
°^  prairie  is  found  chiefly  south  snd  west  of  Lake  Michigan,  on  the 
head-waters  of  the  Illinois  snd  Wabash  riven.  In  other  ^starlets  the 
roUiQg  prairie  greatly  predominates  over  the  flat,  especially  in  Iowa, 
where  there  are  but  few  tracts  of  any  extent  which  are  not  more  or 
leas  undulating.  Even  in  the  rolling  prairie  the  irregularitieB  of  the 
aiuiaoe  are  but  trifling  in  amount,  compared  with  the  vast  extent 
which  can  be  taken  in  at  one  view :  so  that  it  often  happens  that  a 
f^on  which,  seen  from  a  distance,  appears  to  be  almost  a  dead  level, 
^  ui  reality,  furrowed  by  broad  d^ressions,  which  give  a  wave-like 
character  to  its  surface.    Thus,  the  traveller  crossing  the  prairie  in  any 
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directioQ  except  along  its  water-parting,  will  be  surprised  to  find  hhnself 
constantly  ascending  and  descending,  although  only  hills  of  moderate 
elevation.  The  depth  of  these  depressions  Jt>elow  the  mean  level  of 
the  prairie  may  frequently  be  as  much  aa  50  feet;  but  it  does  not 
often  greatly  exceed  that  amount,  without  the  drainage  beoonung  suffi- 
cient to  convert  the  water,  which  collects  in  them,  into  a  running 
streanL  The  "  swales,"  or  "  sloughs,"  of  the  prairie,  as  these  depressions 
are  called,  are  wet  and  marshy  except  in  the  dry  seasons,  and,  in  the 
spring  and  autumn  make  the  roads  aunost  impassable. 

The  prairies  are  covered  with  a  dense  vegetation  of  grass  and  her- 
baceous plants,  to  the  almost  entire  exclusion  of  trees,  which  occur 
only  under  peculiar  droumstances  of  moisture  and  soil,  in  scattered 
groups  called  groves,  or  along  the  huger  streams,  or,  occasionally,  on 
low  rocky  ridges  which  are  sometimes  met  wIUl  This  growth  of 
timber  in  the  river  bottoms  does  not  entirely  disappear  until  we  reach 
the  border  of  the  ''plains,"  in  the  longitude  of  about  98^  west  of 
GreenwiclL  In  the  swales  or  depressions,  which  are  comparatively 
humid,  the  grass  grows  very  tall  and  rank ;  and  the  higher  and  drier 
the  ptaiiie  the  fin^its  growth,  and  more  dense  and  closely  interwoven 
the  sod.  Among  the  giaoses  of  the  prairies  is  interspersed  a  great 
variety  of  flowering  plants,  which  bloom  in  constant  succession  from 
spring  to  autumn,  and  lend  a  peculiar  charm  to  the  landscape,  giving 
beauty  and  variety  to  what  nu^t  otherwise  be  called  a  monotonous 
scene.  The  characteristic  herbs  of  the  prairies  would  seem  to  be  com- 
positB,  espedally  HdUmthM  Oompoaiai,  according  to  Dr.  Asa  Gray, 
who  has  enumerated  the  principal  qpeoies  in  the  '  American  Journal 
of  Science,'  Series  IL,  vol  xxiii.  p.  897. 

The  upper  portion  of  the  material  constituting  the  superficial 
covering  c3  the  prairie  is  always  finely  comminuted,  and  usually  has 
few  looee  boulders  or  fragments  of  rock  scattered  through  it,  although 
they  sometimes  lie  upon  the  surface  in  isolated  groups,  or  singly. 
Upon  the  great  pndnes  in  Central  Iowa,  one  may  frequently  travel 
over  a  large  extent  of  surface  without  seeing  a  single  stone,  not  even 
so  much  as  the  smallest  pebble.  In  the  swales,  ajod  in  some  of  the 
bottom  lands,  especially  in  the  southern  part  of  the  State,  the  rich 
black  vegetable  mould  is  very  deep,  but  on  the  prairies  it  is  usuallv 
from  one  to  two  feet  The  subsou  is  almost  invariably  a  quite  argil- 
laceotts  loam,  and  there  is  a  gradual  passage  downwards  into  a  material 
in  which,  though  containing  sandy  portions  and  occasional  pebbles,  the 
argillaoeous  element  greatly  predoininat.es. 

The  material  of  the  superficial  covering  of  the  prairie  has  evidently 
not  been  transported  to  any  great  distance.  It  bears  the  marks  of 
having  had  its  origin  chiefly  in  the  decompositioQ  of  the  rooks  which 
undeme  it,  and  in  fact,  the  prairies  are  exclusively  confined  to  regions 
underlaid  by  soft  sedimentaiy  stiuta,  especially  shales  and  impure 
limestones.  It  would  be  difficult  to  imagine,  Mr.  Hall  remarks,  a 
prairie  soil  existing  on  crystslline  rocks. 

After  describing  the  prairies,  Mr.  Hall  proceeds  to  discuss,  as  follows, 
the  difficult  and  contested  problem  of  their  origin,  and  of  the  cause  of 
the  absence  of  trees  over  so  extensive  a  region : — 

"  The  idea  is  veiy  extensively  entertained,  throughout  the  west,  that 
the  prairies  were  once  covered  with  timber ;  but  that  this  has  been 
destroyed  by  the  fires  which  the  Indians  have  been  in  the  habit  of 
starting  in  the  diy  grass,  and  which  sweep  over  a  vast  extent  of  surface 
every  autumn.  A  few  considerations  will  show  that  this  theoiy  is 
entiraly  untenable. 

"  In  the  first  place,  the  prairies  have  been  in  existence  at  least  as  far 
back  as  we  have  any  knowledge  of  the  country;  since  the  first 
explorers  of  the  west  described  them  just  as  they  now  are.  There 
may  be  limited  areas  once  covered  with  woods,  and  now  bare ;  but,  in 
general,  the  prairie  region  occupies  the  same  surface  which  it  did  when 
first  visited  by  the  white  man. 

"But,  again,  the  prairies  are  limited  to  a  peculiar  region,  one 
marked  by  cerUin  characteristic  topographical  and  geological  features, 
and  they  are  by  no  means  distributed  about  wherever  the  Indians  have 
roamed  and  used  fire.  Had  the  frequent  oocunence  of  fires  in  the  woods 
been  the  means  of  removing  the  timber  and  covering  the  soil  with  a 
dense  growth  of  grass,  there  is  no  reason  why  prairies  should  not 
exist  in  the  eastern  and  middle  states  as  well  as  in  the  western.  The 
whole  northem  portion  of  the  United  States  was  once  inhabited  by 
tribes  differing  but  little  from  each  other  in  their  manner  of  living. 

"  Again,  were  the  prairiea  formerly  covered  by  forest  trees  we  should 
probably  now  find  some  remains  of  them  buried  beneath  the  soil,  or 
other  indications  of  their  having  formerly  existed.  Such  is  not  the 
case,  for  the  occurrence  of  fragments  of  wood  beneath  the  prairie  sur- 
face 18  quite  rare;  and  when  they  are  found,  it  is  in  such  a  position  as 
to  show  tiiat  they  have  been  removed  to  some  distance  from  their  plaoe 
of  growth. 

"It  has  been  maintained  by  some,  that  the  want  of  sufficient 
moisture  in  the  air  or  soil  was  the  cause  of  the  absence  of  forests  in 
the  nortii-west ;  and  it  is  indeed  true  that  the  prairie  region  does  con* 
tinue  westward,  and  become  merged  in  the  arid  plains  which  extend 
along  the  base  of  the  Rocky  Mountains,  where  the  extreme  dryness  is 
undoubtedly  the  principal  obstacle  to  tiie  growth  of  anything  but  a 
few  shrubs,  peculiarly  adapted  to  the  conditions  of  the  climate  and 
soil  which  prevail  in  that  region.  This,  however,  cannot  be  the  case 
in  the  region  east  of  the  Mississippi  and  near  Lake  MichigBn^  wherov 
the  prairies  oceu|)y  •«  large  «  aurlaee ;  ^tpo^  ^e  .revulta .  of  jneteoroK 
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logical  obferratioxis  show  no  lack  of  moUkura  in  tiiat  duiriot»  the 
uiniul  precipitation  being  fully  equal  to  what  it  u  in  the  well-wooded 
oouatry  farther  east  in  the  flame  latitude.  Beaidea,  the  growth  of 
forest  trees  is  ilch  and  abundant  aU  through  the  prairie  region^  under 
certain  oonditiona  of  aoil  and  position,  showing  that  their  range  is  not 
limited  by  any  genwal  cUmatoloacal  cause. 

»<  Taking  into  conaideralion  all  the  oireumsfeanoea  imder  which  the 
'  jwoidiar  yegetation  of  the  prairie  oceura^  we  are  disposed  to  eoosider 
the  nature  of  the  soil  as  the  prime  cause  of  the  absence  of  forests  and 
the  i^redominance  of  the  grasses  orer  this  widel^r  extended  region. 
And  although  chemical  oomposition  magr  not  be  without  influiinoe  in 
bringing  about  this  result*  whioh  is  a  question  for  farther  inyestigatiohi 
and  one  worthy  of  careful  eiamination,  yet  we  oonoelTe  tb»t  the 
extreme  fineness  of  the  particles  of  which  fhe  prairie  soil  is  composed 
is  probably  the  prindpal  reason  why  it  is  better  adapted  to  the  growth 
of  ita  peculiar  vegetation,  than  to  the  development  of  fdrsstSb  It 
cannot  iail  to  strike  the  careful  obeerrer  that  where  the  prairie 
occupies  the  surface,  the  soil  and  stiperfidal  material  have  been  so 
finely  comminuted  as  to  be  almost  m  the  state  of  sn  impalpable 
powder.  This  is  due  partly  to  the  peculiar  nature  of  the  imderlj^ing 
rooks  and  the  &cility  with  whioh  they  ondeigo  complete  decomposi- 
tion, and  partly  to  the  mechanical  causes  which  haye  acted  during 
and  sinoe  the  accumulation  of  the  sedimentary  matter  forming  the 
prairie  soiL 

'*  If  we  go  to  a  thickly-wooded  regLon,  like  that  of  the  northern 
peninsula  of  Miohigan,  and  examine  those  portiolis  of  the  surface 
which  have  not  been  invaded  by  the  forest,  we  shall  observe  that  the 
beds  of  ancient  lakes,  whioh  have  been  filled  up  fay  the  slowest  possible 
accumulation  of  deirital  matter^  and  are  now  perfectly  dry,  remain 
as  natural  prairies,  and  are  not  trespasMd  on  by  the  surrounding 
woods.  We  can  conceive  of  no  other  reason  for  this  than  the  extreme 
fineness  of  the  soil  which  occupies  these  basins,  and  which  is  the 
natural  result  of  the  slow  and  quiet  mode  in  which  they  faavo  been 
filled  up.  The  sides  of  these  depressioQs,  which  were  once  lakes,  dope 
very  gradually  upwards ;  and  being  covered  with  a  thick  growth  of 
vegetation,  the  material  brought  'into  them  must  have  bMn  of  the 
finest  possible  kind,  as  is  proved  to  have  been  the  case  by  examina- 
tion. Consequentiy,  when  the  former  lake  has  become  entirely 
filled  up  and  raised  above  the  level  of  overflow,  we  find  it  ootered 
with  a  most  luxuriant  crop  of  grass,  forming  the  natural  meadows 
itom  which  the  first  settien  are  supplied  with  their  winter  store  of 
fodder." 

The  philoflophical  geologist  may  with  advantage  compare  this 
part  of  Mr.  Hall's  statement  and  reasoning  with  those  of  Mr.  O. 
Foulett  Scrope  and  Sir  C.  Lyell  respecting  the  formation  of  the 
Limagne  d'Auvergne,  or  valley  of  the  Allier,  which  was  onoe  the 
largest  of  three  or  four  freshwater  lakes  existing  in  the  miocene  or 
middle  division  of  the  Tertiaiy  period,  in  the  oountry  which  is  now 
Central  France.  The  deposition  of  the  fine  laoustrine  sediment  which 
constitutes  the  marls  and  a  part  of  the  Umestoneof  the  Limagxke,  in  aa 
age  characterised  by  ntmieroua  extinct  mammals  sod  reptileSi  offers  a 
curious  parallel  to  that  of  the  corresponding  sediment  of  the  ancient 
American  lakes,  forming  the  soil  of  the  prairie  basins,  as  described  by 
Mr.  Hall,  at  a  much  later  period  of  the  earth's  history,  one  whioh  may 
be  said  almost  to  connect  the  present  with  the  latest  prs-hirtorio  era. 
Nothing  can  be  more  different  than  the  present  geographical  configu- 
ration and  aspect  and  geological  structure,  of  the  two  regions;  but 
the  illustration  which  the  comparison  affords  of  the  identity  of  geo- 
logical causes  in  all  periods,  is  most  interssting  and  instniotive.  It 
suggests  also  the  inquiry  whether  evidence  can  be  obtained  that  at  any 
epoch  in  the  process  of  filling  up  of  the  basins  of  the  ancient  lakes  of 
Auvergne,  and  formation  of  similar  lacustrineplams  in  other  parts  of 
the  world,  the  prame  condition  intervened.  Tne  discovery  oxorganio 
remains  indicating  the  former  existence  of  the  peculiar  prairie  sou  and 
vegetation  would  of  course  afford  that  evidence.  In  Nofth  America 
itself  it  would  be  equally  important  to  ascertain  whether  any  pleiooene 
or  pleistocene  formations  prssent  similar  evidence  of  ancient  prairies. 
See  Scrope's  'Geology  and  Extinct  Yoleanos  of  Central  France^' 
ch.  ii.,  and  Hall's '  Report,'  dted  above. 

**  Applying  these  facts,"  Mr.  Hall  continues,  "  to  the  case  of  the 
prairies  of  laiiger  dimensions  farther  south,  we  infer,  on  what  seem  to 
be  'reasonable  groimds^  that  the  whole  region  now  occupied  by  the 
prairies  of  the  north-west  was  once  an  immense  hUce,  in  whose  basin 
sediment  of  almost  impalpable  fineness  gradually  aocumidated :  .  .  .  . 
that  this  basin  waa  druned  by  the  elevation  of  the  whole  region ;  but, 
at  first,  so  slowly,  that  the  finer  particles  of  the  superficial  deposits 
were  not  washed  away,   but  allowed  to  remain  where  they  were 
originally  deposited.    After  the  more  elevated  portions  of  th6  former 
badin.had  been  laid  bare,  the  drainage  becoming  concentrated  in  com- 
paratively narrow  channels,  the  current  thus  produced,  aided  perhaps 
by  a  more  rapid  rise  of  the  redon,  acquired  sufficient  velocity  to  wear 
down  through  the  finer  material  on  the  suilaoe,  wadi  away  a  portion 
of  it  altogether,  and  mix  the  rest  so  effectually  witii  the  underlying 
drift  materials,  or  with  abraded  fragments  of  the  rocks  in  place,  as  to 
give  rise  to  a  different  character  of  soil  in  the  valleva  from  that  of  the 
elevated  land.    This  valley  soU,  being  much  less  nomogeneous  in  its 
composition  and  containing  a  larger  proportion  of  coarse  material  than 
that  of  the  uplandi,  se^ms  to  havcf  been  oda^pted  t^  the  growth  of 


forest  vegetation;  and,  in  consequence  of  this,  we  find  such  localities 
covered  with  an  abundant  growth  of  timber. 

**  Wherever  there  has  been  a  variation  from  the  usual  conditions  of 
soil,  on  the  prairie  or  in  the  river  bottom,  there  is  a  corresponding  change 
in  the  character  of  the  vegetation.  Thus,  on  the  prairie,  we  sometimes 
meet  with  ridges  of  ooarse  materia],  apparentiy  deposits  of  drift,  on 
which,  from  some  local  cause,  there  has  never  been  an  accumulation  d 
fine  sediment :  ^  in  such  looalitiea  we  invariably  find  a  growth  of 
timber*  This  is  the  origin  of  the  groves  scattcared  over  the  prairieB, 
for  whoee  isokted  position  and  peouUar  droumstancea' of  growth  we 
afe  unable  to  account  in  any  other  way. 

"  The  condition  of  thingi  in  the  river  valleys  themaelviBs  aeema  to 
add  to  the  plantibiUty  of  thii  theory.  In  the  district  which  we  faafe 
more  partiottlarly  examined,  we  have  found  that  where  the  rivers  hate 
worn  deep  and  comparatively  narrow  valleys  bordered  by  predpitoiis 
blu£b,  IhiM  ii  almost  always  a  growth  of  forest ;  but  where  tiie  r^Jkj 
Widens  out»  and  the  blu£b  become  less  oonspiouous,  indicating  a  k« 
rapid  erosion  and  euzrents  of  diminished  strength,  thero  dcj  cvitioa 
hai  taken  place  under  circumstances  favourablo  to  the  accumuktion 
of  a  prairie  soil,  and  the  result  has  been  the  formation  of  the  '  bottom 
prairie,'  which  becomes  so  important  a  feature  of  the  valleys  of  the 
Mississippi  and  Missouri  below  the  limits  of  lowa^  Wher«  tiieee 
bottom  prairies  have  become,  by  any  recent  dumge  in  the  course  of  the 
river  current^,  covered  with  coarser  materials,  a  growth  of  forest  trees 
may  be  observed  springing  up,  and  indicating  by  their  rapid  develop- 
ment the  prssonee  of  a  congenial  soil." 

Xrteot.«-The  whole  interior  of  South  America,  from  tiie  mountains 
of  Oaraoaa  on  the  north  to  the  Straits  of  Magalhaena  on  the  south,  is 
divided  by  comparatively  low  transverse  ridg^  running  east  and  we«t 
into  three  great  basins ;  that  of  the  Orinooo  on  the  north,  that  of  the 
Arnaaon  or  Marafion  in  the  centre,  and  that  of  the  La  Plata  o&  Uie 
south.  The  first  comprises  the  llanos,  vast  plains  occupying  a  saihot 
of  200,000  square  milea  They  may  be  divided  into  two  principal 
portions  :  the  first,  beginning  at  the  mouths  of  the  Orinooo,  ext^ii 
westward  aa  far  aa  the  Andes  of  New  Qranada,  being  bounded  on  the 
north  by  the  Caracas,  and  on  the  south  by  the  mountarnous  group  of 
Parim^  and  the  Rio  Apure,  an  affluent  of  the  lower  Orinoco.  The 
other  portion  of  the  llanos,  which  is  twice  as  exteiyive  aa  tiie  first, 
reaches  from  the  Apure  on  the  north  to  the  Caqueta  (an  affluent  of  the 
Marafkon)  on  the  south:  having  the  Andes  on  the  west,  and  the 
sierra  of  Parim4  and  the  Orinooo  on  the  east.  The  inclination  of  then 
plains  is  to  the  east  and  south,  and  they  are  traversed  by  muij 
streama,  which,  taking  their  rise  from  the  eastern  slope  of  the  Ande*. 
bear  their  tributary  waters  to  the  Orinooa  As  the  medium  height  of 
the  llanos  does  not  exceed  200  feet,  the  course  of  the  rivera  is  v&j 
slow  and  often  scarcely  perceptible. 

The  chief  oharacteristio  of  tiie  llanos,  says  Humboldt,  is  the  abso- 
lute want  of  hiUs  and  inequalities,  the  perfect  level  of  every  part  of  the 
soiL  Often  in  the  space  of  270  square  miles  there  is  not  an  emioeaee 
of  a  foot  high.  '  This  resemblance  to  tiie  surface  of  the  sea  atnkea  the 
imagination  most  powerfully  where  the  plains  are  altogether  destitntt; 
d  palm-trees,  and  where  the  mountains  of  the  shore  and  of  the  Orinooo 
are  so  distant  that  they  cannot  be  seen.  This  nnvarying  equality  of 
surface  reigns  without  interruption  from  the  mouths  of  the  Orinooo  to 
the  Villa  de  Aurore  and  Ospinos  under  a  parallel  of  540  miles  in 
length,  and  from  San  Carlos  to  the  Caqueta,  on  a  meridian  of  600 
nulea. 

There  are  however,  notwithstanding  this  uniformity  of  surfuie,  two 
kinds  of  inequalities  in  the  llanos.  The  first,  adled  hraneos,  are  hori- 
flOtttal  banks  of  sandstone  or  limestone  standing  four  or  five  hot  hi^er 
than  the  rest  of  the  plain,  and  sometimes  many  leagues  in  length.  The 
second  kind  of  inequality,  called  mesa,  consista  of  convex  eminences 
rising  to  the  height  of  a  few  &thoins. 

The  llanoB  have  difEarent  names  in  different  parts:  thus,  from  the 
Month  of  the  Dragon,  the  llanos  of  CumanA,  of  Barcelona,  and  of 
Caracas  or  YenesueUi,  follow  from  east  to  west,  when,  turning  south- 
ward from  8*  N.  lat,  between  the  meridians  of  67"*  iC  and  W  4^,  we 
find  the  Uaaoa  of  Yarinas,  Casuare,  the  Meta,  Ouaviare,  Caguan,  and 
CaMjueta.    All  these  are  again  subdivided. 

The  aspect  of  the  llanos  ia  somewhat  Hi<immi]ar  m  different  places: 
but  the  greatest  difference  depends  upon  the  seasons.  The  local 
dissimilarity  arises  chiefly  from  the  lutture  of  the  palm-trees  scattered 
about,  which  vary  in  different  places,  and  also  from  the  greater  or  less 
abundance  and  variety  of  the  diootyledonous  plants  which  are  inter- 
mixed with  the  grasses,  the  height  of  which  latter  is  also  very  unequal, 
being  sometimes  only  a  few  inches  at  a  distanoe  from  the  watercourses. 
and  rising  to  a  height  of  four  feet  in  their  vicinity.  In  this  high 
grass  the  jaguar,  or  American  tiger,  lurks  to  spring  upon  the  mulee  and 
horses  that  cross  the  plain.  But  the  season  of  drou^t  or  of  rain 
entirely  changes  the  aspect  of  the  greater  part  of  the  llanos.  In  the 
rainy  season,  says  Humboldt,  the  llanos  display  a  beautiful  verdure, 
but  in  the  time  of  great  drought  they  assume  the  aspect  of  a  desert. 
The  grass  is  then  reduced  to  powder,  the  earth  cracks,  the  alligators  asd 
great  serpents  remain  buried  in  the  dried  mud,  till  awakened  from 
their  long  lethargy  hj  the  first  showers  of  spring.  These  phenomena 
are  observed  on  barren  tracts  of  fifty  or  sixty  leagues  in  length  what 
the  llanos  are  not  traversed  by  rivers. 
The  principal  and  almost  the  only  trees  of  the  llanos  are  different 
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vftrieties  of  palms.  The  Corypha  tectorum,  or  Palma  de  Cobna,  solitftiy 
or  in  dumps,  rises  here  and  there  as  a  landmark  through  tneae  track- 
less plains.  It  is  chieflv  found  in  the  Uanos  of  Caracas  from  Hesa  de 
Feja,  as  far  as  GuavaTal.  Farther  north  and  north-west,  near  Quavare 
and  Son  Carlos,  its  pUce  is  taken  by  another  species  of  the  aame 
genus.  Other  palm-trees  appear  to  the  south  of  Ouayival,  specially 
the  Pirita,  with  pinnate  leaves,  and  the  dfurichi,  whose  beautiful 
verdure,  at  the  period  of  the  greatest  drought,  contrasts  with  the 
mournful  aspect  of  the  grey  and  dusty  leaves  of  the  cobija.  Two  or 
three  other  species  of  trees  besides^  pcums  are  also  found  in  the  llanos, 
and  it  is  round  these  clumps  that  the  llanos  are  Uie  most  fertile. 

The  great  wealth  of  the  llanos  consists  in  the  numerous  herds 
which  they  feed.  The  first  homed  cattle  were  let  loose  in  these  ezten- 
tlve  pastures  by  Christoval  Rodriguez,  about  the  year  1648,  since 
which  time  they  have  increased  to  almost  coimtless  numbers.  About 
98,000  head  of  cattle  are  said  to  wander  in  the  pastures  round  Cslabo^a. 
But,  according  to  M.  Depons,  there  are,  from  the  mouths  of  the 
Orinoco  to  the  lake  of  Maracaybo,  1,200,000  oxen,  180,000  horses,  and 
90,000  mules,  the  annual  produce  of  which  herds  is  estimated  at  about 
5,000,000  francs.  But  these  estimates  were  made  many  yean  since, 
and  are  scarcely  applicable  to  the  present  time. 

All  the  parts  of  the  llanos  are  not  equally  favourable  far  the  breed- 
ing of  mules  and  oxen;  but  in  some  of  those  places,  where  the  herds 
are  less  numerous,  the  pastures  are  so  fertile  as  to  furnish  meat  of  an 
excellent  quality  for  provisioning  the  coast. 

The  horses  of  the  llanos  are  not  very  large,  but  are  descended  from 
a  fine  Spanish  breed.    Deer  are  natives  of  these  plains. 

The  greatest  curiosity  of  the  llanos  are  the  gponoti,  or  electrical 
eels,  wMch  live  in  the  pools  as  weU  as  in  the  nverB  of  this  part  of 
South  America. 

We  may  also  mention,  as  dlstlngidshing  the  llanos  from  the 
pampas,  and  from  the  plains  of  North  America,  the  Sahara,  and 
the  steppes  o£  Asia,  the  total  absence  of  any  formation  of  chloride  of 
sodium  or  common  salt. 

Pampas,  from  an  Indian  word,  which,  in  the  Quichua  language, 
signifies  properly  a  fiat,  is  the  name  given  to  extensive  plains  in  the 
southern  and  central  parts  of  South  Ainerica.  Those  which  lie  to  the 
south  and  north-west  of  Buenos  Ayres  are  called^  the  former  th« 
Pampas  of  Buenos  Ayres,  or  simply  the  Pampas,  uid  the  latter  the 
Pampas  of  Cordova.  The  plains  to  the  south  of  the  province  of 
Chlquitos  bear  the  name  of  the  Pampas  de  9uanacoe.  There  is  also 
one  more  to  the  north,  between  the  river  Beni  and  the  irlver  Harmore, 
a  tributary  of  the  Madeira;  and  lastly,  to  the  nort|i  between 
Huallaga  and  the  Ucayal  there  is  another,  calM  the  Pampas  del 
Sacramento. 

The  Pampas  of  Buenos  Ayres  are  bordered  on  (he  weet  by  the 
forests  which  lie  along  the  base  of  the  Andes  of  Chile ;  on  the  east  by 
the  Atlantic;  on  the  south  by  the  Rio  Negro  and  Pategoniay  the 
interior  of  which,  though  little  known,  seems  to  be  of  the  same  nature 
with  the  pampa  itself;  and  on  the  north-east  by  the  Rio  de  la 
Plata.  In  the  direction  due  north  the  pampa  narrows  between  the 
Parana  and  a  ridge  coming  from  the  Andes,  called  the  Sierra  de 
Cordova. 

This  region,  reckoning  to  the  foot  of  the  mountains  on  the  west* 
occupies  a  surface  of  about  315,000  square  miles.  This  plain  has  no 
general  slope,  or  rather  it  slopes  so  gently  towards  the  eas^  that  the 
■lightest  inequalities,  together  with  Uie  Skbeorbing  nature  of  the  soil 
and  the  g;reat  evaporation,  are  sufficient  to  arrest  the  course  of  the 
waters ;  so  that,  with  the  exception  of  the  rivers  Colorado  and  Negro, 
which  oome  from  the  Cordilleras,  and  which  traverse  the  southern  part 
of  the  panq>as,  and  the  Solado,  a  small  stream  which  flows  into  the 
liio  de  la  Plata  at  its  mouth,  the  pampas  have  no  running  waters,  but, 
instead  of  ti^em,  a  great  many  shallow  pools,  of  which  the  water  is 
often  brackish.  There  is  one  at  about  450  miles  from  Buenos  Ayres, 
in  the  direction  west-soutl^-west,  always  filled  with  salt,  from  which 
the  city  of  Buenos  Ayres  was  yearly  supplied  before  the  port  was 
thrown  open  to  foreigners.  The  southern  part  of  the  pampas  is  sandy, 
with  patches  of  saline  plants  and  stunted  trees ;  the  northern  parts  are 
covered  with  grass,  supplying  food  to  large  herds  of  cattle  and  wild 
horses,  the  descendants  of  those  first  introduced  by  the  Spaniarda  It 
baa  been  said  that  several  million  head  of  cattle  and  about  half  as 
many  horses  feed  on  the  pampas  of  Buenos  Ayres.  There  are  also  wild 
beasts. 

This  plain  is  traversed  by  a  road  which  leads  from  Buenos  Ayres  to 
Chile,  along  which  the  traveller  meets  with  huts,  which  form  stations, 
distant  from  each  other  about  seven  or  eight  leagues.  The  journey 
may  be  made  on  horseback  or  in  a  carriage,  but  it  is  sometimes 
<iaDgerous,  on  account  of  the  Indians* 

The  pampa  of  Cordova  extends  from  the  right  bank  of  the  lower 
Parana  to  the  Sierra  de  Cordova  at  the  west.  On  the  north  it  joins 
the  sandy  plains  or  travetda  of  Santiago  del  Estero. 

This  pampa  resembles  that  already  described  in  all  thingi,  excepting 
being  travex^  by  a  greater  number  of  streams.  AH  these  streams, 
however,  vrith  the  exception  of  the  Rio  Salado,  which  &lls  into  the 
Parana,  lose  themselves  in  the  sands,  or  end  in  marshes  and  lakee 
without  issue,  and  which  in  the  countiy  are  called  LagwuuL  Such  is 
I>articularly  the  case  with  the  Rio  Dulce,  which,  rising  in  a  fertile  valley 
on  the  eastern  slope  of  one  of  the  lat^al  chuns  of  the  Andes,  passes 


by  S.  Miguel  de  Tucuman  and  Santiago,  and  finaUr  empties  itself  into 
the  Lagmias  de  las  Porongos;  the  same  is  also  the  case  with  the  Rio 
Primero,  on  which  is  situated  Cordova,  the  best  of  all  the  towns  of 
Tucuman,  and  where  the  Jesuits  had  formerly  a  celebrated  university. 

Throughout  the  whole  of  the  country  between  tiie  Parana  and  the 
mountains  to  the  west,  from  Chaco  on  the  north  to  the  extreme 
southern  extremity  of  the  Pampa  of  Buenos  Ayres,  t^ere  is  neither 
river,  lake,  nor  well  that  is  not  brackish,  saline,  or  alkaline.  Even  the 
Pilcomavo  and  the  Vermejo  partake  of  this  saltness ;  and  Asara  assures 
us  that  he  has  seen  in  lagunas,  dried  up  by  the  heat,  a  layer  of  Epsom 
salts  above  three  inches  in  thickness.  Nitron,  sulphate  of  soda,  and 
glauberite  also  occur  in  the  lagunas. 

The  inhabitants  of  the  fertile  valleys  lying  to  the  west  and  north  of 
the  plains  of  Tucuman,  similar  in  some  respects  to  Little  Bucharia, 
rich  m  their  flocks,  without  ambition,  and  without  care,  close  the  day 
in  rural  amusements  worthy  of  being  sung  by  Theocritus  and  Yix^ 
It  is  nevertheless  true  that  there  are  spaces  of  many  square  leagues 
in  extent  condemned  to  absolute  sterility.  The  traveUer  may  pass  for 
days  together  over  sands  and  stones,  oetween  which  tiiere  spring  up 
here  and  there  some  saline  plants,  without  meeting  with  any  other 
objects  than  a  few  isolated  huts  on  the  borders  of  some  brackish 
stream;  these  barren  districts  are  generally  designated  by  the  term 
travetia, 

Pampa  of  Bwmawf. — Leaving  the  pampa  of  Cordova  on  the  south, 
and  travelHn^  through  forests  swarming  with  bees,  which  extend 
beyond  the  Rio  Duloe  and  the  Salado,  we  enter  on  the  territory  of  the 
Abipones,a  race  of  very  warlike  Indians;  after  which,  crossing  the 
Rio  Vermejo,  we  gain  the  plains  of  the  Gran  Chaco,  oecupied  by  more 
or  less  savage  indigenous  tribes.  This  region  is  traversed  by  uie  BAo 
Pilcomayo,  which,  passing  near  the  mines  of  Potod,  falls  into  the 
Paraguay  below  the  city  of  Assumption.  To  the  north  lies  the  Pampa 
de  HuanacoB,  adjoining  the  province  of  Chlquitos,  bounded  on  the  eaist 
by  the  great  laguna  of  Xarayes,  through  which  passes  the  frontier  of 
Brazil :  on  the  west  by  the  heights  of  Santa  Cruz  de  Sierra,  and  on  the 
north  by  the  f cMrests  of  the  province  of  Moxos  and  the  sandy  j^teau 
called  Cfampos  Parexis.  ^ 

Pampa  de  Moxoe  Is  on  the  north  of  the  province  of  Moxos,  between 
the  rivers  Beni  and  Marmord ;  and  between  the  junction  of  this  latter 
and  the  Ouapore,  another  source  of  the  Madeira,  are  ouier  pampas  of 
considerable  extent. 

Pampa  dd  ^ocmmento.— This  pampa-  is  situated  on  the  north-west 
of  Cuzco.  It  differs  from  the  other  pampas  in  having  a  more  tropical 
vegetation,  and  in  its  soil  not  being  saline.  It  occupies  a  surface  of 
from  54,000  to  63,000  sauare  miles. 

Such  are  the  prlndpaf  pampas  of  South  America;  and,  if  we  include 
a  part  of  Pata«>nia  as  bdng  of  the  same  nature  with  the  pampas,  we 
shall  hare,  without  reckoning  the  pampas  of  Moxos  and  Sacramento, 
and  a  number  ef  spots  of  similar  character  but  less  extemt,  an  almost 
uninterrupted  band,  extending  from  the  Campos  Parexis,  in  latitu4e 
15°  S.,  to  the  bav  of  St.  Qepx^  in  45°,  or  about  2800  geographical  miles 
long  and  300  wfile,  or  a  surface  of  840,000  square  mues  of  plain,  partly 
sand,  and  pertiy  marshy  and  saline,  and  producing  hardly  anything  but 
pasture  and  a  few  stux^ed  trees.  Humboldt  estimates  the  whole  of 
the  pampas  of  Rio  de  la  Plata  and  Patagonia  at  135,200  square  leagues 
of  20  to  the  degree. 

The  SdvoB,  or  forest-covered  plain  of  the  Mara&on. — Independent  of 
the  vast  forests  which  cover  great  part  of  the  plains  of  North  America, 
particularly  on  the  east  of  t£e  MiHwiBsipyi,  there  is  the  inunense  plain 
of  the  Maia&on  in  South  America,  extendmg  over  a  surface  of  2,340,000 
square  miles,  of  which  about  719,000  are  covered  with  primeval  foresta, 
the  rest  of  the  i^wce  being  occupied  \jj  the  waters,  and  by  opoi  patches 
of  a  character  similar  to  the  llanos  and  savannas,  though  little  known. 
We  merehr  mention  this  region  here  as  one  of  the  most  extensive  oon- 
tinuouQ  plains  in  the  world. 

If  the  great  plains  we  have  desbribed  owe  their  peculiar  character  to 
climate  and  situation,  a  very  littie  reflection  will  suffice  to  show  the 
immense  influence  which  they  in  l^eir  turn  must  exercise  over  the 
climate  of  the  regions  contiguous  to  them,  and  the  ereat  modifications 
they  must  effect  on  mere  solar  temperature.  Indeed  the  curves  of 
the  isothermal  lines  sufficientiy  prove  that  the  sevOTal  climates  of  the 
earth  depend  on  the  joint  action  of  solu-  radiation,  and  the  magni- 
tude, distribution,  conformation,  soil,  and  productions  of  the  solid 
parts  of  the  globe,  and  the  extent  anid  relative  position  of  the  great 
bodies  of  water  l>y  which  they  are  surrounded.  Nor  have  the  vast 
plains  of  Asia  and  America  performed  a  less  important  part  in  the 
moral  history  of  mankind,  whether  as  havins  favoured  or  opposed  the 
emigrations  of  nations  and  the  progress  of  civilisation. 

PLAN.  This  word  (which  Is  the  same  as  Plane)  means  a  represen- 
tation of  a  plane  section  of  anv  building,  country,  &o.  Usually  it  is  to 
the  horizontal  section  that  the  tenn  is  applied,  the  words  section  or 
elevation  being  used  to  signify  tiie  vertical  plans.  A  map  is  not 
properly  a  plan,  but  a  Pbojwttiok,  unless  the  counbry  represented  be 
perf ectiy  level :  nevertheless  the  term  is  commonlv  a^[)lied  to  maps  of 
very  small  portions  of  a  country,  as  an  estate  or  a  town. 

PLANE,  PLANE- ANGLE.    [Stbaiqht  Ldtk  ahd  Plamb.] 

PLANE,  INCLINED.    [Inclined  Plane.] 

PLANE  OF  POLARIZATION.    [Polarization.] 

PLANET  ifurr^    irKay^s,   a  wandering   star),    PLANETART 


m 


PLANETARIUM, 


PLANTING  AND  PLANTATIONS- 


SSI 


THEORY,  MOTIONS,  PERTURBATIONS,  INEQUALITY,  fta 
The  term  planet  was  first  usq^  as  one  of  distinction  between  the  stars 
which  preserve  their  places,  or  seem  to  do  so,  and  those  which  have  a 
sensible  motion,  and,  as  is  now  known,  about  tiie  sun.  The  etymology 
would  oblige  us  to  include  comets — ^many  of  the  stars,  which  have 
snudl  motions  of  their  own,  or  proper  motions,  as  they  are  called — all 
those  double  stars  which  revolve  about  each  other — and  all  tiie  satel- 
lites  which  revolve  about  other  planets.  As  discovery  proceeds,  it  is 
likely  that  every  body  in  the  universe  will  be  found  to  be  planetary. 
The  word  however  has  changed  its  meaning,  and  is  used  to  stand  for 
a  heavenly  body  which  makes  successive  revolutions  about  our  sun. 
It  thus  includes — the  old  planets,  Mercuiy,  Venus,  Mars,  Jupiter, 
Saturn  (excluding  the  sun  and  the  moon,  the  most  easily  discovered 
planets  of  all) — ^the  planet  of  Copernicus  and  Oalileo,  on  which  we  Uve 
— the  new  planets  or  Asteroids,  of  which  there  are  now  (November, 
1860)  sixty-two ;  and  the  periodic  comets  of  Halley,  Encke,  Biela, 
Brorsen,  D' Arrest,  and  probably  many  others. 

The  plan  of  this  work  leaves  us  little  to  say  under  so  general  a  term 
as  Planet,  and  that  little  consists  mostly  of  references,  and  ezplaniw> 
tions  of  isolated  points.  The  order  of  discoveries  connected  with  the 
subject,  so  feu:  as  it  is  matter  of  history,  must  be  look»i  for  \mder 
AsTBONOKT.  It  is  impossible  to  separate  the  history  of  one  part  of 
astronomy  from  tl^t  of  another :  the  fixed  stars,  on  which  all  celestial 
measurements  depend,  must  accompany  the  planets  in  every  account 
of  the  latter ;  the  mathematical  and  physical  considerations  whidi  give 
rise  to  our  power  of  predicting  the  motions  and  places  of  the  planets, 
apply  equally  to  those  of  the  moon  and  comets. 

By  a  Planetary  Theory  was  once  meant  any  hypothesis  wHch  serves 
to  explain  the  motions  of  a  planet,  as  actually  perceived.  Thus  there 
was  one  theory  of  Mercury,  another  of  Venus,  ftc.,  each  (without 
connection  with  the  rest)  ei^unding  the  nature  and  magnitude  of  all 
the  suppositions  which  must  be  superadded  to  that  of  the  simple 
circular  motion  round  the  sun,  in  order  to  enable  the  theorist  to 
predict  the  planet's  place  at  any  given  future  time.  At  present,  by 
the  theory  of  a  planet  is  meant  the  deduction  of  its  motion  from  the 
theory  of  gravitation.  Given  Uie  places  of  all  the  bodies  of  the  solar 
system  at  any  one  moment,  together  with  their  velocities  and  the 
directions  of  their  motions,  the  assumptions  of  the  theory  of  gravita- 
tion are  found  sufficient  to  deduce  tables  which  almost  rival  observa- 
tion itself  in  the  accuracy  with  which  predictions  can  be  made;  for 
an  instance,  see  Moon.  When  tables  are  constructed  with  such 
fundamental  data  only,  they  are  called  theoretical :  but  if  some  of 
those  details  which  should  have  been  deduced  from  the  theory  of 
gravitation  have  been  deduced  from  observation,  the  tables  are 
then  partly  empirical.  For  the  treatment  of  the  theory  of  gravita- 
tion as  a  question  of  physics,  see  Attraction:  for  the  deduc- 
tion of  the  character  of  the  main  inequalities  of  the  planetary  motions, 
and  most  points  connected  with  the  detailed  results  of  that  theory, 
see  Gravitation  :  for  the  results  which  are  particularly  connected 
with  the  secular  inequalities,  and  the  reasons  which  we  have  to  infer 
the  permanence  of  the  whole  system,  unless  acted  on  by  some  new  and 
external  cause,  see  Solar  Systsil  See  also  the  general  considerations 
under  the  word  Theory. 

The  Planetary  Theozy,  it  must  be  remembered^  in  the  sense  in 
which  those  words  are  now  understood,  explains  only  the  motions  of 
the  planets  round  the  sun.  A  spectator  situated  on  tiie  last-named 
body  would  find  it  sufficient  to  jn^ct  the  place  among  the  stars,  of 
evexy  planet  at  every  time  :  or  a  terrestrial  astronomer  might  assign 
by  it  the  places  of  the  planets  as  seen  from  the  suuy  which  are  called 
%e{tooefitr»c  places.  But  our  own  circumstances,  as  being  ourselves 
revolving  about  the  sun,  cause  the  i^iparent  planetary  motions  to  vary 
most  materially  from  the  real  ones,  and  tiie  geocentric  places  (or  places 
as  seen  from  the  earth)  to  differ  literally  toto  ccelo  from  the  helio- 
centric places.  Thus,  as  seen  from  the  sun,  a  planet  moves  from  west 
to  east,  always :  as  seen  from  the  earth,  it  sometimes  moves  from  east 
to  west.  As  to  this  point,  the  circumstances  of  our  day  are,  in  regard 
to  the  astronomical  education  of  the  world  at  huge,  a  complete  leveraal 
of  those  which  preceded  the  time  of  Newton,  ^rmerly,  the  apparent 
motions  were  well  known  to  those  who  knew  anything;  the  real 
motions  were  matter  of  dispute :  now,  every  well  educated  boy  of 
fourteen  has  a  very  good  notion  of  the  real  motions,  while  few,  except 
astronomezs,  could  distinctiy  explain  the  apparent  ones,  and  maps  of 
theni  are  quite  out  of  date.  To  explain  tiiese  motions  here  would 
"fequire  us  to  introduce  the  contents  of  another  article ;  the  whole  of 
what  is  necessary  on  this  point  will  be  found  in  Troohoidal  Curves, 
thepreliminary  considerations  being  found  imder  Motion. 

The  places  of  the  principal  planets  are  usually  siven  in  the  ahnanacs, 
at  mtervals  of  several  days,  in  a  manner  wluch  is  sufficient  to  find 
tiiem  in  the  heavens.  In  the  'Nautical  Almanac'  is  to  be  found  a 
Greenwich  meridian  ephemeris  of  every  planet  for  every  day  in  the 
y^»  ^  which  the  phuses  are  predicted  to  the  smallest  quantities,  so 
that  the  reduced  observation  of  any  oae  day  affords  an  immediate 
comparison  of  the  theoretical  tables  with  the  fact. 

PLANETARIUM.    [Orrery.] 

PLANING  MACHINERY.  Of  late  yean  tiie  increase  in  the  price 
of  hand  labour,  and  the  necessity  for  securing  mathematical  accuracy 
in  the  surfaces  of  contact  of  the  parts  of  machinery,  have  led  to  the 
application  of  other  machinery  to  the  preparation  of  the  surfaces  of 


wood,  of  stone,  and  of  iron-work.  The  nature  of  the  various  materiali 
has  led  to  modifications  of  the  tools  employed,  as  might  naturally  have 
been  eipected;  and  it  is  worthy  of  remark  that  the  application  of 
machinery  to  this  purpose  has  been  much  more  successful  with  the  more 
apparentiy  intractable  and  hard  materials,  stone  and  iron,  than  it  hu 
been  with  the  softer  one,  wood.  Generally  speaking/.the  tools  used  far 
planing  wood,  or  iron,  are  fixed  at  a  certain  height,  but  are  able  to 
reverse  the  direction  of  their  points ;  and  the  surfoces  to  be  operated 
upon  may  be  moved  horizontally  under  the  tools,  so  as  to  be  attacked 
in  their  alternate  motion,  or  only  in  one  direction  when  the  cutting 
tools  are  not  susceptible  of  being  reversed.  In  wood  planing  machineiy 
the  majority  of  uie  tools  hitherto  used  in  England  have  a  xotary 
motion ;  and  from  this  fkct,  and  from  the  tendency  of  the  wood  to  tear 
up,  as  the  workmen  say,  it  is  necessary  to  finuh  the  beat  clasB  of 
joiner^s  work  by  hand  labour.  It  may  be  also  stated  that  until  the 
introduction  of  planing  machinery  for  iron,  it  was  almost  impossible  to 
obtain  a  large  and  perfecUy  level  surface  on  a  plate  of  that  metal;  ao 
that  in  fact  this  machine  has  been  one  of  the  most  important  agents  in 
the  advance  of  the  arts  connected  in  any  way  with  the  use  of  iron. 
The  success  of  the  application  of  machinery  to  the  dressing  of  stone,  or 
of  wood,  depends,  however,  solely  upon  the  value  of  hand  labour;  and 
its  introduction  becomes  a  mere  question  of  local  economy,  whence  ila 
moro  general  use  in  America* 

In  me  iron  planing  machinery  there  is  alaigebed  or  pUte  oonHeeCed 
withtliedriving  machinery  in  such  a  manner  as  to  allow tiie  bed  to  more 
alternately  to  imd  fro  in  a  horisontal  direction ;  and  the  tool  or  chisel  ia 
fixed  in  a  carrier,  so  as  either  to  reverse  the  position  of  it«  point  wbm 
the  bed  has  reached  the  end  of  its  course,  or  it  ia  raised  on  ahorisontal 
pin  so  as  to  allow  of  its  being  lifted  by  the  projections  of  the  garhu» 
operated  upon,  and  thus  only  to  work  whilst  the  bed  is  travelling  in 
one  direction.  The  distance  between  the  bed  and  the  eanier  is  regu- 
lated by  a  screw ;  and  the  width  of  tfie  face  of  the  tool  is  varied 
according  to  the  greater  or  lesser  quantity  of  iron  to  be  removed,  the 
finishing  tool  being  wider  than  the  roughing  point  A  slight  burr  is 
left  on  eadi  side  of  the  path  of  the  tool,  which  is  removed  subeequeuUf 
it  a  perf ectiy  smooth  free  should  be  required.  Almost  all  the  tool 
makers  of  the  present  day  manufacture  these  beautiful  machines;  bat 
thoae  made  by  Mr.  Whitworth  are  certainly  amongst  the  beat,  eveD  if 
they  be  not  the  veiy  best,  of  their  class. 

Mr.  Hunter  took  out,  some  years  since,  a  patent  for  a  modifieatioD 
of  the  iron  planing  machinery,  which  has  been  applied  with  sa^ 
romarkable  success  by  the  late  Mr.  L.  F.  Cam^e,  in  his  flag  stooe 
quarries  near  Arbroath,  that  it  must]  remain  a  matter  of  surpriae  tlist 
the  use  of  the  machine  has  not  been  more  generally  diffiised.  In  Mr. 
Huntei^s  stone  planing  machine  the  bed  moves  under  a  chisd,  of  a 
width  of  face  varying  inversely  with  the  amoimt  to  be  removed,  as  in 
the  case  of  iron  planing  engines,  and  the  slight  burrs  are  worked  dovn 
by  hand.  The  American  stone  pliining  maichines  seem  to  oonsist  for 
the  most  part  of  rotary  cutters  of  chiUed  cast  iron  whidi  wear  amy 
by  friction  the  surfrces  exposed  to  their  action. 

The  ordinaxy  descriptions  of  wood  planing  machineii  consist  d 
cutters,  or  steel  plates,  working  with  a  rotary  motion ;  but,  as  ms 
before  stated,  they  do  not  leave  the  fimshed  surface  in  the  state 
required  for  good  work.  The  best  American  machines  of  this  kind, 
however,  have  cutters  like  an  ordinary  plane  iron,  screwed  to  a  earner 
able  to  be  adjusted  over  the  board  to  be  operated  upon  by  means  of  a 
screw.  In  front  of  each  cutter  is  placed  a  loose  bar  as  near  to  the 
knife  as  possible,  for  the  pui^pose  of  keeping  the  grain  of  the  wood 
perf  ectiy  close  unmediately  before  the  knife.  For  t£e  best  descriptian 
of  joiner's  work  the  wood  thus  planed  requires  to  be  finidied  off  witii 
the  smoothing  plane,  as  in  the  case  of  the  wood  prepared  by  the  ordi- 
nary jack,  or  trying  planes  used  in  ordinary  hand  labour.  In  the  latter 
case  the  rough  work  is  done  by  the  jack  plane ;  it  is  carried  to  a 
higher  point  by  the  use  of  the  trying  plane,  and  is  finished  by  the 
smoothing  ^ane. 

PLANISPHERE.  This  term  orighially  stood  for  any  repreaentatiaQ 
of  all  or  part  of  the  sphere  on  a  plane ;  it  is  now  out  of  use,  at  least  in 
that  sense.  It  has  partially  however  been  retained  (and  it  would  be 
desirable  that  this  meaning  should  become  fixed  and  general)  to  signify 
any  contrivance  in  which  plane  surfrces  moving  on  one  snother  fulfil 
any  of  the  uses  of  a  celestial  globe. 

The  instrument  which  we  proceed  to  describe  is  one  whidi  fdien 
made  oorreotiy,  at  or  near  a  given  latitude,  is,  for  ordinary  .uses,  that 
ia,  for  finding  the  position  of  the  heavens  at  any  one  moment,  much 
moro  easily  used  than  the  celestial  globe,  and  very  mueh  less  expenaiveL 
A  circular  disc  of  pasteboard,  on  which  the  stars  visible  in  oar  latitude 
are  laid  down,  turns  on  a  second  diK,  round  which  are  the  days  of  the 
vear  on  one  cirde,  and  the  hours  of  the  day  on  another.  A  third  and 
hollow  disc  turns  upon  the  same  pivot,  the  hollow  part  being  so  cut 
that  the  portion  of  the  heavens  which  it  shows  is  predsely  that  which 
is  visible  at  one  time  in  the  latitude  of  the  instrument :  the  points  of 
the  compass  are  marked  round  the  rim  of  the  hollow  disc,  or  of  the 
horizon.  The  effect  is,  that  by  setting  the  disc  which  oontaios  the 
stars  to  the  day  of  the  year,  and  the  hollow  disc  to  the  hour  of  the  day, 
the  part  of  the  heavens  visible  at  that  day  and  hour  is  distinctly 
shown.  The  time  at  which  any  star  rises,  culminates,  and  sets  can  be 
immediately  found  within  a  minute. 
PLANTING  and  PLANTATIONS.    Planting  is  the  operation  of 
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placing  in  the  soil  the  roots  of  a  plant  which  has  been  previously 
removed ;  and  the  preservation  of  the  roots  is  the  first  thing  to  be 
attended  to.  It  should  be  kept  in  mind  that  the  spongiolea,  or  delicate 
extremities  of  the  fibresi  are  the  parts  by  which  the  chief  supply  of 
food  from  the  earth  is  absorbed  by  the  plant.  Their  tissue  being 
tender  and  almost  naked,  they  are  very  susceptible  of  injiuries  from 
mechanical  action ;  and  being  adapted  for  performing  their  functions 
in  a  humid  medium,  they  readihr  suffer  from  being  kept  for  any 
length  of  time  exposed  to  free  air  and  drought.  In  taking  up  the 
plants,  therefore,  the  roots  should^  be  loosened  in  such  a  manner  as  to 
receive  the  least  possible  violence  iii  the  operation.  Plants  in  pots  can 
be  shifted  from  one  place  to  another  witnout  exhibiting  symptoms  of 
deranged  functions ;  and  if  it  were  possible  to  preserve  the  spongioles 
of  a  luge  tree  as  entire  as  those  of  a  plant  in  a  pot,  the  same  successful 
result  would  follow.  But  as  it  is  next  to  impossible  to  do  this,  we  can 
only  attempt  to  preserve  Uiem  as  far  as  circumstances  will  permit.  If 
the  tree  be  large,  a  trench  should  be  opened  beyond  the  extremities  of 
the  roots,  of  suf&cient  width  and  depth  to  allow  the  process  of  imder- 
mining  to  be  freely  carried  on.  The  roots  should  be  gradually  set  at 
liberty  by  a  round-pronged  fork,  the  prongs  tapering  so  as  to  be  easily 
inserted,  yet  not  by  any  means  so  sharp  as  to  prick  the  roots.  As  the 
fork  is  being  used,  the  soil  from  among  the  roots  wUl  fall  into  the  open 
trench ;  but  as  it  accumulates  there  it  must  be  cleared  away,  and  at 
the  same  tame  the  portion  of  roots  set  at  liberty  will  require  to  be 
slightly  tied  together  with  pieces  of  matting,  and,  if  necessary,  sup- 
ported by  temporary  stakes,  or  held  to  one  side  by  an  assistant,  whilst 
the  planter  jmxeeds  in  liberating  others.  If  there  be,  as  is  frequently 
the  case,  a  tap-root  extending  to  a  much  greater  depth  than  the  other 
Mots,  and  if  the  hitter  have  been  carefully  preserved  durmg  the  ope- 
ration, the  tap-root  may  be  dispensed  with,  for  it  could  only  be  raised 
in  ft  mutilated  state,  owing  to  the  great  solidity  of  the  earth  at  such  a 
depth. 

^  Although  it  is  yeiy  desirable  to  preserve  the  greatest  possible  quan- 
titj  of  sound  roots>  yet  all  that  are  bruised  or  lacerated  ahoiud  be 
el^mly  amputated  up  to  the  sound  parts.  Cross-roots  are  apt  to  gall 
the  o&ers  when  they  become  laxge,  and  therefore  the  sooner  they  are 
removed  the  better.  When  the  plants  are  young,  and  in  the  course  of 
being  occasionally  removed  in  a  nursing  state,  i^  irregularities  in  the 
roota  should  be  corrected,  which  can  then  be  done  with  comparatitely 
little  injury,  as  the  roots  of  young  pbmts  bear  a  greater  proportion  to 
the  top  than  seems  to  be  the  case  at  a  more  advanced  period  of  growtl^ 
and  the  loss  of  any  of  them  is  consequently  felt  less.  In  the  early  stage 
of  rearing  trees,  while  the  proportion  of  roots  predominates,  it  may  be 
fomid  advisable  in  various  cases  to  shorten  not  only  the  tap-root^  as 
above  mentioned,  but  also  judiciously  some  of  the  other  strong  roots, 
in  order  that  subdivisionB  of  a  more  fibrous  nature  may  be  pro- 
dnoed,  and  a  number  of  rootlets  substituted  for  large  root-branches. 
Even  in  the  case  of  latge  trees  this  principle  has  been  acted  upon  for 
centuries,  and  latterly  it  has  been  strongly  advocated  and  put  m  prac- 
tice for  the  purpose  of  producing  inmiediate  effect  in  park  or  landscape 
scenery.  A  tremch  is  cut  out  rotmd  the  tree,  and  the  roots  shortened 
wherever  they  happen  to  traverse  this  trench,  so  as  to  leave  it  quite 
dear.  This  being  done,  the  trench  is  filled  up,  either  with  its  own 
ezoavated  soil,  or,  in  very  particular  cases,  with  fresh  soiL  The  tree 
has  still  a  sufficient  number  of  undisturbed  roots  to  keep  it  alive ;  and 
in  fact  it  ought  not  to  be  merely  kept  alive,  but  as  many  roots  should 
be  left  as  will  ensure  its  continuing  in  a  healthy  though  not  a  vigorous 
stale  of  growth.  In  the  course  of  a  year  or  two  after  this  operation 
has  been  performed,  a  number  of  young  roots  will  have  been  protruded 
from  the  various  amputations  into  the  loosened  soil  of  the  trench ;  and 
partly  from  the  possibility  of  preserving  these  roots,  and  partly  from 
the  top  becoming  habituated  to  a  more  limited  supply  of  food,  the 
tvee  feels  comparatively  little  the  change  consequent  on  transplantation. 

Boota  may  be  produced  of  a  proper  description  for  planting  by  the 
adoption  of  such  means  as  the  above,  and  if  care  be  taken  thev  will 
Buffer  little  from  the  operation  of  removaL  StiU  they  may  be  seriously 
injured  from  exposure  to  air,  and  more  eepedally  to  drying  winds, 
&ott,  and  even  to  wet  To  be  covered  in  the  soil  is  the  natural  con- 
dition of  the  roots  of  most  vegetable  productions,  and  therefore 
endearonrs  should  be  made  to  plai^  them  in  such  a  condition  with  the 
least  possible  delay;  or  at  all  events,  if  circumstances  render  delay 
nnavoidable,  such  means  should  be  adopted  as  will  preserve  them  in  a 
■tate  ol  moisture  similar  to  tiiat  which  they  have  in  the  sdL  It  is 
however  necessary  to  observe,  that  when  the  tops  are  closely  packed  up 
>od  evaporatioii  from  them  prevented,  the  roots  should  be  kept  rather 
dry  than  otherwise ;  for  under  such  circumstances,  damp  is  found  to 
be  much  more  frequently  destructive  than  a  little  dryness. 

Though  the  preparatory  steps  to  planting,  as  regards  roots  and  their 
preservation,  may  oe  properly  taken,  yet,  if  the  operation  be  not  per- 
formed at  the  proper  season,  success  will  not  be  complete.  It  is  true 
^hat  instances  may  be  adduced  of  planting  being  done  at  the  very 
opposite  season  to  that  which  is  here  recommended  as  the  best ;  but 
Buch  cases  are  only  examples  of  what  may  be  done  by  extraordinary 
cue  in  adopting  artificial  means  bo  as  to  imitate  more  natural  cireum- 
Btaooes.  It  is  a  well-known  fact  that  plants  are  subject  to  a  process  of 
^▼i^poration  from  all  the  parts  which  are  exposed  to  the  atmosphere, 
P'orided  Ae  latter  is  not  in  a  state  of  saturation.  The  source  from 
whence  this  evaporation  ia  supplied  is  the  moisture  of  the  soil,  and  the 


roots  are  the  media  by  which  it  is  collected  and  transmitted  to  the  stem, 
branches,  and  leaves.  If  the  expenditure  be  greater  than  the  supply  of 
moisture,  the  plant  will  begin  to  suffer ;  if  the  disparity  be  great  and 
continued,  a  degree  of  desiccation  urill  be  occasioned  sufficient  to 
deprive  the  vegetable  tissue  of  that  moisture  which  constitutes  the 
medium  of  intercommunication  between  the  different  cells;  organi- 
sation is  destroyed;  the  chain  which  connected  it  with  vitality  is 
broken,  and  incapable  of  being  re-united  by  any  mechanical  means. 

A  much  greater  amount  of  evaporation  takes  place  from  a  given 
surface  in  some  species  than  in  others ;  but  the  amount  as  regards 
plants  of  the  same  species,  all  other  drcumstances  being  the  same,  is 
m  proportion  to  the  extent  of  surface  which  the  respective  individuals 
possess.  The  leaves  of  a  lime-tree  may  have  a  surface  equal  to  thirty 
times  that  of  the  stem,  branches,  and  twigs  which  produce  them,  and 
consequently  the  demand  on  the  roots  for  the  supply  of  evaporation 
will  be  thirty  times  greater  when  in  leaf  than  when  the  branches  are 
naked.  Instances  might  be  adduced  in  which  this  difference  would 
even  be  exceeded ;  but  if,  on  the  contrary,  it  were  found  considerably 
less,  still  there  would  be  sufficient  evidence  of  the  impropriety  of 
moving  plants  when  in  leaf;  and  it  may  be  here  remarked,  that  young 
leaves  admit  of  the  fluids  being  more  rapidly  evaporated  than  old 
ones. 

The  month  of  December  is  that  in  which  the  condition  of  the  air 
with  regard  to  moisture  approaches  nearest  to  that  of  complete 
saturation,  and  next  in  this  respect  is  January,  which  is  also  the 
coldest.  It  might  therefore  be  concluded  that  these  months  are  the 
best  for  planting,  more  especially  as  they  are  the  most  opposite  in 
character  to  June  and  July,  which,  from  their  being  the  hottest  and 
driest,  are  found  to  be  the  worst  But  November  is  also  moist;  and 
although  the  temperature  of  the  season  has  not  then  reached  its 
minimum,  yet  the  foliage,  accustomed  to  exercise  its  f imctions  under 
a  summer  heat,  can  no  longer  perform  them  imder  a  reduction  of 
temperature,  which,  though  not  the  lowest,  is  comparatively  low  as 
regards  summer  productions.  The  leaves  in  consequence  lose  their 
connection  with  the  roots ;  the  earth  still  retains  considerable  warmth ; 
and  although  the  absence  of  leaves  in  deciduous  trees,  and  perhaps  the 
inactivity  of  those  of  evergreens,  may  prevent  the  formation  of  wood, 
except  in  the  most  limited  degree,  yet  the  buds,  whilst  they  are  ^em- 
selves  increased  in  volume,  maintain  a  corresponding  action  in  the 
roots,  sufficient  in  many  instances  to  form  fresh  spongioles  before 
winter,  a  process  which  is  favoured  by  the  soil  being  wahner  than  the 
atmosphere.  Should  circumstances  occur  to  prevent  the  actual  pro- 
trusion of  cellukr  substance  in  the  form  of  spongioles,  still  an 
accumulation  of  it  will  be  taking  place,  ready  to  burst  forth  in  spring. 
On  this  account  therefore,  although  December,  January,  and  Februaiy 
are  sufficiently  moist,  yet  November,  or  as  soon  as  the  leaves  have 
fallen,  is  the  preferable  season  for  planting.  There  may  be  some 
exceptions^  as  m  the  case  of  very  wet  soils,  where  the  plants,  if  not 
firmly  rooted,  are  liable  to  be  thrown  out  during  winter,  owing  to 
which  spring  planting  would  be  more  proper.  But  imder  ordinary 
drcumstances  all  deciduous  trees  will  succeed  best  at  the  period  above 
indicated.  Such  species  as  push  forth  their  buds  early  ought 
certainly  to  be  plantiy^  in  autimm.  Many  of  the  coniferous  tribe  will 
suoeeed  well  if  planted  soon  after  they  have  made  their  sumnler's 
growth:  the  eara  is  then  warm,  and  the  plants  make  roots  veiy 
promptly.  Some  species  of  this  interesting  order  of  trees  require  to  be 
planted  either  before  winter,  so  as  to  have  sufficient  time  to  strike 
root,  or  immediately  before  their  buds  begin  to  burst  in  the  spring. 
These  species  of  trees  are  injuriously  affdcted  by  exposure  to  dry  cold 
winds,  even  when  their  roots  are  undisturbed  by  removal;  but  if 
planted  at  a  season  when  several  months  must  elapse  before  any  perfect 
action  can  commence,  the  tops  are  apt  to  become  dried  up  in  the 
interval  It  appears  that  if  their  juices  become  inroissated  to  a  certain 
extent,  they  never  again  become  liquified,  probably  owing  to  their 
resinous  nature. 

The  watering  of  newly  planted  trees  ought  to  be  attended  to.  The 
supply  in  the  first  instance  should  be  copious,  in  order  to  wash  the 
earth  into  the  cavities  among  the  roots.  Some  err  in  keeping  the  roots 
of  newly  planted  trees  constantly  soaked  with  water,  as  if  they  were 
those  of  bog-i^ants,  for  which  only  such  treatment  is  proper.  In 
watering,  consideration  should  always  be  had  to  the  nature  of  the 
plant,  to  which,  if  it  delight  in  dry  soils,  no  more  water  should  be 
artificially  applied  than  is  necessary  to  moisten  it  as  much  as  the  soil 
in  which  the  species  grows  naturally,  and  at  a  time  when  shoots  and 
leaves  are  abundantly  produced.  When  w&tering  is  performed,  it 
should  be  done  thoroughly,  so  as  to  reach  the  lowest  portions  of  the 
root  In  the  case  ol  plants  being  much  dried  from  long  carriage  or 
other  causes,  the  supply  on  first  planting  should  be  very  moderate. 
The  tops  however  should  be  frequently  eyringed,  in  order  to  moisten 
the  bark  and  prevent  its  absorbing  the  organisable  matter  which 
descends  towards  the  root  by  the  inner  banc.  The  flow  must  be 
extremely  weak  under  such  circumstances;  but  if  it  can  be  preserved 
from  the  eflfocts  of  drought  till  it  reach  the  extremities  of  the  roots, 
the  formation  of  fresh  spongioles  will  immediately  commence,  and  the 
tree  may  then  be  pronounced  out  of  danger. 

The  manner  ef  performing  the  operation  of  planting  may  be  reduced 
to  one  general  principle,  that  of  placing  the  roots  in  the  soil  so  as  to 
imitate  as  closely  as  possible  the  position  which  they  occupy  when 
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growing  wild  and  uncontrolled.  Plants  indeed  may  be  instanced 
whose  roots  have  been  observed  in  one  situation  penetrating  to  the 
depth  of  four  or  five  feet;  or  in  another,  creeping  along  the  surface, 
amongst  stones,  or  into  the  crevices  of  rocks,  with  scarcely  soil  to 
cover  them,  as  for  example  in  the  vine.  But  although  roots  can 
usually  accommodate  themselves  to  that  position  which  the  nature  of 
the  situation  renders  it  alone  possible  for  them  to  occupy,  yet  there 
can  be  no  doubt  that  in  all  cases  the  extremities  of  the  roots  should  be 
lower  than  where  they  diverge  from  the  stem,  a  rule  which,  however 
self-evident  it  may  be,  is  frequently  violated  in  practice  by  maldng  a 
basin-shaped  hole,  deepest  in  the  middle,  in  which  the  roots  are  ei^er 
doubled  or  have  their  extremities  tending  upwards  on  the  sloping  sides 
of  the  cavity. 

The  excavation  for  the  reception  of  the  roots  of  a  plant  should  bo 
considerably  larger  than  ^ose  roots  will  traverse  when  extended  at  the 
time  of  planting..  It  E^ould  be  as  wide  at  bottom  as  at  top.  The 
bottom  should  be  more  or  less  convex,  and  the  depth  such  as  to  admit 
of  the  roots  being  covered  to  the  extent  observed  in  undisturbed 
seedling  plants  of  the  same  species ;  that  is  to  say,  the  upper  part  of 
the  root  should  only  be  just  covered.  The  lower  roots  should  be 
regularly  disposed  over  the  convex  bottom  of  the  excavation,  and 
carefully  strewed  with  some  of  the  finer  portion  of  soil,  over  whidi  the 
other  roots  may  be  spread.  More  soil  should  then  be  carefully  rather 
than  forcibly  mtroduced.  There  should  be  no  vacant  spaces  left, 
except  those  of  so  minute  a  description  that  they  ydU  be  readily  filled 
up  by  the  finer  particles  of  earth  washed  down  by  a  plentiful  watering. 
This  watering  should  be  given  when  the  soil  is  nearly  all  filled  in;  and 
after  the  water  has  subsided  so  as  not  to  stand  above  the  surface,  the 
latter  should  be  covered  with  the  remaixiing  portion  of  soiL  Except 
in  very  loose  or  light  soUs,  this  method  \vill  supersede  the  necessity  of 
the  hard  beating  and  treading  in  to  which  the  roots  of  trees  are  very 
generally  subje^ed.  The  latter  practice  is  now  however  being  laid 
aside  by  many,  from  a  conviction  of  its  injurious  efiects.  It  is  also 
necessary  to  remark  that  a  plant  should  be  placed,  before  the  intro- 
duction of  the  soil,  exactly  as  it  is  intended  it  should  stand ;  and  it 
should  not  be  pulleid  from  side  to  side  for  the  purpose  of  shaking  the 
earth  amongst  the  roots.  If  the  tree  be  drawn  to  one  aide,  the  fibres 
of  the  root  will  also  be  drawn  towards  the  same  side ;  but  they  are  of 
course  too  flexible  to  force  their  way  back  wheb  the  tree  is  drawn  in  a 
contrary  direction,  and '  they  must  therefore  beoome  more  or  less 
doubled.  Nor  should  the  sou  be  thrown  agaim»t  the  fibres  whilst  the 
roots  are  being  covered ;  it  should  be  made  fine,  and  either  shaken 
from  the  spade  so  as  to  fall  perpendioxilarl^  among  the  roots,  or 
scattered  by  a  force  impelling  it  in  the  direction  of  the  fibres,  which 
will  be  in  general  from  the  stem  towards  the  extremities,  or  from  the 
centre  to  the  drcumferencei 

The  principles  here  stated  are  applicable  to  the  planting  of  Urge 
as  well  as  small  trees,  and  in  fact  to  any  terrestrial  species  of  plant. 
There  are,  however,  many  modifications  in  practice,  some  of  which 
may  be  noticed  as  proper  under  certain  drcumrtaooei,  and  others  as 
only  to  be  condemned  under  any  circumstances  whatever. 

Small  plants  are  veiy  fre(}uently  inserted  by  the  diJbhtr.  a  oylilidrical 
piece  of  wood,  shod  with  iron  and  tapering  to  a  pomt.  This  is 
thrust  into  the  soil,  and  in  the  hole  formed  by  thJa  meant  the  roots 
of  the  plant  are  introduced,  and  a  portion  o|  soil  pressed  towards 
them  by  a  second  stroke  of  the  dibber.  It  is  evident,  however,  that 
by  this  procedure  the  roots  cannot  be  in  the  most  natural  position ; 
they  are  in  fact  the  very  reverse  of  being  spread  out  to  the  best 
advantage.  In  the  case  of  very  valuable  species  the  spade  or  planting- 
trowel  is  used  in  preference  to  the  dibber.  The  latter  has  nothing 
to  recommend  it  on  the  score  of  •  good  principles  in  pl^iit^pg  •  ^j^e 
expedition  with  which  it  can  be  employed  is  iJl  that  can  be  said  in 
its  favour. 

Besides  the  spade  and  dibber,  various  other  implements  are  used  in 
planting,  such  as  the  diamond  dibber,  a  pointed  plate  of  steel  with  a 
short  iron  handle;  a  mattock,  used  in  stony  soils;  and  some  others, 
adopted  according  to  circumstances.  In  aJl  cases,  however,  where  the 
spade  can  be  used,'  it  is  undoubtedly  the  best  instrument.'*  If  the 
soil  be  tmfit  for  allowing  the  use  of  the  spade,  it  should  be  rendered 
fit  previously;  and  if  some  time  be  lost  and  expense  incurred  by 
using  it  instead  of  smaller  and  more  expeditious,  but  at  the  same 
time  more  cramping  implements  as  regards  the  roots,  the  difference 
will  certainly  be  ultimately  in  favour  of  a  proper  disposition  of  the 
roots  by  means  of  the  spade. 

With  regard  to  the  preparation  of  the  soil  for  plantations,  it  is 
found  that  trenching  the  ground  is  attended  with  profit  where  it  is 
practised  for  the  purpose  of  rearing  wood  for  fuel  and  small  timber. 
This  mode  of  preparation  ought  likewise  to  be  adopted  where  trees 
are  intended  to  be  planted  for  ornament  or  for  shelter.  It  has  not 
been  generally  attempted  In  the  case  of  extensive  plantations  of 
heath  or  rugged  moimtain-land.  It  may,  however,  be  affirmed  with- 
out hesitatioil  that  great  advantages  would  be  derived  from  the 
operation  being  more  extensively  performed.  Something  more  than 
merely  burying  the  roots  of  hard- wooded  plants  is  thought  necessary, 
and  accordingly  pUs  are  made.  It  is  scarcely  necessary  to  observe  that 
if  these  are  not  of  considerable  size,  the  duect  progress  of  the  roots 
is  soon  obstructed.  The  tim«  required  to  form  mote  pits  as  they 
ought  to  be,  would  be  sufficient  to  regularly  trench  double  their  area. 


The  expense  of  trenching  the  intermediate  spaces  wiU  be  oompensated 
by  the  greater  return  derived  from  the  nurse  plants,  such  as  larcU, 
when  they  come  to  be  removed. 

Plantations  are  generally  planted  thick  in  the  first  instance,  aad 
with  various  species  of  trees.  Larch,  Scotch  fir  or  pine,  mountain 
ash,  &o.,  are  interspersed  amongst  the  hard  wood  for  shelier,  or  ai 
nurses.  Laburnum  is  also  useful  for  preserving  the  other  sorts  from 
the  depredations  of  hares,  as  they  prefer  the  laburnum  to  ereiy  other 
bark.  Nurses  are  generally  left  tiU  they  are  fit  for  various  purposet 
for  which  small  timber  is  applicable.  They  shoidd  be  planted  closer 
to  each  other  than  to  the  principal  trees  intended  to  constitute  ths 
more  permanent  part  of  the  plantation. 

After  all  the  care  of  the  planter  and  the  skill  with  which  the 
operation  of  removal  may  have  been  effected,  much  of  the  success  oi 
a  plantation  depends  on  the  proper  adaptation  of  species  to  the  soils 
and  situations  most  suitable  to  them. 

The  following  remarks  upon  some  of  the  timber-treea  principally 
cultivated  may  be  usefuL 

The  oak,  Quercut  robur,  and  Q.  sesnliflora,  prefers  strong  or  even 
clayey  loam ;  any  soil  not  wet  or  chalky. 

Beech,  Fagua  tylvatica,  calcareous  soils,  gravelly  or  sandy  loam; 
dislikes  stiff  clay. 

Elm,  Ulmtu  campegtris,  U,  glabra,  U,  mwtana,  attains,  near  the 
banks  of  rivers,  a  laige  size;  thnves  in  most  soils. 

Ash,  PraxinuB  exceUioTf  metevB  a  dry  subsoil ;  dislikes  stiff  day. 

Plane,  PUUanus  oriaUoM,  riph  warm  soil,  tolerably^moiat*  but  not 
retentive. 

Sycamore,  Acer  pteudo-PUUanut,  A.  ptatanoidetg  best  in  moiit  deq» 
soil,  but  will  thrive  in  others  not  too  stiff;  withstands  the  ssa- 
breeze. 

Chestnut,  Caitanea^vesea,  deep  sandy  loam. 

Walnut,  JuqUkm  regia,  deep  loam  with  a  pervious  sabaoil;  disHkes 
strong  clays. 

Hidcory,  Carya  alba,  similar  soil  to  that  required  by  the  wilnui. 

Acacia,  or  locust-tree,  Robinia  pseud-Acacia,  sandy  loam ;  a  shsttered 
situation;  cannot  bear  storms. 

Birch,  BetiUa  aXba,  forms  best  timber  on  dry  sandj  or  gnv^y 
soiL 

Laburnum,  Oytitw  alpinui,  any  soil  not  too  wet. 

White  Beui,  Pynu  Aria,  any  good  soil,  with  a  penrioos  sobtail 
dislikes  wet  clay. 

Lime,  Tilia  Europaa,  soft  deep  loam,  in  low  rather  moist  situatiooB. 

Horse-Chestnut,  JStcubu  Hippoctutawwn^,^isiog  loam;  not  in  exposed 
situations. 

Poplar,  PopiUtu  alba,  P,  canaeem,  P.  nigrot  P.  ff«aMi2a,  P,fattigiaUh 
P.  Oraea,  P.  numiltfera*  These  thrive  in  almost  «qj  poll,  but  bait  in 
that  which  is  deep  and  rather  moist. 

Mountain- Ash,  Pyrua  Auevparia,  any  soil,  wet  day  excepted ; 
adapted  for  high  situations. 

Alder,  Alnu»  ghUinoaa,  moist  or  even  swampy  kSL 

Willow,  SaUx,  of  numerous  species.  Some  thrive  in  istlitr  diy  iq!1» 
but  all  prefer  moist. 

Pine,PmiM  tylveatrit,  P.  Xoricio,  P.  Pinaster,  P.  StrobmM.  Ti^  tiro 
first  are  adapted  lor  thin,  rocky,  gravelly  soils;  they  grow  at  agreit 
devaUon  on  the  warmest  sides  of  mountains,  but  better  in  moontain 
glens ;  they  dislike  stiff  clay  and  deep  strong  loam,  and,  like  aU  oooi- 
f  erous  plants,  they  do  not  thrive  on  chalk.  P.  Pinatier  and  P.  Strolm 
require  a  leas  exposed  situation  than  the  other  two. 

Spruce,  Abies  exeelsa.  A,  alba.  A,  rubra.  A,  tdgra,  deep  moist  soil,  in 
low  situations ;  dislikes  thin  sandy  soil  and  exposure. 

Larch,  Abies  Larix,  adapted  for  thin  mountain  land,  or  any  soil  of 
which  the  subsoil  is  not  retentive,  excepting,  however,  led  sandstone 
or  chalk,  as  above  mentioned. 

Cedar  of  Lebanon,  Abies  Cedrus,  any  tolerably  good  sdl,  father 
deeper  than  for  the  lareh,  but  a  pervious  subsoil,  free  from  sfc^goant 
water. 

Too  dose  planting  produces  weak  drawn-up  timber,  in  ooo8eq[aenee 
of  the  tops  only  receiving  a  due  share  of  light  It  is  true  that  the 
most  magnificent  trees  are  found  in  those  ancient  forests  that  hav« 
never  been  sown,  planted,  or  thinned  by  the  hand  d  man.  But  at  the 
same  time  it  will  not  be  denied,  that  wherever  natural  forests  esiei, 
the  soil  and  situation  must  be  exceedingly  favourable  for  the  epetaee 
produced ;  and  that  although  thousands  sprung  up  more  than  ooold 
possibW  find  room  to  attain  perfection,  yet  those  only  that  were  the 
most  Ukvourably  droumstanced  and  most  vigorous  would  ooBtimte; 
and  when  once  their  tops  got  completdy  above  those  at  the  general 
mass,  the  latter  must  have  inevitably  fallen  into  deoay.  There  is  &o 
reason,  however,  to  suppose  that  those  which  maintained  their  groond, 
and,  favoured  by  propitious  soil,  became  lofty  ppedmens,  w<Kild  not 
have  been  benefiteid  by  the  assistance  of  the  axe  to  raUeve  them 
sooner  from  their  rivsk. 

If,  on  the  contrary,  trees  are  planted  at  too  great  a  distance  froB 
each  other,  they  are  inclined  to  ramify  into  large  hmbs  and  spreadii^ 
tops,  with  a  stem  short  but  much  thicker  than  where  the  space  adxuits 
of  less  expansion  of  foUage.  If  therefore  veiy  thick  timber  of  no  greet 
length  be  required,  wide  planting  is  proper ;  but  if  tall  timber  be  the 
object,  the  plantation  must  be  modeiatdy  thiek* 

The  care  which  plantations  require  from  year  to  year  consists  ia 
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mifckiny  Jip  deficienoies,  thinning  and  pruning.  DeficiencioB  raldom 
occur  if  the  planting  be  at  first  duly  performed ;  and  every  endeavour 
should  be  used  to  prevent  the  necessity  of  making  up.  This  is  always 
done  with  considerable  disadvantage  to  the  plants  thus  introduced, 
xinleis  the  spaces  be  trenched ;  but  in  that  case,  if  the  species  of  tree  be 
properly  chosen,  the  plants  may  do  well  in  consequence  of  the  shelter 
afforded  by  the  older  surrounding  individuals. 

Thinning  should  be  commenced  in  due  time.  No  branch  of  the 
temporaiy  trees  should  by  any  means  overhang  the  top  or  even 
branches  of  those  that  are  permanent  The  shelter  on  the  most 
exposed  sides  of  the  plantation  should  be  formed  of  robust,  vigorous, 
growing  kinds,  and  it  should  be  allowed  to  remain  unbroken.  Plan- 
tations that  hav^  been  neglected  till  they  have  formed  a  dense  thicket 
must  be  thinned  gradually ;  for  if  thinned  at  onoe^  those  left  would 
b)B  injured  by  the  sudden  exposure,  and  would  be  blown  over  by 
winds. 

Pruning  is  an  important  operation  in  the  management  of  planta- 
tions, but  it  is  often  impfoperly  practised  for  want  of  the  knowledge 
of  »  few  physiological  facts,  which  are  essentially  necessary  to""  be 
stated  before  anv  rules  for  pruning  can  be  properly  given.  If  these  facta 
be  understood  few  rules  will  be  required,  but  otherwise  a  volume  of 
directions  are  liable  to  be  misapplied.  It  ought  therefore  to  be  under- 
stood, that  the  sap  asoends  from  the  stem  chiefly  through  the  albur- 
nuna,  or  outer  lavers  of  ^oung  wood.  It  then  enters  the  leaves,  when 
it  is  exposed  to  the  influence  of  light.  Having  in  consequence  under- 
gone  an  elaboration,  it  descends  on  the  outside  of  the  alburnum,  that 
is  to  sa^,  through  the  inner  bark,  the  internal  surface  of  the  latter 
poMeMSiflg  a  great  de^^ee  of  lubrid^,  whereby  the  passage  of  a  portion 
of  the  jvuoes  at  least  is  facilitated  to  the  roots,  whilst  part  is  detained 
and  becomes  organised  by  the  action  of  the  medullary  rays,  forming  a 
new  layer  of  woody  matter.  The  thickness  of  the  layer  so  formed  is 
very  diflerent  in  different  species ;  but  in  the  same  species,  all  other 
drcumstanees  being  the  same,  it  is  in  proportion  to  the  surface  of 
leaves.  The  aggregate  horizontal  growth*  or  in  other  words  the  dia- 
metrical extension  of  the  stem,  branch,  and  even  roots,  depends  upon 
the  quantity  of  healthy  foliage.  The  diametrical  increase  of  any  par- 
ticular port  corresponds  with  the  greater  or  less  proportion  of  foliage 
above  that  part.  Again,  it  may  be  stated  that  if  any  one  tree  has  a 
clear  stem  of  20  feet  in  length,  and  another  has  one  of  40  feet,  the 
roots  and  foliage  of  both  being  equal,  the  layer  of  new  wood  will  be 
much  thinner  in  the  latter  case  than  in  the  former ;  for  the  deposition 
of  woody  matter  will  have  to  extend  over  double  the^surface  in  the 
tall  tree.  It  may  be  also  remarked,  that,  in  general,  if  a  tree  be  left 
entirely  to  nature,  it  will  ultimately  produce  a  greater  bulk  of  wood, 
taking  stems  and  branches  together,  than  would  be  the  case  if  sub- 
jected to  prunini^  Except  however  in  the  case  of  growing  for  fuel, 
pruning  is  more  or  less  necessary.  The  value  of  a  timber-tree  depends 
chiefly  on  the  stem,  the  branch  timber  being  of  less  value.  The  object 
to  be  kept  in  view  in  pruning  for  timber  is  the  production  of  a  dean 
stem  with  as  small  a  proportion  of  branches  as  possible.  But  it  has 
been  explained  that  the  growth  of  the  stem  depends  on  the  quantity  of 
foliage,  and  without  branches  a  sufficient  quantity  of  foliage  cannot  be 
maintained*  Whilst^  on  the  one  hand,  an  undue  preponderance  of 
branches  is  prevented  by  pruning,  yet,  on  the  other,  as  much  foUage 
should  be  preserved  as  circumstances  will  permit. 

An  exoessive  privation  of  f oUage  should  never  be  occasioned  at  any 
one  time.  It  is  therefore  advisable  that  pruning  should  be  commenced 
early,  in  order,  as  it  were,  to  repress  irregularities  in  the  bud.  At  all 
events,  whenever  an  irregularity  can  be  clearly  distinguished  ss  such, 
it  should  be  checked.  Thus,  when  a  shoot,  occupying  the  position  of 
a  branch,  asoends  in  competition  with  the  top,  or  leading  shoot^  and  is 
allowed  to  go  on  for  years,  the  stem  will  have  a  forked  chanuster ;  or  if 
the  compeiuig  }x>rtion  be  amputated  alter  it  has  acquired  a  large  sise, 
the  timber  wul  be  rendered  unsound.  -  But  if  the  shoot  from  which 
this  aspiring  limb  took  its  rise  had  been  stopped  in  the  first  or  second 
season  of  its  growth  in  summer,  the  tree  might  have  been  grown  with 
a  clean  regularly  tapering  stem.  It  is  only  great  iiregrulsrities  however 
that  should  be  meddled  with  during  the  early  growth  of  the  plant ; 
otherwise  the  increase  of  roots  is  prevented,  such  increase  behig 
reciprocal  with  that  of  the  branches. 

Toung  shoots  of  the  above  description  may  be  checked  by  being 
shortened  in  summer;  but  no  large  branches  should  be  out  off  at  that 
season,  nor  after  the  sap  begins  to  flow  briskly  in  spring.  Towards 
autumn,  however,  when  the  leaves  have  nearly  ceased  to  carry  on  their 
functions,  pruning  may  be  very  properly  performed ;  and  some  species, 
for  example  the  birch  and  maple,  require  to  be  pruned  at  that  time, 
otherwise  they  are  apt  to  bleed.  The  period  at  which  bleeding,  that  is, 
an  extravasation  of  sap,  takes  place  with  greatest  force,  is  immediately 
before  the  bursting  of  the  buds  in  spring.  If  a  branch  be  out  off  when 
in  foliage,  the  remaining  portion  draws  &a  sap  and  prevents  effusion  at 
the  wound.  Some  derangement  will  of  course  be  produced  in  the  flow 
of  sap ;  and  a  diminution  of  the  process  of  ligidfication  and  of  the 
formation  of  roots  will  be  occasioned,  owing  to  the  abstraction  of  a 
certain  extent  of  foliage.  But  when  the  sap  is  in  motion,  and  the 
leaves  at  the  same  time  not  expanded,  the  amputation  of  a  branch  is 
followed  by  a  flow  of  sap,  which  appears  to  drain  from  every  part  of 
the  tree.  The  sap  becomes  stale  on  exposure  to  the  air;  it  then  affects 
the  cambium  and  inner  bark,  often  to  a  canoderable  extent  below  the 


wound,  and  if  these  are  not  in  ail  cases  so  far  completely  killed,  yet 
they  are  generally  more  or  less  injured,  and  canker  is  apt  to  ensue. 

Supposing  it  were  required  to  rear  a  tree  so  as  to  have  a  stem  of 
clean-grown  timber,  as  tall  and  as  thick  as  could  possibly  be  obtained 
in  any  given  time.  The  first  consideration  is  the  root,  the  plant  being 
supposM  to  be  young,  with  a  top  or  upright  leading  ^ot,  and  severS 
slae  branches.  All  these  should  be  left  undisturbed  in  the  first 
instance,  unless  such  of  the  latter  as  may  require  a  check  if  growing 
too  strong  for  the  others  or  for  the  leader.  The  laterals  should  be  left, 
for  the  sake  of  the  roots,  till  their  presence  on  Uie  stem  becomes  incon- 
sistent with  the  object  of.  producing  it  as  free  as  possible  from  knots, 
taking  also  into  consideration  that  uib  difficulty  in  healing  the  wound 
increases  as  the  branches  get  older.  A  /eib  of  Uie  largest  shoots  should 
be  those  first  removed.  They  may  be  shortened  in  the  first  instance 
after  midsummer,  and  afterwards  cut  off  smoothly  by  the  lowest 
circular  wrinkles  which  form  roimd  their  base,  close  to  the  stem,  but 
without  slicing  off  a  portion  of  the  bark ;  a  slovenly  practioe,  of  which 
only  bad  pruners  are  guilty,  and  which  can  only  have  the  effect  of 
diminishing  the  power  of  the  bark  to « close  over  the  wound  neces* 
sarily  made  by  the  pruning-knife.  Such  unnecessary  wounds  cause  «n 
extravasation  of  sap,  as  may  be  seen  especially  in  coniferous  trees, 
where  they  are  generally  covered  with  resinous  exudations.  In  the 
following  season  the  next  largest  branches  should  be  in  like  manner 
displaced,  care  being  still  taken,  on  account  of  the  importance  of  the 
foliage,  as  already  explained,  that  the  quantity  removed  shall  be  no 
more  than  is  absolutely  necessary. 

^  Small  branches  along  the  stem  should  be  left  till  they  approach  the 
dimensions  by  which  tiie  removal  of  the  others  is  regulated.  These 
principles  should  be  followed  up  till  Uie  required  height  of  stem  is 
attained :  after  which  the  branches  composing  the  top  shall  be  allowed 
full  freedom,  in  order  to  increase,  by  their  organising  power,  the  dia- 
meter of  the  stem. 

Coniferous  trees  require  little  pruning ;  nor  is  it  necessary  to  com- 
mence so  early  with  them  ks  in  the  case  of  other  kinds.  In  dense 
forests  they  are  found  with  straight  stems  approaching  the  height  of 
100  feet  dear  of  side  branches,  the  latter  gradually  decaying  below  as 
they  become  excluded  from  light  and  moisture  by  those  above  them. 
When  from  this  cause  the  lower  branches  of  coniferous  trees  are 
observed  to  lose  in  a  great  measure  their  vigour,  and  when  their  foliage 
contributes  little  to  the  enlaxgement  of  the  stem,  they  may  then  be 
very  properly  cut  off,  without  waiting  for  their  actual  decay.  It  is  a 
question  whether  the  branches  of  these  trees  should  be  cut  close  tu 
the  stem  at  onoe,  in  pruning ;  or  whether  they  should  first  be  magged, 
that  is,  out  at  some  distance  from  the  stem,  and  either  allowed  so  to 
remain  or  be  afterwards  cut  close.  That  plan  is  best  to  adopt  by 
which  the  least  exudation  of  resinous  substance  is  occasioned,  and  the 
blemish  soonest  overgrown.  With  Uie  view  of  preventing  the  former, 
the  branch  may  be  shortened  only  to  the  first  live  twigs,  so  as  almost 
to  nullify  its  connection  with  the  stem,  preparatory  to  its  final  and 
close  removal  in  the  following  season. 

By  choosing  the  proper  season,  and  by  previous  shortening,  laige 
limbs  of  any  healthy  tree  may  be  closely  amputated  so  ss  to  h^  over 
without  affecting  the  tree  generally,  or  even  the  portion  of  stem  more 
immediately  connected  with  the  limb  to  any  material  extent ;  yet  the 
new  layer  of  wood  will  prove,  on  cutting  up  the  timber,  to  be  only  in 
close  contact  with  the  surface  of  the  wound,  which  will  remain  dead, 
and  with  which  the  living  matter  enclosing  it  could  not  coalesce.  A 
piece  of  unsound  wood  is  thus  embodied.  In  this  case  it  would  be 
advisable  to  shorten  the  limb  to  such  of  its  laterals  as  will  just  be 
sufficient  to  keep  it  aUve  till  the  tree  is  fell^.  If,  in  the  interval,  the 
branch  should  push  vigorously,  means  must  be  adopted  to  keep  it 
always  in  a  reduced  state,  by  merely  allowing  as  much  foliage  ss  will 
keep  the  branch  alive»  without  affording  any  material  addition  to  its 
diameter. 

The  proper  season  for  felling  trees  is  when  the  sap  is  most  at  rest. 
The  operation  ought  not  to  be  performed  at  any  other  time,  unless  for 
fire-wood.  The  quantity  of  sap  that  may  be  drawn  from  some  trees  is 
very  CWt'  This  sap  contains  the  elements  of  fermentation,  the 
powerful  effects  of  which  are  evident  even  on  the  strong  fibre  of  the 
oak.  Softer  woods,  although  very  tough  if  cut  at  the  proper  season, 
have  been  observed  to  crumble  almost  to  powder  in  a  year  or  two,  in 
consequence  of  having  been  cut  when  in  sap. 

(Seng's  Planier'a  Kalendar ;  Loudon's  Arbor^twok  Britannieum ; 
^icyelopcBdia  ofOardetUng;  Morton's  CycUpadia  of  AgrieuUwre  ;  Ste- 
phen^ Book  of  ike  Farm,) 

PLASTER  OF  PARIS.     [Caloium  ;  Svlpkwric  Add  and  Lime.} 

PLASTERING.  The  application  of  any  coat  of  plastic  material  to 
the  uneven  surfaces  ol  mssooxy  or  of  wood-work,  for  the  purpose  of 
bringing  the  latter  to  a  sufficiently  smooth  surface  to  receive  elaborate 
surfiKie  decoration,  is  known  by  the  generic  name  of  plastering :  but  in 
practioe  a  distinction  is  made  in  order  to  separate  the  more  elaborate 
processes  of  the  plasterer's  art,  which  are  known  by  the  names  of 
stueooe,  soagliolas^  ko. 

Ordinary  plastering  is  either  executed  with  the  pure  dehydrised 
sulphate  of  Ume  (or  we  baked  gypsum),  or  with  mortars  composed  ol 
the  carbonates  of  lime,  forming  a  substratum  to  receive  ultimately  a 
linwTiing  eoat  of  fine  plaster ;  the  choice  between  those  materials  behig 
decided  by  motives  of  economy,  for  the  gypsum  does  not  occur  in 
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large  qtiantitiei,  or  over  Uige  areas,  although  it  ia  found  in  a  great 
many  cotmtriea.  When  the  carbonates  of  lime  are  need  for  plastering, 
great  precautions  must  be  taken  to  ensure  their  perfect  h)rdration  before 
they  are  put  upon  the  walls,  as  any  imslaked  Ume  will  be  siu^  to  attract 
moisture  from  the  atmosphere,  and  to  slake,  or,  as  the  workmen  say, 
"to  blow."  Near  London  the  usual  practice  is  to  cover  the  walls  with 
a  rough  coat  of  lime  so  slaked,  mixed  with  sand  and  with  cows*  hair, 
for  the  purpose  of  counterac^ng  the  tendency  of  the  lime  and  sand 
mortar  to  contract  unequally,  and  tiius  to  crack,  in  setting.  This  coat 
is  called  the  rmdermg  coat,  and  in  good  work  it  is  left  with  a  roughly 
trowelled  face,  able  inform  a  hey  for  the  further  flninhmg  coats;  but 
in  commoner  descriptions  of  work,  known  as  laid  work,  the  rendering 
coat  is  at  once  Jhaied,  or  worked  to  such  a  surface  as  to  be  fit  to 
receive  the  finishing  coat.  In  good  work  upon  walls,  the  rendering 
coat  is  then  covered  with  a  second  coat,  called  €keJloating  one,  with 
which  great  pains  are  taken  to  secure  its  vertically  and  its  evenness ; 
and  upon  this  again  the  aetting  coat  of  pure  lime  is  applied,  which  is 
trowelled  up  wiUi  more  or  less  care  according  as  the  surfoce  is  intended 
to  receive  paper  or  point.  Upon  ceilings,  or  wooden  partitions,  the 
several  rendering,  floating,  and  setting  coats  are  iLppIied,  in  the  same 
order  as  above,  upon  laths ;  and  the  laths  themselves  are  either  pre- 
pared from  oak  or  from  fir.  In  oeilingiB,  however,  it  is  customary  to 
add,  after  the  setting  coat,  a  very  fine  one,  composed  of  the  sulphate 
of  lime,  or  of  what  is  commonly  called  the ''  plaster  of  Paris,"  whetixer 
obtained  from  our  own  or  from  foreign  quarr^. 

The  manner  in  which  plastering  is  executed  in  Paris  itself  may  be 
considered  to  present  the  best  t^w  of  tiie  application  of  the  sulphate 
of  lime  for  that  purpose.  The  gypsum  there  used  is  obtained  from 
the  quarries  of  Belleville,  Montmartre,  Triel,  or  Yaux,  and  it  is  usually 
dehydrised  in  kilns  hea^  by  wood ;  the  stone  is  said  to  contain  a 
certain  proportion  of  the  carbonate  of  lime,  and  it  certainly  is  harder 
than  the  English  gypsum,  on  which  latter  accotmt  it  may  be  that  the 
French  plastering  is  so  much  harder  than  the  plastering  executed  with 
the  Derbyshire  gypsum.  Worionen,  indeed,  consider  it  an  axiom,  that 
"the  harder  the  stone,  the  harder  the  plaster."  After  the  gypsum 
has  been  burnt,  it  is  ground  or  pounded,  and  applied  to  the  walls  as 
soon  as  possible  after  that  operation ;  the  coarser  kinds  are  used  to 
render  the  uneven  surfaces  tolerably  level,  and  the  fiwlal^mg  coats  are 
executed  with  the  finer  materials.  The  rough  rendering  is  dften  laid 
on  with  a  broom,  and  the  setting  coot  Is  applied  upon  it  by  the  appli- 
cation of  rather  stiff  plaster  floated  under  a  rule,  but  finished  imme- 
diately with  the  trowel ;  in  fact,  ordinary  FVoich  plastering  is  no 
better  than  English  laid  work,  and  it  is  quite  as  uneven  and  as 
irregular  as  the  latter.  In  the  execution  of  their  ceilings,  the  French 
plasterers  adopt  a  different  system  from  the  one  used  in  England ;  for 
they  generally  nail  their  laths  at  wide  inter?alB«  and  upon  them  they 
lay  slabs  of  old  or  rough  plaster,  which  they  bind  together  by  new 
materials,  so  as  to  produce,  as  it  were,  a  single  solid  dab  of  light 
plaster  over  the  whole  ceiling,  which  is  subsequently  made  smooth  on 
the  imder  side  by  the  addition  of  k  setting  coot  This  description  of 
ceiling  is  heavier  than  the  Eng^  ones ;  but  it  rwiste  the  tnnsnusslon 
of  fire  more  successfullv,  and  it  is  also  less  permeable  by  sound :  the 
latter  inconvenience  of  English  ceilxngB  is  sometimes  obviated  by  the 
inlroduction  of  sound  boarding,  or  of  pugging — ^which,  however,  are 
objectionable  on  the  score  of  their  tendency  to  develope  the  dry-rot  in 
fchejoisto  of  the  floors. 

There  is  one  remarkable  difference  in  the  action  of  the  lime  plastering 
and  of  the  gmum  plastering,  arising  from  the  fact  that  the  crystalli- 
sation of  the  latter  is  accompanied  by  an  expansion  so  energetic,  that  if 
it  be  not  provided  for  veiy  serious  accidents  would  occur ;  wheraos  the 
lune  plastering,  as  a  general  rule,  has  a  tendency  to  oontroct  Of  what- 
ever materials  the  body  of  the  phtftering  may  be  formed,  the  finer 
mouldings,  and  all  the  cast  oraamente,  ore  executed  in  fine  plaster, 
unless  the  cemente,  or  the  prepared  sulphates  of  lime,  known  as  the 
Parian,  Keene''s,  or  Martin's  cements,  are  used.  The  dass  of  materials 
last  named  are  obtained  by  the  calcination  of  a  previously  dehydrised 
sulphate  of  lime,  soaked  in  solutions  of  alum,  borax,  ftc.;  and  they 
produce  remarkably  hard  and  smooth  surfaces,  admirably  adopted  to 
receive  point ;  unfortunately,  their  use  is  costly. 

Stuccos  ore  mac||B  by  the  application,  as  a  setting  coot,  of  lime  mixed 
with  calcareous  powder,  ploster,  and  other  ingrediente,  which  is 
trowelled  up  bv  dint  of  excessive  labour  to  a  fine  surface  resembling 
marble,  and  able,  like  marble,  to  receive  a  polish.  Difforent  colours 
are  given  bv  mixing  with  the  lime  the  metollic  oxides  of  the  required 
tinte;  and  the  polishing  is  effected  only  when  the  whole  of  the  m^ur« 
has  wOTked  out  of  the  lime.  The  mode  of  polishing  is  by  thp  use  of 
fine  grito,  tripoli  powder,  and  oil  rubbers,  m  neorly  the  some  manner 
osformarble.  Scagliola  is  in  fact  a  species  of  stucco,  but  it  is  executed 
by  the  introduction  of  small  portides  of  fine  spars,  or  of  eoloured  marble, 
into  the  rendering  coat,  in  addition  to  the  simi^  lime  powder,  so  as  to 
produce  the  effect  of  the  more  ornamental  descriptions  of  marble  brecdas. 
Both  these  ornamental  kinds  of  work  an  adapted  for  intemol  deco- 
ration, but  externoUy  they  are  exposed  rapidly  to  decay.  It  may  also 
be  added  that»  in  the  construction  of  concert,  or  even  of  deboting- 
rooms,  it  is  preferable  to  finish  the  walls  with  ordinory  plostering 
than  with  stucco,  or  scogliola,  for  the  latter  «t**i»nVip  on  so  elastic 
that  they  reflect  sound  in  a  manner  to  interfere  with  the  purity  of  the 
tone. 


Whatever  mode  of  plastering  may  be  adopted,  it  is  essential  UnttlH 
walls  on  which  it  is  applied  diould  be  perfectly  diy,  ond  pofeetlf 
impermeable,  if  any  elaborate  surface  decorations  are  to  be  applied  to 
them.  Great  precautions  must  also  be  taken  to  secure  the  abienoe  d 
organic  matters  in  the  materials  used,  for  if  any  of  them  should  be 
present,  the  nitrogen  salte  wiU  be  thrown  out,  under  such  drcom- 
stances  as  to. destroy  any  painting  or  papering  on  the  walk  Itii 
precisdy  to  the  neglect  of  tnis  precaution  that  we  may  attribute  \ht 
loss  of  so  many  noble  fresco  pointings. 

PLATE;  PLATING.  In  the  ortide  Jewellert,  JEwsLLi5o,itis 
explained  that  under  the  general  name  of  pUUe  ore  induded  the  pro- 
ductions in  gold  and  sUver  which  ore  stamped  at  Gkildsmiths*  Hall  and 
similar  places,  while  jtwdXary  comprises  the  smaller  artides  wludi  are 
not  so  stamped. 

Confining  our  attention  to  plate,  properiy  so  called,  it  may  be  stated 
that  all  sudi  ortides  mode  in  ond  near  London  must  be  sent  to  Gcid- 
smiths'  Hall,  after  having  been  stomped  with  the  msker'a  maiL 
Persons  used  to  the  work  scrape  off  a  few  fragments  for  the  puipoBei 
of  assay;  if  this  be  found  to  bis  below  the  stondord  (in  gbld  18  cmti 
fine),  the  article  is  broken  up ;  if  of  proper  standard,  it  is  stamped  lad 
returned.  Most  of  the  plate  is  made  in  and  near  Clerkenwdl,  althoo^ 
the  chief  goldsmiths  have  their  retail  establishments  at  the  West  Ead 
or  in  the  dty ;  and  there  is  at  all  times  a  buify  system  of  tnmsmioioB 
between  Clerkenwell  and  Foster  Lane,  where  1h,e  assay  office  of  the 
Goldsmiths'  Company  is  ntuated.  The  company  receive  fees  foraanyinf; 
and  stomping,  amounting  in  the  aggregate  to  about  40002.  a-jaar,  from 
the  manufacturers.  They  also  reodve  about  2000^  a>year  from  the 
government,  for  their  trouble  in  collecting  the  Excise  du^  oo  gold  and 
silver  plate,  and  paying  it  into  the  Bank  of  England.  'Oat  cozioai 
arrangement  seems  to  have  orisen  from  the  droumstonoe  that,  ii  it  ia 
a  port  of  the  company's  du^  to  ascertain  exactly  how  much  predooi 
metal  there  is  in  eoch  manufactured  artide,  they  have  the  meana  at 
once  of  stetang  how  much  duly  is  payable  to  the  goveniiDeDt,ata 
certain  rate  per  ounce.  This  rate  is  17t.  for  gold  and  la  6(i.  for  oHv, 
if  estimated  at  the  fuU  weight;  but  as  there  is  always  a  sUgfatredii^ 
of  weight  during  the  finishing  processes  which  follow  the  aaflaymg 
and  stamping,  the  government  take  off  one-sixth  of  the  dutj,  \wa% 
it  at  about  14f.  2d,  and  It.  8d.  respectively.  There  have  in  reoot 
years  been  about  50,000  of  these  assayings  made  in  a  yesr.  Tbe 
assayers  are  not  allowed  to  know  from  whose  manufactured  g^the 
portides  have  been  scraped  off;  each  pocket  is  opened,  asnyed,aod 
reported  on  with  perfect  fairness.  If  any  manufacturer  haa  ened 
frequently  by  sending  in  goods  bdow  the  standard,  the  officer  ^ 
recdves  the  goods  may  dh«ct  any  subsequent  spedmena  from  him 
to  be  tested  with  additional  severity.  Out  of  London,  the  towns  is 
whieh  the  largest  amount  of  gold  ond  silver  plate  is  manufactoredan 
Bumingham  and  Sheffield;  hoUs  or  ossay  offices  ore  estobUahedtkei^ 
with  duties  nearly  like  those  of  Goldsmiths'  Holl;  ondatthoaeidaw 
a  curious  operation  is  conducted,  relating  to  cfieteof  goldaudiiiTCr. 
An  ossaver  seropes  eight  grains  from  every  troy  pound  of  plate  maoa- 
factured,  ond  divides  it  into  two  portaons,  one  of  which  ia  atones 
essayed;  the  other  is  pUu)ed  in  a  reoejptade  colled  the  i2»e(^,wh, 
ot  the  end  of  the  year,  contains  specimens  from  oil  the  artideamaaii' 
factured.  This  box  is  sent  up  once  a  year  to  London,  vrtwre  the  aMJ 
master  of  the  Royal  Hint  ossays  a  fair  average  of  oil  the  small  portiatf 
which  it  contains :  if  this  aversge  reaches  the  standard,  the  >^7fj 
Birmingham  or  Sheffidd  receives  a  certificote;  if  below  the  ata^tfd, 
heisfined.  There  ore  a  few  other  ossay  offices  in  the  United^' 
dom,  eoch  having  control  over  the  gold  and  diver  plate  nada  within  a 
certain  district  The  Goldsmiths'  Company  have  often  petitioDed  tor 
the  abolition  of  these  oountiy  offioes,  on  the  plea  that  thaaanyive 
moro  sdmpuloudy  made  by  the  company's  servante  than  I7  those  ox 
the  local  halls;  but  it  is  difficult  to  get  rid  of  the  inllaenoe  of  aeU* 
interest  in  connection  with  any  such  plea.  It  is  admitted,  >^^^* 
that  pUto  stamped  with  the  London  hall-moA  commandfl  ahigbcr 
podtion  in  the  market  than  that  which  hos  only  a  countiy  itaffiP-  ^ 
recent  yeors  there  have  been  (in  round  numbers)  about  ^^»^^7^ 
gold  plate,  and  1,000,000  oes.  of  diver  pkte,  assayed  ond  sabje(ied  to 
government  duty  onnuolly  in  the  United  Kingdom. 

The  monufacturing  operations  do  not  call  for  detailed  ootwe  fafR- 
The  processes  of  rolling,  casting,  punching,  diadng.  bamnia^ 
stamping,  soldering,  rivetlnft  and  bumidiing,  all  come  into  i^^^^^rf 
inti&e  manufacture  of  a  piece  of  plate  of  ony  oonsiderable  aise  or  elaoo* 
ration  of  design. 

The  proportion,  however,  of  artides  of  plate  made  of  real  goM^ 
diver  throughout  is  vexy  small  compared  with  that  of  ^^f^J!  Zt 
the  surface  only  ia  of  predous  metal,  load  Upon  a  metd  ^^^^ 
character.  By  prsssuro  between  sted  rollers,  a  thin  ^V^^^!^ 
silver  may  be  mode  to  odhero  to  a  thi^er  layer  of  some  oheapo'  n^n^ 
and  of  the  compound  layer  thus  produced  numerous  artidea  ffl^ 
made.    A  doss  of  goods  caUed  ^SM^eftf  i)2ate  used  to  be  veiy^^ 

manufactured  of  'such  compounds.  The  product  has  ^'^^^^"'t^ 
ably  improved  by  the  odoption  of  a  white  metd iw^^?T^ 
foundation.  This  white  metd  is  usually  a  compound  of  n^^^\J^ 
certain  other  metals;  and  the  odour  bears  a  sufBdently  dose rea^ 
Uonoe  to  that  of  diver  to  render  it  odvontogeous  in  oll,8inoeitj»» 
not  show  a  coppery  or  brassy  tint  when  the  diver  is  wtwi  vk^ 
Articles  of  red  sUver  plate  are  sometimes  coated  with  red  gdd  on  «» 
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■iile,  or  in  certain  pftrts,  and  these  obtain  the  d-^gnation  of  iSver-ffiU. 
The  whole  trade,  however,  hai  undergone  a  rovolutioD  within  the  l»«t 
few  years,  by  the  introduction  of  the  procesa  of  ttectro-metaOia-gji,  or 
ilarlro-plating.  By  this  procesa  ft  work  of  nrt  may  be  made  wholly  of 
KuU  or  ulyer,  or  of  a  film  of  these  metala  on  a  ground  of  Ie«  -ralue,  by 
depoaition  from  certain  chelnical  liquids  through  the  agenoy  of  a 
galvanio  battery.  Tha  procoMes  are  esplained  under  ELEfTTBO- 
Metalldbqi,    ThB  annexed  wood-out  will  illustrata  tha  remarkable 


foimed  of  wax  or  composition,  and  sculptiuwl  with  an  artistic  design 
on  the  outer  lurfacc ;  b  is  one  half  of  an  alastic  mould,  made  of 
caoutchouc  and  other  Bubatances,  and  obtained  by  casting  front  the 
model,  with  the  device  inside  instead  of  out;  e  is  a  copper  cup  obtained 
by  electro-deposition  upon  the  interior  of  the  mould,  and  afterwards 
detached  from  it  J  ij  is  the  Gniehed  cup,  with  an  elec^-silver  lur&ce 
upon  an  electro-copper  ground,  and  a  handle  attached.  Tf  poasible, 
white  metal  is  used  inst^d  of  copper  as  a  basis. 

There  are  many  curious  modes  of  coating  plates  of  mstol  with  thin 
films  of  other  metal,  wholly  distinct  from  those  in  which  gold  and 
eilver  are  employed.  Most  of  them,  however,  bear  analogy  to  TtmitHa 
or  T1N-P1.ATINO,  and  will  be  briery  adverted  to  in  that  article. 

PLATFORM,  Military,  is  the  floor  of  wood  or  atone  on  which 
heavy  gtms  are  placed  in  order  to  tie  more  easily  worked.  In  tortreesefl 
the  platforms  are  occasionally  made  of  stone  in  order  to  withttand 
long  exposure  to  the  weather,  but  in  field-works  they  are  always  of 
timber.  For  guns  the  platforms  are  laid  with  a  slight  rise  to  the 
rear  (about  ^  inoh  in  the  toot)  to  enable  the  gun  to  bo  more  readily 
run  up  after  the  recoil     The  mortar  platforms  are  laid  level     The 

""^""         "        ""'    ■--— ^ —   platform  which,  wl ".  '.., . 

B  of  the  following 

5    sleepen,  each  IS   feet  long  x  G  in.   x  5  in. 

20  planks       „    lOi  „  9      „  2  „ 

2    ribbands    „    15  „  i      „  *  h 

10  rack-sticks  and  lashings,  or  iron  bolts. 

The  weight  of  Uie  platform  ia  about  1 1  cwL 

The  aleepers  are  Gnt  laid  in  the  direction  of  the  line  of  fire  .  .  . 
or  trenches  made  in  the  grotmd,  which  has  been  previously  levelled, 
and  are  firmly  pinned  down.  They  are  then  covered  with  tiie  planks, 
which  are  laid  at  right  angles  to  the  line  of  fire,  and,  the  ribbands  being 


beton  they  were  laid. 
The  plstforma  may  be  fixed  with  screws,  or  ipikas,  instead  of  rack- 

lubings ;  but  this,  beajdea  injuring  tha  wood  for  further  use,  ahould  it 
lie  necessary  to  move  them,  is  a  noisy  operation,  likely  to  atttsdt  the 
cQCmy's  attention  if  the  tntteriea  are  close  to  his  works. 

There  is  a  deecriptioo  of  gun-platform  invented  by  Colonel'Alderson, 
K.E.,  in  which  all  the  pieca,  superatruoture,  and  sleepers  are  of  the 
■uno  size, and  are  fitted  together  with  dowel  pins. 

Platfonna  for  mortars,  which  are  laid  horizontally,  are  generally 
^  ft.  6  in.  liy  6  ft.  6  in.  In  order  to  resist  the  effect  of  the  recoil  of 
the  mortar,  which  is  fired  at  an  angle  of  4G*,  the  sleepers  and  planka 
^  stronger  than  in  the  gun.platfonn,  and  seven  sleepers  are  used 
msteod  of  five.  Two  sleepers  being  first  hud  tiaosversely,  then  the 
five  across  them,  and  tbeit  the  planking. 

Hadrai  plalfirmi  for  guns  are  composed  of  a  strong  framework  of 
"ood,  consisting  of  two  side  pieces,  12 ft  (Sin.  long  and  9  in.  x  4  in., 
01  which  the  wheels  of  the  gun  nm,  anil  two  trail  pieces  12  (L  Silt.long 
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and  4  in.  square,  for  the  tnH  of  the  gun  (this  platform  being  used 
for  guns  on  travelling  carriages).  The  whole  platform  is  kept  together 
and  strengthened  by  a  front  and  rear  transom  and  three  sleepers,  to 
which  the  side  and  trail  pieces  are  bolted  down.  The  front  transom  is 
Gied  close  to  the  parapet,  and  the  platform  has  a  rise  to  the  rear  of 
8  inches.  This  platform  is  very  good  for  aicge  purposes,  and  when  no 
great  lateral  aplay  is  required ;  for  when  it  ia  nccessaiy  to  change  the 
line  of  fire  the  wholo  platform  has  to  be  liareraed  with  handspikea. 
Siege  platforms,  as  has  been  stated,  are  generally  made  rectangnlar ; 
but  the  itoue  platforms  used  in  permanent  works  are  made  wider  at 
the  rear,  so  as  to  allow  the  guns  a  greater  splay.  This  is  not  so  much 
required  in  si^e  works  when  the  guns  have  a  fixed  object,  and  would 
further  make  the  platforms  more  complicated  and  difficult  to  lay  at 
night,  white  the  pieces  not  being  uniform  would  not  be  interchangeable. 

In  fortreasee,  at  the  salients  and  in  caaementa,  and  in  coast  batteries, 
the  guns  are  now  often  mounted  on  traversing  platforms.  Thtf  gun  ia 
then  raised  on  a  platform  which  traverBcs  on  runners,  the  pivot  being 
Gied  either  in  front,  centre,  or  rear. 

PLATIN  AMINE.    [Platibuii.] 

PLATINO-HYDROCYANIC  ACID.   {Ctanooeh;  HTDBOPLiTlNO- 

PLATINUH  (Pt).  The  natural  history  of  this  mrtal  has  ab-eadj 
been  given.  [PLaTlKDV,  in  NaT.  HiaT.  Div.J  It  haa  been  very  mucb 
used  during  the  last  fifty  years  in  those  experimental  aitd  manufacturing 
operations  in  which  vessels  are  required  that  are  not  acted  upon  by 
hydrochloric,  nitric,  or  sulphuric  acids.  Platinum  knirea,  cmciblee, 
capaul«,  aad  dzshefl,  are  commonly  employed ;  while  Btills  weighing 
from  five  hundred  to  ont  thousand  ounces  are  not  unfnqueotly  made 
use  of  for  conoenti»ting  oil  of  vitriol. 

The  metallurgy  of  platinum  has  of  late  years  received  considerable 
attention,  and  been  greatly  improved  by  MM.  Deville  and  Debray. 
Their  memoir  appears  in  the  '  Annates  de  Chimie  et  de  Physique '  for 
August,  18se,and  is  abatraoted  in  the  '  Phsrmaceutical  Journal 'and 
'Chemical  News':  its  title  is,  "On  Platinum  and  its  Associated 
Hetala."  The  following  table  exhibits  at  a  glance  the  composition  of 
platinum  ores  from  various  sources  ;  for  detslls  concerning  methods  of 
analysis,  see  the  paper  above  referred  to. 
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The  preparatjon  of  pure  platinum  from  tha  ore  is  efiected  aa  follows. 
The  ore  is  fused  in  a  reverberatory  furnace  with  an  equal  weight  of 
galena,  care  being  taken  to  avoid  sa  far  as  possible  any  rapid  oxidation 
of  the  lead.  The  mass  is  well  mixed  so  as  to  convert  all  the  iron  into 
sulphide,  and  to  produce  an  alloy  of  the  platinum  with  lead ;  some 
glass  is  then  add(d,  and  sufficient  Utharge  to  effect  the  decomposition 
of  all  ths  sulphides.  The  metal  is  then  allowed  to  remain  [wrfectty 
undisturbed  for  some  time  io  order  that  the  osmidea  may  settle  down 
snd  collect  in  the  lower  portion  of  the  mass.  The  scoria  is  then 
removed ;  the  alloy  of  platmum  and  lead  run  off,  except  the  lowermost 
portion  which  contuns  osmium,  and  the  lead  GnoUy  removed  by  the 
ordinary  process  of  cupellation.  The  fusion  and  refining  of  the 
reaulldng  platinum  are  efibcted  in  furnaces  made  of  solid  lime  and 
heated  by  a  large  jet  of  oxygen  and  hydrogen  gases. 

Nearly  all  the  platinum  at  present  met  with  iu  commerce  contains 
traces  ot  oamium  and  a  little  ailicium,  but  these  may  be  perfectly 
rembved by  prolonged  fusion  in  the  oiyhydrogen  furnace  just  menljoned. 

Pure  platmum  is  a  white  metal  of  the  same  softness  as  copper,  and 
is  susceptible  of  high  polish.  It  slowly  volatilises  at  a  temperature 
consklerably  above  its  melting  point,  and,  on  quickly  cooling,  bubbles 
and  spirts  Uke  silver.  In  tenacity  and  ductility  it  is  superior  to  all 
metals  except  iron.  Its  specific  gravity  is  21'lfi;  or  after  hammering, 
21'5.  As  a  conductor  of  heat  and  electricity,  it  ia  inferior  to  gold  and 
silver.  It  has  the  property  of  condensing  gases  on  its  surface,  and 
when  once  heated  to  redness  ramains  red  hot  for  some  time  if  a  jet  of 
cold  hydrogen  or  coal  gas  be  impinged  upon  it.  Platinum  is  not 
tarnished  l^  eipoaure  to  air,  is  unaffected  by  all  acids  except  aqua 
regia,  aod  is  not  act«d  upon  by  dry  chlorine.  It  very  readily  combines 
with  other  metals,  so  that  nothing  that  contains,  or  is  likely  to  yield,  a 
metal  as  such,  should  be  heated  in  vessehi  of  platinum.  Alkalies  also 
corrode  it  through  formation  of  a  double  oiide, 

Chlarida  of  P/ofi num.— Platinum  dissolves  in  a  miituro  of  three 
parts  hydrochloric  acid  and  one  part  nitric  acid.  Such  a  mixture 
(aqua  regia)  contains  free  chlorine,  which  unites  with  the  pbtlnum  to 
form  biiMmiU  of  pla/uivm,  (PtCl,).    The  latter  may  be  obtained  in 
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deliquewent  priamatio  crystals  on  evaporatioii.  It  ifl  very  soluble  in 
water,  alcohol,  or  ether.  On  heating  it  to  450®  Fahr.,  half  the  chlorine 
is  expelled,  said  proloddoride  of  platinum  (Pt  CI)  remains.  Both 
chlorides  form  cxystalline  double  salts  with  alkaline  chlorides.  The 
potattio-chloride  of  platinum  (KCl,PtCl,)  is  so  sparingly  soluble  in 
water,  that  its  formation  is  of  considerable  value  as  a  qualitative  test 
for  potassium.  Its  insolubility  in  alcohol  and  ether  admits  of  its  being 
used  as  a  means  of  quantitatively  estimating  potassium.  The  ammonio- 
chloride  of  platinum  (NH^Cl,  Pt  CI^  is  isomorphous  with  the  potassium 
salty  and  is  thrown  down  as  a  crystalline  yellow  precipitate  on  adding 
together  tolerably  strong  solutions  of  bichloride  of  platinum  and 
chloride  of  ammonium. 

Oxida  of  Platimtm, — The  protoxide  (Pt  O)  is  a  black  precipitate, 
formed  on  digesting  the  protochloride  in  caustic  potash,  and  neutra- 
lisiog  with  sulphuric  add.  It  forms  unstable  salts  with  acids.  The 
bimoxide  (Pt  Og)  is  precipitated  as  a  bulky  brown  hydrate,  on  adding 
carbonate  of  soda  to  excess  of  nitrate  of  platinum.  It  f or^  ayBtalline 
compounds  with  the  alkalies  and  with  acids. 

Sulp?iide8  of  platinum  are  formed  by  the  action  of  sulphuretted 
hydrogen  on  proto-  and  bi-salts  of  platinum.  The  protogulphide  (Pt  S) 
is  gray,  the  Insulphide  (Pt  S,)  black. 

Joaide»  of  platinum  are  produced  by  acting  upon  the  chlorides  with 
iodide  of  potassium.  The  protoiodiie  (Pt  I)  is  black ;  the  bhuodide 
(Pt  L)  is  deep  wine-red. 

Bwromide  of  platinum  (Pt  Br,)  is  a  brown  insoluble  powder. 

Nitrate  of  platinum  (PtO^SNO,)  remains  in  solution  when  nitrate 
of  potash  is  added  to  bichloride  of  platinum  so  long  as  potassio-chloride 
of  platinum  is  deposited. 

Compound  platinum  and  ammonia  hates.  PkUoeamine,  plcUinamine, 
&c. — By  the  action  of  ammonia  on  protochloride  and  bichloride  of 
platinum,  and  by  the  action  of  nitric  acid,  &c.,  on  the  resulting  pro- 
ducts, a  series  of  remarkable  compoimds  have  been  produced  by  Gros, 
Belset,  Qerhardt,  and  Raewsky.  These  bodies  seem  to  be  derivatives 
of  hydrated  oxide  of  ammonium,  containing  platinum  in  the  place  of 
hydrogen :  they  bear  a  striking  resemblance  totheammonimn  oaoanio 
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Spongy  platinum  is  a  dull-gray,  soft,  porous  form  of  platinum, 
having  somewhat  tiie  appearance  of  sponge.  It  is  produced  on  simply 
igniting  the  ammonio-chloride  of  platiniun.  It  possesses  in  a  high 
degree  that  power  of  inducing  the  combustion  of  inflammable  gases  in 
the  manner  already  alluded  to.  When  freshly  prepared,  it  causes  the 
inflammation  of  a  jet  of  hydrogen  on  the  latter  being  impinged  against 
a  small  pellet  of  it.  By  great  pressure  spongy  platinum  is  condensed  into 
lamiTiffi  having  the  metallic  lustre. 

Platinum  black  differs  &om  spongy  platinum,  not  only  in  colour,  but 
in  being  perfectly  amorphous.  It  is  also  in  a  still  finer  state  of 
division,  and  possesses  in  the  highest  degree  the  power  of  condensing 
gases  upon  its  surface  and  of  inducing  the  combustion  of  gases  and 
vapours.  It  is  prepared  by  adding  to  bichloride  of  platinum,  first 
protosulphate  of  iron,  then  caustic  soda,  and  afterwards  hydrochloric 
acid;  or  by  precipitation  from  the  chloride  by  means  of  metallic  iron 
reduced  by  hydrogen  from  the  oxide  obtained  on  igniting  the  oxalate 
of  iron. 

Alloy t  of  plaiinum, — Platinum  forms  an  alloy  with  tin,  which 
crystallises  in  cubes,  and  contains  Pt,Sn,.  With  twenty-five  per 
cent,  of  iridium,  or  with  nineteen  and  a  half  per  cent,  of  iridium  and 
five  per  cent.,  of  rhodiiun,  platinum  forms  alloys  th&t  are  perfectly 
malleable :  they  may  be  worked  into  vessels  that  are  jdmost  unacted 
upon  by  aqua  regia,  and  which,  from  their  greatly  increased  rigidity, 
retain  their  shape  longer  and  better  than  if  constructed  of  platinum 
alone. 

Jktection  of  platinum. — The  production  of  the  yellow  crystalline 
precipitate  with  chloride  of  ammonium,  which  becomes  converted  into  a 
spongy  metal  on  ignition,  is  sufficiently  characteristic  of  platinum. 

Estimation  of  platinum, — This  maybe  effected  in  the  state  of  spongy 
X)latinum  produced  as  already  directed;  or,  on  a  tared  filter,  as 
ammonio-chloride  of  platinum  whidi  contains  44*28  percent  of  metal; 
or  a£  potassio-chloride  which  contains  40*43  per  cent,  of  platinum. 

PLATINUM  BLACK.    [Platinum.] 

PLATINUM,  iniammable  cldoride  of.  Ethylchloroplatinio  add. 
[Ethyl.] 
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PLAYHOUSE.     [Theatue,] 

PLEA.    [Pleading.] 

PLEADING  at  Common  Law.  Pleadings  are  the  allegations  of  the 
respective  parties  to  a  cause  expressed  in  technical  language.  In  order 
that  a  correct  decision  may  be  made  upon  disputed  rights,  it  is  neces- 
sary that  the  points  to  be  decided  should  be  clearly  ascertained,  and 
this  is  effected  by  the  system  of  pleading,  whereby  the  precise  points 
in  controversy  are  presented  for  decision,  unencumbered  with  extraneous 
matter. 

Actions « are  now  commenced  by  writ  of  summons,  calling  upon  the 
defendant  to  appear,  or  otherwise  the  plaintiff  will  proceed  to  judgment 
and  execution.  If  the  defendant  fails  to  appear,  the  plaintiff  obtains  a 
judgment  by  default.  If  he  appears  in  court  to  answer  the  proceedings 
against  him,  he  is  then  entitled  to  receive  from  the  plaintiff  a  detailed 


statement  of  the  nature  of  his  complaint,  which  is  called  the  declin- 
tion,  narratio,  or  count,  though  the  last  of  these  terms  is  now  iZiiire 
oommonly  used  to  denote  one  of  several  distinct  matters  of  compkji: 
c^prised  in  the  same  declaration. 

Eight  days  after  the  delivery  of  the  declaration,  the  time  for  pleadfs; 
arrives;  the  term  "  {heading "  being  not  only  used  in  the  exteIl^:r« 
sense  mentioned  above,  but  also  in  the  limited  sense  of  theansver, 
whether  consisting  of  statement  or  of  denial,  which  is  made  by  tiie 
defendant  to  the  declaration.  In  answering  the  declaration,  the  de- 
fendant is  not  allowed  to  accumulate  his  objections  both  of  law  aod  d 
fact  in  one  defensive  pleading.  The  peculiarity  of  our  system  h 
referring  matters  of  fact  to  the  decision  of  a  jury,  and  of  learji: 
questions  of  law  only  to  the  judges,  has  created  a  necessity  for  se;  ;v 
ting  the  matters  of  law  from  those  of  fact,  and  of  presenting  the  ht:(u' 
in  a  shape  in  whidh  they  can  be  readily  imderstood  by  persons  who  ait 
not  lawyers  by  proleosion.  It  is  to  the  severe  analysis  requiru-i  bj 
this  feature  of  oar  jurisprudence  that  the  system  of  pleading  is  p.v 
bably  indebted  for  its  excellenoe. 

If,  when  called  upon  to  plead,  the  defendant  fails  to  do  so,  he  ii 
supposed  to  admit  the  complaint  set  out  in  the  declaratioD,  and  there- 
fore the  court  pronounces  jtidgment  against  him  upon  his  default,  or. 
as  it  is  termed,  by  nU  dicit,  those  being  the  words  by  which  thedefnuli 
of  a  defendant  was  formerly  recorded.  He  may,  however,  decline  to 
answer  the  charge  contained  in  the  declaration,  on  the  ground  thai  the 
court  has  no  jurisdiction  of  the  matter ;  or  that  the  plaintiff  is  n  <• 
entitled  to  sue,  as  being  an  outlaw,  foreign  enemy,  or  the  like;  or  &.: 
the  defendant  cannot  be  soed  alone,  as  being  a  married  wozDaQ.  or  a^  l 
party  to  a  contract  which  forms  the  subject  of  the  actico,  th..t  he  is 
sued  without  his  co-contractor  being  made  a  oo-defendiot  in  the 
action.  This  is  called  pieadiny  in  aJbatem^ni,  because  ths  deiendast 
prays  that  the  court  will  abate  (put  down)  or  quash  the  proceedings. 
The  defendant  may  also  pass  by  these  pleas,  and  admitting,  lor  tiie 
present  purpose  at  least,  that  the  facts  stated  in  the  declaration  are 
true,  may  insist  that  the  facts  give  the  plaintiff  no  cause  of  acti  d 
against  him  j  he  may  accordingly  rest  (demur)  upon  the  facts  as  ih-  y 
appear  in  the  declaration,  and  call  upon  the  court  to  give  judgment  in 
his  favour  upon  that  state  of  facts.  This  form  of  pleading  is  c^'l 
Sk**  demurrer"  Or,  finadly,  the  defendant  may  answer  the  com;  I. iJ, 
01,  as  it  is  technically  called,  he  may  "  plead  to  the  action  ;"aiid'--- 
in  one  of  two  ways  ;,  he  may  deny  one  or  more  of  the  matorijl  all-;i- 
tious  in  the  declaration  which  is  necessary  to  the  maintenance  ui  t-- 
action :  or  plead  one  sweeping  denial  of  the  whole  declaration, i^tiii 
is  called  pleading  the  ''general  issue;" — which  pleas  are supposeJ t^ 
"  conclude  to  the  country,"  that  is,  the  defendant  in  them  stat^  ha 
readiness  to  submit  to  the  decision  of  a  jury  (who  are  called  "the 
country,"  as  contradistinguished  from  the  "court")  the  truth  of  the 
matter  of  iact  asserted  in  the  declaration  and  denied  in  the  plea.  It  t^^ 
the  same  if  the  plea  asserts  a  fact  denied  in  the  declaration;  aod  m 
either  cose  the  defendant  is  said  to  take  issue. 

Another  mode  of  "  pleading  to  the  action,"  is  by  pitting  in  s 
'^  special  plea,"  which  eitier  expressly,  or,  according  to  modem  prMtd 
tacitly,  admits  the  truth  of  the  allegations  contained  in  the  dectoiJ'J» 
but  which  not  only  confesses  but  also  avoids  them.    Thespeaup'^i 
(whence  the  whole  system  is  often  called  "  special  pleading  )  w^ 
duces  some  new  fact  or  facts,  the  effect  of  which,  if  true,  'u  to  .^h")* 
ttat  notwithstanding  the  facts  aUeged  in  the  declaration,  the  pto^ 
is  not  entitled  tomamtain  his  action.    As  it  is  yet  uncertain  v»hot^i 
the  plaintiff  will  deny  this  new  matter  or  will  admit  it  to  w  true, 
there  can  be  no  conclusion  to  the  coimtry  upon  such  a  plea,  '^"  ? 
that  new  matter  contain  an  afifirmative  proposition,  the  detamn 
supposed  to  conclude  his  plea  with  a  verification,  that  r^^  ^*?"  . 
prove  it  if  its  truth  should  be  controverted  on  the  other  sifl^ 
called  "  tendering  an  issue."  .  < 

This  special  plea  may  also  consist  of  those  facts,  on  which  a  court  or 
equity  would  relieve  the  defendant  against  the  plaintifi's  chunii  ana  to 
thence  called  an  eqwitaJble  defence,  1 1  Ut 

The  next  pleading  on  the  part  of  the  phiintiffwiUberegulat«i^y 
the  course  pursued  by  the  defendant.  If  the  defendant  has  pleww 
abatement,  the  phintiff  either  acquiesces  in  the  action  being  qu^' 
or  he  demurs  to  the  plea  as  not  i^owing  suffident  matter  ^^^f.^^r^ 
the  proceedings,  or  he  replies  to  the  plea  either  by  *^'^.*^^^"j 
(denying)  some  material  allegation  in  the  plea,  or  by  confessing  ^ 
avoiding  the  plea,  alleging  some  matter  which,  consistently  wi^^  ^ 
truth  of  the  plea,  destroys  its  effect  and  shows  that  the  procn  •-, 
ought  not  to  be  quashed,  or  amends  his  proceedings.  H  wie  P^ ' '^ 
demurs  to  the  plea  in  abatement,  the  defendant  n^^^^.  /^y^f 
that  plea  and  put  in  a  plea  to  the  action,  or  he  must  join  in  fr^ 
If,  upon  the  argument  of  the  demurrer,  the  court  are  oi  ^P^^|^j,l 
the  plea  in  abatement  is  good,  they  give  judgment  that  the  prjx^^^^ 
be  quashed :  if  they  are  of  opinion  that  the  plea  is  bad,  tho  J^^J^^^ 
is,  that  the  defendfmt  answer  over  (quod  respondeat  ouster),  w 
words,  that  he  plead  to  the  action. 


If  the  plaintiff  take  issue  upon  the  plea  in  abatement,  the  de^^ 
is  bound  to  join  issue,  that  is,  to  accept  the  mode  of  trial  one  .  ^^^ 
if  uppn  a  trial  the  issue  be  found  for  the  defendant,  he  has  J^'g.  ^^ 
that  the  proceedings  be  quashed ;  but  if  the  verdict  be  for  tiie  pj^ 
the  judgment  is,  not  that  the  defendant  answer  over,  but  «» 
plaintiff  recover  his  demand  against  the  defendant 
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If  the  defendant  has  demmred  to  the  declaration,  the  plaintiff  either 
abandons  the  action  or  he  applies  to  the  conrt  for  leave  to  amend  his 
declaration ;  or  he  joins  in  demurrer,  asserting  that  the  declaration  is 
Fulticient  to  support  the  action.  This  demurrer  and  joinder  form  "  an 
issue  in  law,"  or  a  question  between  the  parties  to  be  decided  by  the 
court  after  hearing  the  matter  of  law  argued  on  both  sides. 

The  plaintiffs  answer  to  the  defendant's  plea,  whether  in  abatement 
or  in  bar,  is  called  a  replication.  If  the  defendant  has  taken  issue,  by 
pleading  in  denial  of  part  or  of  the  whole  of  the  declaration,  the 
plaintiff  joins  issue.  If  the  defendant  has  pleaded  specially,  the 
plaintiff  may  either  take  issue  upon  the  new  matter  alleged,  or  he  may 
plead  new  matter,  thus  in  his  turn  confessing  and  aToiding  the  de- 
lendant's  plea,  doing  this  by  equitable  replication  if  the  case  admits  of 
jt.  Whenever  in  the  course  of  the  pleading  in  a  cause  one  party  takes 
a  proper  issue  upon  an  allegation  of  his  adversary,  that  adversary  is 
bcnmd  to  join  issue  and  go  to  trial  before  a  jury ;  but  when,  instead  of 
taking  issue,  new  matter  is  pleaded,  the  adversary  has  the  option  of 
taking  issue  upon  that  new  matter,  of  confessing  and  avoiding  it,  or  of 
demurring  to  it.  As  the  pleadings  may  thus  go  on  through  several 
more  stages,  names  have  been  devised  for  those  which  most  frequently 
The  defendant's  answer  to  the  plaintiff's  replication  is  called  a 
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rejoinder  ;  the  plaintiff's  answer  to  the  rejoinder  is  called  a  turrtjoinder; 
the  defendant's  answer  to  the  surrejoinder  is  a  rebtUter ;  and  the 
plaintiff's  answer  to  the  rebutter  is  a  surrebutter.  The  proceedings 
might  go  on  ad  infinitum,  but  for  a  very  salutary  rule  which  forbids  a 
party  from  alleging  anything  inconsistent  with,  or  even  not  corrobora- 
tive of,  his  previous  pleading.  A  violation  of  this  rule  is  called  "  a 
depaHwre  in  pleading^  and  if  not  amended  is  attended  with  fatal  con- 
sequences to  the  party  guilty  of  it. 

The  above  is  a  short  and  necessarily  incomplete  sketch  of  the  course 
of  pleading  at  common  law,  without  defining  the  strict  rules  by  which 
the  altercations  between  the  jwirties  are  carried  on,  the  object  of  which 
is  to  clevelope  the  precise  points  in  controversy  between  parties,  and  to 
X)re.sent  them  in  the  most  convenient  shape  for  decision.  Of  these 
rules  Lord  Mansfield  observes  :  "  The  substantial  rules  of  pleading 'are 
founded  in  strong  sense  and  in  the  soundest  and  closest  logic,  and  so 
appear  when  well  understood  and  explained ;  but  by  being  misunder- 
stood and  misapplied,  are  often  made  use  of  as  instruments  of  chicane." 
The  object  of  most  of  the  new  rules  of  pleading*has  been  to  prevent 
this  misapplication  as  well  as  to  lessen  expense,  though,  as  might  be 
exj^ected,  in  order  to  avoid  an  evil  practically  f elt>  restrictions  have  been 
introduced  which  are  found  to  be  productive  of  as  much  incon- 
venience as  that  sought  to  be  remedied. 

Where  a  point  is  raised  which  is  found  to  consist  wholly  or  prin- 
cii:»ally  of  matter  of  fact,  the  parties,  provided  there  has  been  a  correct 
application  of  the  rules  of  special  pleading,  are  distinctly  apprised  by 
the  pleadings  of  the  exact  nature  of  the  question  to  be  decided  by  a 
jury,  and  are  thus  enabled  to  direct  their  attention  to  that  question, 
and  prepare  their  proofs  with  reference  to  that  question  only.  If  the 
ix)int  in  controversy  is  found  to  resolve  itself  into  a  question  of  law,  a 
decision  may  be  obtained  by  submitting  the  matter  to  the  opinion  of 
the  court  after  argument  upon  demurrer,  without  the  trouble,  expense, 
and  hazard  of  a  trial  before  a  jury. 

We  possess  very  little  information  as  to  the  mode  of  pleading 
previous  to  the  Conquest.  At  or  soon  after  that  period  an  important 
revolution  took  place.  The  pleadings  in  the  Aula  Begia,  and  aft^wards 
in  the  courts  which  branched  out  of  it,  appear  to  have  been  con- 
ducted viv&  voce  in  the  French  language,  by  Norman  advocates  called 
"  countours."  After  a  discussion  before  the  court  as  to  the  proper 
form  of  pleading  [Serjeants],  the  pleadings  were  minuted  down  by 
the  officers  of  the  court  in  the  form  in  which  they  had  been  finally 
agreed  upon.  Thus,  little  or  no  inconvenience  arose  from  the  pro- 
hibition which  existed 'against  the  making  of  any  alteration  in  the 
pleadings  after  they  were  entered.  In  the  reign  of  Edward  IIL  the 
pleadings  were  dii-ected  to  be  carried  on  in  English,  and  the  entries  of 
these  pleadings  to  be  in  Latin.  Afterwards  a  custom  was  introduced 
of  preparing  the  pleadings  out  of  court  and  delivering  them  to  the 
ofiicers  to  be  entered.  In  consequence  of  this  arrangement  defects  in 
pleadings  were  not  discovered  until  a  period  at  which  the  parties  were 
bound  by  them  as  being  entered,  and  it  became  necessary  for  the 
legislature  to  interfere  in  order  to  allow  amendments  to  be  made  in 
some  cases,  and  in  others  to  direct  the  judges  to  pronounce  judgment 
ivithout  regard  to  formal  objections.  By  the  late  rules  all  pleadings 
must  be  delivered  by  the  one  party  to  the  other.  ('  Blackstone'a  Com.' 
^.  Kerr's  ed.,  vol.  iii.,  passim.) 

PLEADING  IN  EQUITY.  The  following  remarks  may  serve  to 
show  how  isx  Pleadings  in  Equity  differ  from  Pleadings  at  Law,  from 
which  they  are  derived ;  and  they  may  be  taken  as  supplemental  to 
the  article  Equitt,  in  which  a  reference  is  made  to  this  article. 

The  Answer  in  Eqtuty  differs  materially  from  the  answer  at  Law,  in 
being  upon  oath,  except  in  the  case  of  persons  who  have  privilege  of 
peerage,  .or  are  Quakers  or  Moravians,  and  in  the  case  of  a  corporation ; 
SQd  the  plaintiff  may  use  the  whole  of  the  defendant's  answer  as  evidence 
agalnpt  him  at  the  hearing  of  the  cause,  or  such  integral  part  of  it  as  he 
P^y  think  proper.  He  may  also,  by  means  of  the  admissions  contained 
iu  the  answer,  obtain  the  inspection  of  books,  papers,  and  writings  in 
the  defendant's  possession,  which  support  his  (the  plaintiff's)  claim, 
uid  he  may  use  them  as  evidence  at  the  hearing  of  the  cause.    The 


defendant,  except  on  the  question  of  costs,  can  make  no  use  of  his  own 
answer,  further  than  as  showing  what  his  defence  is ;  and  he  must 
support  this  defence  by  evidence,  just  in  the  same  way  as  the  plaintUi 
must  profve  those  parts  of  his  case  which  he  cannot  prove  by  tiie 
admissions  in  the  defendant's  answer.  Any  number  of  plaintiffs  may 
join  in  a  suit,  if  they 'have  all  a  common  interest,  however  unequal  in 
value,  in  the  subject-matter  of  the  suit ;  and  a  common  interest  means 
such  a  legal  or  equitable  title  to  the  subject-matter  of  the  suit,  or  to 
some  part  of  it,  as  will  entitle  them  to  a  decree  which  shall  affect  the 
defendants.  AH  the  plaintiffs  in  a  suit  arc  considered  one,  as  appeara 
from  the  general  rule  that  a  suit  is  abated  by  the  death  of  a  plaintiff 
or  the  marriage  of  a  female  plaintiff;  and  also  from  the  nde  that  a 
person  who  has  no  interest  in  the  subject  of  the  suit  cannot  join  as  a 
plaintiff  with  one  who  has.  But  the  suit  is  a  different  suit  against  each 
defendant,  for  each  defendant  may  answer  separately  to  the  bill ;  and 
no  defendant  is  affected  in  any  way  by  the  answer  of  a  co-defendant. 
If  a  defendant  dies,  the  suit  abates  as  to  him,  but  continues  as  to  the 
other  defendants,  though  it  is  nearly  always  necessary  to  restore  the 
integrity  of  the  suit  by  making  the  personal  representative  or  the  heir 
at  law  of  the  deceased  defendant  a  party  to  it. 

The  writ  of  Subpoena  was  untu  recently  the  original  process  by 
which  a  party  was  brought  before  the  court.  This  writ  required  the 
person  to  whom  it  was  addressed  to  appear  and  answer  "  upon  pain 
of  an  attachment  issuing  against  his  person,  and  such  other  process 
for  contempt  as  the  court  should  award."  Those  who  had  privilege 
of  peerage  were  required  to  appear  and  answer  by  a  Letter  Missive  from 
the  lord  chancellor.  The  act  15  &  16.  Vict.  c.  86,  substitutes  the 
service  of  a  copy  of  the  bill  upon  the  defendant  for  the  old  process. 

The  bill  is  briefly  and  sufi&ciently  defined  to  be  "  a  declaration  in 
writing,  showing  tiie  plaintlfes  griefe,  and  the  wrong  which  he  supo- 
seth  to  bee  done'  unto  him  by  the  defendant,  and  what  damages  he 
sustaineth  by  occasion  thereof,  praying  process  against  him  for  redresse 
of  the  same."  (West,  *  Simboleography,*  194,  ed.  1622.)  "Andfirat 
the  matter  of  every  bill  ought  to  be  true.  Secondarily,  the  same 
matter  ought  to  be  laid  down  therein  plainly  and  certaiidy  in  every 
circumstance  of  the  thing,  person,  time,  place,  manner  of  doing,  and 
other  accidents.  And  thirdly,  the  same  ought  to  be  sufficient  in  law, 
both  for  the  forme  thereof,  and  for  the  matter,  that  it  be  such  as  is 
examinable  in  this  court ;  which  being  otherwise,  may  be  dismissed 
thence."  (West) 

A  bill  then  is  a  declaration  in  writing  of  ^  complainant,  or  of 
several  complainants  who  have  such  a  common  interest  as  may  form 
the  subject  of  one  suit.  Like  a  declaration  at  law,  it  contains  the 
claim  of  the  plaintiff  and  the  grounds  thereol  In  form  it  is,  as 
already  observed,  a  petition  or  supplication :  as  it  commences  with 
words  of  supplication,  so  it  concludes  with  a  prayer  for  reliel 

According  to  present  practice,  a  bill  has  become  a  much  longer  decla- 
ration than  formerly,  which  is  partly  owing  to  the  more  complicated 
nature  of  modem  transactions,  and  partly  to  other  causes.  It  is  divided 
into  various  parts  by  modem  writere,  but  in  effect  it  only  contains  two 
parts,  the  declaration  of  the  grievance  and  the  prayer  for  relief,  ^e 
declaration  consists  of  what  are  technically  called  Statements  and 
Charges ;  the  statements  are  or  ought  to  be  a  dear  exposition  of  the  facts 
on  which  the  plaintiff  founds  his  title  to  relief;  and  every  fact  which 
is  necessary,  either  by  itself  or  coupled  with  other  facts,  to  support 
the  plaintiff's  prayer,  should  be  sufilciently  alleged.  This  rule,  thou^^ 
it  may  appear,  vague,  and  would  be  useless  to  any  person  who 
attempted  to  draw  a  bill  without  experience  in  such  mattera,  really 
contams  all  that  can  be  said  in  general  terms.  The  recent  Chancery 
Amendment  Act  directs  that  "  every  bill  shall  contain  as  concisely  as 
may  be  a  narrative  of  the  material  facts,  mattera,  and  circumstances, 
on  which  the  plaintiff  relies,  such  narrative  being  divided  into 
paragraphs  numbered  consecutively,  and  each  paragraph  containing, 
as  nearly  as  may  be,  a  separate  and  distinct  statement  or  allegation,  and 
shall  pray  specifically  for  the  relief  which  the  plaintiff  may  consider 
himself  entitled  to,  and  for  general  relief." 

The  statements  of  a  bill  may  be  followed  by  changes,  ^diich  the  above 
enactment  does  not  forbid,  and  which  are  not  a  mere  repetition  of  the 
statements,  but  contain  certain  things  or  facts  either  alrndy  stated  and 
alleged  in  the  charges  with  more  particularity  for  the  purpose  of 
obtaining  an  admission  from  the  defendant,  or  they  contain  new  facts 
of  which  in  like  manner  the  plaintiff  wishes  to  obtaon  an  admission  to 
evidence  in  support  of  his  statement  and  his  prayer  for  te^i.  It  is 
also  usual  in  the  charges  to  suggest  the  defendant's  grounds  of  defence, 
for  the  purpose  of  ascertaining  what  they  are,  and  generally  to  make 
all  such  charges  as,  if  admitted  or  proved,  would  sustain  the  plaintiff's 
claim  against  the  defendant.  Another  object  is  to  discover  what 
defence  the  defendant  will  make.  But  the  main  purpose  of  the  charges 
is  to  obtain  from  the  defendant  what  is  technically  called  discovery, 
that  is,  evidence  in  support  of  the  plaintiff's  claim,  either  by  tlie 
admissions  in  the  defendant's  answer,  or  from  written  papera  in  the 
possession  or  power  of  the  defendant.  This  is  the  great  distinction 
in  present  practice  between  a  declaration  at  law  and  a  bill  in  equity. 
Both  state  the  plaintiff's  demand  and  the  foundation  of  it ;  but  the 
bill  in  equity  also  contains  a  largo  part  of  what,  if  proved,  would  be 
the  plaintiff's  evidence.  Now  much  of  this  matter  which  is  charged 
in  a  bill  may  be  and  often  is  entirely  false,  and  is  invented  by  the 
plaintiff  for  the  purpose  of  seeing  whether  he  cannot  extract  some 
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evidence  favourable  to  Hmself  from  the  defendant.  The  plaintiff 
may  invent  or  suggest  as  much  false  matter  as  he  pleases,  but  it  must 
be  matter  of  that  kind,  which,  if  true,  would  give  him  a  right  to  that 
which  he  demands  of  or  against  the  defendant.  Now  the  defendant 
must,  if  required,  answer  all  that  the  plaintiff  distinctly  alleges  in  his 
bill,  provided  it  be  matexial  to  the  plaintiff's  case,  or  he  must  demur 
or  plead  to  it ;  and  he  cannot  demur,  in  the  case  supposed,  because  he 
thereby  admits  the  plaintiff's  case  to  be  true,  and  therefore  he  must 
admit  that  the  plaintiff  is  entitled  to  the  relief  which  he  prays.  Thus 
the  plaintiff,  by  means  of  the  right  which  he  has  to  compel  an  answer, 
incidentally  may  obtain  the  discovery,  that  is,  the  evidence,  which  he 
wishes  to  have.  If  the  defendant  can  plead  to  the  bill,  he  is  not 
bound  to  answer  beyond  the  plea;  for  a  good  plea  is  a  complete 
answer  to  the  whole  bill,  or  to  such  part  of  the  bill  as  it  extends  to. 

Formerly,  the  charging  part  of  a  bill  was  followed  by  interrogatories, 
in  which  the  whole  of  the  matter  stated  and  charged  was  repeated,  and 
the  defendant  called  upon  to  say  ves  or  no,  or  give  some  explanation 
to  every  item.  The  recent  Act  has  forbidden  the  insertion  of  inter- 
rogatories in  the  bill,  and  the  plaintiff,  if  his  bill  be  such  as  requires  an 
answer,  must  file  interrogatories  for  the  examination  of  the  defendants 
separately.  The  defendant  need  not  answer  except  thus  called  upon, 
he  may  however  do  so  spontaneously  if  he  chooses. 

**  An  answer  is  that  which  the  defendant  pleadeth  or  saith  in  barre 
to  avoid  the  plaintiff's  bill  or  action,  either  by  confession  and  avoiding, 
or  by  denying  and  traversing  the  material  parts  thereol"  (West,  194.) 
Thus  it  appears  that  an  answer  in  equity  is  in  form  the  same  as  a  plea 
to  the  action  jit  law.  It  must  be  a  complete  answer  to  everything 
sufficiently  alleged  and  charged  in  the  bill,  at  least  to  eveiything  that 
is  material  to  the  plaintiff's  claim.  By  the  recent  Act  it  is  enacted, 
that "  the  answer  may  contain  not  only  the  answer  of  the  defendant 
to  the  interrogatories,  but  such  statements  material  to  the  case  as  the 
^  defendant  may  think  it  necessary  or  advisable  to  set  forth  therein, 
and  such  answer  shall  be  divided  into  paragraphs  numbered  con- 
secutively, each  paragraph  containing  as  nearly  as  may  be,  a  separate 
and  distinct  allegation." 

A  defendant,  as  already  observed,  must  in  proper  form  and  in  due 
time,  as  prescribed  by  the  rules  of  the  court,  answer  the  interrogatories 
upon  oath,  unless  he  has  privilege  of  peerage,  or  be  a  Quaker,  or  other 
person  who  is  excused  from  taking  an  oath,  in  which  case  his  statement 
on  honour  in  the  case  of  those  who  have  privilege  of  peerage,  and  in 
the  other  case  his  solemn  affirmation,  is  sufficient.  But  the  plaintiff 
may  consent  to  take  the  answer  without  the  defendant's  oath  or  signa- 
ture, which  ia  sometimes  done.  Those  who  are  not  Christians  must 
swear  to  the  truth  of  their  answer  in  such  form  as  the  religion  which 
they  profess  declares  to  be  a  binding  form. 

A  plaintiff  may  by  leave  of  the  court  amend  his  bill  either  before 
answer  or  after ;  that  is,  he  may  strike  out  parts  and  insert  new  parts ; 
and  it  is  not  easy  to  say  v/hat  are  the  limits  to  the  amount  of  altera- 
tion.   A  defendant  is  rarely  permitted  to  amend  his  answer. 

A  demurrer  in  equity  needs  little  explanation  further  than  what  has 
been  giVen.  [Equity.]  When  it  is  a  demurrer  to  the  whole  bill, 
which  isrthe  most  usual  kind  of  demurrer,  the  object  generally  is  to 
get  rid  of  the  suit,  and  to  avoid  an  answer  which  may  give  the  plaintiff 
some  discovery.  If  the  demurrer  is  allowed,  the  suit  is  properly  at  an 
end;  but  leave  is  often  given  to  the  plaintiff  to  amend  hia  bill,  parti- 
cularly where  the  demurrer  ia  for  want  of  proper  parties.  If  the 
demurrer  is  overruled,  the  suit  proceeds. 

A  plea  in  equity  ma^  require  a  few  words  of  explanation.  A  plea 
in  bar  to  the  whole  bill,  which  is  the  common  kind  of  plea,  is  an 
averment  which  is  offered  as  a  substantial  answer  to  all  the  statements 
and  charges  in  the  bill,  though  it  is  not  in  form  such  an  answer.  In 
fact,  a  plea  in  equity  is  the  same  thing  as  a  plea  at  law  :  it  ia  the 
defendant's  answer  to  the  whole  of  what  is  adversely  alleged,  and  as 
it  does  not  in  terms  answer  all  that  is  adversely  alleged,  it  must  be 
taken  to  admit  that  to  be  true  which  it  does  not  in  terms  answer, 
because  the  averments  of  the  plea  are  offered  as  a  complete  answer  to 
the  bill.  In  the  old  books  there  is  no  distinction  made  between  a  plea 
in  equity  and  an  answer  in  equity;  nor  is  there  any  difference  sub- 
stantially. "  A  plea  is  a  special  answer  to  a  bill,  differing  in  this  from 
an  ahswer  in  the  common  form,  as  it  demands  the  judgment  of  the 
court  in  the  first  instance  whether  the  matter  urged  by  it  does 
not  debar  the  plaintiff  from  his  title  to  that  answer  which  the  bill 
requires."  (Lord  Redesdale,  in  Jioche  v.  MorgeU,  2  S.  and  L.,  p.  724.) 
Now,  as  a  complete  answer  is  that  which  the  plaintiff  requires,  and  ia 
entitied  to  if  his  bill  is  good  in  substance  and  form,  and  as  discovery 
is  in  many  cases  his  chief  object,  and  in  some  cases  his  only  obfect,  it 
is  evident  that  before  any  further  proceedings  can  be  taken  in  the 
matter  of  a  bill  to  which  a  defendant  pleads,  it  must  be  determined 
whether  the  plea  is  good  in  form :  and  for  thia  purpose  the  avennents 
of  the  plea  must  be  considered  as  true ;  and  all  that  part  of  the 
bill  must  also  be  considered  as  true  to  which  the  plea  is  no  direct 
answer. 

Now,  the  plea  is  good  in  form  if  it  contains  averments  which  either 
^rectly  negative  all  the  allegations  in  the  bill  that  give  the  plaintiff  a 
title  to  relief  against  the  defendant,  or  positive  averments  which 
destroy  the  effect  of  such  allegations.  The  plea  is  bad  in  form  if  the 
averments  of  the  plea,  though  true  (as  on  arguing  iha  formal  good- 
neai  of  the  plea  they  are  assumed  to  be),  are  not  a  complete  answer 


either  by  negation  or  affirmation  or  both,  to  all  the  allegations  in  the 
bill  which  give  the  plaintiff  a  title  to  that  which  he  demands  of  or 
against  the  defendant.    The  formal  badness  of  such  plea  is  a  necs^ 
sary  consequence  of  the  admitted  truth  of  all  those  parts  of  the  bill 
to  which  the  averments  of  the  plea  do  not  extend.    In  order  therefore 
that  a  plea  may  be  taken  as  a  sufficient  answer  to  the  whole  bill,  it 
must  contains  sufficient  averments  to  negative  or  displace  all  ±f. 
allegations  in  the  bill  which,  if  tru^,  gave  the  plaintiff  a  title  to  relief 
But  inasmuch  as  a  plea  is  an  answer,  the  defendant  must,  in  additioi 
to  the  avennents,  give  an  answer  upon  oatk  to  all  those  statements 
and  charges  in  the  bill  upon  which  he  is  interrogated,  which,  H  tnie, 
would  destroy  the  effect  of  the  matter  pleaded ;  and  this  it  called 
supporting  a  plea  by  an  answer,  which  is  generally  necessary.   If  the 
plea  is  decided  to  be  good  in  form,  then  the  truth  of  the  plea  alone  is 
in  issue  between  the  plaintiff  and  defendant,  and  the  cause  is  heard 
on  the  issues  so  joined :  just  as,  in  the  case  where  the  bill  is  answered, 
the  cause  is  heanl  upon  all  the  issues  of  law  and  fact  joined  bj  roeii 
bill  and  answer.     If  a  plea  is  simply  overruled,  the  defendant  mo^t 
answer  the  bill.    If  it  is  overruled,  the  answer  in  support  of  thi; 
plea,  if  there  is  one,  may  serve  for  an   answer  as  far  as  it  goe^, 
and  the  court  may  accordmgly  order  it  to  stand  for  an  answer  to  sodi 
part  of  the  bill,  with  lib^ty  to  except  to  it  or  not,  according  as  it 
may  be  an  insufficient  or  sufficient  answer  to  that  part  of  the  bili  to 
which  it  extends. 

The  matter  pleaded  as  an  answer  to  the  bill  must  be  one  thing,  and 
such  a  thing  as  is  an  answer  to  the  whole  of  the  plaintiff's  demaod,  or 
to  so  much  of  the  bill  as  the  plea  extends  to.  The  defendaotcaooot, 
according  to  the  rules  of  equity  pleading,  plead  in  bar  serenl  and 
distinct  matters,  any  one  of  which  would  be  an  answer  to  the  bilL 
But  if  the  averments  are  averments  of  separate  facts  wbv^  form  one 
material  fact,  such  averments  make  a  good  plea;  which  ib  thus  ex- 
pressed by  Lord  Eldon : — "The  office  of  a  plea  generallj  is  not  to 
deny  the  equity,  but  to  bring  forward  a  fewt  which,  if  true,  displacae 
it:  not  a  single  averment,  as  the  averment  in  this  answer,  that  do 
bill  of  sale  was  executed,  but  perhaps  a  series  of  circumstances  fonnia^ 
in  their  combined  result  one  fact  which  displaces  the  equity*  (I^^ 
Eldon,  Rowe  v.  Teed,  16  Ve.  877).  .  . 

The  definition  of  a  plea  "  not  denying  the  equity,  but  bnngog 
forward  a  fact  which,  if  true,  displaces  it,"  is  in- substance  the  same  u 
the  definition  of  an  exceptio  by  Gains  (iv.  119) :— "Onmes  exceptiooe 
in  contrarium  concipiuntur,  quia  adfirmat  is,  cum  quo  agxtur." 

A  defendant  may  disclaim  aU  interest,  right,  or  title  in  or  to  Uie 
matter  of  the  plaintiffs  bDl;  but  it  wiU  nearly  always  happen  thai 
such  disclaimer  will  be  an  insufficient  answer  by  itself,  and  that  there 
will  be  parts  of  the  bill  to  which  it  will  be  necessaiy  to  gite » 
answer.  . 

A  defendant  may  demur  to  a  part  of  a  bill  as  well  as  to  the^J?'' 
bill :  he  may  also  plead  to  a  part  of  a  bill  as  well  as  to  the' whole  taU: 
and  he  may  demur,  plead,  answer,  and  disclain,  with  respect  to  tte 


samel)ill.    But  it  is  very  rare  that  any  two  of  these  wap  of  pleading 

lisclauner,  on  account  of  the  ptw^cai 


are  united,  except  an  answer  and  disclaimer,  <»^  .....^ .    . 

difficulty  attendant  on  such  a  mode  of  defence.  For  it  foUows  bm 
the  nature  of  these  ways  of  pleading  that  they  must  Bsverally  »PP»y /J 
BubetantiaUy  different  parts  of  the  bilL  A  man  cannot  plead  to  to» 
matter  to  which  he  demurs ;  for  to  plead  is  to  offer  something  m  » 
answer  sufficient  in  substance,  though  it  may  not  be  so  in  form,  aa 
demur  is  to  allege  that  he  ought  not  to  answer.  For  the  same  ra^ 
ho  cannot  answer,  in  the  formal  manner  of  an  answer,  to  ^^  \^ 
he  has  either  pleaded  or  demurred,  having  by  pleading  ^^^J?3  ^t 
something  as  a  sufficient  answer,  and  having  by  demurrer  ^^^La^  j 
he  ought  not  to  answer.  '*  A  plea  or  answer  will  thereffflw  ^^  ^^^ 
demurrer,  and  an  answer  a  plea ;  and  if  a  disclaimer  ^^S'^^efen- 
inconsistent,  the  matter  will  be  taken  most  strongly  agaio^  tne 
dant  upon  the  disclaimer."    (Mitford,  p.  320.)  ^  ^y,^ 

Pleadings  in  equity  were  formerly  continued,  like  P^*J^^-nJant'j 


beyond  the  bill  wid  answer.  The  plaintiff  repHed  to  **!«^f  .^Z^ 
answer  by  his  replication,  which  is  defined  to  be  "  the P^r^^-JehS 
or  answer  to  the  def enduit's  answer,  which  must  affirm  and  p  ^^^* 
bill,  and  confesse  and  avoid,  denie  or  traverse  the  defendants  :^ 
(West)  Thus  if  the  answer  denied  the  plaintiffs  chum  "^for 
the  bill,  and  suggested  or  stated  some  new  matter,  it  "was  °®*J^*^  ^g 

the  plaintiff  to  make  a  special  reply  which  '*'*''.  *°*:?^JefeD^* 
defendant's  answer.  To  meet  this  special  replication,  the  ^^ 
put  in  a  rejomder,  which  is  defined  to  be  "the  ^^^f" J!^ue ao^ 
defendant  xnaketh  to  the  plaintif  s  replication,  which  must  P^^j^piiy 
confirm  Ws  answer  and  not  swarve  from  *^®.®"^®'*yii.gpi»inti'» 
confesse  and  avoid,  denf^  or  traverse  each  material  part  of  j^^^^  jje,r 
replication.  If  the  parties  be  not  at  issue  by  reason  oi  ^^er, 
matter  disclosed  in  tie  defendant's  rejoynder  that  '^^"'t^g  ^^en- 
then  may  the  plaintif  surrejoyne  to  the  said  f^J^y^^^^^vfLnge  ^^ 
dant  in  like  manner  to  the  surrejoynder,  if  there  d«  * 
hapneth  verie  seldome.''    (West.)  ,  ^iQ\siiefi  '^ 

This  method  of  pleading  by  special  replications  ^^^^^  present 
now  disused,  and  all  the  objects  of  such  proceedm^  »  ^  ^^jj]  gud 
attained  by  the  power  which  the  plaintiff  has  of  »^®°^°  dSendaD*'* 
stating  his  case  in  a  better  form  after  he  has  ^^T,  the  p**'*^ 
answer.  The  disuse  of  special  replications  has  also  ^^}^.  \^]^\^'^ 
of  frequently  stating  the  plaintiff's  case  more  complcteiy  m 
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tbe  finfc  izutancei  and  inivroducing  numerous  charges  and  suggeetioiiB. 
Thus  if  the  phuntiff  anticipates  that  the  defendant  may  plead  to  his 
bill,  and  so  prevent  him  from  obtaining  the  complete  answer  which  he 
wiBh.e<3,  he  will  charge  Yarious  matters  in  his  bill  which  will  destroy 
the  effect  of  the  anticipated  plea,  imless  the  defendant  supports  his 
plea  by  a  full  answer  to  such  matters. 

Aocx>rding  to  recent  practice  the  plaintiff  may  at  any  time  after  the 
time  allowed  for  answering,  has  expired,  move  the  court  for  a  decree, 
in  -wbich  he  relies  entirely  upon  the  admissions  in  the  answer  to 
substantiate  his  own  case.  If  the  answer  is  against  him,  he  must  file  a 
replication,  by  which  he  joins  issue  with  the  defendant,  and  both  sides 
are  at  liberty  at  once  to  go  into  eyidence  to  support  their  several 
cases. 

The  form  of  pleading  used  in  this  country  is  derived  from  that  of 
the  Romans.  In  Bracton's  wOrk,  the  fifth  peH,  which  is  entitled 
'  De  £xceptionibus,'  occupies  the  same  place  in  his  treatise  as  the  same 
matter  does  in  the  Institutes  of  Oaius  and  of  Justinian,  and  the  terms 
used  by  Bracton  are  those  of  the  Roman  law  :  indeed,  the  whole  work 
of  Bracton  follows  the  method  and  order  of  Justinian's  Institutes.  A 
comparison  between  the  Roman  and  English  procedure  in  equity  is 
made  in  Qilbert's '  Forum  Romanum/ 

After  the  Legis  Actiones  among  the  Romans  fell  into  disuse,  the 
mode  of  procedure  was  x>^  formulas,  the  nature  of  which  is  fully 
explained  by  Qaius(iv.  S9,  &c.).  The  Demonstratio  was  that  part  of 
the  formula  which  showed  the  matter  upon  which  the  plaintiff's 
demand  was  founded ;  the  Intentio  contained  the  demand ;  tiie  Adju- 
dicatio  gave  power  to  a  judex  to  decide  on  the  matters  in  dispute ;  and 
the  Condemnatio  empowered  him  to  make  a  decree  in  favour  of  the 
plaintiff,  or  to  dismiss  the  defendant,  according  to  the  evidence  pro- 
duced before  him.  The  formula  was  a  proceeding  in  jure,  that  is, 
before  the  prsetor,  and  it  contained  the  instructions  to  the  judex,  to 
whom,  according  to  Roman  practice,  the  investigation  of  the  facts  and 
the  ministerial  duty  of  pronouncing  the  decree  were  entrusted.  The 
answer  of  the  defendant  to  the  pluntifiTs  claim  was  called  Exceptio, 
and  exceptiones  were  either  peremptoris — in  the  bar,  or  dilatorios — 
in  abatement.  The  plidntiff  might  answer  the  defendant's  plea  by  his 
Keplicatio,  and  the  defenduit  might  answer  the  Replicatio  by  a  Dupli- 
cation to  which  the  plaintiff  might  answer  by  a  Triplicatio ;  "  and  the 
practice  of  all  such  pleadings,"  says  Qaius  (iv.  129),  "has  been  sometimes 
carried  even  farther  than  &is,  owing  to  the  multifarious  character  of 
the  matters  in  dispute." 

One  example  may  be  sufficient  as  an  instance  of  the  Roman  pleading. 
"  If  an  aiigentarius  sue  for  the  price  of  a  thing  sold  by  public  auction, 
the  form  of  the  defendant's  plea  may  be  a  submission  to  have  judgment 
against  him,  provided  (si)  the  thing  which  was  purchased  has  been 
delivered  to  him ;  and  this  is  a  good  plea  (exceptio).  But  if  the  con- 
ditions of  sale  were  that  there  should  be  no  delivery  till  the  money 
was  paid,  the  ai^entarius  may  put  in  a  replication  to  this  effect,  sub- 
mitting to  the  plea,  imless  (msi)  the  conditions  of  sale  were  that  the 
thing  should  not  be  delivered  to  the  purchaser  before  he  had  paid  the 
money  "  (iv.  126).  The  words  n  and  nin,  which  are  used  in  this  pas- 
sage, were  introduced  merely  for  the  purpose  of  adapting  the  pleadmgs 
for  insertion  in  the  formula;  for  the  Condemnatio  in  the  formula  was 
conditional ;  that  is,  if  so  and  so  is  proved,  then  make  such  and  such 
a  decree  against  the  defendant;  and  if  not  proved^  dismiss  the  de- 
fendant. 

PLEDGE  is  a  thing  bailed  (delivered  for  a  temporary  purpose 
[Bailment]  )  as  a  security  to  the  bailee  for  the  performance  of  some 
engagement  on  the  part  of  the  bailor.  When  the  pledge  is  for  a  debt, 
more  especially  where  it  is  given  to  secure  a  loan  at  interest,  it  is  com- 
monly called  a  pawn.  [Pawnbroker.]  In  bailments  the  degree  of 
care  required  from  the  bailee  varies  according  to  circumstances.  When 
the  bailment  is  for  the  sole  benefit  of  the  bailee,  he  is  bound  to  use 
the  greatest  care,  and  is  excused  by  nothing  but  unavddable  accident 
or  irresistible  force.  When  the  baument  is  for  the  mutual  benefit  of 
bailor  and  bailee,  the  latter  is  bound  to  take  the  same  oare  of  the  thing 
bailed  as  a  prudent  man  usually  does  of  his  own.  When  the  bailment 
is  for  the  sole  benefit  of  the  bailor,  it  is  sufficient  if  the  bailee  keep 
the  goods  buled  as  carefully  as  he  does  his  own,  however  negligent  he 
may  he.  Different  writers  on  the  law  of  baUments  refer  the  contract 
of  pledge  to  each  of  these  divisions. 

The  pledgee  ia  bound  to  return  the  pledge  and  its  increments,  if 
sny,  upon  being  requested  so  to  do,  after  the  performance  of  the 
engagement.  This  duty  is  extinguished  if  the  pledge  has  ceased  to 
exist  by  some  cause  for  which  the  pledgee  is  not  answerable.  But  he 
is  responsible  for  all  losses  and  accidents  which  happen  after  he  has 
done  anything  inconsistent  with  his  duty  as  pledgee,  or  has  refused  to 
do  his  duty.  When  the  full  amount  of  the  debt  or  duty  therefore  is 
tendered  and  refused,  and  the  pledge  is  detained,  the  pledge  is  at  the 
Bole  risk  of  the  pledgee :  so  if  the  pledgee  misuse  the  pledge.  In  every 
case  where  the  pledge  has  sustained  injury  frum  the  wrongful  act  or 
default  of  the  pledgee,  the  owner  may  recover  damages  to  the  amoimt 
of  the  injury,  in  an  action  on  the  case.  By  the  act  of  pledging,  the 
pledgor  impliedly  warrants  that  the  property  is  his  own,  and  such  as 
he  can  rightfully  pledge. 

The  contract  of  pledge  xnay  be  extinguished  by  the  performance  of 
the  engagement  for  which  the  pledge  was  given,  or  by  satisfying  the 
^igagement  in  any  other  manner,  either  in  fiftct  or  by  operation  of  law^ 


as  by  the  acceptance  of  a  higher  security  without  an  express  stipula« 
tion  that  the  pledge  shall  continue. 

If  the  engagement,  to  protect  which  the  pledge  is  given,  be  not 
performed  within  the  stipulated  time,  the  pledgee  may  sell,  upon 
giving  due  notice  to  the  pledgor.  If  no  time  be  stipulated,  the  pledgee 
may  give  notice  that  he  requires  a  prompt  fulfilment  of  the  engage- 
ment, upon  non-<x>mpliance  with  which  he  may  sell. 

The  possession  of  the  pledge  does  not  affect  the  right  of  the  pledgee 
to  enforce  x>orformance  of  the  engagement,  unless  there  be  a  special 
agreement,  by  which  he  has  engaged  to  resort  to  the  pledge  only,  or  to 
look  to  it  in  the  first  instance. 

Though  the  pledgee  may  sell,  he  cannot  appropriate  the  pledge  to 
himself  upon  the  default  of  the  pledgor;  nor  is  he  at  lib^ty  to  use  it 
without  the  permission  of  the  owner,  expressed  or  clearly  implied. 
Such  an  implication  arises  where  the  article  is  of  a  nature  to  be  bene- 
fited by  or  to  require  being  used,  in  which  latter*  case  the  use  is  not 
only  justifiable  but  indlBpensable  to  the  discharge  of  the  duty  of  the 
pledgee.    (Story's  '  Commentaries  on  Law  of  Bailment.') 

As  to  the  power  of  an  agent  to  pledge,  see  Aoent  ;  and  Factor. 

PLEDQE  (Roman).  This  word  formerly  denoted  a  person  who 
was  a  security  for  another ;  but  it  now  denotes  a  thing  which  is  a 
security,  and  generally  for  a  debt. 

The  chief  rules  of  English  law  as  to  mortgaging  and  pledging  are 
derived  from  the  Roman  law,  in  which  however  there  is  no  distinction 
among  pledges,  dependent  on  the  nature  of  the  thing  pledged,  whether 
it  was  a  thing  moveable  or  immoveable,  corporeal  or  incorporod ;  and  a 
thing  could  not  be  the  subject  of  pledge  imless  it  could  be  the  subject 
of  buying  and  selling,  for  the  power  of  selling  a  pledge  was  an  im- 
portant part  of  the  creditor's  securitv.  A  man  might  pledge  a  thing 
either  for  his  own  or  another  person  s  debt.  The  terms  used  in  the 
Roman  law  to  express  pledging,  and  also  the  thing  pledged,  are  Pignus 
and  Hypothecik  It  is  properly  hypotheca,  where  there  is  a  bare  agree- 
ment (nuda  oonventio)  that  a  thing  shall  be  a  security  to  a  creditor  for 
a  debt,  and  the  thing  remains  in  the  possession  of  the  debtor.  The 
word  hypotheca  {hn^Kti)  is  Qreek,  and  denotes  a  thing  subjected  to  a 
chum  or  demand.  When  the  thing  was  delivered  to  the  creditor,  it 
was  called  Pignus  (Isid.,  '  Orig.,'  v.,  c.  25) ;  and  as  moveable  things 
would  for  obvious  reasons  be  most  frequently  delivered,  a  notion  got 
established  among  some  Roman  lawvers,  aided  by  an  absurd  etymology 
(pignus  appellatum  Ik  pugno,  '  Dig.,\50,  tit.  16,  s.  238),  that  the  term 
pignus  was  applicable  only  to  a  pledge  of  moveable  things ;  and  this 
notion  has  also  ptevailed  in  modem  times.  The  true  etymology  of 
pignus  seems  to  be  the  same  as  that  of  pactum.  It  is  generally  said 
that  hypotheca  corresponds  to  the  Engush  mortgage,  and  pignus  to 
pawn  or  pledge ;  but  this  is  not  the  case.  No  ownership  was  trans- 
ferred by  the  Roman  hypotheca.  The  term  hypothecation  in  English 
law  is  still  used  to  express  the  mortgage  of  a  Guiip  or  its  cargo. 

After  the  time  agreed  on  for  payment  was  passed,  the  creditor  had 
the  right  of  selling  the  pledge  and  of  retaining  his  debt  out  of  the 
produce  of  the  sale.  If  the  produce  of  the  sale  was  not  sufficient  to 
discharge  the  debt,  he  had  a  personal  action  against  the  debtor  for  the 
remainder.  Originally  perhaps  he  could  onlv  have  this  right  of  sale 
by  express  contract,  but  subsequently  the  right  to  sell  (jus  distrahendi 
sive  vendendi)  was  an  essential  part  of  the  contract  of  pledge.  Though 
the  creditor  was  not  the  owner  of  the  thing  (dominus),  still  he  could 
transfer  ownership  to  the  purchaser,  a  doctnne  that  is  only  intelligible 
on  the  supposition  that  he  sold  it  as  the  attorney  or  agent  of  the 
debtor.  But  the  creditor  could  only  sell  the  thing  in  re^>ect  of  the 
debt  for  which  the  thing  was  pledged,  and  not  in  respect  of  other 
debts  due  to  him  from  the  debtor,  though  he  might  apparently  retain 
the  surplus  of  the  sale  in  his  hands  as  a  satis&ction  for  such  other 
debts.  The  power  of  sale  was  to  be  exercised  pursuant  to  the  terms 
of  the  contract ;  and  when  there  was  no  agreement  as  to  the  form  and 
manner  .of  sale,  the  law  prescribed  the  mmle  of  proceeding,  which  the 
creditor  was  bound  to  observe  strictly.  It  was  once  usual  to  insert  in 
the  contract  of  pledge  a  Lex  Commissoria,  that  ia,  a  condition  by 
virtue  of  which  the  tmng  pledged  became  the  absolute  property  of  the 
creditor,  if  the  money  was  not  paid  at  the  time  agreed  on.  But  by  a 
cons^tution  of  Constantine  (*  God.',  viii.,  tit.  35)  it  was  forbidden  to 
insert  sucn  a  dause  in  the  contract  If  anything  remained  over  after 
satisfying  the  creditor,  it  belonged  to  the  debtor. 

As  the  pledgor  remfdned  the  owner  of  the  thing  pledged,  he  could  of 
course  sell  it,  but  the  purchaser  took  it  subject  to  the  pledge.  The 
creditor  who  was  in  possession  of  a  pledge  was  answerable  for  any 
damage  that  befel  it  owing  to  dolus  or  culpa,  that  is,  fraud  or  neglect, 
but  he  was  not  answerable  for  unavoidable  loss. 

A  pledge  was  determined  in  various  ways ;  by  the  destruction  of 
the  thing,  by  the  creditor  releasing  the  debtor,  by  the  debtor  paying 
the  debt,  and  in  other  ways.  When  the  debtor  offered  the  money  to 
his  creditor,  he  was  entitled  to  have  the  pledge  restored  to  him.  This 
might  be  obtuned  by  an  actio  pignoraticia,  which  was  an  actio  in 
personam,  and  also  lay  for  damages  done  to  or  sustained  by  the  thing, 
or  for  the  surplus  of  the  money  if  the  pledge  had  been  sold  by  the 
creditor.  The  creditor  had  a  contraria  pignoraticia  actio  against  the 
debtor  for  expenses  incurred  as  to  the  pledge,  for  any  fraud  in  the 
matter  of  the  pledge,  as  passing  off  base  for  better  metal,  and  in  somo 
other  cases. 

The  Roman  law  of  pledges  haa  been  treated  by  various  writers  at 
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great  length.  A  oompendious  Tiew  of  it  is  contained  in  Brinkmann's 
'  lustitutiones  Juris  Komani/  S^esYici,  1822;  in  Marezoll,  'Lehrbuch 
der  Instit.  des  Rom.  Rechtes/  Leipzig^  1889 ;  and  in  Ayliffe's '  Law  of 
Pledges  or  Pawns/  London^  1732. 

PLEDGING,  CUSTOM  OP,  derived  from  the  French  pleige,  a 
amrety  or  gage.  The  expression  "111  pledge  you,"  in  drinking,  is 
deduced  by  some  of  our  writers  on  popular  antiquities  from  the  times 
when  the  Danes  were  in  posseasion  of  England.  It  is  said  to  have 
been  the  custom  of  that  people  to  seize  the  moment  when  a  native  of 
the  island  *wa8  in  the  act  of  drinking,  to  stab  him  with  a  knife  or 
dagger ;  whence  people  could  not  drink  in  company  tmlcss  some  one 
present  would  be  their  pledge  or  surety  that  they  should  receive  no 
harm.  (Brompton ;  Sir  Richard  Baker's  '  Chron. ;'  Henry,  *  Hist. 
Great  Brit. :'  see  also  Elric  Pontoppidan's  'Gesta  et  Vestigia  Danorum 
extra  Daniam,'  voL  ii.) 

Others  state  the  custom  to  have  taken  rise  from  the  death  of 
King  Edward  the  Martyr,  son  to  Edgar,  who,  by  the  contrivance  of  his 
step-mother  Elfrida,  was  stabbed  in  the  back  as  he  was  drinking. 

Brand  thought  the  expression  meant  no  more  than  that  if  you  took 
your  cup  or  glass,  I  pledge  myself  to  you  that  I  would  follow  your 
example.    (Brand's '  Popular  Antiquitiea/  edited  by  Sir  H.  EUis.) 

PLEIADES.    [Taurus.] 

PLENARTY.    [Quare  Impedit.] 

PLENIPOTENTIARY.    [Ambassador.] 

PLETHORA  (a  Greek  word,  irKrfi^fni,  plethSre,  fuhiesB,  in  which 
sense  it  is  \ised  by  the  Greek  medical  wHters)  signifies  a  redundancy  of 
blood.  By  the  older  writers  the  term  was  used  to  express  an  imagined 
supeiubundance  of  any  of  the  duids  of  the  body;  and  the  terms i 
bilious,  lymphatic,  and  milky  plethora,  &c.,  implied  the  esdstence  of  an 
excess  of  one  or  other  of  those  fluids  in  the  blood.  Distinctions  were 
also  made,  and  by  a  few  are  still  retained  between  plethora  from  excess  of 
blood,  from  insufficient  capacity  of  the  vessels,  from  deficient  strength, 
and  so  on.  By  the  majority  of  the  physicians  of  the  present  day  how- 
ever, the  term  plethora  is  used  only  to  express  that  condition  in  which 
the  quantity  of  blood  and  its  nutritive  qualities  exceed  that  standard 
which  is  compatible  with  present  or  the  prospect  of  continued  health. 

Plethoric  persons  are  marked  by  a  florid  ruddy  complexion,  a  full 
hard  pulse,  a  tendency  to  hemorrhage  from  the  nose  or  other  parts,  a 
frequent  sensation  of  fatigue  and  weight  in  the  limbs,  a  disposition  to 
sleepiness,  and  by  being  in  what  is  comiponly  termed  good  condition. 
In  this  degree  plethcm  cannot  be  regarded  as  more  th^r^  giving  a 
tendency  to  disease  whenever  any  slight  occasional  cause  is  applied. 
In  a  greater  degree  however,  it  produces  efiects  which  are  in  them- 
selves important :  the  complexion  is  yet  fuller  and  more  florid,  the 
lace  seems  swollen,  and  the  eyes  blood-shot,  there  is  pain  in  the  head, 
with  giddiness,  ringing  in  the  ears,  dulness,  heavy  deep,  and  a  sensa- 
tion as  of  flashes  before  the  eyes,  inability  of  exertion,  constant  feeling 
of  fatigue,  and  frequent  palpitation  of  the  heart 
I  Such  a  condition,  to  which  some  persons  seem  from  birth  peculiarly 
predisposed,  may  be  produced  in  nearly  all  by  the  constant  use  of  veiy 
nutritious  food,  by  gluttony  or  exoess  in  beer,  by  indolence,  or  by  the 
insufiiciency  or  suppression  of  some  habitual  discharge.  Its  principal 
evil  is  that  it  renders  the  person  who  is  afiected  by  it  peculiarly  liable 
to  acute  inflammations  uid  to  hemorrhages  in  iinportant  organs,  as 
the  brain,  in  which  the  latter  produce  apoplexy.  To  avoid  such  con- 
sequences, a  less  nutritious  diet,  abstinence  from  exciting  drinks,  and 
the  regular  employment  of  active  exereise  are  commonly  sufficient ; 
but  in  more  advanced  and  in  extreme  cases  of  plethora,  blood  must  be 
drawn^  freely  both  from  the  arm  and  from  the  neighbourhood  of  any 
oz^gan  in  which  there  seems  a  peculiar  disposition  to  its  accumulation, 
or  from  which  it  was  once  habitually  dischai^ged ;  active  aperients 
should  also  be  administered,  and  the  diet  should  be  rediKcd  to  a  much 
lower  scale  than  that  which  had  the  chief  share  in  engendering  the 
disorder. 

PLEURISY  (PUurUit),  a  word  derived  immediately  from  the 
French  Pleur^^U,  which  comes  from  the  Greek  irAcwpms,  and  this  again 
from  irXci^v,  tlu  aide,  which  is  defined  by  Rufus  Ephesius /'  De  Corp. 
Hum.  Part  AppelL,'  pp.  30,  51,  ed.  Clinch)  to  mean  ray  rh  (nrh  if 
fuurx&Kf,  "  all  that  part  which  is  under  the  arm-pit"*  As  this  is  one 
of  the  diseases  of  which  both  the  naiure  and  the  treatment  were 
understood  by  the  ancients  almost  as  perfectly  as  by  ourselves  (except 
of  course  that  tiiey  had  not  the  assistance  of  auscultation  and  per- 
cussion to  help  them  in  forming  their  diagnosis),  it  may  be  as  well  to 
give  in  their  own  words  those  passages  which  have  been  repeated  with 
more  or  less  alteration  by  every  succeeding  writer  on  the  subject, 
omitting  those  which  are  either  erroneous  fnmi  their  less  accurate 

•  The  word  n-Xmcttn  is  generatty  said  to  be  dcriwd  from  rXn^i,  thephura, 
but  (fc«  far  as  the  writer  is  aware)  the  word  vXufk  it  ncrrw  used  by  the  mncient 
medical  writers  in  that  acnae.  That  which  U  called  the  pleura  by  modem 
acatomiBta  ia  called  »7iC«»^;  Sfuv,  or  simply  Cm^ot^  by  Aretana  {'De  Cans,  et 
Sign.  Morb.  Acut.,»  lib.  i.,  cap.  10,  p.  20,  ed  KUhn),  A«tiuB  (lib.  TiiL,  cap.  76, 
p.  175,  B.,  ed  Aid.) ;  Alexander  Trallianua  (lib.  vL,  cap.  1,  p.  85,  ed.  Stcph-), 
and  Paulus  ^gineta  (lib  iii.,  cap.  83,  p.  41,  B.,  ed  Aid.).  Galen  uses  the  aame 
word  in  more  than  one  place,  and  with  regard  to  its  meaning  says  (*De  Anatom. 
Administr.,'  lib.  7,  cap.  2,  p.  591,  ed.  KQhn),  "  As  the  other  membrane  is  called 
the  periton«um  {m^irimtm)^  because  it  is  extended  around  (A«  roS  xt{irtTA^6at) 
t'u.  alimentary  vessels,  so  this  (that  is,  the  pleura)  is  caUed  ^i>»^,  becauae 
it  fa3ten8  together  internally  {inOiw  M^mm)  the  whole  of  the  riba." 


knowledge  of  anatomy,  or  which  rest 'only  upon  some  fandfol  theo- 
retical speculation,  and  adding  whatever  may  be  necessary  to  hiis^ 
the  article  as  far  as  possible  up  to  the  level  of  the  preaent  state  of 
medical  science. 

'*  Pleurisy,  properly  so  called,"  says  Paulus  ^gineta  {loeo  at,  in  Mr. 
Adams's  translation,  8vo,  London,  1834),  "  is  an  inflammation  of  tk 
membrane  which  lines  the  ribs,  and  is  attended  with  difficdtr  <: 
breathing,  cough,  continual  fever,  and  pain  shooting  to  the  ckntj 
and  hypochondrium,"  which  definition  agrees  with  that  given  bjGak 
(•De  Loc.  Afiec.,'  lib.  v.,  cap.  3,  p.  326,  ed.  Kiihn;  'Ad. Glauc.de Mai 
Meth.,'  lib.  ii.,  cap.  1,  ^.  77 ;  '  Introd./  cap.  13,  p.  784 ;  '  Definite  Kei,' 
§  264),  Aretecus,  Aetius,  and  Alexander  TntUianus  {loeu  at.).  Tbe 
disease  has  been  variously  divided  by  difterent'  writers;  Dr.  Good 
(*  Studv  of  Med.')  mentions  the  three  following  varieties :— 1,  Plmdt 
vera,  True  Pleurisy.    Fever,  a  cauma;  pain  felt  chiefly  on  one  sidf. 
the  inflammation  commencing  in  that  part  of  the  pleura  which  hn 
the  ribs.      2,  Pletvriiis    medi/utina,  Pleurisy  of   the    MediaftmnsL 
Heavy  pain  in  the  middle  of  the  sternum,  descending  towds  it» 
ensiform  cartilage;  with  great  anxiety;   the  inflammation,  from  iU 
symptoms,  being  obviotisly  seated  in  the  mediastinum.    8,  Plyitii 
ditL'phragmatica,  Pleurisy  of  the  Diaphragm.     Painful  oonstrictiosi 
around  the  pra^cordia;  small,  quick,  laborious  l>reathing;  manifsti!^ 
that  the  inflammation'  is  seated  cluefly  in  the  diaphragm.   He  adis 
however,  that  the  subdivisions  lead  to  nothing  of  practical  impaituee, 
as  the  causes  are  nearly  alike,  and  the  same  mode  of  tnatmeot  is 
applicable  to  the  whole.    A  more  essential  distinction  is  that  adoptel 
by  Dr.  Law  (*  Cyclop,  of  Pract.  Med.*),  namely,  acute  and  chronic,  and 
this  will  be  followed  here,  because  it  seems  amiost  impoasWe  to  trai 
either  of  the  nature  or  the  treatment  of  these  two  fonm  ot  pleoiuy 
imder  one  and  the  same  head. 

In  acute  pleurisy,  says  Aretseus  {loco  ctt.y  in  Dr.  ReynoWa'i  tnMia- 
tion,  Svo,  London,  1887),  "we  have  acute  pain  in  the  clavicular  region, 
together  with  a  sharp  burning  heat ;  the  recumbent  posture  ia  easy  on 
the  inflamed  side,  because  there  the  membrane  remains  in  its  pl^'i 
but  to  lie  on  the  opposite  one  is  exceedingly  painful,  and  from  the 
weight,  inflammation,  and  dragging,  the  pain  extends  through  t}» 
whole  continuity  of  membrane  to  the  shoulders  and  clavicles,  in  9»k 
even  to  the  back  and  shoulder-blades.  To  this  succeed  djspo^ 
watchfulness,  loathing  of  food,  bright  redness  of  the  cheds,»a>J 
cough,  difficult  expectoration.  To  this  description  it  may  be  *dded, 
from  Paulus  -figineta,  that  "  the  pulse  is  hard  and  serrated;"  vA  u 
should  be  noticed  that  the  decubitia,  or  position  of  the  patient 
mentioned  by  Aretsus  and  repeated  by  numerous  modern  wntcn,  ^ 
not  constant,  and  therefore  cannot  be  exclusively  relied  upon  as  3 
diagnostic  sign,  for  it  is  sometimes  observed  that  the  aggrawtaonoi 
the  acute  lancinating  pain  caused  by  the  pressure  when  lying  upon  m 
side,  makes  the  patient  seek  a  more  easy  position  either  upontne 
opposite  one  or  upon  the  back.  . ., 

With  respect  to  the  diagnosis  of  pleurisy,  it  may  be  diBbng«sB» 
from  hepatitis,  says  Paulus  iEgineta,  by  the  pain  in  pleurisy  being  pen- 
gent,  and  the  cough  being  sometimes  withput  e^tpectoration  and  »m 
times  with  it,  and  by  &e  pulse  being  hard  and  serrtted  I  wmi 


so 


hard,  and  the  cough  throughout  is  dry  and  without  e^tp^'!^ ^'  X 
the  faea  anTx^ara  n&lfl.     fllomnaTe  Aler.    Trail..  loCO  cit.)    *^  ^J 


inflanmiation  of  the  Uver  the  pain  is  ntrt;  pungent,  nor  is  ^^'^  P"^^j 

the  face  appears  pale.  (Compare  Alex.  Trail.,  loco  cit-)  ^^^^ 
distinguished  from  inflammation  of  tho  external  °^^^I.°'?J'the 
dynia  [Pleurodynia],  by  the  latter  affection  being  (ac^oid"^^  %t, 
same  author)  unaccompanied  with  cough  and  expectoration,  ntv^^^^ 
pulse  hard.  From  pneumonia  it  is  hard  to  dlistinguish  it  ^^ 
calling  in  the  aid  of  auscultation  and  pereussion ;  and  w  .^^^ 
CuUen,  in  his '  Practice  of  Physic,'  has  treated  of  both  ^^^^Z[ti 
imder  one  common  definition.  It  may  however  be  ob«^  a^e^ 
Dr.  Good)  that  in  pleurisy  the  face  is  comparatively  ^^^  J^f^g,  and 

;  that  the  pu"*" 
that  the  seat  of  the  pain  is  fixed,  while  in  pneumonia  *•<  •^'^  ,g  ^  ^y 


UT,  Uood)  tnat  m  pieunsy  tne  lace  Js  comparatively  "'^  .  V"  ^gr  and 
and  far  less  tumid  than  in  pneumonia;  that  the  pu|*  J*. r^    . 'Jj^y 

A*         A     J*     . A.     -i»   a.1 t^      •         jy 1  »    •!  .  _ia    if  shuts  no*  ^      J 


it  shifts 


to  different  parts  of  the  same  side,  but  often  from  ^J^^.^'^^j^g^  fpfsi 
other.  The  characteristic  cough  of  pleurisy  (as  ^*°^fi<)ffithc 
that  which  follows  pneumonia)  is  a  short  cough,  either  dry  ^^^ 
beginning  to  the  end,  or  accompanied  with  a  thin  ni«co  ^. 
ration ;  should  the  sputa  be  more  abundant,  or  deviate  ^^  ^,. 
character,  we  may  suspect  a  complication  either  ox  PJ^  ^ing 
bronchitis.  The  cough,  however  (adds  Dr.  Law),  w  ^T^-gidierti- 
altogether,  or  is  so  slight  as  to  attract  the  attention  ot  ^e^^^^^^, 
patient  nor  physician.  For  the  characteristic  signs  oi  P  ^  ^. 
derived  from  auscultation  and  percussion,  the  reader  m  ^  j^^ri^r 
article  Lvthqb,  Disease  op  the,  while  only  those  r^^*r^^iif »ppcir 
will  be  given  here.     Upon  auscultation,  the  inspiration  *  ^, 

feeble,  distant,  or  inaudible,  but  wiU  be  restored  ^J^^  niJretis^ 
jEgopkony  will  exist  when  the  quantity  of  fluid  ^^^^^.?  ^eflt  ^' 
forms  a  thin  layer  between  the  lungs  and  parietes  of  ^  .^^  there  i' 
bruit  de  frottemeTU,  or  sound  of  fnction,  willbehewd  w  ^^  ^^^ 
partial  albuminous  exudation,  with  little  or  no  ®^?^^:^ji  modti*  "^ 
Upon  percussion,  there  will  be  more  or  lees  of  ^^.T^&^  vr^  ^* 
resistance,  decreasing  from  below  upwards ;  and  *^  ^  c^  ^^ 
diminished  or  removed  by  change  of  position.  I*  ^^  orsh^^^ 
pleuritic  effusion  that  Hippocrates  projwsed  the  ^p^'^i^  j^orh.!  ^^i'' 
of  the  chest,  as  a  means  of  assisting  the  diagnosis  (  ^  ♦  *n.0' 
p.  178,  ed.  Kiihn ;  ibid.,  lib.  ii.,  pp.  256,  258 ;  '  Coao.  rn^n   , 
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'  Do  IxMj.  in  Horn./  pp*  128, 124) ;  but  it  is  now  known  that  no  sound  I 
can  be  heard  unless  air  be  present  in  the  chest  at  the  same  time — that 
is,  unless  empyema  be  combined  with  pneumo-thorax^  which  is  a  rare 
occurrence. 

With  respect  to  the  anatomical  characters  of  pleurisy,  they  agree 
with  what  may  be  observed  in  inflammation  of  all  serous  membranes, 
and  consist  partly  in  morbid  alterations  of  the  pleura  itself  and  partly 
of  the  secreted  fluid.  Inflammation  of  the  pleura,  says  Laennec,  is 
always  accon^nnied  by  an  extravasation  on  its  internal  surface;  the 
matter  efiused  being  either  coagulating  lymph  termed  a  false  membrane, 
or  elBe  serosity,  or  a  sero-purulent  fluid.  The  false  membrane,  or 
exudation  of  lymph,  is  gradually  changed  into  ceUular  substance,  or 
rather  into  a  true  serous  tissue,  like  that  of  the  pleura.  The  serous 
effujsion  is  absorbed,  the  compressed  lung  expands,  and  the  false  mem- 
brane investing  it  and  the  pleura  costalis  become  united  into  one 
sabetance,  which  afterwards  becomes  vascular  and  organised*  and 
coDstitntes  permanent  adhesions.  A  severe  pleurisy  that  has  termi- 
nated by  numerous  adhesions,  renders  the  part  so  affected  much  less 
liable  to  subsequent  attacks  of  the  same  disease ;  and  when  it  occurs, 
the  inflammation  and  efiuaion  do  not  extend  to  the  adherent  parts. 

Among  the  occasional  causes  of  pleurisy,  enumerated  by  Laennec 
(after  Celaus),  are, — ^long  exposure  to  cold  alter  violent  exercise;  metas- 
tajsis  of  gout,  rheumatism,  and  cutaneous  diseases ;  blows  on'  the  chest; 
and  fracture  of  Uie  ribsi  "  The  winter  season,"  says  Aretseus, "  is  most 
liable  to  produce  this  disease,  and  next  to  it  the  autumn;  the  spring  is 
lees  ao,  unless  it  chai^ce  to  be  a  cold  one,  while  the  summer  is  the  least 
8o  of  all."  In  reference  to  the  period  of  life,  he  remarks  that  old 
people  are  more  liable  to  it  than  those  who  are  in  the  prime  of  life,  and 
these  again  than  children.  Among  predisposing  causes,  Laennec 
mentions  a  slender  frame,  narrowness  of  the  chest,  the  immoderate 
use  of  spirits,  and  tubercles  in  the  lungs. 

Pleurisy  terminates  either  in  resolution,  supptiration,  or  gangrene. 
The  f orQier  is  the  ordinary  and  most  favourable  issue.  The  last  occurs 
rarely,  and  Laennec  has  seen  only  one  instance  of  it  from  acute  inflam- 
mation. Suppuration,  however,  is  by  no  means  uncommon,  in  which 
case,  says  Aretseus,  "  shivering  fits  ensue,  and  lancinating  pains,  accom- 
panied with  a  desire  to  sit  in  an  upright  posture ;  the  breathing  gets 
worse, and  there  is  great  fear  lest  the  lung,  by  suddenly  drawing  in  the 
purulent  matter,  should  produce  suffocation,  after  the  previous  and 
greater  danger  has  been  escaped  :  should  the  matter,  however,  burrow 
\>etwe6n  the  ribs  and  separate  them,  and  either  point  externally  or 
burst  into  the  bowels,  the  patient  usually  recovers." 

With  respect  to  the  treatment,  perhaps  there  is  no  disease  in  which 
profuse  bleeding  from  a  lai^ge  orifice  has  been  so  generally  recom- 
mended by  practitioners  of  all  ages  and  all  nations ;  the  only  question 
which  has  ever  arisen  upon  the  subject  being,  whether  the  blood 
should  be  taken  from  the  side  affected,  or  from  the  opposite.    Hippo- 
crates, and  most  of  the  earlier  Greeks,  recommended  Uie  former,  while 
the  latter  method  was  practised  by  Archigenes  {*  ap.  Aetium,'  tetrab, 
ii.,  seruL  4,  cap.  68),  Avicenna  ('  Canon.,'  lib.  iii.,  fen.  10,  tract  5,  cap.  1), 
Avenzoar  (*  Teisir,*  lib.  i.,  tract  16,  cap.  8,  p.  23,  D.,  ed.  Venet,  1549), 
and  their  followers  in  the  middle  ages.    The  dispute,  which  is  one  of 
those  that  have  been  settled  by  the  discovery  of  the  circulation  of  the 
blood,  was  before  that  time  (as  may  easily  be  imagined)  considered  to 
be  of  the  greatest  consequence,  and  at  the  beginning  of  the  16th 
century  raised  a  kind  of  civil  war  (as  Bayle  says)  among  the  Portu- 
guese physicians  on  account  of  the  controversy  between  Denys  and 
Brissot,  the  particulars  of  which  are  too  curious  to  be  altogether 
omitted.    The  dispute  was  brought  at  last  before  the  tribunal  of  the 
university  of  Salanu^ca,  where  it  was  canvassed  in  a  most  profound 
manner  by  the  body  of  physicians;  but  in  the  meantime  the  partisans  of 
Denys,  who  were  the  more  powerful,  obtained  a  decree  from  the  civil 
authorities  forbidding  physicians  to  bleed  on  the  same  side  oh  which 
the  pleurisy  was.    At  last  the  university  of  Salamanca  gave  judgment, 
and  decided  that  Brissot's  opinion  was  the  pure  doctrine  of  Hippocrates 
and  Galen.    The  other  party  removed  the  cause  before  the  Emperor 
Charles  Y.,  1529,  and  were  not  satisfied  with  exclaiming  against  the 
doctrine  of  Brissot  as  false,  but  declared  it  to  be  impious  and  deadly, 
and  that  it  was  no  less  pernicious  to  the  body  than  Luther's  schisms 
to  the  souL    Unluckily  for  them,  just  about  this  time  Charles  III., 
duke  of  Savoy,  happened  to  die  of  a  pleurisy,  after  having  been  bled 
pursuant  to  tiie  practice  which  Brissot  had  opposed.    This  put  a  stop 
to  the  appeal  to  the  emperor ;  but  books  were  written  on  the  question 
in  gU  parts  of  Europe,  and  the  practice  of  the  Arabians  was  generally 
condemned.    A  list  of  these  treatises  is  given  by  Ren^  Moreau,  in  the 
Life  of  Brissot,  prefixed  to  his  edition  of  his  work '  De  Incisione  Venae 
in  Pleuritide  Morbo/  &c.,  Paris,  1622,  8vo.    (See  Bayle,  art.  *  Brissot,' 
from  whom  the  above  account  is  abridged.)    But  after  all  this  absurd 
discussion,  there  are  some  cases  of  pleurisy  that  will  not  bear  bleeding, 
and  the  lancet  is  now  much  less  had  recourse  to  than  formerly. 

Besides  blood-letting,  which  may  assume  the  form  of  cupping  and 
leeches,  the  usual  antiphlogistic  remedies,  such  as  saline  diuretics, 
diaphoretics,  purgatives,  mercurials,  blistering,  &c.,  may  be  employed ; 
in  cases  of  acute  pleurisy,  the  operation  of  paracentesis  thoracis  is  very 
seldom  had  recourse  to,  and  is  hardly  ever  attended  with  more  than  a 
temporary  relief. 

Chronic  pleurisy  is  either  the  continuation,  as  it  were,  of  the  disease 
in  its  acute  form,  or  else  exhibits  at  no  period  either  the  intense  f eyer. 


the  violent  pain,  or  energy  of  reaction  which  characterises  an  acute 
disease.  In  this  latter  form  it  creeps  on  very  insidiously,  without 
much  acceleration  of  pulse  or  heat  of  skin;  the  pain  in  Uie  side 
amounts  to  no  more  than  a  mere  soreness ;  and  the  difficulty  or  hurry 
of  breathing  is  sometimes  so  inconsiderable  a$  not  to  attract  the  indi- 
vidual's attention.  However,  his  imhealthy  pallid  appearance,  his  loiss 
of  appetite,  and  languid  look,  emphatically  tell  of  mischief  going  on ; 
and  upon  close  examination  it  is  found  that  the  absence  of  fever  is  not 
constant,  but  that  towards  evening  there  is  a  febrile  movement. 

The  anatomical  characters  of  chronic  pleurisy  do  not  differ  very 
widely  from  those  of  the  acute  form,  especially  when  it  has  been  a 
mere  transition  of  one  form  of  the  disease  into  the  other.  The  fluid 
effused,  however,  XMurt^es  more  of  a  purulent  character,  and  the  false 
membrane  is  firmer  and  more  condensed,  owing  perhaps  to  the  longer 
time  it  has  been  under  the  pressure  of  the  eflused  fluid.  The  lung  too 
is  more  compressed  than  in  acute  pleurisy,  so  much  so  that  there  is 
sometimeB  a  complete  annihilation  of  its  vesicular  structure,  and  the 
oi^gan  itself  is  reduced  to  a  thin  lamina,  not  exceeding  six  lines  in 
thickness,  lying  down  along  the  spine. 

The  prognosis  of  chronic  pleurisy  is,  generally  speaking,  very 
unpromising:  in  the  ordinary  course  of  the  disease  a  slow  wasting 
fever  sets  in;  there  is  a  gradual  emaciation;  the  appetite  £uls;  the 
pulse  is  languid,  although  not  much  quickened ;  the  legs  swell,  and  the 
face  becomes  puffed;  the  expectoration  often  has  a  disagreeable 
alliaceous  smell.  Under  these  symptoms  well-defined  hectic  fever  soon 
supervenes,  and  rapidly  wears  down  the  patient. 

The  treatment  of  chronic  pleurisy  differs. (as  might  be  supposed) 
very  materially  from  that  of  the  acute  form  of  the  disease.  Blood- 
letting is  haidly  ever  resorted  to,  for  the  weakened  habit  of  body  will 
not  bear  the  e^diaustion  of  it.  For  promoting  the  absorption  of  the 
efiused  fluid,  as  well  as  for  preventing  its  further  secretion,  external 
appUcations,  comprehending  the  different  modifications  of  counter- 
irritation,  for  example,  blisters,  setons,  issues,  stimulating  liniments,  &c., 
appear  to  be  most  efficajsious.  In  some  cases  however  the  operation  of 
paracentesis  thoracis  seems  to  be  the/  last  resource,  and  this  so  often 
fails  that  it.  is  by  some  practitiouCTS  considered  an  almost  hopeless 
experiment.  In  trying  to  improve  the  habit  of  body  and  to  relieve 
the  constitutional  symptoms,  which  most  oommonly  accompany  this 
form  of  the  disease,  recourse  must  be  had  to  a  nutritious  but  not  a 
heating  or  exciting  diet,  and  to  the  cautious  exhibition  of  such  tonics 
as  the  patient  is  able  to  bear.  Change  of  air  is  ofted  productive  of 
the  most  decided  benefit,  and  sometimes  effects  an  almost  instantaneous 
amelioration  in  the  symptoms,  by  causing  the  night  perspirations 
to  cease,  the  appetite  to  improve,  and  the  sleep  to  become  refi^shing. 

(See,  besides  Good,  Slvdy  of  Med.,  and  Law,  art.  *  Pleurisy,'  in 
Cyclop,  of  Pract.  Med,  (from  which  two  works  much  of  this  article  is 
abridged),  Cruveilhier,  art.  '  Pleur^sie,*  in  Diet,  de  Med,  Prat.,  1835, 
and  Laennec  On  IHteaseB  of  the  Chest,  translated  by  Forbes.  Besides 
the  ancient  authors  already  quoted,  the  following  references  are  given 
by  Mr.  Adams,  in  his  '  Commentaiy  to  Paulus  ^gineta : '  Celsus,  De 
ifecf.,  lib.  iv.,  cap.  6;  Psellus  Ds  Vkt,  Jtaiione ;  Oribasius,  CoUccta 
Medicin,,  lib.  ix.,  cap.  7,  8 ;  Joannes  Actuarius,  Met/u  Med.,  lib.  iv., 
cap.  4 ;  Theophanes  Nonnus,  cap.  129 ;  Cselius  Aurelianus,  De  Morb, 
A<nU.  lib.  ii.,  cap.  13 ;  Octavius  Horatianus,  Per.  Med.,  lib.  ii.  cap.  4 ; 
MaroelluB  Empiricus,  De  Medicam.,  cap.  24 ;  Serapion,  Pract.,  ii.  21 ; 
Mesne,  De  jEgriL  Pect.,  cap.  7 ;  Alsaharavius,  Pract.,  lib.  xii.,  cap.  8 ; 
Haly.  Abbas,  Tkeor.,  lib.  ix.,  <ap.  21 ;  Pract^  Ub.  vi.,  cap.  13 ;  Rhazes, 
Zt6.  Diw,,  cap.  54 ;  Contin.,  lib.  x.) 

A  very  complete  list  of  works  on  the  subject  of  Pleurisy  is  given 
in  Ploucquet,  Literatura  Medica  Digesta,  4  vols.  4to,  Tiibing.,  1808-9 ; 
and  a  selection  in  the  Appendix  to  the  Cyclop,  of  Pract  Med, 

PLEURITIS.    [Pleurisy.] 

PLEURODYNIA  (from  xKwpd,  the  side,  and  6B^,  pam— pain  of 
the  side),  called  also  "  false  pleurisy."  The  term  includes  aU  those 
pains  of  the  sides  which  are  imconnected  with  pleuritic  inflammation, 
whether  arising  from  a  rheumatic  affection  of  the  intercostal  musclci;, 
neuralgia  in  the  same  parts,  or  any  other  cause  not  evidently  pleuritic. 
It  is  a  matter  of  great  importance  to  distinguish  pleurodynia  from 
pleuritis,  as  the  treatment  of  the  one  is  frequently  diametrically 
opposite  to  the  other.  Pleurodynia  may  arise  from,  a  rheumatic  or 
gouty  tendency  of  the  body,  producing  derangement  of  the  respiratory 
muscles,  and  in  these  case  the  remedies  for  rheumatism  and  gout  must 
be  applied.  When  the  pain  arises  from  pure  neuralgia,  the  treatment 
must  be  adapted  accordingly.  In  hysterical  and  anaemic  cases  iron 
should  be  given,  but  in  the  form  of  paladal  neuralgia,  quinine  is  the 
great  remedy. 

PLICA  POLONICA  is  the  name  given  to  a  disease  which  is  chiefly 
remarkable  for  the  sticking  together  and  matting  of  the  hair,  and 
which  is  peculiarly  frequent  in  Poland :  a  few  eicamples  of  it  have  been 
met  with  in  Tartary,  among  the  lower  orders  of  the  Russians,  and  in 
Hungary,  and  fewer  still  in  Switsserland  and  France. 

The  disease  chiefly  affects  the  scalp ;  the  hair  grows  to  an  unusual 
length,  is  matted  together  by  a  sticky  and  most  offensively-smelling 
secretion,  and  is  commonly  infested  with  vermin.  Indeed,  the 
symptoms  of  the  disease,  as  £u*  as  the  hair  is  concerned,  are  only  those 
which  would  result  h-om  excessivia  neglect  of  cleanliness ;  and  hence 
many  who  have  seen  numerous  cases  in  Poland,  beUeve  that  they  are 
only  produced  by  the  dirty  habits  of  those  aflected^  who,  it  is  well 
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known,  if  the  disease  do  not  spontaneonsly  make  its  appeanmoe,  spare 
no  pains  to  produce  it.  So  great  is  the  prejudice  in  &your  of  Plica 
entertained  by  the  lower  order  of  Poles,  who  regard  it  as  affording  a 
certain  security  from  all  other  sickness  and  misfortunes,  that  they  will 
through  their  whole  lives  endiu*e  the  inconvenience  and  misery  of 
carrying  about  huge  masses  of  filthy  stinking  hair  many  feet  in  length, 
rather  than  submit  to  the  removal  of  it,  which  is  necessary  for  their 
relief. 

The  hair  of  persons  affected  with  Plica  Pohnica  has  been  carefully 
examined  under  the  microscope,  and  Giinsbere  and  Von  Walther.have 
both  described  the  cells  of  fungi  belonging  to  the  genus  Trichophyton. 
The  parasite  as  described  by  Giinsberg  consista  of  articulated  fila- 
ments surrounded  by  innumerable  spores  of  very  minute  size.  The 
changes  in  the  hair  produced  by  thus  parasite  consist  in  the  thickening 
of  the  root  of  the  hair,  a  spindle-like  enlargement  of  the  longitudintu 
cylinder  of  the  channel  of  the  hair,  through  the  constant  piling  up  of 
new  masses  of  fungi  in  it,  in  the  splitting  and  parting  of  single  hair 
fibres,  which  gives  at  last  to  the  hair  the  appearance  of  a  brush,  or  of 
a  hedgehog  skin,  at  the  point  through  which  the  spores  of  the  fungus 
pass.  The  epithelium  or  cells  of  the  hair  are  very  much  condensed, 
and  the  hair  cylinder  frequently  altogether  disappears.  In  the 
adhesive  mass  are  fotmd  a  great  many  large  epithelial  cells  with  small 
granular  bodies,  resembling  the  exudation  corpuscles  of  inflammation. 
Von  Walther  attempted  to  inoculate  Plica  Polonica,  but  did  not 
succeed. 

Herr  von  Studzienski,  a  Russian,  has  recently  written  on  the  Plica, 
and  endeavoured  to  show  that  it  was  only  an  intense  form  of  the 
natural  condition  of  moulting.  This  view  however  is  not  supported 
by  the  facts  of  the  case,  and  no  one  can  doubt  its  specially  morbid 
nature,  after  such  researches  as  those  of  Yon  WaHher  and  Giinsberg. 

The  only  treatment  which  is  known  to  be  constantly  beneficial  is 
the  removal  of  the  hair,  and  strict  cleanliness ;  other  means  must  be 
decided  in  each  case  by  the  general  state  of  the  patient's  health.  The 
popular  notion  entertained  in  Poland,  that  dangerous  diseases  will 
follow  the  cutting  of  the  hair,  is  entirely  without  foundation. 

(Kuchenmeister  on  Animal  and  Vegetable,  Paraiites,  translated  by 
Lankester,  1847.) 

PLINTH.    rCOLUMN.] 

PLOMBAGIN.  A  bitter  non-azotised  principle  of  unknown  com- 
position, contained  in  the  root  of  the  Plumbago  europasa.  It  crystallises 
in  orange-yellow  needles  of  an  astringent  saccharine  taste,  volatilises 
by  heat  without  change,  and  is  slightly  soluble  in  cold  water,  more  so 
in  hot,  and  readily  so  in  alcohol  and  ether.  Alkalies  communicate  to 
the  aqueous  solution  a  fine  cherry-red  colour. 

PLOTTING.    [Surveying.] 

PLOUGH.  That  the  plough  is  an  instrument  of  the  highest 
antiquity  is  apparent  both  from  the  oldest  writings  that  we  possess 
and  from  the  existing  monuments  of  Egypt.  We  might  exercise  our 
imagination  in  supposing  a  probable  origin  of  the  plough  in  the  branch 
of  a  tree  dragged  £long  the  ground,  in  which  the  stiunp  of  a  smaller 
branch  made  furrows  as  it  went  on.  It  seems  indeed  probable  that 
some  accidental  circumstance  first  suggested  this  mode  of  stirring  the 
earth  to  prepare  it  for  receiving  the  seed. 

The  oldest  forms  of  the  plough  of  which  we  have  any  description  in 
ancient  authors,  or  which  are. represented  on  monuments  and  coins, 
are  very  simple  :  a  mere  wedge,  with  a  crooked  handle  to  guide  it,  and 
a  short  beam  by  which  it  was  drawn,  form  the  whole  instrument.  The 
light  Hindu  plough,  now  in  use  in  many  parts  of  India,  seems  to  differ 
little  from  the  old  model. 

Before  we  enter  into  any  details  it  may  be  as  well  that  we  describe 
the  different  essential  parts  of  a  plough,  by  the  names  which  are  usually 
given  tO'them. 

The  body  of  the  plough  is  that  part  to  which  all  the  other  parts  are 
attached.  The  bottom  of  it  is  called  the  aoiU,  or  djade,  to  the  fore  part 
'of  which  is  affixed  the  point,  or  sJiare ;  the  hind  part  of  the  sole  is 
<adled  the  hceL  The  heam,  which  advances  forward  from  the  body, 
serves  to  keep  the  plough  in  its  proper  direction,  and  to  the  end  of  it 
are  attached  the  oxen  or  horses  which  are  employed  to  draw  it.  Fixed 
in  the  beam,  in  a  vertical  position,  before  the  point  of  the  sha^,  with 
its  point  a  little  forward,  is  the  coulter,  which  serves  to  cut  a  vertical 
section  in  the  ground,  while  the  point  of  the  share,  expanding  into  a 
Jin,  separates  a  slice  by  a  horizontal  cut  from  the  subsoil  or  solid  ground 
under  it.  The  mould-board  or  turn-furrow,  is  placed  obliquely  behind 
the  fin,  to  the  right  or  left,  in  order  to  puish  aside  and  turn  over  the 
slice  of  earth  which  the  coulter  and  share  have  cut  off:  it  thus  leaves 
a  regular  furrow  wherever  the  plough  has  passed,  which  furrow  is 
intended  to  be  fiUed  up  by  the  sUce  cut  off  from  the  land  by  the  side 
of  it,  when  the  plough  returns.  The  stilts  or  handles,  of  which  there 
may  be  either  one  or  two,  as  is  thought  more  convenient,  direct  the 
plough  by  keeping  it  in  the  line  required  and  at  a  r^ular  depth  in  the 
ground.    The  single  stilt  appears  to  be  the  most  ancient  form.     • 

Wheels  are  a  modem  invention  in  comparison  with  the  other  parts. 
They  support  the  end  of  the  beam,  and  prevent  it  from  going  too  deep 
into  the  ground  while  the  plough  is  going  on.  The  greatest  improve- 
ments introduced  into  modem  ploughs  are  in  the  shape  of  the  mould- 
board,  or  tum-furrow,  of  which  we  shall  take  particular  notice,  and 
the  contrivances  for  regulating  the  line  of  draught,  so  as  to  make  the 
plough  go  at  an  equal  depth,  and  cut  off  a  regular  slice  of  equal  breadth, 


without  any  great  force  being  applied  by  the  ploughman  who  hoUs 
the  stilts. 

The  Hindu  plough  conusts  of  a  slight  beam,  often  without  uj 
coulter,  a  narrow  i£are,  and  a  corresponding  stilt.  The  whole  a  of 
wood,  fdightiy  pointed  with  iron.  It  is  so  light  that  a  man  can  readOj 
carry  it  upon  his  shoulder.  When  it  is  at  work  it  is  usually  dnwii 
by  a  small  buffalo,  and  sometimes  by  a  man  or  a  woman.  This  insJiri- 
ment  is  intended  merely  to  make  a  shallow  furrow  in  a  veiy  light  soil, 
or  in  the  mud  produced  by  irrigation  where  rice  is  cultivated.  It  doesi 
not  act  as  our  ploughs  do,  nor  does  it  turn  over  a  regular  furrow, 
but  it  acts  more  like  one  of  the  tines,  or  teeth,  of  some  of  our  more 
complicated  instruments  called  cultivators  or  grubbers,  witn  which  the 
earth  is  stirred  without  being  turned  over. 

The  Chinese  plough  resembles  the  Hindu  in  its  simplldtjr.  Tbe 
earth  is  turned  over  by  holding  the  instrument  obliquely,  and  much 
depends  on  the  art  of  the  ploughman,  in  whose  hands  it  is  like  a  stout 
shovel  pulled  through  the  ground  by  a  horse  or  an  ox.  The  sole  is  Dot 
straight,  but  rounded,  like  the  bottom  of  a  boat.  The  work  done  bj 
this  instrument  is  not  unlike  the  furrow  drawn  in  the  sand  at  the 
bottom  of  the  sea  when  a  ship  drags  her  anchor. 

The  ploughs  in  use  in  different  countries  in  Europe  underwent  litUe 
change  for  many  centuries ;  it  is  only  lately  that  any  attempt  has  bm 
made  to  vary  the  old  forms. 

The  Roman  plough,  such  as  is  described  by  Virgil  in  the  *  Geoigks' 
^.  174),  is  still  used  in  many  parts  of  France,  under  the  name  of  Anin 
Bomain.  It  consists  of  a  beam  (temo),  a  body  (6tim),  a  share  {vmff), 
and  a  handle  or  stilt  (ttiva).  The  office  of  the  tun-fam)v  is  per- 
formed by  two  pieces  of  wood  about  six  inches  long  projecting  ob- 
liquely upwards,  and  very  properly  called  teeth  [^dentaiia)  tT{Fig.  1). 
The  sole  of  the  plough  a  b  hai^  two  pieces  of  wood  c  o  and  D  h  fixed  to 
it  on  each  side,  forming  an  acute  angle  with  it,  in  which  the  teeth  aie 
inserted.  This  exactiy  answers  the  description  of  Viiisil>  "Duplici 
aptantur  dentalia  dorao  "  (the  teeth  ai^  fitted  to  the  double  back). 

Fiff.  1. 


These  teeth  help  to  push  aside  the  earth  to  the  right  and  left,  aad  ^ 
instrument  resembles  what  is  called  a  moulding  plough,  which  m  used 
in  throwing  the  soil  aside  against  young  plants  growing  in  ro«i» 
turnips,  potatoes,  &c.  A  chain  or  pole  connected  with  the  end  ot  toe 
beam  was  hooked  to  the  middle  of  the  yoke  on  the  neck  of  the  oxen, 
and  thus  the  plough  went  on  making  parallel  furrows,  so  near  to  wen 
other  that  the  preceding  furrow  was  pi^tially  filled  with  the  earth  waica 
the  dentalia  pushed  aside.  The  pomt  was  in  the  shape  of  the  head  ra 
a  lance.  This  plough  might  suffice  in  light  mellow  Boil^'^'"*^  °^ 
been  long  in  cultivation,  and  had  more  the  texture  of  garden  mouiu 
than  of  stubborn  clay.  ,  ^.  ^j 

The  small  double  mould-board  plough,  common  in  other  P^ , 
France,  is  evidently  taken  from  this.    The  teeth  not  bei^  T^fzl 
strong,  a  slanting  board  was  substituted  on  each  side,  and  wiieeis jw 
added,  to  dimmish  the  labour  of  the  ploughman.    The  b*"*/!^^': 
the  same  at  the  place  where  it  is  attached  to  the  plough,  ^^^^^J^L 
it  was  divided  into  two,  like  a  fork,  for  the  convenience  of  novm, 
with  both  hands.    This  plough  acts  exactly  like  the  ^^'rr  ' 
stronger  and  better  adapted  for  heavier  land.    Neither  of  jrj^  Ljg^ 
much  deeper  than  four  or  five  inches,  leaving  shallow  p***^    ^^ 
in  which  the  seed  falls,  and  is  buried  by  light  wooden  '^^^^^juage, 
are  drawn  over  the  hmd  after  sowing.    This  is  *^.^^g  b^'   - 
the  bottoms  of  the  furrows  being  only  partially  stined.    a  ^  ^^ 
flat  share,  and  the  single  mould-board  which  turns  the  ®^  .  ^ 
pletely  over,  after  lifting  it  up,  is  a  far  more  effectual  ii»**^^^eiit 
has  bleen  adopted  wherever  agriculture  has  ™^®  *°y^  .  jnd  the 
This  plough  more  nearly  imitates  the  digging  with»  a  spade, 
more  perfect  the  imitations,  the  better  is  the  work.  .  j^  ^ 

The  mould-board  of  a  modem  plough  is  either  ^^J^Vz^lit\>^ 
made  so  as  to  be  shifted  from  one  side  to  the  other.  In  the  ^^^  -^  <jf 
the  furrow-dices  lie  on  one  side  and  half  on  the  other,  *J~\jLjg  ^ 
necessity  a  double  furrow  where  they  join.  When  it  *^  "r^  ^^. 
the  surface  should  be  quite  flat,  and  the  furrow-slices  aU  in  o  ,^ 
tion,  the  mould-board  must  be  shifted  at  every  turn,  ana  »  r 
which  admits  of  this  is  called  a  tum-wrest  plough.  ,^  ^  go 

It  is  evident  that  the  mould-board  of  a  tum-wrest  P^*^^^{o^  \»yt 
constmcted  as  to  act  with  either  side  uppera[i08t;  it  °*^r^^g  coulter 
only  a  very  slight  convexity  to  push  over  the  slice  cut  ^^^J^i^y  of  th« 
and  share;  and  a  considerable  force  is  lost  by  .  ?v^e a lancei <>f 
action  in  doing  so.  The  share  of  this  plough  is  pointed  bk^  .^  ^^^  ^ 
presents  a  flat  edge  like  a  broad  chisel,  according  as  tne  ^^^  ^^^  ^ 
heavy.  The  point  of  the  coulter  is  placed  in  hne  ^^^7^  jg  ^j^^ne  by 
the  point  which  is  nearest  to  the  unploughed  land,  ^^  ^  one  ^^ 
means  of  a  piece  of  wood  ab  (Fig,  2),  which  presses  *J^^,g^  cD,  ^1 


or 


the  other  of  the  mortice  in  which  it  is  placed  in  wi«     theproj** 
Miring  the  position  of  the  pieces  a  B  to  the  other  side  o* 


changing  the  position 


J 


tion  c  on  Qia  beam,  uid  preiriag  the  head  <i[  iba  ooulter  f  to  the 
otttar  side.    Ths  mould-bottd  hu  a  hook  at  ths  Ion  put,  which 


goeB  into  a  staple  in  the  side  of  the  fure  part  of  the  body  of  the 
plough  towaids  the  preceding  turroir ;  a  piece  of  wood  on  the 
inside  of  the  mould-bo^d  ke^M  it  at  the  proper  angle  wiUi  the  line  of 


PLOUGH.  tn 

The  deteot  of  this  plough,  which  is  roagUy  repreBontod  below,  is  in 
ita  weight  and  olumsmeas  more  Ihao  in  the  shipe  of  the  mouid-board; 
for  when  it  ia  made  lighter,  it  is  not  ao  bad  a  coostoiiotion  as  appean 
at  first  sight,  and  it  does  ita  work  very  neatly  in  heaTy  loams  inth  S 
dry  Bubaoil.  If,  instead  of  one  maiild-boord,  two  were  used  alterDately, 
of  a  better  shftpe  for  turning  oTec  the  turrow-iilice,  this  plough  woaM 
be  much  improved  ;  and  this  plan  ia  adapted  in  many  other  ^orma  of 
the  turn-wrest  plough, aa  in  that  made  by  Cousins,  of  Southmollon. 

The  form  of  the  tum-funuw  ia  of  material  impoitanoe,  for  on  this 
depends  not  onlythe  perfection  of  the  work,  but  also  the  li^tneu  of 
the  draught.  When  we  follow  a  plough  working  in  a  mellow  soil 
which  elightly  adheres  to  the  plough,  we  often  perceive  (hat,  instead 
of  being  turned  aside,  the  earth  is  carried  forward,  and  only  foils  off 
when  tie  aooumulation  of  it  beooroes  heavy  enough  to  overcome  the 
•dheaion.     It  does  not  alide  off  from  the  mouid-boaid  itiielt,  hut 


'■  KmUih  Turn  Wia 


3  the  latter ;  thus  showing 


«e[arateB  from  the  earUi  which  adheres  _  

Uiat  the  shape  ia  defecti™,  and  giving  good  hints  (or  ita  improvement: 
But  aa  the  same  plon^  will  sometimes  turn  over  the  same  earth  better 
whan  It  is  either  drier  or  moieter,  it  is  very  difficult  to  determine  by 
eipenment  only,  what  may,  on  the  whole,  be  the  best  shape.  A 
UHle  reflection  and  the  apphoation  of  scientific  prindplea  may  greatly 
•Wat  us  here.  It  is  not  sufBdent  however  to  find  Uie  curve  which 
mil  make  the  plough  go  through  the  ground  with  the  least  force.  The 
plough  must  also  perform  ita  work  perfectly,  and  if  anything  U  to  be 
j^ficed.  it  U  better  to  employ  more  power  than  to  ploughSu.  ground 
"Oiy.  After  havmg  aacertained  the  mechanical  principles  which  bear 
m  the  working  of  the  plough,  we  must  observe  its  action  carefuUv, 
louow  the  plough  day  after  day,  in  diflerent  soils  and  different  wcBthra- 
MW  thus  wo  may  be  led  to  observe  aU  Uio  ciniumstanees  which  attend 
Z  1^^°^',"^  correct  any  mistakes  which  an  erroneous  theory 
™ght  have  led  to.  ' 

Many  attempts  have  been  made  to  ascertain  the  eiact  curve  which 
jne  tum-fum.w  should  have  to  perform  the  work  well  and  at  the  aame 
toe  to  i^npe  the  lewt  resistance.  The  difficulty  of  the  problem 
?«•  in  detormmmg  the  data,  or  principles  on  which  tie  invartiration  U 
^ed,^and  these  are  so  vai^oua,  that  it  ia  not  surpriaingthat  no 

wy  latufectoiy  concluaion  baa  yet  been  obtained.  We  will  make  an 
™^pt  at  a  solution  from  a  rimple  eaminalion  of  the  motion  to  be 
FMQoed  m  the  portion  ot  earth  to  be  turned,  which  we  wiU  caU  the 
f^w-ahco.  We  shall  suppose  this  separated  from  the  adjacent  soil 
W  S"  T^*'*'  ™*  of  *•"  coulter,  and  at  the  same  time  from  the  subsoil 
7^  we  honsontal  out  of  the  share  ;  a  secUon  of  the  slice,  by  a  plane  at 
"»"  sngles  to  the  line  of  the  ploughing,  will  be  a  puallelogum 
iif-ij.*^-  *''*""  ^?^,  *  c.  being  the  thickneu  of  the  slice,  and  a  b 

"  »With.    Confining  our  attention  to  this  section  of  the  slice,  the 

^ra  4W1  SCL  DIV.  VOL.  VL 


to  tie  horiionlal  line ;  the  aurtaoe,  A  B  (A*  a"),  being  laid  on  the  slice 
previously  turned  over,  so  as  to  bury  the  grass  or  weeds  which  might 
bo  rooted  there,  exposing  (he  roots  to  the  sun  and  air.  The  more 
uniformly  this  motion  is  produced,  and  the  more  regularly  the  succeoive 
BBctionS  follow  each  other,  the  leas  power  will  be  required  to  turn  over 
the  whole  slice.  The  motion  of  c  D  round  the  point  D  must  therefore 
be  uniform.  If  the  turn-furrow  ia  horizontal  at  the  point  where  it 
joins  the  share,  and  of  the  game  vridth  as  the  furrow-slice,  it  will  slide 
under  the  slice ;  and  if  the  vertical  aectiona  of  its  upper  aurface, 
at  equsJ  distances  from  the  share,  ore  inclined  at  angtea  regularly 
increasing  with  this  distance  (ill  it  arrives  at  the  pe^iendicuur,  the 
tum-tuiTOW  will,  aa  it  advanoes,  turn  the  slice  from  a  horiaontal  to  a 
perpendicular  position :  the  section  of  it  will  then  be  Dcab.  The 
mchnation  of  the  section  of  the  tum-furrow  must  now  be  to  the  other 
side,  forming  an  obtuse  angle  with  the  section  of  the  sole,  until  it  has 
pushed  the  slice  over  at  the  required  inclination  of  16*,  wtiich  theory 
and  experience  have  shown  to  be  the  beat  adapted  to  expose  the 
greatest  surbce  to  the  action  of  the  atmosphere,  and  likewise  to  form 
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the  most  regular  furrows  for  the  receptioii  of  the  seed,  which  the 
harrow  can  then  most  readily  buiy. 

The  Burface  of  this  turn-furrow  ia  curved  in  the  farm  of  the  spiral 
thread  of  a  screw,  such  as  would  be  generated  by  a  hne  (H  D  in  the 
following  figure)  about  9  or  10  inches  long,  and  either  straight  or 
slightly  curved,  moved  uniformly  forward  in  a  direction  at  right  angles 
to  its  length,  while  it  revolved  uniformly  round  one  of  its  extremities 
for  3  or  4  feet»  commencing  with  the  horizontal  position^  and  terminating 
in  an  angle  about  46"  beyond  the  vertical.  The  curve  thus  generated 
will  be  found  to  turn  over  soils  of  a  moderate  tenacity  very  perfectly. 
If  it  is  very  light,  the  surface  may  be  formed  by  arcs  of  circles  with  a 
considerable  diameter,  the  concave  part  upwards ;  iC  4t  is  very  tenacious, 
the  convex  part  of  the  arches  may  be  upwards.  The  annexed  figures 
(6,  7,  8,  9)  will  explain  this.  The  distance  of  the  perpendicular 
F  o  from  the  fin  of  the  shore  may  also  be  varied,  either  lengthening  or 
shortening  the  turn-furrow,  as  experience  may  show  to  be  most 
advantageous. 

Horizontal  Plan  of  the  Plovgh, 
rig.  C. 


A  B,  the  Sole ;  c,  the  Fin ;  d  c,  the  bottom  of  the  Tors-Furrow ;  x  c  and  h  d  being 
the  reTolving  line  traversing  the  distance  c  n,  and  shown  in  its  Tarioni 
positions  by  the  transverse  lines. 

Section*  of.  t?i€  three  different  turn-furrows  at  different 
'  distances  from  the  keel. 


Fig.  7. 


Fig.  8. 
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A  plough  was  constructed  on  this  principle  by  Messrs.  Ransomc,  of 
Ipswich,  at  the  suggestion  of  the  writer  of  this  article  (the  kte  Rev. 
W.  Kham),  and  exhibited  at  the  meeting  of  the  Royal  Agricultural 
Society  of  England,  held  at  Cambridge,  July  15, 1840.  In  soils  of  a 
looM  mcUow  nature  it  answered  completely,  and  did  the  work  more 
perfwtly  than  any  other  plough.  It  united  the  parallelism  of  the  sole 
and  boistam  of  the  turn-furrow  of  the  Flemish  plough  with  the  im- 
proved shape  of  the  turn-furrow.  By  adoptmg  the  variations  in  the 
shape  of  the  turn-furrow  which  we  have  suggested,  this  plough  may  be 
adapted  to  any  soil,  and  be  used  with  or  without  wheels: 

I  loughs  were  formerly  made  of  wood  having  those  parts  covered 
with  iron  where  the  greatest  friction  takes  place,  the  share  and  coulter 
only  being  of  iron ;  but  in  consequence  of  the  greater  faciUty  of 
castmg  iron  m  modem  times,  it  is  now  made  wholly  of  this  metal 
I  he  advantages  of  iron  are,  its  durabihty,  and  the  smaller  friction  it 
occasions  when  once  poUshed  by  use.  The  inconveniences  are,  the 
additional  weight  of  the  instrument,  and  consequent  greater  friction 
ot  tHe  sole,  which  experiments  have  proved  to  be  greater  than  was 
generally  suspected.  A  great  improvement  has  been  introduced  by 
making  the  points  of  the  shares  of  cast-iron,  which,  by  a  mode  of  castini 
;?**  ^°!^^'J?rf»ce  on  a  plate  of  metal,  makes  one  sur&ce  much  harder 

X  ^ll^rn'A'^!^"  ~''"  "^^  """^  "'"^  "^P'^^'  "  '^ 

o«'f  ^f^**^**^*  P^^  °^  *  P^°^^  *™  °o^  usually  cast,  so  that  if  any 
^^1^  Z  ^"^^"*'  it  can  be  instantiy  replaced  by  moving  a  id 
^^  or  bdts.  This  is  a  veiy  great  saviSgTf  tune  ^d  expeL.;  ?oT 
IT;^  ?f '  t^  *™®  *"  accident  happened  to  any  part  of  the  plough, 
L^IaI'^'V''^^  ^  "^'  **'  "^^  ^^«  meantime  tiie  labour  was 

L^^ff^'4^^  **  \^^  "^"^  ^^  °*  *^«  y^'  There  is  another 
advantage  hi  havmg  tiie  essential  paHs  of  cast-hou.    If  any  particular 

iTS^^^^^.S'*  discovered  to  be  the  best  for  any  part,  tW  shape 
JmwSn^  ^^^'^^^  ^  *^®  tum-furrow  tiiis  is  of  the  greatest 

a  a^SI.k'^^  ^^*  **"i  crumbling,  without  stones,  as  in  Norfolk, 
a  single  handle  or  stilt  is  suflicient ;  but  where  some  force  is  occawon- 


ally  required  to  prevent  stones  or  other  obstacles  from  turning  the 
plough  out  of  its  course,  two  stilts  are  most  convenient,  placed  at  a 
more  obtuse  angle  with  the  sole  of  the  plough. 

The  force  required  to  draw  a  plough  depends  not  only  on  the  nature 
of  the  soil,  but  also  on  tiie  shape  of  the  plough,  and  especially  on  the 
position  of  its  diSerent  parts  with  respect  to  each  other,  so  that  they 
do  not  counteract  each  other. 

If  a  plough  were  drawn  in  the  direction  of  the  sole,  the  obliquity  of 
the  tum-furrow  would  cause  it  to  turn  towards  one  side,  and  it  would 
require  a  considerable  force  to  keep  it  straight.    In  order  to  prevent 
this,  the  line  of  draught  is  placed  at  an  angle,  which  variea  with  that 
of  the  tum-furrow  and  the  force  required  to  push  the  furrow-fllioe  ova-. 
To  adjust  this  angle,  so  as  to  cause  the  plough  to  keep  in  tiie  intoidad 
line,  there  is  a  contrivance  at  the  end  of  the  beam  to  change  the 
position  of  the  ring  by  which  the  plough  is  drawn  to  the  right  or  icfi 
of  the  line  of  the  beam,  and  another  by  which  it  may  be  raised  or 
lowered.    By  this  device  the  plough  may  be  drawn  from  a  point  on 
either  side  of  the  beam,  and  higher  or  lower  as  n^y  be  require<d. 
When  the  plough  is  found  to  ttSce  too  murk  land,  as  ploughmen  say, 
that  is,  tendB-to  increase  the  width  of  the  sUce  cut  off  by  the  coulter, 
the  bridle  is  shifted  to  the  left  by  moving  the  pin  into  another  hole : 
when  it  goes  fntt  of  the  la.nd,  as  it  is  called,  that  is,  diminiahes  the  width 
of  the  furrow-slice,  the  pin  is  moved  a  hole  or  two  to  the  right,  until 
the  plough  has  no  tendency  to  deviate  to  either  side.     If  it  inclines  to 
rise  out  of  the  ground,  the  ring  is  shifted  in  the  iron  bridle  andplaced 
in  a  hook  or  notch  higher  up ;  if,  on  the  contrary,  it  dips  too  deep,  tiie 
ring  is  hooked  lower.    Thus  a  plough  may  be  made  to  go  straight  and 
at  a  regular  depth,  without  any  more  force  being  applied  to  ^e  stilts 
than  is  required  to  counteract  inequalities  in  the  land,  or  accidental 
obstacles,  such  as  stones  or  roots,  which  might  throw  the  plough  out 
of  the  ground.     When  the  soil  is  of  unequal  texture,  it  is  ua^ul  to 
have  a  small  wheel  connected  with  the  fore  part  of  the  beam,  so  aa  to 
prevent  its  dipping  downwards,  which  would  require  a  great  pressure 
on  the  stilts  to  keep  the  point  of  the  share  up,  and  thus  increase  the 
friction  of  the  sole  on  the  ground,  and  consequently  the  labour  of  the 
horses.    In  other  cases,  ploughs  are  provided  with  two  wheels  o>m- 
nected  with  the  beam,  one  of  which  runs  in  the  furrow  to  the  right, 
and  the  other  on  the  unploughed  soil  to  the  left.     When  the  plovigh 
has  been  weU  adjusted,  and  the  larger  wheel  runs  in  the  angle  of  the 
furrow,  it  acts  as  a  gauge  to  regulate  the  width  of  the  slice  as  well  as 
its  depth :  in  very  uniform  soils  without  stones,  the  plough,  ig^en  set 
in  the  proper  direction,  will  make  a  very  straight  and  even  fuzrow 
parallel  to  the  one  in  which  the  wheel  runs,  witJiout  any  perron  holding 
the  stilts ;  so  that  all  that  is  required  is  to  turn  the  plough  at  the  end 
of  each  furrow,  and  set  it  in  to  the  proper  line  to  form  the  next. 
As  this  admits  of  veiy  ocrrect  adjustment,  no  unneoessary  force  i* 
required  to  draw  the  plough  :  and  hence  this  plough  appears  to  be  the 
easiest  for  the  horses;  and  if  the  wheels  are  not  very  heavy,  and  the 
plough  is  of  a  good  form,  it  certainly  requires  less  power  to  move  it 
than  many  whidi  are  without  wheels ;  and  it  is  far  superior  to  the  old 
clumsy  wneel-plough,  the  beam  of  which  resta  on  a  heavy  carriage, 
without  being  firmly  attached  to  it.    This,  instead  of  leasAiiog  th*^ 
draught,  increases  it  by  all  the  pressure  of  the  beam  upon  the  carriage, 
besides  the  weight  of  this  last  and  of  the  wheels.     There  are  some  very 
irregular  and  stony  soils,  where  a  common  swing  plough  can  scarc-oiv 
be  kept  steady  without  the  help  of  wheels,  and  where  it  would  oot  bo 
so  convenient  to  have  the  beam  fixed  on  the  wheels.     In  this  case  a 
separate  carriage  is  necessary,  that  the  ploughman  may  have  a  fulcrum 
on  which  he  can  raise  his  plough,  or  turn  it  to  either  side  to  avoid  any 
considerable  stone  or  other  obstacle.    Wheels  have  this  advantage: 
they  will  enable  an  inferior  ploughman  to  make  better  work  than  he 
could  possibly  do  without  them ;  and  that  too  with  less  labour  to  the 
horses ;  because,  from  his  want  of  skill,  the  swing-plough  would  bo 
continually  subject  to  sudden  deviations,  requiring  him  to  use  Ki« 
strength  to  counteract  them;  and  each  exertion  of  the  plooglunan 
adds  to  the  labour  of  the  horses. 

Without  entering  into  any  comparison  of  ploughs  differently  oon* 
structed,  it  is  evident  that  the  shape  of  the  plough  must  vaiy  with  the 
nature  of  the  soil  which  it  is  to  turn  up.  A  light  soil  mtist  be  shovelled 
up ;  a  mellow  one  may  be  turned  over  with  any  kind  of  moiidd-boani ; 
a  veij  stiff  tenacious  soil  which  adheres  to  any  surfaoe  pressed  against 
it,  wOl  be  more  e«asily  turned  over  by  a  few  points  of  contact  which  do 
not  allow  of  adhesion.  Hence  the  point  and  tum-furrow  have  been 
made  of  all  imaginable  shapes,  and  while  one  man  contends  for  a  very 
concave  form,  another  will  admit  of  nothing  which  is  not  very  convex. 
That  plough  will  no  doubt  have  the  least  draught  which  is  best  suited 
to  the  soil  which  it  has  to  move.  The  lighter  the  plough  is,  <y«n- 
sistentiy  with  sufficient  strength,  the  less  draught  it  requires,  all  oth<r 
circumstances  remaining  the  same.  Lightaiefls  and  streiiigth  eombiBed 
are  consequently  great  advantages,  and  if  a  very  light  plou£^  does  its 
work  as  weJl  as  a  heavier,  there  can  be  no  doubt  that  it  is  preferable. 
Durability  is  nothing  compared  with  the  saving  of  one  hone  in  three: 
it  is  cheaper  to  have  a  new  plough  every  year  than  to  keep  aa 
additional  horse  all  the  year.  If  a  wooden  plough  is  found  to  be  more 
easily  moved  than  an  iron  one,  there  can  be  no  doubt  which  ahoukl  be 
preferred. 

The  Flemish  plough  is  made  of  wood,  and  is  very  lig^t ;  the  share 
and  coulter  only  are  of  iron,  besides  a  thin  sheet  of  iron  over  the  moulds 
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boaid,  which  ifl  shaped  aa  if  it  had  been  rolled  obliquely  over  a 
cylinder,  a  shape  well  adapted  to  sandy  soils.  In  ploughing  hmd  which 
Is  more  or  \wb  mellow  azid  crumbling,  the  great  object  is  to  bring  to 
the  Buziace  that  portion  which  has  bun  buried,  and  has  not  served  to 
nourish  the  preceding  crop,  and  to  bury  that  which  hna  produced 
Testation,  aiid  in  which  the  roots  of  various  weeds  have  established 
themselves.  When  manure  is  to  be  covered  with  a  certain  depth  of 
earth,  a  more  complete  subversion  is  required,  in  order  that  no  part  of 
it  may  remain  uncovered.  When  the  luid  is  in  a  compact  state,  from 
the  roots  which  pervade  it,  and  it  is  only  ploughed  once  to  prepare  it 
for  receiving  the  seed,  much  greater  nicety  is  required  to  lay  the  slices 
at  a  certain  angle  so  as  to  leave  regular  hues  or  depressions  in  which 
the  seed  may  fall  and  be  readily  covered  by  the  hairows  which  follow. 
Id  this  case  the  angle  of  iS"  is  foimd  to  be  the  most  convenient  at 
which  the  farrow-slices  may  be  laid  against  one  another.  The  field 
will  then  have  the  appearance  of  being  laid  in  small  ridges  as  in  the 
annexied  figure^  all  towards  the  same  aide  if  ploughed  with  a  tum-wrest 

Fig.  10. 


plough,  or  towards  a  middle  line  if  a  plou^  with  a  fixed  turn-furrow 
has  been  used.  To  produce  this  regularity,  the  end  of  the  turn-furrow 
is  made  to  press  on  the  slice  turned  over.  And  if  the  mould-board  be 
convex,  as  it  is  in  most  Scotch  ploughs,  and  in  those  made  by  Homsby 
of  Grantham,  this  pressure  is  applied  just  at  the  right  place  to  close 
the  junction  of  the  several  slices. 

When  the  seed  is  to  be  dibbled  on  the  sward,  which  is  reversed  by 
a  aingle  ploughing,  it  is  necessary  that  the  sod  should  be  completely 
turned  over  and  laid  flat.  To  do  this,  and  at  the  same  time  to  bury 
all  the  grass,  requires  the  furrows  to  be  ver;^  equal  and  parallel ;  so 
that  when  a  roller  has  gone  over  the  land,  it  is  perfectly  flat,  without 
any  interstices  between  the  slices  which  are  turned  over.  It  requires 
a  good  ploughman  to  do  this  perfectly. 

When  clover-lea  or  old  grass  is  ploughed  up,  it  is  difficult  to  bury 
all  the  grass  which  grows  on  the  edge  of  the  slice ;  and  if  it  remains 
exposed,  it  will  grow  and  increase  to  the  detriment  of  the  com.  To 
prevent  this,  a  wing  is  sometimes  added  to  the  side  of  the  coulter,  a 
few  inches  from  the  point,  or  an  additional  skim-ooulter  is  made  to 
precede  the  ordinary  coult^  of  the  plough.  It  cuts  a  small  horizontal 
slice  off  the  surface  before  the  sod  is  turned  over,  and  this  falls  into 
the  bottom  of  the  furrow  and  is  buried  there.  The  coulter  with  such 
a  wing  is  called  a  skim-coulter,  because  it,  as  it  were,  skims  the  surface. 
This  instrument  may  require  an  additional  horse  to  be  put  to  the 
plough  in  tenacious  soils,  but  this  cannot  be  avoided.  There  is  no 
doubt  that  no  more  horses  should  be  put  to  a  plough  than  can  do  the 
work ;  but  whatever  be  the  number  required,  the  work  must  be  done 
well.  There  is  no  saving  in  doing  the  work  imperfectly.  The  dis- 
cussions about  the  number  of  horses  whidh  should  draW  a  plough 
might  easily  be  settled,  if  the  nature  of  the  boU  were  sufficiently  taken 
into  consideration.  The  shape  of  the  plough  may  make  some  difference, 
but  the  tenacity  of  the  soil  makes  a  much  greater. 

Very  little  attention  was  f ormerlv  paid  to  the  straightness  of  the 
fiUTows.  It  was  natiural  to  follow  the  shape  of  the  boundary  of  the 
field,  which  was  seldom  straight ;  and  this  practice  increased  gradually 
till  no  strai^t  furrow  was  to  be  seen ;  and  there  was  a  prejudice,  if 
not  a  superstition,  in  favour  of  crooked  ridges.  Those  who  defended 
them  with  the  least  vehemence,  asserted  that  if  crooked  furrows  were 
not  better  than  the  straight,  the  difference  was  unimportant ;  but  no 
curves  can  be  kid  so  perfectly  parallel  as  two  straight  lines.  Every 
deviation  from  parallelism  causes  a  defect  in  the  contact  of  the  slices, 
and  a  loss  of  force  by  the  obliquity  of  the  draught.  A  superficial 
observer  would  not  perceive  this,  but  minute  examination  proves  it. 
Uence  equal  and  straight  furrows  are  a  sign  of  good  ploughing. 

When  the  land  lies  on  a  dry  subsoil,  and  no  more  moisture  remains  in 
it,  after  continued  rains,  than  is  useful  to  promote  vegetation,  it  may  be 
ploughed  quite  flat.  This  may  be  done  by  a  plough  with  a  moveable 
turn-furrow,  or  by  ploughing  in  very  great  widths.  The  best  way  is 
to  draw  a  furrow  the  whole  length  of  the  field  in  the  middle,  and 
plough  towards  this  from  both  sides.  If  the  field  is  wide,  it  is  most 
convenient  to  plough  it  into  several  broad  stitches,  each  a  certain 
number  of  perches  in  breadth.  A  perch  (16  4  feet)  is  a  very  common 
width  for  a  "  stitch,"  and  convenient  to  guide  the  sower  or  the  diilling- 
machine. 

On  wet  undrained  soils  it  is  necessary  to  lay  the  land  in  a  rounded 
form,  in  order  to  let  the  superfluous  water  run  off  into  furrows,  from 
which  it  is  conducted  by  proper  channels  into  the  ditches.  In  this 
case  half  a  perch  is  a  common  width  for  each  stitch,  or  land,  as  it  is 
sometimes  called.  It  requires  some  practice  to  lay  up  a  land  in  a 
rounded  form  from  a  flat  surface.  After  cross-ploughmg  and  harrowing, 
the  first  furrow  is  drawn  wide  and  shallow,  and  the  earth  is  thrown 
upon  the  surface  to  the  right:  when  the  plough  returns,  it  takes 
another  furrow  about  nine  or  ten  inches  from  the  first,  laying  the 
earth  or  furrow-slice  somewhat  obliquely  over  the  first.  At  the  next 
turn  another  slice  is  laid,  meeting  the  last  at  an  angle,  the  first  slice 


being  quite  covered  by  the  two  last.    This  now  forms  the  crown  of  the 
ridge ;  and  tho  succeeding  slices  are  laid  obliquely,  leaning  to  the  right 
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and  left  tall  the  required  width  is  obtained.    Another  land  is  now 
begun  at  the  distance  of  a  quarter  of  a  perch  from  the  last  furrow,  and 
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laid  exactly  in  the  same  manner.  When  the  two  lands  meet,  the 
intervening  furrow,  which  had  been  purposely  left  shallower,  is  deepened ; 
and  there  is  a  furrow  between  every  two  limds,  the  bottom  of  which  is 
considerably  below  the  bottom  of  the  other  furrows.  When  this  field 
is  ploughed  again  after  harvest, the  work  is  reversed;  the  furrow 
between  the  lands  is  filled  with  the  first  sUoe,  and  another  is  placed 
over  thiS|  which  now  becomes  ithe  crown  of  the  land  to  be  formed : 
this  is  called  ploughing  crown  and  furrow.  When  the  lands  are 
|iJoughed  towards  the  crown,  it  is  called  gathering.  By  gathering 
several  times  in  soocession,  the  soil  is  much  raised  at  the  crown  at  the 
expense  of  the  sidea  This  was  the  old  practice,  when  lands  were  laid 
very  wide  and  very  high ;  in  common  fields,  the  land  or  stitch  was 
often  the  whole  width  of  iha  possession,  from  which  came  the  name  of 
land.    In  Scotland  they  are  called  riggs. 

One  of  the  most  useful  operations  in  ploughing  land  is  to  cross  the 
former  furrows,  by  which  means  the  whole  soil  is  muah  more  com- 
pletely stirred;  and  if  any  part  haa  been  left  solid  without  being 
moved  by  the  plough-share,  which  is  called  a  balk,  it  is  now  necessarily 
moved.  The  leaving  of  balks  is  a  great  fault,  and  is  owing  to  the  sole 
of  the  plough  being  narrower  than  the  furrow-slice,  and  the  wing  of  the 
point  too  short,  or  to  the  ploughman  not  holding  his  plough  upright. 
The  share  should  cut  the  ground  to  the  whole  width  of  the  furrow, 
that  no  roots  of  thistles,  docks,  or  other  laige  weeds  may  escape  and 
grow  up  again.  The  Roman  authors  recommended  the  use  of  a  sharp 
rod  or  stake  inserted  horizontally  into  the  ground,  to  discover  if  there 
were  any  balks,  which,  with  their  ploughs,  must  have  been  often  left, 
if  the  ploughman  was  not  very  careful  to  make  close  and  small  furrows. 
Many  ploughmen  hold  the  plough  in  an  oblique  position ;  the  bottom 
of  the  fuiTow  is  consequently  not  level,  and  the  soil  is  not  stirred 
equally.  This  is  a  great  fault,  especially  in  wet  ground;  for  the 
furrows  thus  become  channels  in  which  the  water  remains,  not  being 
able  to  nm  over  the  inequalities  of  the  bottom.  It  is  of  no  use  to  lay 
the  surface  convex,  if  the  solid  earth  below  lies  in  hollovrs  or  gutters. 
The  water  naturally  sinks  down  into  the  newly-ploughed  land,  and  if 
it  be  undrained  it  sinks  only  tUl  it  meets  the  solid  bottom  which  the 
plough  has  gone  over ;  if  it  can  run  over  this  into  the  deeper  furrows 
between  the  stitches,  it  evaporates  or  runs  off,  and  the  land  is  left  dr/, 
and  so  consolidated  M  to  let  the  water  run  along  the  surface  without 
sinking  to  any  depth ;  but  if  the  bottom  is  uneven,  it  remains  in  the 
hollows,  and  stagnates  there,  to  the  great  injury  of  iiie  growing  crops. 

There  are  various  modes  of  ploughing  land  when  it  is  intended  to 
pulverise  and  expose  it  to  the  sun  in  summer,  or  the  frost  in  winter, 
to  purify  and  fertilise  it.  To  expose  as  great  a  surface  as  possible,  the 
whole  field  is  laid  in  high  and  narrow  ridges,  bringing  to  the  surface 
aU  the  fertile  portion  of  the  soil,  and  often  also  a  portion  of  the  subsoil 
so  as  to  deepen  the  productive  portion  and  give  more  room  for  the 
roots  to  spread  in.  The  simplest  method  of  increasing  the  surface 
exposed,  when  the  land  is  first  broken  up  from  pasture,  or  after 
having  been  some  years  in  grass,  and  is  in  a  foul  state,  is  called 
ribbing,  or  **  raftering.*'  The  plough  turns  up  a  slice,  which  it  lays 
over  flat  on  the  adjoining  sur&ce.  It  does  not  cover  this  with  the 
next  slice,  as  if  it  were  beginning  the  crown  of  a  stitch,  but  it  takes 
another  slice  at  some  distance,  and  then  one  parallel  to  the  first,  like- 
wise laid  flat  on  the  solid  part  When  the  whole  field  has  been  so 
ploughed,  the  surface  consists  altogether  of  ridges  and  furrows ;  but 
only  half  the  surface  has  been  ploughed.  No  grass  appears,  if  it  has 
been  well  done,  the  imploughed  strips  being  covered  by  the  slices 
raised  by  the  side  of  them,  Uie  two  siu^aces  with  grass  on  th^n  cover 
each  other.  It  is  left  in  this  state  till  the  grass  is  rotten,  and  when 
the  sod  is  broken  to  pieces  by  heavy  drag-harrows,  the  land  can  be 
cross-ploughed  and  cleaned  or  &Uowed  in  dry  weather. 

There  b  another  mode  of  ridging,  when  the  land  has  had  one  or  two 
ploughings,  in  order  to  expose  it  to  the  frost  in  winter,  and  to  mellow 
it.  The  operation  is  Bfrnya^hat  simBar  to  ribbing,  but  after  the  first 
slice  is  turned  over,  another  is  added,  as  deep  as  the  plough  can  be 
made  to  go,  so  as  not  to  bring  up  the  subsoil ;  by  this  means  the  whole 
surface  is  laid  in  high  ridges  and  deep  furrows;  and  when  this 
ploughing  is  reversed,  in  spring,  the  soil  which  has  been  exposed  to  the 
frost  and  wind  is  mixed  with  &e  rest,  and  tends  greatly  to  mellow  it. 
This  is  an  excellent,  preparation  for  turnips,  if  the  land  has  been  well 
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cleaned.  The  manure,  being  distributed  in  the  deep  furrows,  is 
covered  by  the  plough  right  and  left,  or  at  one  operation  by  a  plough 
with  a  tiun-furrow  on  each  side,  which  divides  the  ridge  and  lays  ludf 
of  it  in  each  contiguous  furrow.  This  plough  is  usually  called  a  double 
mould-boiurd  plough,  and  is  extremely  useful  in  many  operations  of 
husbandry. 

In  order  to  save  hands  and  expedite  the  tillage  of  the  land,  ploughs 
have  been  contrived  which  make  two  or  more  furrows  at  once.  When 
they  are  well  constructed,  they  are  very  useful  in  light  soils.  If  it  is 
not  required  to  go  deep,  and  two  horses  can  draw  a  double  plough, 
there  is  a  decided  saving  of  power;  but  if  it  requires  four  horses, 
nothing  is  gained.  The  double  ploughs  are  therefore  not  much  in  use. 
But  there  are  instruments  which  cultivate  the  earth,  stirring  and 
pulverising  it  much  more  speedily  than  the  plough.  Some  of  these 
will  stir  the  ground  to  the  depth  of  seven  or  eight  inches,  going  over  a 
width  of  five  or  six  feet  at  once.  Such  an  instrument  is  preferable  to 
the  plough,  after  the  ground  has  already  had  a  certain  degree  of 
stirring,  and  is  become  mellow  and  crumbling;  but  to  break  up  pasture 
or  clover-lea,  there  is  nothing  so  efficacious  as  the  plough,  which  cuts 
regular  slices  and  lays  them  over,  so  that  all  the  grass  shall  rot,  and 
the  roots,  being  exposed  to  the  air,  shall  decay,  and  thus  famish  food 
for  other  crops. 

The  instruments  which  have  been  invented  to  save  the  time  and 
labour  required  by  repeated  ploughings  are  very  numerous.  Some  of 
the  most  useful  nave  been  noticed  before.  [Arable  Lakd.]  New 
ones  are  daily  invented,  and  some  are  supported  by  wheels,  which 
render  them  both  lighter  and  more  convenient.  They  are  easily  raised 
out  of  the  ground,  when  not  intended  to  work,  and  the  depth  to  which 
they  are  let  down  is  more  easily  regulated. 

Deep  ploughing  is  generally  acknowledged  to  accord  with  the  best 
husbandry,  where  the  subsoil  is  dry  naturally,  or  has  been  artificially 
drained ;  but  some  inconvenience  may  arise  from  bringing  a  barren 
subsoil  to  the  surface,  in  trench-ploughing  by  two  ploughs  following 
each  other  in  the  same  furrow.  It  has  therefore  been  suggested  to 
take  ofifthe  turn-furrow  from  the  plough  which  follows  the  first,  so  as 
to  stir  the  subsoil  without  bringing  it  to  the  surface.  [Arable  Land.] 
This  idea  has  been  improved  upon  by  constructing  a  subsoil-plough  of 
great  strength,  which  will  go  very  deep  into  the  ground  and  stir  the 
subsoil  a  foot  ur  more  below  the  bottom  of  the  usual  furrow.  Mr. 
Smith  of  Deanstone  has  invented  one  made  entirely  of  iron,  and  Sir 
E.  Stracey  has  constructed  another  with  a  small  wheel  in  front  very 
strongly  put  together,  although  the  beam  is  of  wood.  Mr.  Bead,  of 
Regent  Street,  London,  has  since  manufactured  another  whoUy  of  iron ; 
and,  in  its  turn,  this  has  been  greatly  improved  by  the  Marquess  of 
Tweeddale,  and  is  made  by  Mr.  Slight  of  Edinburgh.  This  plough 
requires  four  horses  in  the  most  favourable  soils,  and  six  in  tenacious 
clays,  to  keep  up  with  the  common  plough,  which  always  should 
precede  it.  Sometimes  however  the. subsoil-plough  may  be  used  alone^ 
where  the  surface  is  already  mellow  and  crumbling. 

Many  different  ploughs  have  been  invented  for  the  purpose  of  saving 
labour  in  draining  land.  As  they  all  cut  out  a  slice  from  the  bottom 
of  a  furrow  and  raise  it  up  to  the  siuface  of  the  ground,  they  are  of 
little  use  in  crumbling  soils,  and  in  the  most  tenacious  require  the 
assistance  of  much  manual  laboiur  to  complete  the  work.  They  act  on 
'the  principle  of  the  carpenter's  tool  by  which  a  groove  is  formed  in  the 
edge  of  planks  or  deals,  when  they  are  intended  to  be  joined  closely  as 
in  a  floor.  This  instrument  is  aLso  called  a  plough;  but  the  uniform 
tenacity  of  the  wood  allows  a  narrow  chisel  to  cut  an  even  regular 
groove.  In  the  draining-plough  the  two  sides  of  the  drain  are  to  be 
cut  obliquely  downwards  and  the  bottom  scooped  out  evenly.  The 
plough  requires  to  be  often  adjusted,  and  the  deep  fiurows  to  be  kept 
cleared  from  loose  earth  by  means  of  spades  and  scoops.  In  this  way, 
drains  may  be  made  from  15  to  18  inches  deep,  in  which  loose  stones 
or  tiles  may  be  laid  to  form  a  channel  for  the  water.  The  expense  is 
much  less  than  when  the  drains  are  made  with  the  spade. 

When  grass-land  lies  low  and  wet  on  a  very  tenacious  sul^soil,  a 
plough  is  sometimes  used  which  consists  of  a  cylinder  of  iron  pointed 
at  one  end,  and  connected  with  a  strong  beam  by  a  thick  plate  of  iron 
which  is  sharp  on  the  side  nearest  the  point  of  the  cylinder,  and  acts 
as  a  coulter.  This  iostniment  is  forcibly  drawn  horizontally  through 
the  stiff  subsoil  at  a  depth  of  .18  inches  to  3  or  4  feet,  so  as  to  leave  a 
round  channel  like  a  pipe  where  the  cylinder  has  passed.  This  has 
been  called  a  mole-plough,  the  passage  made  by  it  under  ground 
resembling  the  workings  of  a  mole.  It  is  most  effectively  drawn  by 
steam  power,  but  though  easy  and  expeditious,  it  is  only  as  a  means  of 
temporarily  draining  limd  that  it  can  be  approved. 

Various  ploughs  have  been  constructed  with  the  intention  of 
diminishing  the  draught,  or  improving  the  form  of  the  turn-furrow ; 
but  it  may  suffice  to  name  as  the  most  distinguished  manufacturers  of 
the  present  day— Messrs.  Ransome  of  Ipswich;  Messrs.  Howard  of 
Bedford,  and  Messrs.  Homsby  of  Grantham.  In  the  application  of 
steam  to  the  impulsion  of  the  plough,  the  effect  sought  to  be  produced 
18  the  same,  the  difference  is  in  the  power,  and  various  patents  have 
been  obtained  for  steam-ploughs. 

PLOUGH-MONDAY,  the  Monday  next  after  Twelfth  Day,  fixed 
upon  by  otar  forefathers  as  the  period  when  the  labours  of  the  plough 
and  other  rustic  toils  begin.  In  Derbyshire,  and  in  some  of  the 
northern  counties,  the  young  men  formerly  used  to  yoke  themselves 


and  draw  a  plough  about  with  music  on  this  day ;  one  or  two  penoos, 
disguised  in  antic  dresses,  like  jack-puddings,  accompanying  them,  and 
going  from  door  to  door,  soliciting  plough-money  to  provide  drink.  In 
some  places  it  was  a  custom,  if  the  ploughman,  after  that  day's  wotk, 
came  with  his  whip  to  the  Idtchen  hatch,  and  cried  "  Cock  in  the  pot," 
before  the  maid  could  cry  "  Cock  on  the  dunghill,"  he  gained  a  oo^ 
for  Shrove-Tuesday.  Tusser,  in  his  '  Five  Hundred  Points  of  Hus- 
bandry,' mentions  Plough-Monday  among  the  ploughman's  feast-days. 

(Brand's  Popidar  Antiq,,  edit,  by  Sir  H.  Ellis,  vol.  i. ;  Brady's  Oani 
CcUendaria,  vol.  i.) 

PLUM.  The  Pntnui  domesHea  is  generally  oonmdered  as  the  species 
which  has  given  rise  to  the  numerous  varieties  of  this  fruit ;  but  both 
Pruntu  insitUia  and  P.  tpinosa  have  most  probably  coniributed*  These 
species  are  indigenous  to  a  great  portion  of  the  northern  hemisphere, 
Britain  included.  Their  range  may  be  stated  to  extend  from  Norway 
tp  Barbaiy,  and  from  Portugal  to  Cashmere,  and  even  NqnnL 
Damascus  was  formerly  celebrated  for  this  fruit:  branches  of  the 
plum  are  represented  on  Damascus  medals.;  and  many  of  the  varietis 
now  in  cultivation  still  retain  the  name  of  this  place,  or  it  is  employed 
as  a  ^iat^inginHhing  prefix  to  a  number  of  subvarieties ;  thus  the  FVeodi 
enumerate  upwards  of  twenty  varieties  of  Danuu.  In  this  ooontiy 
the  name  of  Damcucene  was  given  to  those  varieties  which  may  be 
supposed  to  have  been  brought  from  Damascus,  or  to  others  similar; 
but  the  corruption  of  this  to  Iktmton  has  been  long  established.  What- 
ever region  may  be  the  origin  of  them,  it  is  certainly  to  France  that 
we  are  indebted  more  immediately  for  tiie  greater  part  of  the  varieties 
now  actually  cultivated. 

In  the  '  Catalogue  of  Fruits,'  published  by  the  Horticultural  Society, 
274  varieties  are  named ;  but  the  mussel,  Orleans,  and  damsons  are 
those  best  fitted  for  orchard  culture  in  England,  amoQg  the  purple 
fruits ;  and  the  green-gage,  especially  in  the  southern  psrtB,  sod  the 
bullace,  a  coarse  but  useful  variety,  everywhere,  among  the  pale  fruits. 

The  cultivation  of  the  plum  is  not  difficult.  The  tree  is  hardier 
than  the  cherry-tree ;  but  the  blossoms  are  equally  tender.  The  trees 
succeed  in  any  free  soil,  not  too  dry,  but  by  no  means  stiff  or  dayey. 
Their  roots  extend  horizontally,  and  are  apt  to  throw  up  suckei% 
which  must  be  destroyed  on  their  first  appearance,  otherwise  they  rob 
the  tree,  and  form  protuberances  on  the  roots.  Too  much  manure 
will  actually  kill  the  trees ;  and  at  all  times  a  medium  state  of  vigour 
should  be  aimed  at.  Excessive  luxuriance  is  the  forerunner  of  gummy 
exudations ;  and,  on  the  other  hand,  if  the  tree  be  stunted  wad  the 
vessels  contracted  by  drought  or  other  causes,  whereby  the  sap  s 
obstructed,  gum  is  in  that  case  also  induced.  Pruning  shoold  be 
applied  to  the  plum  in  the  same  manner  as  to  the  peach ;  and  in  the 
management  of  standards  care  should  be  taken  to  destroy  useless  limbs 
oh  their  first  appearance,  instead  of  waiting  till  the  shoots  to  be  re- 
moved become  large  branches.  In  training  the  plum  the  new  wood 
should  be  cut  away  in  winter,  except  those  at  the  end  of  branches^  and 
these  should  be  cut  back  to  half  their  length.  The  varieties  are  pro- 
pagated both  by  budding  and  grafting ;  and  for  the  latter,  as  the  badi 
pu^  early,  the  cuttings  should  bo  taken  off  not  later  than  Febmazj. 
The  wood-buds  are  easily  distinguishable  from  the  flower-buds  by 
being  more  pointed. 

PLUMBAGO."   [Graphite.] 

PLUMBATES.    [Lead.] 

PLUMBETHYL.    [Oroako-Metallic  Bodies.] 

PLUMBITES.    [Lead.] 

PLUMBLINE.  When  a  heavy  bodv  suspended  by  a  flexible  string 
is  at  rest,  the  line  passing  through  the  point  of  suspension  and  the 
centre  of  gravity  of  the  weight  is  in  the  direction  in  which  gravity 
acts.  The  horizon  is  a  plane  perpendicular  to  this  line,  and  the  zeHtlh 
is  that  point  of  the  heavens  marked  out  by  the  continuation  of  the 
line  upwards.  If  the  string  be  perfectly  flexible,  it  will  coincide  with 
the  theoretical  line  above  described. 

The  application  of  the  plumbline  to  the  arts  does  not  require  any 
explanation  here.  Nor  is  it  necessary  to  describe  it  in  connection  witii 
astionomical  instrutnents,  as  in  most  cases  it  has  heem  superseded  by 
the  spirit  level,  or  observation  by  reflexion. 

PLUTO  (IIAo^rwv),  more  frequently  called  by  the  Greeks  Hades 
CAtSrfs),  and  by  the  Romans  Orau  and  Dis,  was  the  son  of  Eronos 
and  Rhea,  and  the  brother  of  Zeus  and  Poseidon.  He  was  the  deity 
that  presided  over  the  region  where  the  departed  souls  of  men  were 
placed :  the  Zeus  of  the  infernal  r^ons.  Hades,  which  is  also  written 
without  an  aspirate  (Ades),  is  a  word  of  imcertain  etymology.  Pluto 
is  supposed  to  be  coimected  with  the  Greek  word  signifying  wealth 
{ir\ovTos),  since  the  precious  metals  are  found  bene»th  the  earth's 
surface,  below  which  the  abode  of  Hades  was  generally  placed,  and  he 
alone  was  the  possessor  and  the  giver  of  them.  The  Latin  Dis  has  the 
same  meaning.  Orcus  is  probably  connected  with  the  words  c^fryw  and 
arceo,  and  may  signify  "  boimd  or  restrained.'* 

Pluto  is  represented  by  the  ancient  writers  as  a  gloomy  deity, 
inexorable  to  the  prayers  of  mortals,  and  hated  by  the  human  race 
above  all  the  gods.  ('  IL,'  ix.  159.)  Whilst  in  hb  own  kingdom  he 
was  unaware  of  what  passed  on  earth,  or  in  Olympus ;  but  he  some- 
times ascended  to  Olympus.  His  wife  was  Persephone,  called  by  the 
Romans  Proserpina,  whom  he  carried  off  whilst  she  was  gathering 
flowers.    [Persephone.] 

In  the  *Iliad'  (ix.  569;  xx.  61 ;  xxiii.  100),  and  in  tho  'Theogony* 
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of  Heriod  (455,  767),  the  abode  of  Hades  is  said,  as  has  been  already 
Btated,  to  be  beneal^  the  earth ;  but  in  the  '  Odyssey '  it  is  placed  in 
the  regions  of  darkness  beyond  the  stream  of  ocean.  ('  Od./  z.  508 ; 
xii.  81.) 

The  temples  and  statues  of  Pluto  appesr  to  have  been  very  few. 
Pausanias  relates  (i.  28,  §  6),  that  there  was  a  statue  of  Pluto  in  the 
temple  of  the  Eumenides,  on  the  Areiopagus  of  Atiiens ;  and  the  same 
writer  also  informs  us  (v.  20,  §  1),  that  there  was  a  stattre  of  this  god 
in  the  temple  at  Olympia.  There  were  also  temples  sacred  to  Pluto  in 
Elis,  Pylos,  and  other  parts  of  Greece.  Black  sheen,  a  male  and  a  female, 
were  the  sacrifices  offered  to  Pluto  and  Persephone ;  and  the  person 
offering  them  was  obliged  to  avert  his  face. 

Few  representations  of  Pluto  by  Greek  artists  have  come  down  to 
us.  In  the  statues  and  busts  which  are  known,  he  resembles  his 
brothers  Zeus  and  Poseidon ;  but  the  countenance  has  a  gloomier  cast, 
the  hair  is  lower  on  ^e  forehead,  and  the  drapery  heavier.  On  vases, 
urns,  and  sarcophagi,  he  is  more  frequently  represented  carrying  off 
Persephone,  or  enthroned  with  Persephone  seated  beside  hinL 

In  later  writers,  the  word  Hades  also  signifies  the  abode  of  the  dead, 
as  well  as  the  deity  who  presided  over  it. 

PLUTUS  (nxoGros),  the  personification  and  the  giver  of  wealth,  is 
said  by  Heeiod  ('  Theog.,'  969)  to  have  been  the  son  of  Demeter  and 
the  hero  lasius.  He  is  said  to  have  been  blinded  bv  Zeus,  in  order 
that  he  might  distribute  his  favours  indifferently  to  the  evil  as  well  as 
to  the  good.  (Aristoph., '  Plutus,'  90.)  Plutus  appears  ss  an  actor  in 
the  comedy  of  Aristophanes  named  after  him;  but  we  nave  no  par- 
ticulars respecting  his  worship.  In  the  temple  of  Fortune  at  Thebes, 
Plutus  was  represented  as  a  child  in  the  arms  of  Fortune  (Pans.,  ix.  16, 
§  1),  and  at  Thespeia  in  Boeotia  there  was  a  statue  of  Plutus  placed  by 
the  side  of  one  of  Athena  Ergane.  (Paus.,  iz.  26,  §  5.)  Pausanias  also 
mentions  a  statue  of  Plutus  in  the  arms  of  Peace,  wldch  Cephisodotus 
made  for  the  Athenians.  The  attribute  of  Plutus  was  a  comucopeia. 
PLUVIOMETER.    [Bain-Gauob.] 

PNEUMA'TICI  (oc  irrcv/iarucoO,  a  medical  sect  founded  by 
Atheneeus  about  the  middle  or  end  of  the  Ist  century  a.d.  [Athenaus 
in  Bioo.  Div.l  Their  princifAl  doctrines  have  been  noticed  in  the  life 
of  their  founder.  The  sect  appears  to  have  existed  but  a  short  time, 
namely,  from  the  reign  of  Vespasian  to  Antoninus  Pius,  and  never  to 
have  enjoyed  any  great  celebrity.  For  further  infonnation  concerning 
it  the  reader  may  consult  Wigan, '  Prsefat.  in  Aret.  ;*  Ackermann, 
<De  Aietseo;'  and  especially  Osterhausen,  'Dissert  Inaugur.  de 
Sectso  Pneumaticorum  Medicorum  Historia.' 

PNEUMATICS.  This  name  is  given  to  that  part  of  physics  in 
which  are  contemplated  the  mechuiical  properties  of  elastic  fluids, 
principally  atmospheric  air.  The  word  is  derived  from  nveufia, '  breath 
or  spirit,'  and  pneumatology  is  a  term  which  was  once  applied  to  the 
division  of  scienqe  now  called  metaphysics. 

The  mechanicad  properties  of  air  appear  to  have  been,  to  a  certain 
extent,  known  to  the  ancients.  Aristotle  must  have  been  aware  of  its 
materiality,  and  of  its  tendency  to  descend  towards  the  earth,  like 
other  heavy  bodies,  for  he  observes  that  if  a  bladder  be  filled  with  air, 
it  weighs  more  than  when  empty :  the  observation  proves  at  least  that 
he  had  the  idea,  but  it  may  be  doubted  whether  or  not  he  ever  made 
the  experiment,  since  it  is  not  probable  that  he  had  the  means 
of  weighing  the  full  bladder  in  vacuo,  or  that  he  could  keep  it  dis- 
tended when  the  air  was  extracted  from  it  The  invention  of  a  species 
of  f ordng-pump  for  raising  water,  and  of  instruments  for  producing 
sounds  by  the  passage  of  air  through  orifices  in  tubes,  both  of  which 
are  ascribed  by  Vitruvius  (Hb.  ix.,  x.)  to  Ctesibius,  who  lived  about 
130  years  B.O.,  are  proofs  that  the  elastic  force  of  compressed  air  must 
have  been  then  apprehended  and  made  subservient  to  purposes  con- 
nected with  practical  utiUty. 

The  ascent  of  water  in  pumps,  on  raising  the  piston,  must  have 
been  for  ages  observed,  without  a  suspicion  being  entertained  of  the 
cause ;  and  the  principle  that  the  existence  of  a  vacuum  was  impos- 
sible, was  held  to  afford  a  sufficient  explanation  of  the  phenomenon. 
Even  Galileo,  when  made  aware,  by  the  formation  of  a  vacuum  between 
the  piston  and  the  water  when  the  latter  was  at  its  greatest  height  in 
a  pump,  that  the  principle  was  unfounded,  had  recourse  to  another 
which  was  equally  remote  from  the  truth ;  for  he  is  said  to  have 
ascribed  the  ascent  of  the  water  to  the  attraction  of  the  piston,  and  to 
have  accounted  for  the  height  of  the  column  never  exceeding  a  certain 
quantity  (about  84  feet)  by  a  supposed  equilibrium  between  the  weight 
of  the  column  and  the  attractive  power  of  the  piston.  The  steps 
by  which  Torricelli  arrived  at  the  discovery  of  the  true  cause  of  the 
phenomenon,  and  at  the  same  time,  the  determination  of  the  pressure 
of  the  atmosphere  by  the  weight  of  the  colxmm  of  mercury  supported 
in  a  tube  dosed  at  the  upper  extremity,  are  noticed  under  Babo- 

HETER, 

Soon  after  the  commencement  of  the  seventeenth  century,  the  idea 
of  ascertaining  with  precision  the  state  of  bodies  with  respect  to 
temperature  by  the  expansion  of  fluids  when  acted  on  bv  heat,  is  said 
to  have  occurred  to  the  members  of  the  Academy  del  Cimento,  at 
Florence ;  and  this  gave  rise  to  the  invention  of  an  ixistrument  of  great 
importance,  as  well  for  many  ocpasions  of  ordinary  life,  as  for  the 
purposes  of  pneumatical  science.    [Thermometer.] 

The  desire  of  perfecting  the  theory  for  determining  the  heights  of 
mountains  by  the  barometer,  led  to  numerous  researches  in  order  to 


ascertain  the  relations  between  the  condensation  of  air  and  the  foixses 
compressing  it,  and  also  to  discover  the  effecte  produced  by  variations 
of  temperature.  About  the  year  1650,  Boyle  in  England,  and  about 
1676,  Mariotte  ih  France  determined  from  experiments,  that  when  the 
temperature  was  constant,  the  density  of  air  was  proportional  to  the 
compressing  force ;  but  it  was  not  till  a  century  afterwards  that  De 
Luc  determined  the  expansion  consequent  upon  given  intremente  of 
temperature. 

In  the  beginning  of  the  eighteenth  century,  steam  began  to  be 
employed  as  a  moving  power  for  pumpi^  and  other  machinery.  The 
law  of  the  resistance  of  the  air  to  bodies  moving  in  it  was  discovered 
by  Sir  Isaac  Kewton;  but  the  intensity  of  this  resistance  against 
military  projectiles  was  first  determined,  for  the  inferior  velocities,  by 
Robins,  in  1740 ;  and  Dr.  Hutton  subsequently  obtained  a  formula 
which,  with  perhaps  suffident  correctness,  may  be  employed  with  any 
vdodty  whatever.  [Gukxert.I  The  expansion  of  fired  gunpowder 
has  been  determined  from  the  researches  of  Robins,  Euler,  and 
Hutton;  and  that  of  steam  has  been  investigated  by  Dalton  in  Eng- 
land, and  by  Prony,  Arago,  and  other  distinguished  physicists  in 
France.    [Steam.] 

If  a  fluid  be  concdved  to  be  perfectly  elastic,  it  is  evident  that  It 
can  be  made  to  occupv  a  given  volume  only  by  being  confined  within 
a  dose  vessel,  or  by  the  pressure  of  a  circumambient  fluid.  In  the 
latter  case  it  is  easy  to  percdve  that  while  the  temperature  of  the 
elastic  fluid  remains  the  same,  the  spaces  occupied  by  it  will  be 
diminished  when  the  compressing  force  is  incroused,  and  increased 
when  the  latter  is  diminished ;  and  that  the  density,  or  degree  of  close- 
ness of  the  partides,  will  vary  directly  with  the  change  of  volume. 
Now  the  compressing  forces  which  are  made  to  act  on  the  surface  of 
an  elastio  fluid  are  usually  estimated  in  terms  of  the  pressure  exerted 
by  a  vertical  column  of  the  atmosphere,  its  base  being  equal  to  some 
unit  of  Buperfldes,  as  one  square  inch  or  foot.  Whatever  be  the  con- 
stitution of  such  coltmm,  its  weight  or  pressure  is  known,  in  a  given 
state  of  the  atmosphere,  by  direct  experiment,  and  this  is  usually 
designated  the  pressure  of  one  atmosphere :  the  same  pressure  is  also 
frequently  expressed  by  the  height  of  the  column  of  mercury  which  is 
supported  in  a  barometer-tube  by  the  counteracting  weight  of  the 
atmospheric  column. 

A  simple  experiment  suffices  to  show  the  relation  between  the 
dendty  and  elasticity  of  a  fluid  and  the  compressing  force.  Let 
mercury  be  poured  into  a  bent  tube  open  at  one  end  and  dosed  at  the 
other ;  the  sum  of  the  weights  of  the  column  of  mercury  and  of  the 
atmosphere  above  it  in  the  open  tube,  will  reduce  the  air  in  the  dosed 
tube  to  a  volume  less  than  that  which  it  previously  occupied.  Let» 
then,  more  mercury  be  added,  and  the  volume  of  air  will  be  still 
further  reduced  at  every  addition  of  mercury :  and  it  will  be  found 
that  the  volumes  of  air  vary  inversely  as  the  sums  of  the  weighte  of 
the  mercury  and  atmosphere.  Therefore,  since  the  density  of  an  elastio 
fluid  is  inversdy  proportional  to  the  space  it  occupies,  it  follows  that 
the  densities  are  directly  proportional  to  the  compressing  weighte ; 
and  since  the  weighte  of  the  mercury  and  atmosphere  together,  in  the 
open  tube,  are  balanced  by  the  elastic  force  of  the  condensed  air  in  the 
dose  tube,  that  elastic  force  is  also  directly  proportional  to  the  com- 
pressing force,  that  is,  to  the  density.  [Air.]  This  is  the  law  of 
Boyle  and  Mariotte,  and  though  it  cannot  be  said  to  be  absolutdy 
conect  for  very  great  pressures,  it  is  suffidently  so  for  all*  practical 
purposes.  (See  the  daborate  experimente  of  Magnus, '  Annales  de 
Chimie  et  de  Physique,'  8  serie,  iv. ;  and  of  Rcgnault,  iv.  and  v.) 

The  following  table,  extracted  from  the  resulte  of  the  expenmente 
made  by  MM.  Prony,  Arago,  and  ethers,  exhibite  the  volumes  and 
elastidties  of  a  given  quantity  of  atmospheric  air  imder  different 
pressures,  the  temperature  being  nearly  constant,  and  expressed  by  14" 
of  the  centigrade  thermometer  (57*2*  Fahr.),  and,  as  far  as  it  extends, 
it  confirms  the  law  above  mentioned.  The  first  of  the  columns 
expresses  the  pressure  or  elastidty  in  multiples  of  the  weight  of  an 
atmoiroherical  column ;  the  second  expresses  the  same  ^by  the  height, 
in  inches,  of  the  column  of  mercury  supported  in  a  barometer  tube ; 
and  the  third  colunm  contains  the  corresponding  volumes. 


4tmo6phere8. 

Inches,  Eng . 

Yolomas. 

1 

SO 

1-0000 

5 

150 

•)089 

11*3 

339 

•0884 

10-5 

495 

•0601 

.    21-7 

651 

•0457 

24 

720 

•0411 

S7 

810 

•0869 

The  law  being  admitted,  it  may  be  proved  that  the  partides  of  an 
elastic  fluid  repel  each  other  with  a  force  which  varies  inversely  as  the 
distance  between  them.  For  let  the  volume  of  fluid  be  in  the  form 
of  a  cube,  and  let  the  compressing  force  act  perpendicularly  on  one  of 
ite  feces ;  then,  if  d  represent  the  distance  between  any  two  adjacent 
partides  of  fluid,  the  number  of  partides  in  the  surface  pressed  will 

Tary  as  J-.     Now  assume  that  the  repulsive  force  (perpendicularly  to 

that  surface)  between  any  two  adjacent  particles  in  the  volume  varies 
as  c2" ;  then  the  whole  repulsive  force  on  that  surface,  and,  oon« 
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aequeiitly,  the  compreasisg  force,  -mU.  vary  as  d^K  If  d  represent  the 
density  of  the  fluid,  d  will  vary  as—,  or  D-i ;   therefore,  eubstxtuting 

j)-^  for  d  in  the  last  expression,  the  whole  repulsive  force  varies  as 
D**i  (»-s).  But,  agreeably  to  the  law  above  mentioned,  the  compiees- 
ing  force  varies  as  d  ;  therefore  the  exponent — ^{n  --  2)  must  be  equal 
to  unity,  and  hence  n = — 1.  It  follows  therefore  that  the  repulsive  force 
between  any  two  adjacent  particles  varies  as  d—\  or  inversely  as  the 
distances  of  those  particles  from  each  other.  Sir  I.  Newton  however 
observes  (lib.  ii.,  prop.  23,  schbL)  that  this  law  holds  good  only  when 
the  repulsive  power  of  any  particle  does  not  extend  much  beyond 
those  which  are  nearest  to  it. 

If  p  and  f'  represent  the  pressures  exercised  upon  a  square  unit  of 
the  superfices  bounding  an  elastic  fluid,  and  the  yoltuues  of  the  fluid 
under  those  pressures  v  and  v' ;  also  if  the  densities  be  d  and  d' 
respectively,  we  shall  have 


P  :  p' : ;  v' :  V,  or  p.v=p'.v',       ^ 
and  P  :  p' ; :  D  :  d',  or  p.d'=p'.d; 

whence,  by  equality  of  ratios, 

V  :  y  : :  d'  :  D,  or  d.v=d'.v'. 

Considerable  difficulty  is  found  in  determining  the  specifio  gravities 
of  gases  with  precision,  and  different  experimenters  have  obtained 
results  which  do  not  exactly  agree.  The  value  generajly  adopted  when 
the  height  of  the  column  of  mercuiy  in  the  barometer  is  30  inches, 
and  the  temperature  is  60**  Fahr.,is  31*074  grains  as  the  weight  of 
loo  cubic  inches  of  dry  air.  Other  physicists  have  found  it  as  low  as 
31 '0117  and  80'936  grains ;  but  the  former  is  probably  most  correct, 
as  it  agrees  with  the  density  of  air  as  deduced  m)m  that  of  a  mixture 
of  oxygen  and  nitrogen  in  the  proper  proportions  to  form  air.  Air  is 
there! oi^e  ^  of  the  density  of  water.  The  experiments  of  Balton  have 
led  to  the  oonclusion  that  the  weight  of  a  cubic  foot  of  steam  when  at 
the  temperature  of  212*"  Fahr.,  the  height  of  the  barometrical  column 
being  30  inch^,  is  253  grains  troy ;  bjr  oUiers  it  has  been  found  to  be 
254'7^  grains ;  and  it  appears  that  within  considerable  limits  the  expan- 
sion of  the  volume  of  any  gas  is  proportional  to  the  increments  o£ 
temperature,  measured  by  the  degrees  of  the  thermometer.  The 
absolute  value  of  the  expansion  is  not  precisely  known ;  that  of  air  is 
stilted  to  be  equal  to  about  ^y,  and  that  of  steam  about  ^  of  the 
volume,  for  one  degree  of  Fahrenheit'B  thermometer.    [Air.] 

The  following  table,  from  the  observations  of  MM.  Dulong  cmd 
Petit,  exhibits  the  volumes  assumed  by  a  given  quantity  of  an*  at 
different  temperatures  between  the  boiling-point  and  near  the  freezings 
point  of  mercury : — 


Temperatures. 

ToloineB 

—33* 

0*8650 

32 

1*0000 

212 

1-8760 

302 

V6bf6 

392 

1-7880 

482 

1*0180 

572 

2*0976 

680 

2*3125 

It  has  been  mentioned  that  the  rate  of  expansion  of  all  gases  is  equal 
and  uniform  at  all  degrees  of  temperature  and  pressure,  and  that  the 
amount  of  the  expansion  is  j^  of  the  bulk  occupied  at  82"  Fahr.,  for 
every  degree  of  temperature,  so  that  a  quantity  of  any  gas,  which,  at 
82'  Fahr.,  measured  491  parts,  will;  at  88"  Fahri,  measure  492  parts, 
and  BO  on.  If,  then,  it  were  required  to  find  the  volume  which  9*2 
cubic  inches  of  any  gas,  measured  at  70"  Fahr.,  would  have,  when 
reduced  to  60' :  smce  70  —  82  ==  88,  491  parts  of  the  eas  at  32', 
would  become  629  parts  at  70".  Again,  ©0  ~  82  =  28,  so  <£at  the  gas 
at  60'  would,  similarly,  occupy  519  parts.  Hence,  we  have  the 
proportion,  529  :  519  :  ;  9*2  :  a  (=  9*026  cubic  inches). 

From  experiments  it  has  been  concluded  that,  while  steam  is  m 
contact  with  the  water  from  which  it  is  formed,  its  expansive  force 
increases  in  a  geometrical  progression,  so  long  as  its  temperature  is  at 
the  same  time  increased  in  an  arithmetical  progression,  but  the  relation 
between  the  elastic  force  of  this  gas  and  its  temperature,  in  that  state, 
is  as  yet  far  from  bemg  certainly  known.  Under  the  word  Elasticity 
is  given  a  table  of  the  elastic  forces  of  steam  at  temperatures  between 
the  freezing  and  boiling  states  of  water ;  and  the  following  table, 
extracted  from  those  which  have  been  formed  from  the  results  of  the 
experiments  of  Mr.  Dalton,  Dr.  Ure,  and  the  French  physicists,  may 
also  be  useful  as  a  means  of  afibrding  a  near  estimate  of  the  force  at 
high  temperatures.  The  first  column  contains  the  temperature  of 
the  water  and  steam  in  degrees  of  Fahrenheit's  thermometer ;  the  seoond 
is  the  measure  of  the  expansive  force  by  the  number  of  inches  in  the 
height  of  the  column  of  mercury  which  on  a  given  superficies  would 
counterbalance  it;  and  the  third,  the  like  measure  expressed  by  mul- 
tiples of  the  weight  of  the  &tmoq>heric  column  when  Uie  air  is  in  its 
ordinary  state : — 


Tonperatnre. 

Inchefl,  EngUah, 

AtmospherSr 

260 

72*3 

2*41 

280 

101*9 

8.06 

300 

139*7 

4-G6 

812 

.165*5 

5*52 

340 

231* 

7*7 

357 

296*70 

9*893 

889 

435*9 

14*53 

408 

541*5 

18*05 

419 

618*2 

30*44 

435 

7  life 

SS-994 

Temperature. 

▲tmoapberef. 

212'' 

30 

1 

220 

35*54 

1*18 

'2M 

51*7 

1*72 

When  steam  is  not  in  contact  with  the  water  from  whence  it  U 
formed,  and  when  it  is  subject  to  a  constant  pressure  under  wlikh  it 
may  expand  in  every  direction  (as  when  it  is  formed  in  the  atmo^Ephervri, 
an  increase  of  temperature  will  not  produce  an  increafie  of  deniuty.  bat 
merely  of  its  elastic  power.    Again,  if  steam  be  in  contact  with  iu 
water,  and  the  temperature  remain  constant,  its  density,  whether  ia 
air  or  m  vacuo,  will  remain  constant,  and  its  yolume  only  will  xvj. 
But  if,  in  this  case,  its  volume  be  kept  constant,  and  the  tempeia»;re 
be  increased,  its  density  will  rapidly  increase,  as  before,  until  tli« 
whole  of  the  liquid  is  evaporated,  and  then  the  expansion  of  the  steoai 
will  follow  the  usual  laws  of  permanent  gases.    The  only  diflemce  In 
these  experiments  between  using  a  vessel  containing  air,  and  oae 
having  a  vacuum  inside  is,  that  in  the  former  case  the  xesults  do  no4 
tU  onoe  appear,  untU  time  has  been  allowed  for  diffusion. 

It  has  been  found  that  the  yolume  of  gas  disengaged  from  gun- 
powder  is  equal  to  about  800  times  the  volume  of  the  powder  itstili; 
and  that  its  expansive  force,  when  increased  by  the  heftfc  which  is 
generated  at  the  time  of  the  explosion,  is  about  1500  times  »  great  as 
the  pressure  of  the  atmosphere  in  its  ordinary  state.  It  moit  con- 
sequently  exert  a  pressure  against  a  cannon-ball,  and  the  xafcorior  of  the 
chamber  of  the  gun,  equal  to  about  15,000  pounds  upon  eveiy  square 
inch  of  the  surface  upon  which  it  acts. 

The  fact  that  the  density  of  air  varies  with  the  compreauig  force  is 
sufficient  to  show  that  the  atmosphere  about  the  earth  cannot  be  of 
uniform  density ;  and  it  is  also  evident  that  the  density  must  dimin'^A 
from  the  surface  of  ihe  earth  upwards,  according  to  some  law  depecd- 
ing  on  the  height  of  any  point  above  the  earth,  or  rather  upon  tiie 
weight  of  the  mass  of  air  above  that  point.  It  migh^  at  firsi,  be 
supposed  that  the  atmosphere  would  extend  upwards  to  a  h^i^'bt 
at  which  the  oentrifugal  force  of  the  particles  of  air  (by  the  diunul 
revolution)  Ib  equal  to  the  force  of  gravitation;  and  it  is  ahown 
by  Poisson  ('Tndt^  de  M^canique,' tom.  ii.,  619)  that,  oaofanoaMy 
to  this  principle,  the  height  of  the  atmosphere  at  the  equator  should 
be  equal  to  about  five  times  the  semi-diameter  of  the  earth.  But  it 
is  probable  that,  long  before  this  height  is  attained,  the  air  lose*  it< 
elasticity  by  the  cold  in  the  upper  regions,  or  that  its  expaosioD  k 
destroyed  by  the  pressure  of  the  ethereal  fluid  which  is  difiiued 
through  infinite  space.  By  the  duration  of  twilight  it  is  inured  that 
the  atmosphere  is  capable  of  reflecting  the  sun's  rays  at  the  height  d 
about  45  miles  above  the  earth,  and  it  is  probable  that  sobk  l^t 
is  reflected  from  a  still  more  elevated  region. 

In  order  to  determine  the  law  by  which  the  densdty  of  the  atmo- 
i^ere  dimimshes  at  inoreasiog  distances  from  the  earth's  surfftcc,  aa 
the  supposition  that  the  action  of  gravity  and  the  temperature  of  the 
air  are  constant,  let  t  be  the  centre  of  tiio  ear^,  and  let  a  i  be  the 


height  of  a  very  slender  column  of  air  extending  vertically  upwards  to 
the  top  of  the  atmosphere.  Also  let  the  atmosphere  be  divided  iot'^ 
an  infinite  number  of  concentric  strata  of  oqual  thicknesses,  vrhicb 
latter  are  represented  by  ▲  B,  B  c,  o  D,  &c. ;  and,  as  these  thicknesseij  art 
small,  let  the  density  of  the  air  in  each  stratum  be  supposed  uniform) 
and  equid  to  that  which  ia  due  to  the  weight  of  all  the  strata  abore  it. 
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I  jet  d^,  d^,  d^  &e.,  represent  the  densities  of  the  seTeral  itnta  whose 
heights  are  ab,  bo,  od,  &o.;  these  tenns  may  also  represent  the 
weights  ol  the  slender  columns  a  B,  B  y,  o  D,  fto. ;  consequently  the 
weights  of  the  columns  ab,  ao,  ad,  fto.,  may  be  retpeetively  repre- 
sented by  d^,d^  +  d^  dj^+d^'¥  d^,  &o.  Then,  Uie  density  in  each  stra- 
in en  being  proportional  to  the  weight,  or  sum  of  the  densities,  of  all 
above  it,  we  have 

In  like  manner 

d^:  (Z,  +  (i^+rf4  +  «la+&o. : :  c?,  :  <f^+<fg  +  cf,  +  &c.    (II) 

or,  by  composition, 

rf,  :  d,  +  c?,+  cZ^  + J,+&c. : :  i,  :  d.+«f4  4-d,4-&c.  (Ill) 

In  like  manner 

d^ :  dj  +  tZ^  +  J,  +  &c.  iid^id^  +  d^+d^-i-iM,         (IV.) 

Then,  from  (I)  and  (III),  by  equality  of  ratios,  we  have 

d^id^: :  d^  i  d^- 

And,  from  (II)  and  (IV),  by  equality  of  ratiosi  we  have 

and  so  on. 

Thus  rfj,  d„  efj,  d^,  &c.,  are  in  a  geometrical  progression  decreasing. 

Now  a b,  A o,  A D,  &C.,  form  an  arithmetical  progression  increasing; 
or,  reckoning  both  the  heights  and  the  densities  from  any  point,  as  K, 
downwards,  the  former  (that  is,  kh,  Ko,  KF,  &c.)  form  an  arithmetical 
progression,  and  the  densities  in  kh,  Ho,  of,  &c.,  form  a  geometrical 
progression,  both  increasing.  But  a  series  of  numbers  in  an  arith- 
metical progression  being  made  to  correspond  to  a  series  in  geometrical 
]>rogre8aion,  the  former  numbers  are  logarithms  of  the  latter ;  and  thus 
the  distances  K  H,  K  c,  K  F,  &c.,  may  bo  considered  as  representing  the 
logarithms  of  the  densities  in  the  strata  k  H,  H  o,  of,  ftc.,  respectively. 
Imagine  any  point  K  to  be  the  origin  of  the  abseisssD  (represented  by 
x)  on  the  vertical  line  za;  and  imagine  any  horiz^ontal  ordinates  Kk, 
Ff,  &c.  (represented  by  y)  to  be  drawn ;  then,  if  K  F,  K  D,  &c.,  be  pro- 
portional to  the  logarithms  of  f/,  nd,  Ac.,  the  line  adfk,  &c,,  is 
called  the  logarithxnic  curve,  and  its  equation  is  log.  y=z  log.  a,  or 
y=a*  [LooARiTHMio  Cubve],  where  a  is  some  constant  which  is 
called  the  base  of  the  system  of  logarithms  appertaining  to  the  par- 
ticular curve. 

Now  it  has  been  demonstrated  by  mathematicians,  that  if  tangents 
am,  dn,  &c.,  be  drawn  from  any  points  in  the  curve,  the  subtangents 
Am,  mn,  &c.,  will  be  equal  to  one  another;  and  that  the  area  com- 
prehended between  the  infinite  branch  az  of  the  curve,  its  asymptote 
A  z,  and  any  ordinate  Aa,  d  d,  &c.,  is  equal  to  the  product  of  the  con- 
Htant  subtangent,  or  modulus  of  the  curve,  and  that  ordinate  :  hence 
the  area  between  a  a  and  the  infinitely  remote  summit  z  is  equal  to 
A  a  X  A  m.    Also,  by  the  nature  of  logarithms,  the  logarithms  of  the 
»amo  natural  number  in  different  systems  of  logarithms  bear  to  one 
another  the  same  proportion  as  the  moduli  of  those  systems.    We 
have  therefore  only  to  find  the  value  of  the  subtangent  Am,  or  modulus, 
for  what  may  be  called  the  atmospherical  logarithms.    For  this  pur- 
pose, let  h  denote  the  height  of  a  homogeneous  atmosphere  whose 
density  is  equal  to  that  of  the  real  atmosphere  at  the  surface  of  the 
earth,  which  density  is  represented  by  the  line  a  a  in  the  above  dia- 
gram ;  then  A  x  a  a  will  represent  the  weight  of  such  homogeneous 
atmosphere,  or  its  pressure  on  the  point  a.    But  the  area  between  z  a, 
A  a,  and  the  curve  being  supposed  to  be  made  up  of  the  infinite 
number  of  ordinates  Aa,  Dd,  f/,  Aco.,  which,  severally,  represent  the 
densities  of  the  air  at  the  points  a,  d,  f,  fto.,  in  the  infinitely  high 
coliunn  Az  of  atmospherical  air;  that  area,  namely,  AaxAm,  may 
represent  the  weight  of  such  column,  or  the  pressure  of  ^e  real 
atmosphere  on  the  point  a;  this  being  made  equal  to  the  former 
pressure,  it  is  evident  that  we  shall  have  Am^A.    Thus  the  height  of 
a  homogeneous  atmosphere  exercising  at  a  the  same  pressure  as  the 
real  atmosphere,  will  be  the  subtangent,  or  modulus,  of  the  atmo- 
Bpheric  logarithms.    The  value  of  A  is  determined  by  a  proportion  in 
which  the  heists  of  the  column  of  homogeneous  air,  and  the  column 
of  mercury  which  holds  it  in  equiHbrio,  are  to  one  another  inversely 
as  the  specific  gravities  of  the  two  fluids.    [Htdrobtatiob.]    Now  the 
specific  gravities  of  air  and  mercury  being,  respectively,  proportional 
to  about  1*22  and  13568 ;  and  the  height  of  the  column  of  mercury  in 
the  barometer  being  80  inches  when  the  temperature  is  expressed  by 
55^  Fahr.,  we  get  27808  feet,  for  the  value  of  h.    Hence  the  height  of 
a  homogeneous  atmosphere  would  be  about  27808  feet,  or  a  Httle 
more  than  5  miles  from  the  sea-level,  while  the  mean  density  of  the 
atmosphere  (in  its  present  state)  is  at  about  8  4  miles. 

The  mountain-barometer,  as  it  is  called,  is  usually  provided  with  an 
adjusting  screw,  by  which  the  surface  6f  the  mercury  in  the  cirtem 
may  be  made  to  coincide  with  the  zero  of  the  scale  of  inches  by  which 
the  height  of  the  column  is  expressed ;  but  those  of  a  more  portable 
kind  have  not  that  adjusting  screw,  and  then  a  oorrection  must  be 
mode  for  the  error  of  the  scale.    [BaBOMBTBr.] 

Water  boils  when  the  elastic  power  of  the  vapour  formed  from  it  is 
equal  to  the  incumbent  pressure ;  and  consequently  tiie  temperature 


at  which  the  boiling  takes  place  in  the  open  air  will  depend  upon  tho 
weight  of  the  atmospheric  column  above  it.  Therefore,  since  this 
weight  becomes  less  as  the  station  is  more  elevated,  it  is  evident  that 
water  will  boil  at  a  lower  temperature  on  a  mountain  than  on  the 
plain  at  its  foot;  and  the  Rev.  Mr.  WoUaston  constructed  an  instru- 
ment called  a  thermometrical  barometer,  by  which,  on  the  principle 
just  motioned,  the  relative  heights  of  stations  can  be  found.  A  tube 
containing  the  mercury  is  provided  with  a  graduated  scale,  and,  when 
used,  the  bulb  is  placed  in  a  vessel  of  water,  which  is  made  to  boil  by 
means  of  a  spirit-lamp.  An  improved  form  of  the  apparatus  is  repre- 
sented under  Boiling  of  Liquids. 

In  order  to  determine  the  heights  of  stations  merely  by  the  know- 
ledge of  the  temperature  at  which  water  boils,  the  formula  F  s 

-— —  ^    g^ven  by  Mr.  Tredgold,  might  be  employed.    Here  I  is 

the  temperature  of  the  boiling  water  at  the  station,  expressed  in 
degrees  of  the  centigrade  thermometer ;  f  is  the  measure  of  the  elastic 
force  of  the  vsteam  at  the  temperature  t  under  the  pressure  of  the 
atmosphere,  and  is  expressed  by  the  corresponding  height,  in  oenti* 
metres,  of  the  column  of  mercury  in  a  barometer. 

The  velocity  with  which  air  flows  into  a  vacuum  through  an  aperture 
in  a  vessel  follows  the  same  law  as  water  or  any  other  non-elastic  fluid 
[HTOBODYirAMics] ;  for  though,  in  the  former  case,  the  quantity  of  air 
passing  through  the  orifice  in  a  given  tune  varies  with  the  density  of 
that  which  successively  comes  to  the  orifice,  yet  the  pressure  by  which 
the  air  is  forced  out  varying  in  the  same  proportion,  the  velocity,  by 
dynamics,  remains  constant. 

Now,,  the  velocity  acquired  by  a  falling  body  in  vacuo  is  known  to 

be=  V2gx,  if  g=  32  feet,  and  x= height  fallen  through.  (Dynamics.) 
Hence,  S,  v= velocity  with  which  the  air  rushes  through  a  small  hole 

into  a  vacuum  at  the  sea-level,  vs  V2gx,  namely,  v=the  velocity 
of  a  particle  of  air  supposed  to  have  fallen  from  the  height  of  a 
homogeneous    atmosphere    into  the   aforesaid  hole.      So    that  v= 

V'2  X  32"x  27808,  from  above. 

'  •  y= about  1339  feet  per  second. 

The  law  is  the  same,  whether  we  consider  the  air  to  act  only  by  its 
weight,  or  whether  it  be  confined  in  a  vessel  and  tlie  efflux  be  produced 
by  tiie  elastidtv.  For,  the  air  in  the  vessel  being  in  the  ordinary  state 
of  the  atmoephefe,  the  pressure  against  every  point  on  the  interior 
surface  is  equal  to  the  pressure  of  the  atmospnere  by  which,  if  not 
otherwise  confined,  it  would  be  kept  in  its  actual  state ;  oonsequently 
it  begins  to  flow  from  the  orifloe  with  the  same  velocity  as  if  it  had 
been  impelled  by  the  weight  of  the  whole  column  of  atmosphere  above 
the  orifice,  that  is,  with  the  velocity  due  to  the  descent  of  a  body  from 
a  height  equal  to  that  of  a  homogeneous  atmosphere.  After  this 
moment,  the  density  of  the  air  in  the  vessel  diminishing,  its  elasticity 
diminishes  with  it,  and  consequently  the  power  of  motion  is  diminished 
in  the  same  ratio  as  the  density.  It  may  be  added  also  that,  since 
density  of  air  increases  with  the  pressure,  an  additional  pressure  on  the 
fluid  in  a  vessel  will  not  increase  the  velocity  of  the  efflux.  But  the 
law  just  mentioned  only  holds  good  when  the  vacuum  is  supposed 
to  remain  perfect  on  the  exterior  of  the  orifice :  for,  if  the  air  be 
received  in  a  vessel,  it  will  expand  in  that  vessel  and  re-act  against  the 
effluent  air  at  the  orifice,  thus  diminishing  the  velocity  till  the  latter 
finally  becomes  equal  to  zero ;  and  this  will  take  place  when  the  air 
has  attained  the  same  density  in  the  two  vessels. 

If  the  effluent  air  be  of  a  given  density,  but  not  the  same  as  in  the 
ordinary  state  of  the  atmosphere,  the  force  by  which  it  would  be  made 
to  flow  into  a  vacuum  must  be  determined  by  the  above  equation 
fd'  =  p'd;  where  p  is  the  pressure  (or  weight  of  the  column)  of  the 
ordinary  atmosphere,  and  D  its  density  at  the  earth's  surface ;  d'  is  the 
given  density  and  p'  is  the  required  pressure  or  force  by  which  that 
air  would  be  impelled  through  the  orifice.  Now  if  air  in  the  ordinary 
state  be  allowed  to  rush  into  a  vessel  containing  air  less  dense  than 
itself,  and  the  velocity  of  efflux  be  required,  the  moving  force  will  be 
the  difierence  between  that  with  which  the  ordinary  air  is  driven 
through  the  orifice  and  that  with  which  the  rarer  air  would  be  so 
driven;  that  is,  it  may  be  represented  by  p  —  P*;  then  the  velocities 
of  efflux  being  as  the  square  roots  of  the  forces  [Htdrodtnamics],  if 
the  velocity  due  to  the  force  P  is  given,  the  required  velocity  at  the 
commencement  of  the  efflux  may  be  found. 

The  determination  of  the  velocity  with  which  dry  steam  or  any 
other  elastic  fluid  rushes  iuto  a  vacuum,  or  into  a  fluid  of  less  density 
than  itself,  is  made  in  the  same  manner  as  for  air.  Thus,  knowing  the 
temperature  of  steam,  and  consequently  its  elasticity,  or  the  equiva- 
lent pressure,  we  can  find  the  height  of  a  homogeneous  atmosphere 
which  would  produce  the  same  pressure ;  and  then  the  velocity  with 
which  the  st^m  flows  into  a  vacuum  would  be  equal  to  that  acquired 
by  a  body  in  fedling  down  the  height  of  such  atmosphere.  But  if  the 
steam  is  to  flow  into  any  elastic  fluid  of  less  density  than  itself,  the 
height  of  the  homogeneous  atmosphere  must  correspond  to  the 
difference  of  the  pressures  arising  from  the  different  elasticities  of  the 
two  fluids. 

Finally,  it  has  been  lately  found  by  some  very  accurate  experiments 
recorded  by  Professor  Potter,  that,  it  we  represent  by  v  the  theoretic 
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velooity  of  efflux  of  air  through  a  small  orifice,  and  by  v'  the  ezperi- 
meatal  yelocity,  then 

v'=-  .65  V,  for  orifices  in  a  thin  wall, 
=.93  y,  for  cylindrical  spouts, 
=  .94  y,  fer  conical  spouts,  and  those 

narrowing  from  the  wall  of  the  gasometer ;  so  that  there  is,  as  for 
liquids,  a  true  venxi  coiUracta,  which  reconciles  theory  with  experiment, 
as  in  the  case  of  Tgrricelli's  ^eorem.   [Effusion  ;  Htdrodtnamics.] 

PNEUHIC  ACID.  The  limgs  of  most  animals  contain  a  peculiar 
acid,  partly  free,  but  chiefly  in  the  form  of  a  soda  salt,  to  which  this 
name  has  oeen  giyen.  Its  composition  is  unknown  and  hence  its  exist- 
ence as  a  distinct  acid  must  be  regarded  as  doubtful. 

PNEUMONIA.    [LuwGS,  Diseases  of.] 

POACHING.    [Game  Laws.] 

POETRY,  in  the  usual  and  proper  signification  of  the  word,  is 
applied  to  any  composition  in  metre.  It  designates  the  outward 
form,  not  the  style  or  the  subject-matter  treated.  As,  however,  there 
are  certain  subjects,  certain  feelings  and  language,  which  belong  to 
good  poetry,  a  prose  composition,  in  which  these  characteristics  are 
yisible,  is  often  termed  "  poetical "  or  "  poetry,"  just  as  a  bad  poem  is 
called  '*  prosaic."  In  both  instances  we  speak  thus  when  we  wish  to 
express  praise  or  blame,  as  the  case  may  be,  and  we  use  the  words 
metaphorically.     (See  Whately's  *  Rhetoric,'  page  278.) 

The  art  of  poetry  is  an  imitative  art.  Its  object,  in  common  with 
all  such  arts,  is  to  give  pleasure  by  imitation.  So  far  music,  painting, 
sculpture,  and  poetry  agree.  They  differ  in  the  means  which  each 
employs  to  effect  the  imitation.  Music  works  by  harmony  and  melody, 
painting  by  colour,  sculptiure  by  form,  and  poetry  by  words  arranged 
in  metre.  In  no  case,  however,  is  it  the  proper  province  of  art  to 
produce  illusion,  that  is  to  say,  the  person  whose  feelings  are  to 
be  affected  always  remains  conscious  that  his  emotion  is  not  the  result 
of  anything  really  passing,  but  is  merely  analogous  to  that  emotion 
which  the  reality  would  produce. 

The  imitative  power  of  art  thus  consists  in  producing  results 
resembling,  but  not  identical  with,  those  created  by  natunJ  objects, 
or  by  human  passion,  character,  and  action.  Hence  the  difiference 
between  a  diorama  and  a  picture,  or  between  a  waxwork  figure  and 
a  statue ;  illusion  is  the  aim  of  the  one ;  imitation,  properly  so  called, 
of  the  other.  Hence,  too,  it  is  difficult  to  vindicate  the  mimicry  of 
special  sounds,  such  as  hail  or  thunder,  in  musio. 

The  metre  in  poetxy  answers  a  double  piu-pose :  in  itself  it  affords 
pleasure  by  its  rhythm,  and  acts  as  a  powerful  auxiliary  to  the  sense 
which  the  mer«  words  express;  but,  above  all,  it  preserves  the 
essence  of  art  by  operating  as  a  constant  barrier  against  any  approach 
to  reality.  In  this  way  the  poet  avows  the  fact  tiiat  his  work  is  a 
work  of  art,  and  he  makes  the  reader  or  hearer  aware  of  the  relation 
in  which  he  and  the  author  stand  to  each  other.  The  imitative  power 
may  work  in  safety  when  hedged  off  from  real  life  by  the  fence  of 
metrical  form,  and  thus  it  is  that  Wordsworth  lays  down  the  "  per- 
ception of  similitude  in  dissimilitude "  as  one  of  the  principles  on 
which  verse  gives  pleasure. 

The  next  question  is,  in  what  mode  does  poetry  imitate  ?  Painting 
and  sculpture  copy  outward  forms  themselves;  poetry  and  music, 
being  restricted  to  instruments  of  a  different  kind,  aim  at  imitating 
the  effect  of  those  forms,  that  is  to  say,  at  producing  the  pleasurable 
emotion  in  the  reader  or  the  hearer,  though  in  these  cases  they  cannot 
imitate  the  means.  On  the  other  hand,  the  two  former  arts  can  only 
represent  one  moment  of  action  or  expression,  and  must  tell  their 
story  by  selecting  that  moment  properly;  music  and  poetry  can 
supply  a  succession  of  images  and  sentiments  all  going  to  make  up 
a  whole.  There  is  one  advantage  which  poetry  possesses  over  all  its 
sister  arts,  viz.,  that  of  being  able  to  assert:  as  it  is  the  only  art 
which  employs  words  for  its  instruments,  it  is  the  only  one  which 
can  enounce  a  proposition  and  command  this  element  of  the  moral 
sublime. 

Poetry,  xoititris,  or  "making,"  seems  to  be  so  called  because  good 
poetry  creates  or  re-embodies  the  impressions  which  the  poet  has 
imbibed  into  his  own  mind  by  observation.  This  faculty  of  pro- 
ducing from  such  elements  the  impression  of  individual  character, 
action,  or  scenery  is  the  power  which  we  generally  term  imagination. 
Without  it,  the  attempt  at  imitation  must  necessarily  fail  Words- 
worth (Preface  to  '  Lyrical  Ballads')  says, "  Poetry  is  the  spontaneous 
overflow  of  powerful  feelings;  it  takes  its  origin  from  emotion  recol- 
lected in  tranquillity.  The  emotion  is  contemplated  until  by  a  species 
of  reaction  the  tranquillity  gradually  disappears,  and  an  emotion 
kindred  to  that  which  was  before  the  subject  of  contemplation  is 
gradually  produced,  and  does  itself  actually  exist  in  the  mind."  This 
we  take  to  be  a  description  of  the  mode  in  which  imagination  works. 
The  poet,  by  close  and  habitual  observation,  stores  his  mind  with  the 
circumstances  which  have  given  rise  to  or  attended  the  production  of 
emotion  in  himself.  The  result  of  this  observation  he  works  up  so  as 
to  create  in  others  an  emotion  kindred  to  that  which  he  has  hunself 
experienced;  kmdred,  but  not  identical,  for,  as  Wordsworth  truly 
remarks,  the  excitement  must  co-exist  with  an  overbalance  of  pleasure. 
Now,  many  of  the  emotions  which  the  poet  excites  are,  when  called 
forth  by  real  events,  peculiarly  painful.  It  is  his  business  so  to 
combine  them  vith  jjleasing  associations,  so  to  soften  their  disgusting 


features  and  render  prominent  their  more  attractiye  ones,  and  aboTe 
all  so  to  give  unity  to  the  whole^  that,  taken  with  the  oonscioasaeaof 
their  existing  in  a  work  of  art,  and  not  in  reality,  they  become  a  source  d 
exquisite  delight.  Such  a  work  is  reality,  seen  through  the  medium 
of  the  poet's  mind,  and  dothed  by  him  in  a  bodily  form  so  aa  to 
retain  its  vividness,  but  lose  its  deformity. 

It  has  been  often  observed  that  the  language  of  savages  is  hi^j 
metaphorical,  and  what  is  commonly  called  poetical ;  that  natiom  h 
their  earlier  stage  show  a  peculiar  fondness  and  aptitude  for  poe^. 
The  truth  is,  that  there  exists  in  the  mind  of  man  a  natoial  crsviB| 
for  individuality.  We  gain  knowledge  by  generalisizig  from  indiridoal 
objects,  a^d  we  are  always  eager  to  re-embody  our  abstractions.  Ets 
in  the  most  civilised  state,  there  is  a  perpetual  tendency  in  the  mass  of 
mankind  towards  "realism,"  while  the  consistent  and  familiaruae  of  ab- 
stract terms  and  symbols  implies  long  and  severe  discipline  of  the  reasoc- 
ing  powers.  These  feelings  are  the  groundwork  of  all  allegory.  If  ve 
reflect  a  moment,  we  know  that "  justice  "  means  that  disposition  of  miztd 
which  we  see  exhibited  by  individuals  who  are  called  "just,"  yet  we 
speak  of  her  as  if  she  were  a  real  existing  being,  and  paint  her  inth  a 
pair  of  scales  and  a  sword.  Thus  the  appetite  for  the  imitative  arti 
Ib  one  deeply  implanted  in.  man ;  he  cannot  be  satisfied  unless  cha- 
racter or  action  lie  embodied  to  the  eye  by  colour  or  form,  or  brought 
vividly  before  the  mind  by  the  description  of  the  poet.  Abstract 
terms  are  indistinct,  and  require  metaphors  or  similes  to  give  tliem 
substance  and  make  them  palpable  to  the  apprehensicm.  One  of  the 
most  wonderful  phenomena  connected  with  the  Greeks  is,  that  while 
the  genius  of  the  people  constantly  tended,  as  Bishop  Thirlwall  says,  to 
embody  the  spiritual  and  personify  the  indefinite,  they  excelled  no 
less  in  the  drj  and  abstract  studies  of  philosophy.  If  Homer,  if 
.^chylus  and  Sophocles,  have  never  been  rivalled  in  poetjy,  it  was 
Aristotle  on  the  other  hand  who  analysed  with  the  greatest  preciaon 
the  process  of  human  reasoning,  and  left  us  in  bis  'Ethics'  and 
his '  Politics '  treatises  which  are  still  instructive  in  thor  respective 
departments. 

We  must  now  proceed  to  say  something  of  the  diction  of  poetay. 
Words  are  the  instruments  of  the  poet ;  th^  are  the  tools  with  whidi 
he  works.  We  think  that  Mr.  Wordsworth  pushes  his  theoi;  of 
simple  language  a  little  too  far.  We  fully  sympathise  with  his  re- 
jection of  ''  those  phrases  and  figures  of  speech  which  from  &tber  to 
son  have  long  been  regarded  as  the  common  inheritance  of  poete." 
Such  conventional  forms  of  expression  at  last  beoome  advene  to  the 
very  object  of  all  poetry ;  instead  of  conveying  any  definite  or  sub- 
stantial image,  they  degenerate  into  mere  f  ormulsa  of  the  vaguest  aad 
most  unsatisfactory  kind.  But,  just  as  metre  at  once  gives  pleasoR 
by  its  adaptation  to  the  subject-matter,  and  forms  a  sort  of  framework 
in  which  the  poet  exhibits  his  composition  to  the  reader,  so  maj 
language,  by  its  appropriateness  and  by  its  dissimilitude  to  the 
phraseology  of  common  life,  supply  another  twofold  source  of  pleasure. 
There  are  ballads,  and  even  larger  compositions,  in  which  the  simple 
and  homely  diction  suits  the  treatment  of  the  subject  and  adds  force 
apd  strength  to  the  expression.  But,  who  will  say  that  in  such  a 
work  as  the  'Agamemnon'  of  JSschylus,  where  the  whole  dnma  i^ 
knit  together  by  one  pervading  feeling  of  mysterious  dignity,  the 
language  should  not  b^  a  proportion  to  the  other  qualities  of  the 
work? 

"  Let  gorgeoas  tragedy 
In  sceptered  pall  oome  sweeping  by : " 

stately  and  ornate  diction  is  a  part  of  her  trappings. 

It  remains  to  speak  briefly  of  the  different  moulds  into  wliieh  a 
subject  may  be  cast  by  a  poet,  and  according  to  which  we  call  a 
poem  epic,  dramatic,  lyric,  &c.  There  is  great  difficulty  in  this  part 
of  our  subject.  The  ancients,  indeed,  applied  such  terms  as  **  epos, 
or  "elegeion,"  to  the  outward  form  only,  but,  in  modem  language,  the 
matter  of  a  poem,  its  length,  or  its  mode  of  treatment,  often  decides  the 
class  to  which  it  is  commonly  assigned.  Moreoyer,  there  are  many 
works  of  a  mixed  character  which  we  cannot  place  in  any  recognised 
division.  To  what  genus  do  Dante's '  Divina  Commedia,'  Wordsworth's 
'  Excursion,'  and  Spenser's '  Fairy  Queen '  respectively  belong!  Certain 
broad  distinctions  may,  however,  be  laid  down,  though  th^  be  inca- 
pable of  definite  application  in  every  instance. 

1.  A  poem  may  be  in  the  form  of  a  narrative  of  events  which  the 
poet  professes  to  recount;  although  he  sometimes  introduces  hia 
heroes  as  speaking  in  the  first  person,  and  uses  the  historical  present 
tense  for  the  sake  of  greater  energy,  still  the  events  are  supposed  to 
be  pcut.  The  subject-matter  is  external,  that  is  to  say,  the  writer  doeii 
not  merely  pour  forth  his  own  feelings  as  excited  by  certain  actions 
or  circumstances,  but  describes  the  actions  or  circumstances  them- 
selves.   Of  this  kind  is  all  epic  and  narrative  poetry. 

2.  A  poet  may  develope  the  action  to  the  reader  or  supposed  spec- 
tator by  iTnn£nniTig  that  the  personages  of  the  stoiy  show  its  progre^ 
and  their  own  chioacters  by  what  they  themselves  say  and  do,  not  by 
what  the  author  narrates  of  them.  Here  the  time  is  supposed  to  ^ 
present,  and^the  subject-matter  still  more  purely  extemid.  DramatH: 
poetry,  with  all  its  numerous  subdivisions,  is  of  this  kind. 

3.  The  author  may  principally  aim  at  expressing  the  overflow  of  his 
own  emotions  and  his  own  sentiments,  instead  of  narrating  what  is 
past,  or  supposing  something  present  to  be  acted  before  ii&  ^^ 
object  will  then  be  to  awaken  an  echo  6f  similar  feeliogs  in  the  reader 
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or  hearer,  aod  thus  imitaie  the  action  of  those  impulses  which  haye 
previously  excited  such  feelings  in  his  own  mind.  Most  short  com- 
positions  intended  to  be  sung  belong  to  this  class.  If  the  tone  of 
thought  is  enthusiastic  and  the  metre  irregular,  we  call  the  work  an 
ode ;  if  it  Bxptea  tender  or  mournful  feelings  in  a  more  regular  form, 
it  is  an  elegy;  the  name  of  "sonnet"  marks  the  outward  form  only. 
Perhaps  no  general  word  can  be  found  so  applicable  to  the  greater 
part  of  those  compositions,  which  are  neither  epic  nor  dramatic,  as 
the  term  "  lyrical,"  though  it  does  not  seem  in  any  usual  sense  to 
include  epigram,  satire,  or  didactic  poems. 

The  different  classes  of  poetry  are  further  treated  of  under  the  heads 
— ^Ballad,  Drama,  Epic  Poetry,  Ltbio  Pobtrt,  Odi,  &c 

POINDING,  in  the  law  of  Scotland,  is  a  process  for  forcing  pay- 
ment of  a  debt,  against  the  property  of  the  debtor.  It  is  divided  into 
"  personal  poinding,"  and  "  poinding  of  the  ground."  The  former  is 
the  method  by  which  any  ordinary  creditor  attaches  the  moveables  of 
his  debtor;  the  latter  is  peculiar  to  the  holders  of  real  li^ts  over 
estates  belonging  to  others — as  to  sup^ors  entitled  to  feu  duties  or 
the  holders  of  real  securities  entitled  to  payment  of  the  interest — ^who 
can  by  this  process  attach  the  rents  or  other  proceeds  of  Uie  estate, 
and  pay  themselves.  Personal  poinding  is  the  most  usual  form — it 
is  of  very  frequent  occurrence,  and  is  a  rapid  and  effective  process, 
analogous  to  the  "  distress"  of  the  law  of  England. 

POINT,  in  Music.    [Fugue.] 

POINT.    [Solid,  Surface,  Linb,  Poikt,  DETDnrioir  of.] 

POINT  OF  CONTRART  FLEXURE.  By  this  term  is  understood 
a  point  at  which  a  curve  changes  its  curvature  with  respect  to  any 
given  external  point,  being  concave  on  one  side  and  convex  on  the 
other.    [See  the  figure  in  Curve  for  instances.] 

The  mathematiod  test  of  a  point  of  contrary  flexure  in  a  plane 
curve  is  as  foUows : — ^Let  y=^a:  be  the  equation  of  the  curve,  and  let 
y"  be  the  second  differential  coefficient  of  y  with  respect  iox,  Ab  long 
as  y  and  y"  have  the  same  sign,  the  curve  presents  its  convexity  to  the 
axla  of  x;  and  when  y  and  y"  have  diJBerent  signs,  its  concavity. 
When  y"  changes  sign,  were  is  a  point  of  contrary  flexure,  if  y  be  then 
finite ;  and  tms,  whether  it  passes  through  zero  or  infini^  at  the 
chimge.    (Library  of  Useful  Knowledge, '  Di£  Gale/  pp.  869,  870.) 

It  is  frequently  stated  in  elementary  works,  that  there  is  a  point  of 
contrary  flexure  when  ^  =  0,  and  the  converse.  Both  propositions  are 
inaccurate :  there  is  not  necessarily  such  a  point  when  y*=:  0,  and  there 
may  be  such  a  point  when  y  is  not  nothing,  but  infinite. 

1                                    2 
For  example,  let  y  =  o^  —  -,  which  gives  ^ = 2 -.    As  long  as  x  is 
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less  than  1,  y*'  is  ne^fative,  and  so  is  y,  whence  the  curve  is  convex  to 
the  axis  of  x.  When  x=  1,  both  y  and  y*  vanish,  and  when  x  is  greater 
than  1,  y  and  y'  are  both  positive,  so  that  the  curve  is  still  convex. 
But  thereisa  change  of  sign  in  y  when  x  passes  throu^^  1 ;  and  there- 
fore there  is  a  point  of  contrary  flexure  when  :r=l.  It  is  to  be  re- 
membered that  though  at  a  point  of  contrary  flexure  the  curve  changes 
curvature  with  respect  to  any  line  not  passing  through  the  point,  it 
preserves  its  curvature  with  respect  to  every  line  which  does  pass 
through  the  point,  being  on  both  sides  convex,  or  on  both  sides  con- 
cave, to  that  line.  In  the  present  instance,  the  curve  is  always  convex 
to  the  axis  of  x;  consequently,  where  it  ha^  a  point  of  contrary 
flexure,  it  cuts  that  axis. 

At  every  point  of  contrary  flexure,  the  Tangent  passes  through  the 
curve,  and  has  a  contact  of  an  order  different  from  that  which  it  usually 
has.  The  radius  of  curvature  at  a  point  of  contrary  flexure  is  always 
either  nothing  or  infinite. 

Some  English  writers  have  copied  the  Continental  ones  in  calling  it 
a  point  of  injlexicn, 

POISON.  Separate  articleB  having  been  devoted  to  nearly  all  the 
substances  which  are  destructive  to  life  when  taken  by  accident  or 
design,  or  when  administered  with  a  criminal  intention,  it  will  be 
necessary  here  only  to  'consider  the  subject  of  poisons  generally, 
referring  to  the  articles  Arsenic,  Antimony,  Coffer,  Merourt, 
Papayer,  &C.,  for  the  details  relating  to  each  of  them  in  particular. 
The  whole  subject  may  be  conveniently  and  usefully  treated  by  point- 
ing out  how  in  any  case  of  legal  invesfigation  the  proofs  of  poisoning 
may  be  established. 

Omitting  those  things  which  are  common  to  all  cases  of  suicide  or 
homicide,  such  as  the  previous  circumstances  of  the  person  supposed 
to  be  poisoned,  the  conduct  of  the  accused,  and  those,  however  im- 
portant they  may  be,  that  are  matters  of  common  evidence,  such  as  a 
number  of  persons  who  have  partaken  of  the  same  meal  bong  simul- 
taneously and  fdmilarly  affected,  we  propose  to  consider  here  coly  how 
in  any  individual  case  the  influence  of  poison  may  be  proved.  The 
chief  circumstances  in  the  evidence  will  be,  the  symptoms  presented 
during  life :  the  examination  of  the  body  after  oBtoD. ;  the  chemical 
analysis  of  the  substances  in  which  the  poison  may  be  mixed ;  and  ^e 
experiments  by  which  it  is  attempted  to  produce  similar  ciroumstances 
in  animals  by  similar  means. 

The  circumstances  that  usually  first  excite  the  susf^on  of  poison 
having  been  taken  are,  that  the  person  affected  is  suddenly  attacked 
by  fljrpiptoms  of  severe  iUness,  whidi  come  on  soon  after  eating  or 
drinking,  without  aixxf  premonitory  indications,  which  regularly  in- 
crease in  severity  without  undergoing  any  important  change  in  their 
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character,  and  which  rapidly  prove  fatal.  All  these  however  are  far 
from  affording  sufficient  evidence  of  poisoning.  Suddenness  of  attack 
is  common  to  many  disorders,  as  diolera  (whether  ordinary  or  Asiatic), 
plague,  perforating  ulceration  of  the  digestive  canal,  apoplexy,  and 
epilepsy ;  and  even  in  some  cases  of  fever  the  premonitory  symptoms 
are  too  slight  to  attract  the  attention  of  the  patient.  Any  of  these 
too  may  come  on  soon  after  taking  food,  and  while  the  patient  is 
apparently  in  the  enjoyment  of  heal& ;  this  is  especially  the  case  with 
cholera,  perforation  of  the  stomach,  and  apopleiy ;  and  even  in  some 
diseases  of  the  heart  the  patient  may  seem  well  up  to  the  instant  of 
the  fatal,  and  often  instantly  fotal,  seizure.  The  permanency  and 
regular  increase  of  the  symptoms  is  not  a  more  distinctive  sign  of 
poisoning.  It  ia  equally  obeored  in  many  cases  of  the  diseases  already 
mentioned,  as  well  as  in  most  acute  and  uncontrolled  inflammations, 
strangulation  or  other  obstruction  of  the  intestines,  &c.  Many  of  these 
diseases  also  may  prove  very  rapidly  fatal ;  apoplexy  and  certain  dis- 
eases of  the  heart  sometimes  destroy  life  in  a  few  seconds,  and  often  in 
a  few  houn ;  in  almost  all  cases  of  perforation  of  the  digestive  canal, 
and  in  some  of  cholera,  death  takes  place  in  less  than  twelve  houra. 

In  no  case  therefore  can  these,  which  are  commonly  stated  as  ffeneral 
symptoms  of  poisoning,  excite  more  Uian  suspicion ;  they  may  &  have 
been  produced  by  some  spontaneously  occurring  disease.  But  on  the 
other  nand,  the  absence  pf  any  or  all  of  them  is  not  sufficient  to  dis- 
prove the  suspicion  of  poisoning.  Small  and  often  repeated  doses  of 
poison  may  be  given  so  as  to  produce  all  their  symptoms  and  death 
very  gradually ;  and  the  patient  may  in  such  a  case  exhibit  numerous 
alternations  of  increase  and  moderation  of  the  symptoms.  Many  cir- 
cumstances will  retard  the  action  of  even  large  doses  of  poison ;  if  a 
person  falls  asleep  soon  after  taking  one,  or  if  he  has  taken  it  with  a 
large  quantity  of  food,  or  much  diluted,  or  partially  neutralised,  its 
symptoms  may  not  be  developed  for  some  hours,  and  may  seem  quite 
unconnected  with  the  last  occasion  of  taking  food.  Or  again,  the 
poison  may  be  administered  m  some  other  way  than  with  food  or 
medicine,  as  in  the  form  of  a  vapour,  by  applications  to  the  ulcerated 
skin,  ft& 

Dr.  Chiistison  divides  poisons  into  three  classes,  irritants,  narcotics, 
and  narootico-acrids.  Each  of  these  produce  certain  symptoms  in 
addition  to  those  already  mentioned  as  belonging  to  poisons  of  all 
kinds,  and  certain  morbid  effects  upon  the  organs  of  the  body  when  it 
proves  fatal,  by  whieh  their  action  may  in  some  cases  be  recognised. 

The  chief  symptoms  caused  by  the  internal  administration  of  irri- 
tant poisons  are  those  of  severe  irritation  of  some  or  all  parts  of  the 
alimentary  canaL  They  commonly  excite  burning  heat,  redness  and 
swelling  and  sometimes  ulceration  of  the  lining  of  the  mouth,  throat, 
and  tongue;  difficulty  of  swallowing,  burning  pain  of  the  stomach 
with  nausea  and  retching  or  vomiting,  tenderness  on  pressuro  and 
tension  of  the  upper  part  of  the  abdomen.  The  mattera  vomited  con- 
nst,  first,  of  the  food  or  other  contents  of  the  stomach,  and  afterwards 
of  tough  mucus  with  moro  or  less  of  blood  and  bile ;  the  sickness  is 
almost  incessant,  and  is  usually  accompanied  by  severe  suffering.  The 
pain  commonly  extends  from  the  stomach  along  a  part  or  the  whole  of 
the  digestive  canal,  with  tenderness  on  pressure,  and  usually  a  con- 
stant and  painful  diarrhcea  of  mucus  with  moro  or  less  blood.  The 
pulse  IB  qmck  and  feeble ;  thero  is  great  prostration  of  strongth,  ex- 
cessive bunung  thirst,  cold  and  damp  skin,  extreme  anxiety  of  counte* 
nance  and  manner,  and  often  considerable  difficulty  of  broathing. 

Many  or  all  of  these  symptoms  occur  in  all  cases  of  poisoning  ,bv 
irritants,  and  many  of  them  also  in  certain  diseases,  between  whid^ 
and  poisoning  it  may  be  difficult  to  discriminate.  Of  these  diseases 
the  most  important  and  deceptive  aro  the  acute  affections  of  the  digestive 
organs. 

The  most  general  effect  of  irritant  poisoning  is  acute  inflammation  of 
the  stomach,  and  it  is  thereforo  a  question  of  the  first  importance 
whether  that  condition  is  ever  produced  by  any  other  cause  than  the 
administration  of  poison.  M.  Louis  and  Dr.  Abercrombie,  whose 
authority  is  of  the  greatest  weight  in  subjects  of  this  kind,  have  stated 
that  tiiey  never  saw  a  case  jof  idiopathic  and  primary  acute  gastritis ; 
and  (it  is  certain  that  no  well-established  case  of  the  kind  has  yet 
been  recorded :  the  administration  of  an  irritant  poison  may  therefore 
be  regarded  as  hig^y  probable  in  any  case  in  which  a  competent 
observer  finds  the  signs  of  an  acute  inflammation  of  the  stomach  during 
life  and  its  effects  after  death. 

In  such  cases  the  principal  evidence  would  depend  on  the  appear- 
ances found  in  Uie  dead  body ;  in  othen  the  symptoms  during  life  are 
equally  important.  Perhaps  of  sJl  the  diseases  which  give  rise  to  the 
suspidon  of  irritaiit  poisoning,  the  most  frequent  is  cholera.  There 
are  nowever  some  circumstances  by  which  they  may  be  distinguished 
during  life.  In  most  cases  of  this  kind  of  poisoning  a  burning  sensa- 
tion in  the  throat  is  perceived  directly  after  the  poison  is  taken,  being 
the  effect  of  its  contact  during  or  soon  after  the  act  of  swallowing ;  the 
same  symptom,  when  it  occurs  in  chdero,  appears  to  be  produced  by 
the  contact  of  the  substances  vomited,  and  is  therefore  preceded  by 
some  of  the  other  symptoms.  In  cholera  the  vomiting  is  never  bloody, 
and  is  usually  much  moro  profuse  than  in  cases  of  poisoning;  and  the 
cholera  that  occurs  in  this  country  is  very  rarelv  fatal  in  less  than  three 
days;  while  in  most  cases  of  poisoning,  in  which  the  symptoms  are 
sudden  and  severe,  death  ensue  in  a  few  hours,  or  at  least  before  the 
end  of  the  third  day.    Astatic  cholera  indeed  is  commonly  more  rapidly 


6» 


POLAB  CLOCK. 
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Foiflon,  or  Chambre  Ardoite.     The  powers  of  this  court,  howerer, 
were  abused,  and  very  shortly  alter  its  institution  it  was  suppressed. 

Wherever  evidence  has  been  left  sufficientlj  poeitiye  to  admit  of  an 
inquiry  into  the  nature  of  these  secret  poisons,  it  has  been  found  that 
they  contain  ingredients  well  known  at  the  present  day.  It  is  only 
where  the  sciences  of  chemistry  and  medicine  are  not  sufficiently 
Imown,  or  where  they  are  neglected  in  the  inquiry,  that  secret  poisoning 
can  take  place.  The  tests  are  now  so  accurate,  and  the  investigations 
so  strict,  that  it  is  no  longer  possible  to  administer  any  poison,  vege- 
table or  mineral,  of  whi^  traces  cannot  be  discovered  in  the  body  of 
the  person  poisoned,  though  of  course  it  may  not  always  lead  to  the 
di&oovery  of  ^e  person  bv  whom  it  was  admimstered. 

(Beckmann,  Hintory  of  InventioM;  Beck,  Medical  Juritprudenee ; 
Adams,  Edmhurgh  Medical  and  Surgical  Jowmal,  voL  Tniii.) 

POLAR  CLOCK.  A  portion  of  the  light  which  passes  to  the  earth 
under  a  sl^  which  is  dear,  or  neariy  so,  is  more  or  less  polarised.  The 
TTOLTimTim  effect  occurs  in  a  plane  passing  through  the  earth's  axis  at 
90"  from  the  sun :  hence  the  amount  of  polarisation  varies  in  di£hrent 
parts  of  the  sky  with  the  position  of  the  sun.  On  this  relation 
between  the  hour-angle  and  the  plane  of  polarisation  of  light  from  the 
sky,  Professor  Wheatstone  has  based  his  polar  dock.  It  consists  of  a 
tube,  with  the  axis  parallel  to  that  of  me  earth  passing  with  gentle 
friction  through  an  hour-diaL  Within  the  tube  is  a  pokrisLDg  appa- 
ratus, which  indicates  the  position 'of  the  plane  of  polarisation  by  the 
vanishing  of  the  coloured  rays;  and  mb  the  plane*  of  polarisation  is 
always  90*  from  the  sun,  the  index  hand  attoched  to  the  tube,  and 
properly  adjusted,  will  always  point  to  the  hour  on  the  disappearance 
of  tne  colours.  The  dial  is  connected  with  an  upright,  which  moves 
on  a  hinge  joint,  so  that  by  means  of  a  quadrant  and  a  clamping  screw 
it  can  be  adjusted  to  the  latitude  of  the  place  of  observation. 

POLAR  LIGHTS.  This  subject,  that  of  the  Aurora!  Borealis  and 
AtutraUSf  will  be  treated  of  under  the  appellation  in  which  they  were 
induded  by  Humboldt,  Tebbbbtrial  Light. 

POLARITY  signifies,  in  general,  a  disposition  in  a  body  or  in 
an  elementary  molecule  of  a  body  to  place  its  mathematical  axis 
in  some  particular  direction ;  frequently  also  it  denotes  in  a  body  the 
exiitence,  dther  naturally  or  induced,  of  two  points  possessing  con- 
traiy  properties. 

If  iron-filingB  be  strewed  over  a  mass  of  natural  loadstone,  it  will 
be  found  that  there  are  two  points  on  its  surface  at  whidi  the  filings 
are  most  abimdantly  attracted,  and  where  they  dispose  themsdves 
nearly  in  the  direction  of  a  line  imagined  to  be  drawn  through  the 
mass.  rMAGNETisM.]  Then,  if  the  loadstone  be  cut  in  the  form  of  a 
sphere,  naving  this  Ime  for  a  diameter,  the  symmetrical  arrangement 
of  the  iron-filings  with  respect  to  this  line  affords  an  indication 
that  the  partides  of  the  loadstone  may  be  symmetrically  disposed 
about  the  line ;  and,  from  an  analogy  with  the  axis  and  poles  of  the 
earth,  tlus  line  is  called  the  axis  of  the  loadstone,  and  its  extremities  are 
called  the  poles.  Jf  the  mass  of  loadstone  be  cut  in  the  form  of  a  prism, 
the  length  of  the  latter  being  in  the  direction  of  the  axis,  and  if  the 
prism  be  suspended  by  its  centre  of  gravity,  it  will  be  found  to  take 
one  particular  direction  with  respect  to  the  horizon  and  the  meridian 
of  the  observer.  The  two  extremities  of  the  prism  so  formed  have 
received  the  denomination  of  poles,  and  the  term  is  now  applied  to  the 
opposite  extremities  of  any  body  or  molecule,  when  it  assumes  or  can 
be  brought  into  a  particular  direction. 

What  has  been  said  respecting  Uie  properties  of  a  prism  formed  of 
the  natural  loadstone,  is  true  of  a  magnetised  bar  of  steel  [MaoKet], 
and  the  poles  or  opposite  extremities  of  dther  material  are  found  to 
possess  a  contrariety  of  character,  (hie  extremity  always  tends 
towards  the  northern  part  of  the  horizon  only,  and  the  other  towards 
the  southern  part ;  and  if  two  such  prisms  or  bars  are  formed,  and 
suspended  by  their  centres  of  gravi^,  on  bringing  the  northern  or 
southern  pole  of  one  near  the  Uke  pole  of  the  other,  they  exercise 
upon  each  other  a  mutual  repulsion ;  but  if  either  pole  of  one  be 
lm>ught  near  the  oppodte  pole  of  the  other,  they  mutually  attract 
each  other. 

Since  in  magnetised  bars  the  poles  of  contrary  names  thus  attract 
each  other,  and  that  the  earth  may  be  conudered  as  a  body  possessing 
bored  magnetism  towards  the  north,  and  austral  magnetism  towards 
the  south,  it  is  evident  that  the  magnetism  which  exists  in  the 
northern  extremity  or  pole  of  a  suspended  bar  (as  a  compass  needle) 
must  be  auttral,  and  that  which  exirts  in  the  southern  extremity  must 
heboreaU 

If  a  cylinder  of  wood  or  metal  be  insulated  on  a  glass  stand,  and  it 
be  then  brought  near  a  body  which  has  been  dectrified  by  the  usual 
inadiine,it  will  be  rendered  polar;  that  is,  one  end  will  possess  the 
vitreous  or  podtive  dectrid^,  and  the  other  the  resinous  or  negative 
dectridty,  and  near  the  middle  the  cylinder  will  be  in  a  neutral  state. 
These  conditions  may  be  rendered  evident  on  dectrifying  a  pith  ball, 
umulated  bv  means  of  a  silk  thread,  and  presenting  it  to  the  cylinder, 
when  it  will  be  attracted  towards  one  end  and  repelled  from  the  other. 
It  appe«8,  from  the  effect  of  the  cylinder  on  the  dectrified  boll,  that 
the  partides  of  fluid  of  the  same  kind  rrad  each  other,  and  those  of 
unlike  kinds  attract  each  other. 

Polarity  is  also  obtained  by  gdvanic  dectridty.  In  an  ordinary 
Iwtteiy,  the  fluid,  by  chemical  action  on  the  zinc,  produces  a  separa- 
tion of  the  two  kinds  of  dectridty;  that  which  is  called  podtive  is 


carried  to  the  copper  plate,  and  the  latter  communicates  it  to  the  zinc 
plate  with  which  it  is  connected.  This  action  is  repeated  at  eveiy  pair 
of  plates  in  tiie  battery ;  and  from  the  last  zinc  plate  the  dectridty 
enters  the  conducting  wire,  or  that  which  is  employed  to  connect  the 
oppodte  extremities  of  the  battery :  thus  the  zmc  extremity  con- 
stitutes the  podtive  pole  of  the  battcoy.  At  the  same  time  an  opposing 
current  of  negative  dectridty  passes  from  the  copper,  through  the 
fluid,  to  the  zinc,  from  thenoe  to  the  next  copper  pl^,  and  so  on  to 
the  last,  which  is  in  connection  with  the  conducting  wire  at  that 
extremity  of  the  battery;  this  copper  end  is  called  the  negative  pole  d 
the  batteiy.    [Galvaiosic.] 

The  attractive  power  in  a  magnetised  steel  bar  increases  from  each 
extremity  to  about  one-quarter  of  an  inch  from  thenoe,  where  it  is  the 
greatest,  and  it  then  diminishes  gradually  towards  tiie  centre;  this 
distribution  is  similar  to  that  of  the  induced  dectridty  in  the  inmilntw! 
cylinder.  But  experiments  show  that  if  a  prism  ol  loadstone  or  a 
magnetised  bar  be  divided  into  several  parts,  perpendicularly  to  its 
length,  each  part  is  a  complete  magnet,  having  poles  of  contrary  deno- 
minations at  its  extremities;  and  this  condition  is  accounted  for  by 
Coulomb  in  the  following  manner : — He  supposes  that  every  moleeule 
of  loadstone  is  a  small  magnet  possessing  oppodte  polarities  at  its 
extremities,  the  axes  of  all  being  paralld  to  or  coinddent  with  the 
magnetic  axis  of  the  mass ;  and  that  a  similar  dispodtion  of  the  mde- 
cule  is  induced  in  a  bar  of  sted  when  the  magnetic  power  is  communi- 
cated to  it.  The  austrd  polarity  of  each  molecule,  while  in  the  man, 
is  destroyed  by  the  bored  polarity  of  that  which  is  contiguous  to  it  in 
the  common  directions  of  their  axes ;  but  on  separating,  as  above,  the 
parts  of  the  loadstone  or  magnetised  bar,  that  extremity  of  each  wliich 
is  farthest  from  the  northern  pole  of  the  bar  exhlMts  the  austrd 
magnetism  appertaining  to  the  like  extremities  of  the  molecules ;  and 
that  extremity  which  is  nearest  exhibits  bored  magnetism. 

A  magnetised  sted  bar,  when  tried  by  means  of  a  small  compass- 
needle,  is  often  found  to  exhibit,  at  different  places  in  the  direction  of 
its  length,  a  change  from  bored  to  austrd  magnetism,  and  the  contraiy. 
These  places  are  called  consecutive  poles. 

The  intendty  of  the  force,  dther  of  attraction  or  repuldon,  exercised 
by  one  of  the  poles  of  a  magnet  on  any  body  is  inversely  proportioml 
to  the  square  of  the  distance  of  such  body  from  that  pole;  and  if  a 
very  small  compass-needle,  supported  or  suspended  in  the  usod  w»j, 
be  brought  near  a  magnetised  bar,  it  must .  settie,  between  those  oppo- 
sing forces,  in  the  direction  of  a  tangent  to  some  curve  line  paa^ 
through  the  two  poles  of  the  magnet.  This  is  called  the  magnetic 
curve,  and  the  direction  of  the  tangent  at  any  given  point  may  be  thus 
investigated : — 


Let  V  be  the  north  and  s  the  south  pole  of  a  magnet;  let  p  be  any 
given  point  at  which  the  centre  of  gravity  of  a  small  su^eoded  needle 
may  be  placed,  and  join  vv,  F  6.    Let  the  attraction  of  »  on  p  be 

expressed  by  — -  and  be  represented  by  pb;  also  let  the  repuldon 
pn' 

exercised  by  B  on  P  be  expressed  by  — .,  and  be  represented  by  P  c,'iD 

Ps' 

the  direction  of  bp  produced.  Imagine  the  paraUdogram  CB  to 
be  formed:  then,  by  mechanics,  pq,  its  diagonal,will  represent  the 
resultant  of  the  forces  acting  on  a  partide  at  p ;  it  will  therefore  be 
the  direction  of  the  needle  and.of  a  tangent  to  the  curve  at  that  point 
Let  Z  Q P o  be  represented  by  0;  Z  Q  p  B  by  ^,  and  let  &J1  c  d  per- 


pendicularly on  p  q :  then  by  trigonometry. 


COS.  B 

PS* 


is  the  vdue  of  po, 


or  the  equivdent  of  the  force  represented  by  F  o  when  reduced  to  the 
direction  p q;  and  -.  is  the  vdue  of  qn,  or  of  the  force  pb  (=qc) 


PW^ 


when  reduced  to  the  same  direction.    The  sura  of  these,  or 


cos.  $ 

P8' 


^^^      ,  is  the  vdue  of  p  q,  and  represents  the  whole  force  of  the 


PK- 


magnet  on  the  point  p  in  the  direction  of  tiiat  line  :  hence, 

«^2       OOS.^0    .    COS.'^    .    oCOS.  0  COS.  «^ 
PB*  PH*  PB*.  PIT* 

But,  by  geometry,  pq*  =  PC**  —  qcf>+2pq.  qo    which,  by  suhsti- 


eoi 


POLARIZATION  OF  LIGHT. 


POLICE, 


tutlon  becomes 


P8* 


PN* 


COS.  6^\  COB.  B* 


vv 


f) 


PN' 


Equating 


these  values  of  p  Q*  and  leaving  out  tenns  which  destroy  each  other^ 


,  1        coe.«e 

we  have  .^— . 


1 

PK* 


coe.»y 

PW 


whence 


sin.g 

PS* 


.55J',and 

PN» 


PS*  PS* 

sin.  $  :  rfn.  ^  :  :  p 8«  :  Pw*. 

Now,  produce  Q  p  till  it  meets  N  s,  produced,  if  necessary,  in  t  ;  and 
draw  8  ▲  parallel  to  ir  p  :  then,  by  trigonometry, 

8A  :  PS  :  :  sin.  aps  :  sin.  pas  :  :  sin.QPS  :  sin.  qpn;  that  is, 

8  A  :  p  B  :  :  sin.  0  i  sin.  0^;  hence 

8  A  :  F  8  : :  P  8*  :  p  n',    which  being  compounded  with   the  identical 
proportion  p8:pn::P8:pn  gives 

8A  :  PN  :  :  P8'  :  P»*. 


vt;  therefore 


But  8  A  being  parallel  to  pn,  8a:pn:  :8T 
8T  :  NT  :  :  PS*:  PN*. 

Thus  the  ratio  of  8  t  to  N  T  is  known ;  and,  consequently  the  position 
of  the  tangent  p  T,  from  the  given  position  of  p.     If  the  poles  k  and  8 
are  unlike,  as  above  supposed,  the  curves  are  of  the  kind  called  con- 
vergent, as  Kps;  but  if  the  poles  are  sinular,  the  curves  will  be 
divergent,  as  K  p'  s'. 
POLARIZATION  OF  LIGHT,     1       .„  ,      .    „ ,     .  .,  ^  ^ ,     . 
POLARIZATION,  MOVEABLE,  I  ^^,  ^^^^^  **  ^^  *^^  °^ 
POLARIZED  RINGS,  J       *®^'  ^' 

POLDERS.  The  meadow  lands  by  the  side  of  rivers,  or  of  the 
sea-shore,  which  are  only  protected  from  inundation  by  means  of 
enclosure  dykes,  banks,  or  walls,  are  known  on  the  Continent  by  the 
name  of  Poldera ;  and  in  Holland,  where  these  hydraulic  works  are  the 
most  common,  they  are  further  subdivided  into  the  schorres,  the 
maritime  polders,  the  boezem  landen,  and  the  drained  lakes.  The 
various  works  connected  with  these  modifications  of  polders  will  be 
discussed  under  River  ENGnnusRiNO,  and  Sea  Dsvences.  For  the 
present,  it  may  suffice  to  say  that  the  polders  almost  invariably  require 
a  complete  enclosure,  with  an  interior  collecting  drain  for  the  land 
waters,  which  are  discharged  directly  through  sluices,  or  outfall  gates, 
or  are  lifted  over  the  hank  by  windmills  or  other  mechanical  means. 
The  polders  are,  generally  speaking,  used  as  grazing  land  for  homed 
cattle,  or  at  times  for  the  growth  of  rape  or  other  oleaginous  grains  : 
of  course  the  cattle  are  withdrawn  from  them  during  the  winter 
months.  The  superintendence  of  the  works  for  the  defence  and  main- 
tenance of  the  polders  in  North- Western  Europe  is  entrusted  to  local 
administrations,  or  syndicates,  acting  under  the  control  of  the  respective 
departments  of  public  works  in  the  countries  whero  those  polders 
exist. 

POLE.    [Peboh.] 

POLE,  POLAR.  The  word  x6\ot  as  applied  to  a  point  means  a 
taming  or  hinge  point,  and  was  applied  to  tke  points  at  the  extremity 
of  the  axis  of  the  celestial  sphere  in  the  ancient  astronomy.  Hence, 
on  the  hypothesis  of  the  earth's  rotation,  it  comes  to  mean  the 
extremities  of  the  axis  on  which  the  earth  tumsL  From  this  primary 
meaning  all  the  various  uses  of  the  word  pole  have  been  derived. 
For  example,  when  it  was  found  that  the  magnet  did  not  always  point 
to  the  north  pole,  but  to  another  point,  it  was  natural  to  call  that 
other  point  the  magnetic  pole.  Previously  to  this  use  of  the  word,  it  had 
already  taken  a  wider  signification,  as  follows: — On  looking  at  the 
position  of  the  equator  with  respect  to  the  poles,  it  is  obvious  that  if 
the  equator,  or  drole  of  equal  day  and  night,  should  be  changed,  the 
axis  must  also  be  changed,  and  the  poles  of  rotation.  Hence  any  great 
circle  of  the  sphere  is  said  to  have  its  poles,  meaning  those  points 
which  would  become  poles  of  rotation  if  that  circle  became  the 
equator.    [Sphere.] 

A  term  seldom  passes  through  several  significations,  however  nearly 
related,  without  at  last  becoming  generic  in  the  widest  sense.  The 
word  pole  is  now  used  to  denote  any  point  which  is  of  so  strik- 
ing a  character  as  to  req\iire  a  distinct  name.  In  physics  the  word 
is  naturalised  in  magnetism,  electricity,  and  optics;  insomuch  that 
any  tendency  towaids  a  particular  point,  or  even  towards  a  particular 
direction,  is  termed  polarity.  In  geometry,  the  only  definition  which 
can  now  be  given  of  this  term  is,  that  it  means  any  point  which  it  is 
wanted  to  mean.  Thus  a  point  considered  as  the  origin  of  Co- 
OBDiKATES  is  Called  the  pole;  and  when  distances  measured  from  the 
origin  are  among  the  co-ordinates,  they  are  called  polar.  Again,  it  is 
a  well  known  property  of  the  conic  sections,  that  if  all  possible  chords 
be  drawn  through  an^  one  given  point,  and  a  pair  of  tangents  be 
drawn  from  the  extremities  of  each  chord,  the  intersections  of  all  the 
pairs  will  lie  in  one  straight  line ;  the  point  through  which  the  chords 
are  drawn  is  called  the  pole  of  that  straight  line. 
POLE  STAR.  [Ursa  Minor.] 
POLEMARCH.    [Archon.] 

POLICE  is  that  department  of  government  which  has  for  its  object 
to  secure  the  safetv,  peace,  and  convenience  of  the  community.  We 
have  here  to  do  with  this  its  primary  object,  namely,  the  prevention  of 
crime  and  the  pursuit  of  offenders ;  but  besides  this  the  police  system 
is  subservient  to  other  purposes,  such  as  the  suppression  of  mendicancy, 
the  preservation  of  order  in  great  .thoroughfares,  the  removal  of 
obstructions  and  nuisances,  and  me  enforcing  of  those  local  and  general 


laws  which  relate  to  the  public  health  and  comfort    [Munioipal 

CORPORATIOKS.] 

In  the  Anglo-Saxon  times  the  whole  community  was  called  upon  to 
aid  in  protecting  life  and  property ;  and  the  spirit  of  this  sjrstem, 
though  the  system  is  no  longer  applicable  to  the.  existing  state  of 
society,  still  characterises  this  department  of  our  institutions.  The 
object  of  the  present  notice  will  be  to  give  some  account  of  the  former 
and  present  constitution  of  the  police  in  England. 

In  the  Anglo-Saxon  period  the  sheriff  of  each  county,  chosen  by  the 
freeholders  in  the  f olkmote,  was  the  chief  officer  responsible  for  the 
conservation  of  the  peace ;  and  in  his  half-yearly  visitations  to  each 
hundred  in  the  county,  he  inquired  whether  there  was  any  reboation 
in  th«  efficiency  of  the  means  in  use  for  this  object  The  hundred 
originally  consisted  of  ten  divisions,  each  containing  ten  freeholders, 
mutually  pledged  to  repress  delinquencies  within  their  district  All 
males  above  the  age  of  twelve  were  obliged  to  appear  at  the  sheriff's 
visitation,  to  state  the  district  to  which  they  belonged,  and  to  be  sworn 
to  keep  the  peace.  One  out  of  every  ten  freeholders  had  precedency 
of  his  companions,  and  the  whole  were  bound  to  bring  delinquents  to 
justice  within  thirty  days  on  pain  of  being  themselves  liable  to 
penalties.  The  population  was  thinly  scattered ;  every  man  was  known 
to  his  neighbours ; .  no  man  could  depart  from  his  dwelling  without 
the  consent  of  his  fellow-pledges ;  and  the  consent  of  the  weriff  was 
necessary  to  enable  a  man  leg^Jly  to  go  out  of  lus  own  county.  No 
man  could  enter  a  neighbourhood  without  being  recognised  as  a 
stranger,  and  probably  exciting  suspicion;  and  this  suspicion, 
quickened  by  the  responsibility  of  the  freeholders,  soon  caused  a  hue 
and  cxy  if  the  stranger  could  give  no  good  account  of  himself.  [Htte 
AND  Cry.] 

After  the  Conquest,  the  advantages  of  the  system  were  recognised 
by  several  of  the  Norman  kings,  particularly  by  William  L,  and  by 
Henry  I.  in  the  early  part  of  his  reign.  The  former  ordered  that  every 
freeman  should  be  under  pledges,  and  the  latter  that  views  of  frank 
pledge  should  be  taken  in  order  that  none  might  escape  responsibility. 
But  a  great  innovation  was  made  in  the  Anglo-Saxon  system  when 
the  sheriff,  instead  of  being  elected  by  the  freeholders,  was  appointed 
direcUy  by  the  king.  Doubtless  he  would  generally  be  a  Norman,  and 
therefore  mdisposed  to  meet  the  people  in  tiieir  popular  courts :  at  all 
events  the  sheriffs  "  toum,"  or  half-yearly  visitation,  came  in  no  long 
time  to  be  neglected. 

When  Henry  I.  instituted  the  office  of  justices-itinerant  [Conser- 
vators OF  THE  Peace],  tiie  functions  of  tiie  sheriff  became  of  still 
less  importance.  By  the  stat  Merton,  c.  10,  passed  20th  Henry  IIL 
(1286),  freemen  who  owed  suit  to  the  county  or  hundred  court  were 
allowed  to  appear  by  attomey.  The  stat  MarL  cc  10  and  25  passed  in  the 
52  Henry  lU.  (1268),  dispensed  with  the  attendance  of  tiie  baronage 
and  dexgy  at  the  sheriff's  court  unless  their  attendance  was  specially 
required ;  and  it  also  prohibited  the  justices-itinerant  from  ameroing 
townships  on  account  of  persons  above  the  age  of  twelve  years  not 
having  been  sworn  in  pledges  for  keeping  the  peace.  By  these  various 
measures  the  ancient  system  was  greatiy  impaired ;  and  the  new  laws 
which  were  introduced  from  time  to  time  for  the  purpose  of  repressing 
crime  do  not  seem  to  have  been  very  suocessfuL  In  1277,  nine  years 
after  the  passing  of  the  statute  of  Marlebridge,  the  absence  of  "  quick 
and  fresh  pursuit  '*  of  felons  is  noticed  as  an  evil  which  was  increasing. 
To  supply  the  energy  and  alacrity  of  the  old  system,  fines  and  penalties 
were  imposed  by  the  stat  Westminster,  prim.  8  Edward  I.,  sec.  9,  on 
all  who  ne^^ected  to  pursue  offenders.  The  statute  directs  that  "  all 
generally  be  ready  and  apparelled  at  the  commandment  and  summons 
of  the  Guieriffs,  and  at  the  cry  of  the  county,  to  pursue  and  arrest  any 
felons  when  any  need  is."  The  statute  of  Winchester,  18  Edward  1 
(1285),  endeavoured  to  maintain  the  spirit  of  the  Anglo-Saxon  laws  by 
mating  the  coimty  or  hundred  responsible  in  case  of  a  delinquent  not 
being  forthcoming,  and  the  duty  of  apprehending  him  was  cast  upon 
all  the  king's  subjects.  This  statute  idso  regulated  the  office  of  con- 
stable, an  officer  who  had  succeeded  the  Anglo-Saxon  himdred  or 
tything-man.  [Constable.]  The  constables  were  directed  what 
measures  they  were  to  take  for  preventing  crime  and  keeping  the  pefioe. 
In  every  town,  village,  and  tything  tiiey  were  to  set  a  watch  according 
to  the  size  of  the  plaoe^  every  night  from  Ascension  till  Michaelmas, 
from  sunset  to  iunrise;  and  the  watchmen  were  to  apprehend  and 
examine  all  strangers,  and  on  their  refusal  to  obey  the  summons  of  the 
watchmen,  they  might  levy  hue  and  cry  to  take  them.  The  gates  of 
all  walled  towns  were  to  be  shut  from  sunset  to  sunrise  :  the  lughways 
were  to  be  kept  dear  of  bushes,  woods,  or  dykes  for  the  space  of  two 
hundred  feet  from  hedge  to  hedge,  so  that  felons  might  not  conceal 
themselves.  Eveiy  man  was  to  have  arms  in  his  house  for  preserviog 
the  peace ;  and  the  constables  were  empowered  to  take  the  view  of 
such  arms.  The  prevention  of  crime,  as  well  as  the  pursuit  of 
criminals,  was  also  one  of  the  primary  duties  of  constables,  and  they 
were  charged  to  make  presentment  at  the  assizes,  sessions  of 
tiie  peace,  or  leet,  of  sJl  blood-sheddings,  affnjB,  outcries,  rescues, 
and  other  offences  against  the  peace.  The  justices  to  whom  these 
presentments  were  xnade  in  the  first  instance,  reported  direcUy  to 
the  justices-itinerant,  or  at  once  to  the  king  or  his  privy-council; 
and  the  supreme  executive  made  provisions  accordingly.  At  the  same 
time  the  responsibility  cast  upon  the  hundred  quickened  the  vigilance 
of  the  inhabitants;  and  this  responsibility  extended  to  individuals  in 
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.  tOMSBf  cMte.  Th«  fbilo^ing  ekIrdcUi  from  the  Tett-BookB  of  tiie 
i  Ezcnequer  are  instances  of  this  :  "  16  Bdward  I.,  Sussex  :  mttrder  mid 
I  Tobbozy — township  of  Tjndon  aifaetoed^  because  it  hspi^ed  by  6Ay, 
and  they  did  not  take  the  offender."  "  6  Edward  II.»  Kent :  man- 
daughter  (upon  a  sadden  qnarrel)  committed  in  the  highway  of 
Wrotham— wito  bystanders  ametoed  because  they  were  prtaent  when 
the  aforesiid  Robert  killed  the  ftfores^d  John,  and  did  qot  take  Mm." 
And  in  the  reign  of  Ehaabeth  the  popular  Vigilanoe  whieh  this  systtan 
had  crAkted  Mb  a  writer  of  thilt  day  td  remark  that  "eyeiy  English- 
man  is  ft  serjeant  to  take  the  thlef^  and  who  ahoweth  negligence  theiwtn 
do  not  oiUy  iiienr  evil  opinion  thereof^  btit  harcBj  shall  eacape  pmudi- 
'  ment^  ^ns^-wfaen  the  An^o-Saxon  system  of  mntual  protection 
had  fallen  to  decsyi  the  si^rit  of  Tigilanoe  which  characterise  it  was 
in  BOihe  meamne  repbieea  b^  the  greater  energy  ahd  aetiTity  of  the 
supreme  executive.  In  process  otf  time,  however^  great  sodftd  and 
political,  arid,  it  may  be  added,  physical  chan^  have  rendered  both 
syatems  e<|cta%  incapable  of  effebting  the  ol^ects  for  which  tfae^  were 
intended; 

In  the  year  1829,  the  hite  Sir  Robert  Feel,  after  having  consolidated 
the  Criminal  Law  of  England^  instituted  in  the  inetfopoUft  the  xiew 
police  force,  which  more  thnt  any  other  external  means  has  eon- 
sbUdated  peace  and  protected  life  arid  propertv,  to  the  undoing  of 
invectiyedach  as  met  its  introduction,  and  to  we  disajlpointment  of 
all  the  alarm  that  was  ezbited  by  it  for  the  liberty  of  the  irabject. 
This  was  effected  by  the  10  Geo.  lY.^  c  44 ;  and  that  Act  was  followed 
by  tiie  2  ft  3  Tict  e.  47>  making  further  improvementa  in  the  foh^, 
extcbodittg  the  metropeHtaa  police  district  to  a  radius  of  fifteen  ihiles 
ft^om  Charing  Crost,  and  giving  poUce-juriedietion  over  the  river 
Thames,  and  the  quays  and  docks  existing  thereon.  The  diij^  Of 
Londonj  that  had  been  exempted  from  the  operation  of  theae  statutes, 
was  by  the  ^  ft  8  Vict.  c.  xoiv.,  provided  with  a  similar  force  under  a 
special  oommiationer^  entirely  under  the  control  of  the  city  authorities. 
And  other  cities  and  boronn^  from  this  time  forward  suoceasiv^ 
acquired  by  private  Act  of  Parliameiit  the  neoesssiy  powers  to  eniibfe 
them  to  institute  and  mahrtain  police  on  the  model  of  the  motropolitah 
fo»6e.  By  the  0  ft  6  Yici  c.  109 ;  7  ft  8  Yict.  e.  52^  and  18  ft  14 
Tict.  c  20,  petty  constables  for  preserving  th^  peace  in  parishes  or 
towhsfaipB  maintaining  their  own  poor,  and  in  eitra-psraehial  places, 
are  io  be  chosen  annually  by  l^e  justices  of  the  peace  for  tiie  mstriet 
or  division,  from  a  list  made  by  the  overseers,  comptiiliQg  every  able- 
bodied  man  between  28  and  66  yean  resident  iii  the  pariah,  and  rated 
to  the  poor  rate  or  county  rate,  ot  holdh^  at  the  yearly  rent  of  41., 
subject,  however,  to  sundiy  exceptions  expressly  mentioned  in  tiie  Act 
This  was  a  resusdtation  ox  the  ancient  eonstabulaiy  for  tiie  protection 
of  life  and  property,  and  maintenance  of  the  queen's  peace,  in  places 
and  districts  not  incorporated^  the  inhabitmts  themsdvo^,  hi  the  trhe 
spirit  of  old  English  institutioiiSj  being  thereby  xhntujjly  erigaged  under 
oath,  without  reunmeration,  to  the  perfbrmance  of  tfaia  important 
pubUo  dttty . 

The  2  ft  8  Tict  c;  98>  and  the  8  ft  4  Yict  c  88,  had  in  fthe 
meantime  j>hyvided  iat  the  i^poitttment  of  county  constabulaory, 
clothed,  piUd  and  accoutred,  and  formed  in  accordance  with  rules 
prescribed  by  the  Secretary  of  State  for  the  Hdme  Deptftment  But 
tfs  these  Acts  left  the  initiative  in  the  dieoretion  of  the  county  magis- 
trsteSi  vety  many  of  the  English  and  Weldi  counties  continued  to  be 
without  protection^  saye  such  as  was  afibrded  by  the  paridi  eeostoble, 
until  the  19  ft  20  Yict  c  69  (20  Yict  o.  ^  made  it  compdlsoty  on 
the  magistrates  of  every  county  where  no  police  had  yet  been  con- 
stituted, to  proceed  therefai  f  orthiHth.  Powers  lor  the  codsoHdation 
of  independent  bodies  of  poUce  Alreadt  existing,  or  fer  tiie  Joint 
appdntmeni  and  superintendence  of  police  for  adjoining  distHcts  and 
btvonghs,  were  glyen  bt  the  same  statute,  and  provision  was  xnade  for 
imposhig  ohe-fourtii  of  the  expense  of  the  force,  whenever  it  ina 
efficient  on  the  Consolidated  Fund.  Similar  provision  had  fth«ady  beeri 
made  by  the  8  ft  4  W.  lY.,  o.  89,  for  advftiiciDg  a  sum  of  60,0002.  a 

Sear  ottt  of  the  Consolidated  Fuhd  towatds  defraying  tiie  expense  df 
le  metropolitan  polioe;  la  this  wiy  the  whole  of  the  country,  Ir^ 
soccessiye  steps,  ind  in  virtoe  bf  a  series  of  statutes,  beginnmg  with 
the  Act  of  Sir  Robert  Peel  in  the  tentii  year  at  George  lY.^  has  at 
length  been  placed  nnder  the  protection  of  a  well-devised  and  tery 
efficient  system  of  police,  whose  ^rveillance  of  the  country  is  continued 
throughout  the  whdle  of  the  fouT-and-twent^  hours.  In  SCotiand  the 
laiger  towns  have  inany  of  them  separate  pc^ce  statutes,  phwing  tiie 
management  and  control  of  the  system  In  the  hands  of  elected  com- 
mlssicraers  j  but  the  8  ft  4  Wtit  I Y.  a  46,  a  general  police  Act,  the 
provisions  of  which,  or  a  portion  of  them,  ndght  have  be^n  adopted  by 
any  royal  burgh,  bttrgh  of  regality,  or  burgh  of  barony,  at  a  meeting 
of  a  specified  number  of  ten-pound  householders,  has  been  adopted  in 
several  pkces.  That  Act  was  amended  by  the  10  ft  11  Yict  &  89,  and 
furiiher  by  the  18  ft  14  Yict  c.  S3,  and,  thus  amended,  is  still  m  fnll 
force  and  operation.  The  20  ft  21  Yict.  c  72,  however,  haa  since  been 
passed  for  improving  the  poHce  system  of  Scotland,  and  providing 
facilitiea  for  the  establishment  of  police  whei^  none  at  the  time  existed. 
As  in  the  general  Act  for  England,  the  institution  of  county  con- 
stabularies is  by  this  Act  compulsory  on  the  eommiudoners  of  supply 
for  each  countf ;  provision  is  also  made  for  the  consolidation  of 
indm>endent  bodies  of  police,  and  for  the  establishment  of  police  for 
neighbouring  districts  and  burghs  johitiy.    The  former  statute,  the 


2  ft  8  Yict  c.  65^  which  left  it  discretionary  in  the  commiasioneia  of 
supply  to  provide  constables  for  the  coimties,  is  repealed ;  and  provisioo 
is  znade  for  charging  one-fourth  of  .the  expense  of  any  burgh  or  coimtj 
constabulary,  repelled  to  be  efflcient  for  the  ^ear  in  niunbera  and 
dLadpline,  on  the  CensoUdated  fSmd; 

POLICY  and  POLITY.  Policy  is  generally  used  to  signiij  the 
line  of  conduct  which  the  rulers  of  a  nation  adopt  on  particukr 
questions,  especially  with  regard  to  foreign  countries;  andaocordiog 
to  our  opinion  of  that  particular  line  of  conduct,  we  say  that  it  is  good 
or  bad  policy.  Polity  has  a  more  extended  sense,  being  synonymous 
with  the  principles  of  government,  and  this  is  the  sense  of  the  Greek 
**  politoia  "  (iroAiTcfoV,  from  which  it  is  derived.  Police,  in  an  extended 
sense^  is  that  branch  of  polity  vriiioh  is  concerned  vrith  the  intenul 
economy  of  the  state.  In  a  more  restricted  sense,  it  is  a  branch  of  pre- 
ventive administration,  dutinct  from  the  admioistration  of  justice,  the 
object  of  whidi,  among  other  things,  ia  the  punishment  of  crim^ 
committed. 

POLICY.    [Rbveesion.] 

POLIEKB.    [Melak.] 

POLISHING.    [CtJTLEtkT;  Chximva;  Yaeitoh.] 

POLITICAL  ECONOMY  is  the  name  given  to  s  department  of 
knowledge  Idie  limits  of  which  are  hot  yet  acctuiitely  defined.  The 
word  economy,  applied  to  domestic  concerns,  means  tiie  art  of  veil 
administering  the  private  afiairs  of  a  &mil^,  of  regtilatzng  its  expeD- 
diture  accortung  to  its  i^icome,  and  providmg  for  the  wants  of  the 
membera  of  the  household.  By  analogy,  political  or  "  public  "  economy 
haa  been  considered  by  mahy  as  conyersant  about  tiie  pHndpies  of 
administering  the  wealth  of  a  country  with  a  view  to  its  increase, 
regulating  the  expenditure,  providing  for  the  wants  of  the  people,  and 
endeavoimng  to  maintain  and  increase  their  comf  orts.  But  by  taking 
such  an  extensive  view  of  the  subject,  most  writers,  and  especially 
continental  writen,  have  considered  it  necessary  to  investigate  all  the 
catisea  of  tiie  prosperity  of  nations,  and  have  involved  themaehes  in 
mnhitkrioua  discussions  on  the  various  forms  of  govemment  and  of 
civil  inatitatbna  which  are  stlpposed  to  afibct  the'cconomieal  conditioo 
of  a  people.  By  So  doing -they  haye  encroached  upon  the  science  of 
general  poHtica  and  l^islation,  and  have  brought  forward  their  owb 
theories  of  laws,  ethics,  and  administration,  with  the  yiew  of  showing 
their  inflnenoe  on  l^e  social  state.  But  it  is  evident  that  such  a  tast 
MA  ot  fatqtdry  must  exceed  the  powers  of  any  single  "writer,  and  that 
the  attempt  to  embrace  so  many  cUfftcult  and  varied  subjects  under  one 
division  of  knowledge,  tends  to  confuse  rather  than  to  elucidate. 
Modem  writers,  especially  in  Bngland,  haye  therefore  limited  th^ 
inqhiries  to  the  prindples  which  govern  the  production  and  aocumnla- 
tion  of  vrealth,  and  its  distribution  and  consumption.  "  The  Wealth 
of  Nations  "was  the  titie  which  Adam  Smith  gave  to  his  woH:.  hi 
this  consists  the  main  difference  between  the  modem  ISnglish  and  the 
Italian  and  Trench  econonusts.  The  latter  maintain  that  the  political 
eoononust  hi  concerned  not  only  with  the  aggregate  production  of 
wealth,  but  with  its  most  benefidai  distribution  among  individuala,  fiot 
only  With  wealth  in  short,  but  with  happiness  also.  The  modem 
English  vrritera,  on  tiie  eontnoj,  say  thai  the  8ppropri£tte  subject  of 
the  political  economist  is  not  nkp^emj  but  wealth ;  that  wealth  is 
confined  to  material  objects,  the  produce  of  land  and  of  induatiy; 
that  the  political  economist  who  assumes  to  explain  the  phenomena  of 
the  prdduotion  of  wuhh  ought  to  lay  down  the  general  principles  on 
whicn  wealth  is  produced,  as  they  are  deducible  from  actual  fsiicts ;  it 
is  the  buainees  of  the  statesman,  the  philosopher,  or  the  politician,  to 
say  what  he  tfamka  beat  fot  the  general  prosperity  of  society,  after  he 
htt  examined  the  evidence  of  the  political  economist,  which  ia  an 
easential  pait  of  the  evidence,  but  not  the  sole  evidence  to  be  attended 
to  in  tiie  conduct  of  a  nation's  af^iirs.  But  here  the  Engliah  econo- 
miste  also  seem  to  be  divided  among  themselves.  Some  appear  ^to 
think  that  the  principles  of  political  economy,  as  the  tenn  is  understood 
by  themi  may  be  deduced  with  the  certainty  of  mathematical  demon- 
stration/  whilst  others  assert  that  there  are  many  important  propo- 
sitionii  hi  poUtioal  economy  which  require  limitations  and  exception& 
"  The  daeite  to  simplify  and  generalise  has  occasioned  an  unwUlingnesa 
to  acknowledge  the  operation  of  more  causes  than  one  in  the  productico 
of  partictdar  efibcts ;  and  if  one  canse  would  account  for  a  considerable 
poriion  of  a  certain  class  of  phenomena,  the  wl^ole  has  been  ascribed  to  it 
without  sufficient  attention  to  the  facta  which  would  not  admit  of  being 
so  solyed."  (Malthus, '  Principles  of  Political  Economy,'  Introduction.) 
Halthus  quotes  the  conttoveisy  on  the  bullion  question  as  an  instance 
of  this  kind  of  error. 

We  cannot  enter  into  anything  like  an  examination,  however  brief, 
of  the  principles  of  politi<»l  economy;  but  shall  merely  state  a  few 
general  propositiona  which  are  universally  acknowledged  as  true.  1. 
Every  man  desires  to  obtain  additiohal  wealth  with  as  uttle  trouble  to 
himself  as  possible.  2.  The  increase  of  population  is  limited  either  by 
physical  or  moral  evil,  or  by  prudential  motives.  8.  The  ^wers  of 
labour,  and  of  the  other  instiiiments  which  produce  wealth,  may  bs 
indefinitely  increased,  by  using  their  producto  as  tilie  means  of  further 
productioti.  4,  Agricultural  produce  is  not  susceptible  of  the  same 
unlimited  increase  as  manufactures.  The  principal  topics  discussed  by 
politicad  economists  are :  1,  the  definition  of  wealth ;  2,  of  productive 
and  unproductiye  labour ;  8,  of  the  nature  and  measures  of  value ;  ij 
of  the  rent  of  land  ,*  5,  the  tragea  of  labour;  6,  the  profite  of  capital  * 
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7,  the  results  of  machinery;  8,  the  oiroulating  medium,  or  cuzrency ; 
i),  the  nature  and  conditions  of  oommeroe,  or  exchange  of  oommodities. 
Most  of  these  subjects  are  treated  in  this  work;  under  the  heads 
AcouKULATioK,  Balancb  ov  Tradb,  Buluon,  Ooksumftion^  Cuk- 

B£NCT,  EXCHANOK,  PbOFIT,  BxNT,  WaGBS,  WsaLTH. 

History  of  ike  Science, — ^The  great  nations  of  antiquity,  the  Greeks 
and  Romans,  had  no  notion  of  what  we  understand  by  political 
economy.  They  sought  to  increase  their  wealth  chiefly  by  War,  by 
conquering  and  plundering  weaker  nations,  and  approwiating  to  their 
own  use  part  ox  the  produce  of  their«  industry.  They  conaidered 
handicraft  and  trade  as  degrading  to  a  citizen,  and  left  those  pursuits 
to  be  ezerdsed  by  slaves  or  freedmen.  The  Romans^  in  ^e  earlier 
ages  of  the  republic,  held  agriculture  in  more  estetm ;  but  after  they 
had  extended  their  conquests  beyond  the  limits  o^  Latium,  the 
business  of  agriculture  also  was  mainly  conducted  by  slaYes.  The 
consequences  of  this  system  are  well  known ;  agriculture  dedined,  and 
the  people  of  Rome  were  obliged  to  be  fed  by  com  from  the  provinces. 
It  is  evident  that  in  bu<^  a  state  of  society  ihere  will  be  no  room  for 
the  consideration  ai  some  of  the  most  important  questioiis  of  political 
economy,  which  are  based  upon  the  principles  of  free  labour  and  com- 
petition. It  appears  that  the  Romans  considered  g<^d  not  as  the 
representative  of  wealth,  but  as  wealth  itself,  for  we  And  that  the 
senate  forbade  its  exporUUiion.    (Cicero, '  Pro  Flaoco/  28.) 

After  the  fall  of  the  Roman  empire,  the  free  ^owns  that  rose  in  the 
middle  ages,  Pisa,  Venice,  Florence,  Qenoa,  and  the  Hanseatio  towns, 
were  essentially  commercial,  and  with  them  the  ^  mercantile  "  system, 
as  it  is  called,  may  be  said  to  have  originated,  at  least  ia  piiotioe; 
for  it  was  not  expounded  and  reduced  to  rules  until  oenturies  after. 
This  system  consisted  in  looking  to  foraixn  trade  as  the  source  of 
wealth,  selling  dear  and  buying  cheap,  and  thereby  realising,  by  the 
'exchange,  a  surplus  in  bullion,  whidi  surplus  was  employed  in 
increasing  the  quantity  of  produce  to  be  sold.  Shipping,  foreign  marts, 
colonies  or  factories  abroad,  were  ^e  means  employed  for  theee  objects. 
But  as  each  mercantile  nation  sought  a  monopoly  of  trade,  restricVkionB 
were  resorted  to  in  order  to  favour  its  own  commerce  ^d  impede  or 
depress  that  of  others.  This  led  to  jealousies  and  wars,  which  ended 
with  the  ruin  of  one  or  the  other  of  the  contending  pai^iss.  This 
system  was  narrow  and  exclusive :  it  considered  only  one  state,  and 
built  the  prosperity  of  that  state  on  the  depression  of  others.  It  was 
afifected  by  the  same  error  as  the  military  system  ol  oonquerors,  who 
wish  to  exalt  and  enrich  one  country  by  subjugating  and  plundering 
another,  overlooking  the  fact  that  the  prosperity  of  other  oountries  is 
part  of  the  general  prosperi^  of  the  world,  in  which  our  own  country 
jnust  share.  The  principle  mat "  the  whole  world  as  to  trade  is  but  as 
one  nation  or  people,  and  therein  nations  are  as  persons'^  (Sir  Dudley 
North's  'Discourses  on  Trade,'  1661),  was  not  known  as  yet,  and 
indeed  it  may  be  said  to  be  acknowledged,  even  now,  by  comparatively 
few  in  any  country. 

Another  mistake  of  the  states  of  the  middle  ages  was  that  ef  con- 
sidering gold  and  silver  as  constituting  the  exclusive  wealth  of  a 
country ;  their  attention  was  fixed  on  money  not  as  a  means,  but  as 
the  end  of  trade,  and  as  the  most  beneficial  surplus,  which  they 
endeavoured  to  retain  in  their  coffers  by  enacting  severe  penalties 
against  its  exportation.  Hence  the  earlier  Italian  writers  on  cSmmeroe 
treat  exclusively  of  money,  its  standard,  and  the  evils  of  tampering 
with  itw  Oasparo  Scarufli,  of  Reggio  near  Modena,  wrote,  in  ll»79, 
'  Discorso  sopra  le  Monete,  e  della  vera  proporzione  frk  Toro  e  raigento.' 
In  1538  Bernardo  Davanzati  of  Florence  wrote  a  short  treatise, '  SuUe 
Monete,'  and  another  'Sui  Cambj,'  or  <The  Exchanges.'  Antonio 
Serra,  a  native  of  Cosen«a  in  Calabiia,  published,  in  1618,  '  Breve 
Trattato  delle  Cause  che  possono  far  abbondara  i  Regni  d'Oro  e  d'Ar- 
gento.'  Looking  upon  gold  and  silver  as  constituting  the  wealth  of  a 
state,  Sena  investigates  the  means  of  making  them  flow  abundantly 
into  a  coimtrv.  Among  these  means  he  reckons  manufactures,  *'  which 
afford  a  mucn  greater  return  than  agriculture ;  ^*  and  maritime  com- 
merce. But  *'  these  means,"  adds  Serra,  f^  are  of  no  avail  without  fixed 
laws,  order,  and  security  for  persons  and  property,  for  there  can  be  no 
prosperity  where  there  are  continual  changes  of  dynasties  and  laws." 
This  shows  that  Serra,  considering  the  age  and  country  in  which  he 
lived,  had  formed  some  correct  and  extended  notions  of  political 
economy.  His  book  however  remained  unnoticed,  and  the  author, 
being  implicated,  as  it  seems,  in  some  conspiracy  against  the  Spanish 
rulers  of  Naples,  was  imprisoned  for  ten  years,  and  underwent  the 
torture  seven  times.  It  is  not  known  when  and  where  he  died. 
Turbolo  of  Naples  wrote  several  treatises  on  the  coinage  and  the  state 
of  money  in  the  kingdom  of  Naples ;  '  Discoisi  e  Kelaaione  sulle 
Monete  del  Regno  di  Napoli/  1616, 1618,  |628,  and  1629.  Qeminiano 
Montanari  of  Modena  published,  in  1680,  <  Trattato  Mercantile  delle 
Monete,'  and  afterwards, '  Trattato  del  Vidor«  delle  Monete  in  tutti  gli 
Stati,'  in  which  he  lays  down  sound  principles  for  regulating  the  coinage. 

The  first  writers  on  the  subject  of  commerce  at  large  appeared  in 
Enghmd.  Raleigh  wrote,  in  1595,  his  'Essay  on  Trade;'  Edward 
Miaselden  wrote  hte '  Cirde  of  Trade,'  in  1683,  and  Louis  Roberts  his 
'Treasure  of  Traffic,'  in  1641.  Thomas  Mun  wrote,  in  1621,  his 
'  Defence  of  the  East  India  Trade,'  in  which  he  exploded  the  notion 
that  money  exclusively  constituted  wealth.  He  compared  the  expor- 
tation of  gold  and  silver  wfasrewitfa  to  buy  goods  for  importation,  wiUi 
the  seed  which  the  husbandman  throws  into  the  earui  that  he  may 


reap  a  plentiful  harvest;  and  in  his  'Treasure  of  Foreign  Trade/ 
published  in  1664,  Mun  advocates  the  same  principle.  But  6ir 
William  Petty  went  further  than  any  of  his  predecessors  or  con- 
temporaries in  asserting  enlaige4  ^^ws  of  politicai  economy.  In  his 
treatise '  On  Taxes  and  Contributions,'  published  i^  1667,  he  was  the 
first  to  state,  though  in  an  incident^  manner,  that  "  it  was  the  labour 
required  for  the  production  of  eonmiodities  which  determined  their 
value."  He  also  wrote  his '  Quantulumcunque,'  a  treatise  on  mdney, 
in  which  he  condemned  ^e  laws  regulatixig  the  rate  of  interest,  and 
combated  the  notion  that  a  countiy  may  be  drained  of  cash  by  im 
unfavourable  balance  of  trade.    [PxrtT,  Sib  William,  in  Bioo.  Dtv.] 

In  Rtmoe,  the  minister  Colbert,  a  contemporary  of  Sir  William 
Petty,  was  a  grei^t  promoter  of  thp  mercantile  systetn  in  all  its  exclu- 
siveness  [Colbert  in  Bioo.  Div.],  and  the  principlee  of  that  ^tepi 
continuea  to  prevail  in  France  after  his  deatii  till  the  time  of  Qu^snay. 
Pierre  le  Pesant,  Seigneur  de  Bois  Guibeit,  published,  in  1695,  ms 
'  Detail  Bur  la  France,'  in  whidi  he  treated  both  of  commerce  and 
money,  but  the  author  was  banished  becaupe  some  of  his  propositions 
reflected  upon  feudal  rights  and  ecclesiastioLl  privileges.  Tweive  years 
later  Vaulxm  publidied  his  ^  Dixme  Royale,'  m  which  he  proposed  a 
new  plan  of  taction. 

In  England,  Loc^e,  in  his  '  Bsqay  on  Civil  Gpvepunept'  (b.  xL,  40- 
48),  argued  at  lexigth  to  prove  thai  "  labour  is  the  constituent  principle 
of  value."  There  is  something  to  the  same  purpose  in  Hobbes's 
'  Leviathan'  (ch.  24).  But  these  were  incidental  remarks,  and  not 
professed  inveetigationa  on  the  subject  of  political  economy. 

In  a  tract  published  in  1677,  entitle^  'England's  Great  Happiness/ 
the  notioQ  o£  the  bidsnce  of  trade  is  examined  and  its  fallacy  exposed. 
[Balanob  or  Tbade.]  Sir  Dudley  North  wrote  'Discourses  on 
Trade,'  1691,  which  contain  more  dear  and  comprehensive  notions 
on  trade  than  had -yet  been  puMishfd.  Among  other  propositions,  he 
lays  it  down  as  a  maxim  that  "  there  can  be  no  trade  unprofitable  to 
the  public ;  for  if  any  prove  so,  men  soon  leave  it  off,  and  wherever  the 
traders  thrive,  the  public,  of  which  they  are  a  part,  thrive  also."  It 
is  worthy  of  notice,  by  way  of  contrast,  that  Montesquieu  in  the 
following  century  wrote  a  chapter  entitled  '  To  what  Nations  Com- 
merce is  prejudidaL'  ('Esprit  des  Lois,'  b.  xx.,  ch.  21.)  In  1696 
Davenant  wrote  on  'the  Commerce  and  Revenue  of  England.'  In  the 
next  century  Sir  Matthew  Decker  wrote  an  '  Essay  oi^  the  Causes  of 
the  Dedme  of  Foreign  Trade,'  1744. 

A  change  of  opinion  was  in  the  meantime  taUng  place  on  the  Con- 
tinent with  respect  to  the  so-called  "mercantile  system.**  Frau^ois 
QuesuM',  bom  in  1694,  a  medical  man  by  profession,  and  surgeon  to 
Louis  XV.,  being  struck  by  the  distressed  condition  of  the  French 
peasantry,  endeavoured  to  draw  the  attention  of  the  government 
towards  z^eving  ^t  numerous  and  ill-used  class  of  people.  He 
proposed  the  abolition  of  custom-houses  between  province  and  province, 
the  free  droulation  of  com  throughout  the  kin^om,  the  'suppression 
of  the  corvte,  and  other  similar  reforms,  w^ch  were  effected  after  his 
death  by  Turgot  Quesnay  went  further :  h^  assumed  as  a  principle 
that  the  earth,  or  in  other  Words,  agriculture,  was  the  only  source  of 
wealth,  in  opposition  to  Cdbert's  mercantile  system,  which  fixed  that 
source  exclumvdy  in  trade.  Quesnay  allowed  that  manufactures  and 
merchants  were  highly  useful,  out  he  contended  that  as  i^ey  realised 
no  net  surplus  in  the  shape  of  rent,  they  did  not  add  any  greater  value 
to  the  raw  material  of  the  oommodities  which  they  n^nufactured  or 
carried  from  place  to  place,  than  was  just  equivalent  to  the  valu^  of 
the  capital  or  stodc  oohsumed  bv  them  during  the  time  that  they  were 
engaged  in  those  operations.  He  divided  society  into  three  classes  :  1, 
a  TO^uctive  class,  eonsisti|ig  of  farmers  and  agricultural  labourers,  who 
subsist  on  a  portion  d  the  produce  of  the  land,  reserved  to  thorn  as 
wages  of  labour  and  as  a  reasonable  profit  on  their  capital ;  2,  a  pro- 
prietary class,  namely,  those  who  live  op  the  rent  of  the  land^  or  the 
net  surplus  produce  raised  by  the  cultivators,  after  tiie  necessary 
expenses  have  been  deducted ;  8,  an  improductive  class,  consistinff  of 
manufacturers,  merchants,  servants,  and  handicraftsmen,  "whoso 
labour,  though  useful,  adds  nothing  to  the  national  wealth,  and  who 
subsist  entirely  on  the  wages  paid  to  them  by  the  other  two  classes." 
(Quesnay,  *  Physiocratie,  ou  Constitution  Naturelle  des  Qouveme- 
mens,'  1768.)  As  a  corollary  to  these  positions,  Quesnay  and  his 
disdples  concluded  that  all  taxes  ought  to  fall  upon  ihe  lancL 

Quesnay  is  considered  as  the  head  of  the  school  called  the  school  of 
the  "  Economistes/*  which  reckoned  amongst  its  members  the  Marquis 
de  Mirabeau,  father  of  the  celebrated  Mirabeau,  Herder  de  la  Riviire, 
Dupont  de  N^moxirs,  Condorcet|  Raynal,  Turgot,  Keeker,  i^^d  other 
distinguished  men, 

Quesnay's  prindpal  y^ork  on  political  economy  ia  the  '  FhydocraUe' 
alreadv  mentioned;  but  he  puuished  other  tracts,  especially  an  article 
f  Sur  les  Grains/  v^hich,  was  inserted  in  the  '  Encyclop^e,'  and  ip 
which  he  advocates  the  same  prindples.  Thouffh  Quesnay  considered 
agriculture  as  the  only  source  of  wealth,  he  did  not  advocate  any  ex- 
dudve  protection  for  it,  but  rather  a  prindple  of  freedom  in  all 
branches  of  trade.  The  " Econon^stes  origini^ted  the  "Cadastre^" 
whidi  was  a  survey  and  valuation  of  all  real  property,  made  bv  order 
of  the  government^  for  the  purpose  of  assessing  the  "contribution 
f  onddre,"  or  property  tax,  which  they  considered  as  the  only  legitimate 
tax.  Aiad  tMs  prindple  has  prevailed  in  France  and  other  continental 
oountries,  where  even  now  the  tax  on  land  and  houses  forms  the  main 
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Bource  of  the  public  revenue,  being  from  20  to  80  per  cent,  on  the 
rent. 

In  Italy,  Antonio  Bandini  of  Siena  had  asserted  the  fundamental 
principle  of  the  **  Economistes/'  long  before  Quesnay,  in  a  work  which 
however  was  not 'published  till  1775.  Bandini  wrote  his  'Discorso 
Economico'  in  1737,  with  a  view  of  drawing  the  attention  of  the 
Tuscan  government  to  the  desolate  condition  of  that  vast  tract  of 
coimtiy  called  the  Maremma  of  Siena.  Bandini  advocated  freedom  of 
trade  in  agricultural  produce,  and  recommended  the  removal  of  all 
restrictions  upon  importation  and  exportation;  he  urged  the  ex- 
pedienqr  of  giving  to  the  cultivators  of  the  soil  an  interest  in  the  land, 
by  the  grant  of  long  leases;  and  lastly  he  recommended  the  removal  of 
the  numerous  vexatious  taxes,  and  the  substitution  of  a  single  tax 
upon  land,  not  excepting  ecdesiantical  and  other  privileged  property. 
A  MS.  copy  of  Bangui's  book  was  presented  to  the  grand-duke  fVands 
of  Lorraine,  who  however,  being  soon  after  elected  emperor  of  Germany, 
and  having  removed  to  Vienna,  could  not  attend  to  the  affidrs  of  the 
Maremma.  But  his  son  Leopold,  on  coming  to  the  government  of 
Tuscany,  consulted  Bandini's  work,  and  put  into  execution  the  plan 
therein  proposed.  The  Maremma  of  Siena  assumed  a  new  life,  and 
its  population  nearly  trebled  in  the  course  of  half  a  century. 

Antonio  Broggia  of  Naples,  a  merchant  by  profession,  wrote  a  treatise 
on  taxation,  '  Sul  Tributi,'  in  which  he  admits  that  there  are  three 
sources  of  wealth,  agriculture,  handicraft  or  manufactures,  and  com- 
merce. He  does  not  consider  the  tax  on  land  as  the  only  legitimate 
tax,  but  proposes  three  sorts  of  taxation,  land-tax,  customs,  and  gabelle 
or  exdae.  He  says  that  in  a  great  commercial  country  the  customs 
and  excise,  or  indirect  tax,  ought  to  be  preferred,  but  in  an  agricultural 
country  like  Naples  the  tax  on  land  must  be  Uie  principal  source  of 
revenue.  He  condemns  taxes  on  capital  and  persons,  licences  and 
patents,  horses  and  agricultural  implements,  as  detrimental  to  industiy, 
as  well  as  the  government  monopoues  of  salt^  tobacco,  &c.  The  author, 
who  belonged  tq  the  mercantile  school,  falls  into  the  error  of  tiiat 
school,  in  wishing  to  sell  as  much  as  possible  to  foreigners,  and  buy  as 
little  as  possible  from  them. 

^  Ferdinando  Qaliani  also,  of  Naples,  ranks  among  the  most  distin- 
tinguished  writers  on  political  economy  in  the  last  century.  While  at 
Paris,  he  wrote  in  French  a  book  on  the  corn-trade,  '  Dialogues  sur  le 
Commerce  des  Bles,'  in  which  he  took  a  middle  course  between  those 
who  advocated  an  unreetricted  trade  in  com,  and  those  who  wished  it 
to  be  subject  to  permanent  restrictions.  GaUani  contends  that  no  uni- 
versal system  can  be  established  on  that  important  subject,  and  that 
the  laws  concerning  the  trade  in  com  must  vary  according  to  the 
situation  of  individual  states,  the  natm«  and  cultivation  of  their  re- 
spective soils,  and  also  their  political  institutions  and  relations  to  other 
countries.  Qaliani  also  wrote,  in  Italian,  a  work  on  money, '  Delia 
Moneta,'  published  in  1750,  which  is  reckoned  one  of  the  best  on  this 
subject.  Taking  an  enlarged  view,  he  investigated  the  nature  of  the 
value  of  things,  which  he  said  was  the  result  of  various  circumstances, 
namely,  their  scarcity,  utility,  the  quantity  and  quality  of  the  labour 
requii^ed  for  their  production,  and  also  the  time.  He  extends  his 
investigations  to  the  value  of  men's  abilities,  which  are  to  be  esti- 
xnated  not  only  according  to  their  rarity,  but  also  according  to  the 
time  required  for  their  coming  to  maturity,  and  the  difficulties  en- 
countered before  they  can  attain  a  station  fovourable  to  their  develop- 
ment. This  is  a  position  analagous  to  that  afterwards  stated  by  Adam 
Smith  (b.  i.,  ch.  10),  **  that  the  wages  of  labour  vary  with  the  easiness 
and  cheapness  or  the  difficulty  and  expense  of  learning  a  business."  It 
requires  more  time  and  expense  to  form  a  physician,  or  a  statesman, 
or  a  divine,  than  a  common  labourer,  and  therefore  the  latter  has  less 
value  than  the  former.  Ghiliani  combats  the  received  opinion  of  his 
time,  that  high  prices  were  a  sign  of  distress.  He  also  contended  that 
the  precious  metals  were  to  be  considered  as  merchandise.  Qaliani 
may  be  considered  as  a  reformer  of  the  old  mercantile  system. 
[Qaliani,  in  Bioq.  Div.] 

Gian  Francesco  Pagnini,  bom  at  Volterra  in  1715,  published  in  1751 
a  dissertation  '  Sopra  11  giusto  Pregio  delle  Cose,'  or  the  just  value  of 
things,  and  in  1764  a  *  History  of  the  Commerce  of  Florence,'  with  a 
digression  on  the  value  of  gold  and  silver,  and  its  proportion  to  the 
prices  of  other  things  in  the  14th  and  15th  centuries,  compared  with 
those  in  the  18th  century.  Both  works  contain  sound  opinions  and 
interesting  facts.  Pompeo  Neri  of  Florence  wrote,  in  1751, '  Osserva- 
zioni  sopra  il  Prezzo  legale  delle  Monete,'  a  work  of  considerable 
merit. 

Gian  Rinaldo  Carli,  bom  at  Capo  d'Istria  in  1720,  ranks  with  Qaliani 
as  one  of  the  most  distinguished  Italian  political  economists.  He 
wrote  an  elaborate  work  on  coin  and  currency,  and  on  the  mints  of 
Italy  :  '  Delle  Monete  e  della  Istituzione  deUi  Zecche  d'ltalia,'  8  vols. 
4to.,  1754-60,  in  which  he  completely  exhausted  the  subject.  Carli 
also  wrote '  Ragionamento  sopra  i  Bilanci  Economid  delle  Nazioni,*  in 
which  he  combated  the  fallacy  prevalent  in  his  time  about  the  balance 
of  trade.  He  also  discussed  the  subject  of  the  oom-trade  in  a  letter 
addressed  to  Pompeo  Neri,  in  1771, '  Sul  Libero  Commerdo  dei  Grani,* 
in  which  he  agreed  with  Qaliani  in  denying  the  wisdom  of  a  general  prin- 
ciple of  unrestricted  freedom  of  trade  in  com,  which  he  thought  ought 
to  be  modified  according  to  local  circumstances,  because  he  considered 
the  supply  of  com  as  a  subject  deeply  connected  with  administrative 
policy,  and  not  a  mere  commercial  question.    Carli  had  a  powerful 


mind,  uninfluenced  by  popular  opinions  or  prevalent  syztemB.  Other 
particulars  concerning  this  distinguished  writer  are  given  under  Cabu, 
in  Bioo.  Div. 

Antonio  G^ovesi,  bom  in  1712,  at  Castiglione  near  Salerno,  became 
professor  of  the  new  chair  "  of  commerce  and  mechanics,"  founded  ai 
Naples  in  1755,  by  Bartolommeo  Intiesi,  a  wealthy  Florentine  merchant 
of  that  city.     Genovesi  published  hiz  lectures  under  the  title  of 
'  Lezioni  di  Economia  Civile,'  in  1768.    Genovesi  took  a  middle  course 
between  the  mercantile  system  and  that  of  the  "  Eoonomistea."    He 
reckoned  three  sources  of  wealth,  agriculture,  arts,  and  commeroe. 
He  extols  agriculture  as  an  ample  and  perennial  spring  of  puhbc 
wealth,  but  he  also  appreciates  commerce  and  manufactures  as  the 
causes  of  an  incrapse  of  production.    With  regard  to  conmierce,  he 
adopts  the  reztrictive  system  of  the  mercantile  school  aa  to  foreigo 
goods,  whilst  he  agrees  with  the  "  Economistes  "  as  to  the  freedom  of 
trade  in  com,  and  of  internal  trade  in  g^eral,  as  well  aa  with  respect 
to  the  interest  of  money.    He  inculcates  the  principle  that  labour  con- 
stitutes the  capital  of  nations  as  well  as  of  fiunilies.    But  he  did  doc 
fall  into  the  vulgar  error  of  conzidering  whole  dasses  of  sodetyas 
unproductive  because  they  are  not  employed  in  manual  labour,  such  u 
men  of  sdence,  scholars,  lawyers,  soldiers,  magiztratee,  and  others. 
Genovesi  vrrote  also  other  treatises  on  political  economy,  which  he 
succeeded  in  rendering  popular  in  his  own  country. 

The  other  Italian  political  eoonomizts  of  the  18th  century  are :  1. 
Francesco  Algarotti  of  Venice,  bom  in  1712/ who  wrote  'Saggio  sol 
Commerdo,'  in  which  he  extols  commerce  az  the  source  of  wealth  and 
power,  and  he  quotea  the  example  of  England.  He  also  wrote  a  few 
abort  suggestions  on  the  .advantages  which  might  be  derived  from 
Africa,  in  a  commercial  point  of  view,  by  the  nations  of  Europe : '  Sulla 
Pref erenza  dell'  Africa  in  confronto  dell'  Asia  e  dell'  America,  rapporto 
all'  Industria  e  dal  Commerdo  degli  Europd.'  2.  Antonio  Zanon  of 
Udine  in  the  Venetian  territory,  bom  in  1696,  a  merchant  by  profes- 
ion,  wrote  letters  on  agriculture,  commerce,  and  manufactures,  which 
he  encouraged  also  by  hiz  exertions.  He  waz  a  man  of  a  liberal  mind 
and  a  true  philanthropists  S.  Cesare  Beocaria  of  Milan  wrote  lectiim 
on  political  economy,  in  which  he  expounded,  among  other  things,  the 
advantages  of  tiie  division  of  labour,  and  he  investigated  the  rdatioiu 
of  wages  and  labour,  and  the  nature  of  productive  capitals.  VTiih 
regard  to  the  corn-trade,  he  agreed  with  Carli  and  Gkkliani  in  not  ad- 
vising any  general  sjrstem.  He  considered  large  masses  of  property  aa 
more  advantageous  to  a  country  than  small  subdivisions.  In  genaaJ, 
Beocaria  may  be  oonsidered  as  belonging  to  the  achool  of  the  "  Ecodo- 
mistes."  [Beccabia,  Cesabe  Bonesana,  in  Bioo.  Dnr.]  4.  PietroVerri, 
bom  at  Milan  in  1727,  the  intimate  Mend  of  Becoaria,  although  he 
differed  from  him  on  several  points  of  political  economy,  wrote  '  Me- 
morie  suU'  Economia  Pubblica  dello  Stato  di  Milano,*  in  which  he 
shows  the  decline  of  that  country  during  the  two  centuries  of  Spanish 
dominion,  and  ascribes  it  to  the  ignorance  of  its  rulers  and  the  abaordity 
of  the  laws.  He  wrote  also  '  Riflessioni  sulle  Leggi  Vincolanti,  prin- 
cipalmente  sul  Commerdo  dd  Grani,'  in  which  he  advocated  the  prin- 
dple  of  absolute  liberty.  Lastly,  he  wrote  '  Meditazioni  sull'  Economia 
PoUtica,'  whidi  were  publizhed  in  1771,  and  have  been  translated  into 
several  languages.  It  is  an  elementary  but  useful  book.  5.  Ferdi- 
nando Paoletti,  bom  in  1717,  near  Florence,  wrote,  in  1769, '  Pensieri 
sopra  I'Agricoltura,'  and,  in  1772, '  Veri  Mezzi  di  rendere  fdid  le  So- 
deta,'  in  which  he  advocated  freedom  of  trade.  6.  Gian  Battista  Yaaoo, 
bom  at  Mondovi  in  Piedmont,  in  178S,  wrote  '  Saggio  Politico  sulia 
Moneta,'  1772,  in  which  he  treats  of  various  questions  of  politieai 
economy.  He  afterwards  wrote,  in  French, '  Memoire  sur  les  Causes 
de  la  Mendicity  et  sur  les  Moyens  de  la  supprimelt*,'  which  he  sent  to 
ike  Academy  of  Valence  in  Dauphind,  in  1788.  Bib  other  works  were 
'  Sulla  Felidta  Publica  oonaiderata  nd  Coltivatori  di  Terrs  proprie ; ' 
and  '  L'Usura  libera.'  7.  Giammaria  Ortes,  bom  at  Venice  in  1713, 
wrote  a  work  entitled '  Dell'  Economia  Nazionale,'  libri  sd,  1774,  which 
however  remained  unknown  except  to  a  few  friends  of  the  author,  until 
Custodi  inserted  it  in  his  great  collection  of  the  Italian  eoonomista. 
His  views  were  original,  and  he  belonged  to  none  of  the  sdioolz  already 
established.  He  lays  it  down  as  a  fundamental  pzindple  tiiat  the 
capital  of  a  nation  is  always  in  proportion  to  the  population,  and  that 
the  only  difference  is  in  its  distribution.  If  a  portion  of  the  population 
becomes  richer,  it  can  only  be  by  impoverishing  the  rest  As  a  con- 
sequence of  thiz  prindple,  he  asserts  that  all  endeavoura  to  incresEe 
industry  with  a  view  to  increase  the  national  wealth  are  futile.  But 
he  supports  also  the  prindple  of  freedom  of  trade  between  nations, 
because,  he  says,  every  nation  has  its  own  capital,  whidi  cannot  be 
diminished  nor  increazed  by  exchange.  Ortes  wrote  also  *  Biflesioni 
suUa  Popolazione  per  rapporto  all'  Economia  Nazionale,'  1790,  in 
which  he  stated  several  podtionz  which  have  been  zinoe  developed  by 
Malthuz,  zuch  az  that  population  increases  in  proportion  to  the  increase 
of  production ;  that  population  does  not  always  increase  with  the  in- 
crease  of  marriages,  &c.  8.  Filippo  Briganti,  a  native  of  Naples,  pub- 
Ushed,  in  1780,  '  Esame  Economico  dd  Sistema  Civile,'  in  which  he 
refutes  the  theories  of  Mably,  Bousseau,  and  Linguet,  who  asserted 
that  the  state  of  sodety,  and  dvilisation,  commerce,  and  wealth,  were 
the  origin  of  all  the  evihi  with  which  man  is  afflicted.  9.  Gaetauo 
Filangieri,  bom  at  Naples  in  1752,  is  known  by  hiz  work  on  legislation, 
the  second  volume  of  which  treats  of  politioal  eoonomy.  He  belonged 
to  the  school  of  the  French  eoonomizts,  but  he  waz  not  a  serrile 
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follower  of  that  wbool.    He  was  a  supporter  of  the  freedom  of  trade ; 
he  had  no  prejudices  against  luxury,  but  he  advocated  direct  taxation, 
or  the  tax  on  land,  and  he  maintained  that  large  cities  were  injurious 
to  the  prosperity  of  a  country.    [Filanoibbi,  in  Bioo.  Dzy.]    10.  The 
Marquis  Caxaocioli,  while  he  was  viceroy  of  Sicily,  wrote  '  Riflessioid 
Bull'  Eoonomia  e  rEstrasione  dei  Frumenti  deUa  Sidlia  fatte  ad  ooca- 
sione  della  Carestia  del  1784  ed  1785.'    The  author,  being  struck  with 
the  £sct  that  Sicily,  once  the  grsnary  of  Rome,  should  be  so  frequency 
afflicted  with  soaroily  and  famine,  sought  to  investigate  the  causes  of 
this  great  change.    He  recommended  freedom  of  internal  trade,  but 
with  regard  to  the  exportation  of  com,  he  thought  it  might  be  sus- 
pended at  times  by  an  act  of  government  frmn  prudential  motives. 
11.  Saverio  Serofani,  on  the  oontrary,  in  a  '  Memoria  sulla  Libertk  del 
Commerdo  dei  Qrani  deUa  Sicilia,'  published  in  1795,  advocated  an 
entire  and  permanent  freedom  in  the  corn-trade,  quoting  the  example 
of  Tuscany,  where  that  system  had  been  in  practice  since  1767,  and 
bad  been  attended  with  the  best  results.    12.  Ifaurizio  Solera,  a  native 
of  Piedmont,  wrote  in  FVenoh,  '  Esssi  sur  lee  Yaleurs,'  ^riiich  he  pre- 
sented in  1786  to  King  Victor.    He  proposed  an  agricultural  bank  in 
order  to  make  up  for  &e  scarcity  qL  bullion.    But  his  project  was  not 
carried  into  effect.     13.  Lodovioo  Rioci,  a  native  of  Modena,  was 
named,  by  the  Duke  Eroole  III.,  member  of  a  commission  appointed 
to  inquire  into  the  charitable  institutions  of  the  town  of  Modena. 
Rioci  was  the  reporter  of  th6  commission,  and  his  report  was  published 
and  dedicated  totheduke:  ' Riforma degF  Instituti  Pii della  Cittit di 
Modena/  1787.    He  was  one  of  the  first  in  Italy  ((Mes  and  (}enovesi 
had  already  expressed  opinions  similar  to  his)  who  censured  indiscrimi- 
nate charity  as  encouraging  idleness  and  improvidence,  and  thus 
creating  pauperism.    Italy  abounded  at  that  time,  more  perhaps  than 
any  country  in  Europe,  with  charitable  institutions.     In  Modena, 
which  had  in  the  time  of  Ricci  a  population  of  40,000.  inhabitants, 
there  were  7000  destitute  persons.    lUcd  demonstrated  from  historioBd 
facts  that  pauperism  increases  in  proportion  to  the  fseiUty  of  obtaining 
relief    He  censured  legacies  for  portioning  poor  girls,  and  olher  pre- 
i«iii¥i—  on  marriage,  and  said  that  the  increase  of  population  should 
only  be  the  result  of  labour  and  frugality,  by  which  the  means  of 
subsistence  are  increased.    He  propomd  that  charitable  institutions 
should  be  supported  by  private  charity,  and  not  by  the  government, 
which  should  not  do  more  than  establiim  workhouses  to  give  employ- 
ment to  paupers  and  vagrants,  instruct  the  poor  classes,  and  endeavour 
to  raise  their  moral  condition.    The  advice  of  Ricci  was  acted  upon  by 
the  government  of  Modena.    14.  Giuseppe  Palmieri,  bom  in  1721,  in 
the  province  of  Lecce,  in  the  kingdom  of  Naples,  filled  several  offices 
in  Uie  administration  of  his  country,  and  wrote  obsravations  on  tiie 
tarif  and  on  national  wealth :  '  Osservasioni  sulle  Taiifib  con  appH- 
cazione  al  Regno  di  NapoU,'  and  'SuHa  Ricchesza  Nasionale.'     In 
speaking  of  commerce,  he  says  that  a  full  and  nnivorsal  liberty  would 
be  the  best  system,  but  as  this  liberty  is  not  admitted  by  any  nation, 
the  nation  ihat  should  alone  put  it  in  practice  might  ficod  it  turn  to 
its  disadvantage,  and  its  condition  would  be  that  of  a  hunb  among 
wolves.    He  therefore  advises  not  the  prohibitive  but  the  restrictive 
system,  or  in  other  words,  a  system  of  custom-house  duties  on  the 
principle  of  reciprocity.    15.  Count  Meogotti  of  Feltra,  in  the  Venetian 
state,  wrote,  in  1791,  a  book  against  the  exclusive  meroantQe  system, 
which  he  s^led  '  II  Colbertismo,*  from  the  name  of  Colbert,  the  great 
patroniser  of  that  system.    This  work  was  written  in  reply  to  a  query 
proposed  by  the  Eoonomicsl  Society  of  Florence,  iriiich  was  put  in  the 
following  words :  "  Whether  in  a  state  which,  by  its  locality  and  the 
nature  of  its  soil,  is  susceptible  of  increase  of  produce  and  population, 
it  be  most  advisable  to  favour  manufactures  by  certain  restrictions  on 
the  exportation  of  the  raw  materials,  or  to  leave  it  an  entire  freedom  ? " 
Mengotti  recommended  perfect  freedom  of  trade,  and  his  book  obtsined 
the  prize.    It  is  one  of  the  best  written  works  of  the  Itslian  political 
economists.    Mengotti,  Beocaria,  and  Gkdiani  are  three  writers  who,  by 
their  style,  have  succeeded  in  enlivening  an  absbruse  subject  and 
making  their  dissertations  entertaining  as  well  as  instructive.    Men- 
gotti wrote  also  a  memoir,  '  Sul  Commerdo  dei  Romani,'  which  ob- 
tainedy  in  1787,  the  prize  from  the  Academy  of  Inscriptions  and  Belles 
Lettres  of  Paris.    Mengotti  maintained,  that  until  the  first  Punic  war 
the  Romans  had  no  commerce  in  an  extended  sense;  that  from  the 
first  Punio  war  to  the  battie  of  Actium  their  commerce  consisted  in 
carrying  home  the  spoils  of  other  nations;  that  from  Augustus  to 
Constantine  their  trade  wss  mainly  passive  and  ruinous;  tiiey  pro- 
duced nothing,  and  bought  foreign  Itixuries  and  even  the  necessaries 
of  life  with  the  money  they  extorted  from  the  subject  provinces,  and 
at  last  they  fell  gradually  again  into  poverty  and  barbarism. 

The  above  are  the  principal  Italian  political  economists  of  the  18th 
century.  The  complete  collectidn  of  sU  the  Italian  writers  on  politioil 
economy  was  edited  by  Custodi,  in  50  volumes  8va  Mdzi,  the  vice- 
president  of  the  Italian  republic,  supplied  the  author  with  the  necessary 
funds  for  the  undertaking.  Custodi  was  afterwards  made  by  Napoleon 
counsellor  of  state  of  the  kingdom  of  Italy,  baron,  knight  of  the  iron 
crown,  and  secretary  of  finance. 

In  England,  the  science  of  political  economv  made  a  marked  progress 
in  the  latter  part  of  the  18th  century  througb  the  exertions  of  Adam 
Smith,  who  is  considered  as  the  founder  of  the  modem  schooL  In 
1776  Smith  published  his  great  work,  with  the  modest  tiUe  of  '  An 
Enquiry  into  the  Nature  and  Causes  of  the  Wealth  of  Nations.*    In  I 
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the  first  book  he  treats  of  the  division  of  labour  and  its  wonderful 
effects,  of  the  real  and  nonunal  price  of  commodities,  the  wages  of 
labour,  the  profits  of  stock,  and  the  rent  of  land.  Book  ii  treats  of 
the  nature,  accumulation,  and  employment  of  stock  or  capital.  Book 
iii.  is  in  a  great  measure  historical,  and  treats  of  the  different  progress 
of  opulence  iiT  different  nations.  Book  iv.  is  employed  in  i^infttmnlng 
the  various  systems  of  political  economy.  Smith  did  not  follow 
implicitly  either  the  mercantile  system  or  that  of  the  economists ;  he 
showed,  m  opposition  to  the  latter,  that  the  labour  of  manufacturers 
and  merchants  is  productive  and  is  a  source  of  wealth ;  but  he  at  the 
same  time  considered  agriculture  as  the  most  productive  kind  of 
labour,  and  the  home  larade  as  more  productive  than  foreign  trade. 
These  positions  have  been  combated  by  writers  who  have  adopted 
many  of  his  general  views.  On  the  subject  of  foreign  trade,  modem 
writers  on  political  economy  are  divided,  some .  maintaining  that  all 
foreign  tnufe  is  advantageous  to  a  countiy  precisely  in  the  degre^  in 
which  it  is  profitable  to  those  who  are  engaged  in  it,  and  independexltly 
of  war  and  peace  and  other  national  vidssitudes;  whilst  others  contend 
that  the  immediate  interest  of  the  trader  is  not  in  all  cases  a  criterion 
of  the  permanent  national  interest. 

Adam  Smith's  doctrine  of  universal  free  trade  has  found  many 
opponents,  and  is  in  fact  still  a  theory,  for  it  is  not  in  prsotice  in  any 
country,  though  in  our  own  a  much  nearer  approximation  to  it  is  mado 
than  in  any  other.  His  definition  of  productive  and  unproductive 
labour  has  been  contradicted  by  lialthus,  in  his '  Principles  of  Political 
Economy/  and  in  France  by  Say  and  others.  Smith  considered  com- 
merce as  an  exchange  between  producers  of  various  commodities,  but 
not  as  a  cause  of  fresh  production  by  stimulating  new  wants  in  the 
produoen.  His  doctrine  of  the  "  natural  rate  of  wages  "  has  also  been 
controverted.  (McCuUoch's  "edition"  of  Smith's  *  Wealth  of 
Nations,' with  a  'Biography  of  the  Author,  and  Notes  and  Supple- 
mentary Dissertations,'  hf  the  editor.) 

In  1798  Malthus  published  his  '  Essay  on  the  Principle  of  Popu- 
lation,* in  which  he  demonstrated  tiiat  "an  increase  in  the  means  of 
subsistence  is  the  only  sure  criterion  of  a  real  permanent  and  beneficial 
increase  in  the  numbers  of  any  people."  He  stated  that  the  population 
never  falls  below  the  level  of  subsistence,  but  that  it  tends,  on  the 
contrary,  always  to  exceed  it,  and  is  oidy  kept  down  by  moral  or 
physical  checks.  A  consequence  of  these  positions  is,  that  any  artificial 
stimulus  to  the  increase  of  population  by  premiums  on  marriage,  laws 
against  celibacy,  ftc.,  is  injudicious.  These  mferences  had  been  antici- 
pated by  the  Italian  political  economists  Ortes  and  Ricd. 

In  France,  J.  B.  Sav  published,  in  1802, '  Traits  d'Economie  Politique,' 
in  which  he  expounded  the  principles  of  Adam  Smith,  adding  many 
original  and  important  illustrations,  espedslly  on  the  nature  and  causes 
of  gluts  resulting  from  over-production,  which,  he  maintained,  can  only 
be  partial  and  temporary,  and  can  never  occur  in  every  species  of  com- 
modity at  once.  Say  has  written  sevezal  other  works  on  political 
economy.    Gkunier  also  translated  the  work  of  Smith  into  French. 

In  1815  appeared  an '  Essay  on  the  Application  of  Capital  to  Land,' 
by  Mr.  West,  Oxford,  1815  ;  and  about  the  same  time  Malthus 
published '  An  Inquiry  into  the  Nature  and  Progress  of  Rent,'  a  subject 
which  was  afterwards  investigated  and  expounded  by  Mr.  Ricardo,  in 
his  *  Principles  of  Politi<»l  Economy  and  Taxation,'  published  in  1817, 
and  which  is  generally  considered  as  the  most  important  woik  on 
political  economy  since  the  time  of  Adsm  Smith.  [Ricabdo,  in  Bioo. 
Div.]  The  writings  of  James  Mill  were  also  valuable  contributions  to 
the  Uterature  of  the  science. 

Among  other  contemporafy  writers  on  political  economy,  may  be 
mentioned,  in  England,  John  Stuart  Mill,  J.  R.  McCulloch,  N.  W. 
Senior,  Thomas  Tooke,  O.  R  Porter,  Lord  Brougham.  Archbishop 
Whately,  C.  Knight,  William  Ellis,  Col.  Torrens,  and  Lord  Overstone. 
Many  of  these  names  will  be  found  in  their  respective  places  in  the 
Bioo.  Div.  In  France,  Sismondi  has  written  several  works  on  political 
economy:  'De  la  Ridiesse  des  Nations,  ou  Nouveaux  Frincipes 
d'Economie  Politique; '  and '  Etudes  sur  TEconomie  Politique,'  which 
latter  woric  contains  many  interesting  facts,  exhibited  and  commented 
upon  in  the  usual  attractive  if  not  always  strictiy  logical  manner 
of  the  author.  QaniLh  published  a  general  review  of  the  principal 
systems  of  political  economy : '  Des  Systdmes  d'Economie  Politique,  et 
de  la  Yaleur  comparative  de  leurs  Doctrines,'  2  vols.  8vo,  1821,  a  work 
well  deserving  a  perus&l,  being  written  in  a  temperate  spirit  and  un- 
assuming tone.  Frederick  Bastiat,  also,  by  numerous  works,  con- 
tributed laigely  to  the  popularising  of  political  economy  in  France ; 
and  he  has  had  many  successors! 

In  Qermany,  Storoh  published,  in  French,  'Cours  d'Economie 
Politique,'  6  vols.,  Petersburg,  1815,  and  also  '  Betrachtungen  iiber 
die  Natur  des  Natiooaleinkommens/  Halle,  1825.  SchmflJze  wrote 
'  Staatswirthschaf  tslehro,'  2  vols.,  Berlin,  1818 ;  and  Jakob, '  Grundsatze 
der  Nationalokonomie,'  Halle,  1825. 

The  Spaniards  had  two  writers  on  ^litical  economy  towards  the  end 
of  the  last  century,  UUoa  and  Ustanz.  The  latter  wrote  '  Teorica  y 
Practica  de  Comercio  y  do  Marina,'  foL,  Madrid,  1791. 

Political  economy  has  not  been  neglected  in  the  United  States  of 
North  America,  but  few  works,  we  beUeve,  have  yet  been  produced 
that  have  attracted  much  attention  in  Europe.  Tucker's  '  Laws  of 
Wages,  Profits,  and  Rent  investigated,'  and  his '  Theory  of  Money  and 
Br^EA  investigated,'  are  valuable  contributions  to  the  science. 
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In  Italy,  the  principal  writer  of  the  present  century  on  political 
economy  was  Melchiorre  Qioia  of  Piacenza,  who  died  in  1824.  Qioia 
was  a  jurist,  a  moralist,  and  a  politician,  aa  well  as  a  political  economist, 
and  a  notice  of  his  works  and  a  short  accoimt  of  his  life  are  given 
under  his  name  in  the  Bioqbafhioal  Diyision.  Here,  however,  we 
shall  dwell  at  more  length  upon  his  great  work  on  political  economy, 
'Nuovo  Prospetto  deUe  Si^enze  Eoonomische/  6  vols.  4to,  Milan, 
1815-17.  Gioia  quotes  most  of  the  writers^  ItoJian  and  foreign,  who 
had  preceded  him,  and  endeavours  to  condense  their  various  syistems 
and  opinions  into  a  series  of  principles  with  their  l0gitimate  deductions. 
He  lays  down  the  following  objects  of  the  science : — 1.  To  diminish 
the  labour  and  the  time  employed  in  the  production,  as  well  as  to 
f^i'minifth  the  quantity  of  the  raw  elements  employed ;  in  short,  to 
produce  with  as  little  labour,  time,  and  cost  as  possible.  2.  To  increase 
the  quantity,  perfection,  and  durability  of  the  things  produced.  8.  The 
means  of  obtaining  the  above  results  consist  in  power,  which  is  increased 
by  capital,  machinery,  credit,  association,  distribution  of  laboinr,  in 
knowledge  of  the  means  to  improve,  and  wiU  or  activity,  which  is 
strengthened  by  liberty,  security,  and  enlightened  opinion  of  the  people 
in  general  A  great  part  of  the  work  is  in  a  tabular  form,  with  quota- 
tions and  original  remarks.  Speaking  of  the  influence  of  the  govenunent 
on  the  production,  distribution,  and  consumption  of  wealth,  Qioia  notes 
a  number  of  cases  in  which  that  Influence  may  be  useful,  and  a  number 
of  others  in  which  it  in  injurious.  Under  the  first  head  he  reckons 
the  construction  of  good  roads,  the  distribution  of  courts  of  justice  in 
each  district,  to  save  time  and  expense  to  suitors ;  the  establishment 
of  public  libraries,  consistii^  of  useful  books,  of  collections  of  natural 
history,  and  of  philosophical  instrxunents,  botanical  gardens,  &o. ;  the 
foundation  of  gratuitous  elementary  schools  in  every  commune^  and  of 
schools  of  arts  and  trades  in  every  town ;  freedom  of  the  press ;  the 
sending  well-informed  travellers  into  foreign  countries  to  examine  and 
report  the  discoveries  and  improvements  made  in  each.  Among  the 
cases  in  which  the  influence  of  the  government  is  injurious,  Gioia 
reckons — 1,  too  heavy  taxation,  which,  by  gradually  diminishing  the 
disposable  capital,  prevents  its  being  employed  ia  making  improve- 
ments; 2,  the  grant  of  public  money  tio  monastio  establiBhmentB ; 
3,  the  unequal  distribution  of  public  burdens;  4,  the  payment  of 
the  judges  by  fees  on  the  causes  which  they  dedde,  which  is  still  the 
case  in  several  countries  of  the  Continent,  ?i>fft^wi^  of  a  fixed  salary 
sufficient  to  place  them  above  temptation ;  5,  the  inculoation  or  tole- 
ration of  popular  superstition,  false  miracles,  and  impostori^;  6,  the 
tribunal  of  the  Inquisition  and  other  inquisitorial  censorships,  index  of 
forbidden  books,  &c.  Gioia  is  an  advocate  for  large  masses  o£  pro- 
perty, laige  manufactories,  and  great  commensal  dti^  His  exposition 
of  the  advantages  of  large  farms  over  small  ones  induced  tiie  govern- 
ment of  Piedmont  to  repeal  the  decree  by  which  the  rioe-grounds 
belonging  to  the  crown  or  the  cormnunes.  were  to  be  parcelled  out  into 
small  holdings.  Gioia  gives  the  preference  to  arts  over  agriculture^ 
and  he  is  the  only  one  among  the  Italian  political  eoonomists  who  has 
established  the  principle  of  ti^e  "  association  of  labour  "  (as  in  the  case 
of  joint-stock  companies)  as  an  important  source  of  wealth,  and  has 
decanted  upon  its  advantages.  Gioia  wrote  also  his  'Filosofia  della 
Statistica,*  which  maiy  be  considered  as  an  appendage  to  his  work  on 
political  economy.    [Gioia,  in  Bioa.  Biv.] 

The  other  Italian  writers  on  political  economy  in  the  present  century 
are— 1.  Ressi,  who  in  1808  published  a  work  '  Dell'  Economia  della 
Specie  Umdna,'  4  vols.  8vo.    2.  Carlo  Boeellini  of  Modena,  who  pub- 


London,  1826,  in  which  he  treated  of  vaaous  subjects  connected  with 
political  economy ;  2, '  L'Anno  Mille  Ottocento  Ventisei  dell'  Ihglul- 
terra,'  Lugano,  1827,  in  which  he  treats  of  the  commercial  orisis  wmch 
took  place  in  England  in  1826,  and  of  its  causes,  effects,  and  remedies ; 
3, '  Storia  dell'  Economia  PubbUca  in  Italia^'  Lugano,  1829,  a  work  to 
which  the  writer  of  this  article  is  mainly  indebted  for  his  account  of 
the  Italian  writers  on  political  economy.  At  the  end  of  the  work, 
Pecchio  draws  a  parallel  between  the  Italian  and  the  TgngliaH  econo- 
mists. 

Few  English  writers  on  political  economy  would  however  admit  his 
to  be  an  accurate  statement  of  thdr  opinions  and  of  t^  objects  of  the 
science  as  they  conceive  them.  They  would  also  contend  that  the 
objects  of  the  science  as  conceived  hj  the  Italian  economists  are  too 
numerous  and  too  vague  to  allow  of  any  scientific  treatment,  and  that 
subjects  are  blended  together  by  the  Italian  writers  which  are  capable 
of  being  separated  and  of  being  confined  within  distinct  and  definite 
Imuts.  Such  an  objection  to  the  qrstem  of  the  Italian  economists  is 
well  founded ;  and  the  objects  of  the  English  economists  may  be  com- 
pletely defended  if  their  views  are  simply  Umited  to  investigating  the 
elements  on  which  depend  the  actual  production,  distribution,  and 
accmnulation  of  wealth  in  any  given  oommuni^  at  any  given  time. 
Thia  IS  a  field  of  inquiry  sufficiently  extensive,  and  when  it  has  been 
adequately  examined,  and  not  before,  we  can  pass  from  the  determi- 
nation of  what  is  to  what  ought  to  be  any  one  of  those  elements  on 
which  national  wealth  depends.  It  would  seem  almost  superfluous  to 
observe  that  in  determining  what  are  the  elements  of  the  actual  pro- 
duction of  a  nation,  all  the  elements  must  be  ascertained :  the  whole 
condition  of  the  people  must  therefore  be  ascertained,— that  is,  the 


whole  political  is^Btem  must  be  examined,  in  order  to  ascertain  what  it 
is,  and  the  state  of  all  the  several  classes  of  the  community  must  be 
ascertauied ;  every  law  that  interferes  with  a  man's  actions  must  be 
examined,  and  every  restraint  that  is  laid  on  the  dispoeal  of  his  pn- 
perty.  But  audi  an  inquiry  would  be  infinite,  and  yet  such  an  ipqoiry 
is  neoeasary  in  order  to  ascertain  what  it,  and  it  is  quite  a  distinct 
matter  frcon  determining  what  akovUd  be.  It  follows  from  the^ 
remarks,  that  the  "Rnglii^b  writers  have  conceived  the  aciepoe  in  a  way 
much  more-limited,  but  better  defined,  than  the  Italian,  and  yet  that 
even  the  Eng^h  writers  veiy  ioadequataly  investigate  any  one  bnndi 
ol  political  economy,  even  as  they  conceive  it.  Still  their  inquiries  on 
any  given  branch  of  the  subject  may  terminate  in  a  result  approachii^ 
to  the  teuih,  and  such  a  result  may  be.  capable  of  a  practical  appli- 
cation. 

POLLARDS  are  trees  which  have  had  their  tope  repeatedly  cat  off 
for  the  sake  of  the  faggot- wood,  which  is  used  lor  burning  and  healing 
bakers'  ovens.  The  i^pearance  of  an  old  poUard  may,  in  perticalar 
situations,  be  thought  picturesque,  but  nothing  can  be  more  unsi^tly 
in  a  landscape  than  rows  of  poUaids  bordering  every  indosure,  as  aam. 
in  some  countries.  It  is  only  in  the  case  of  a  few  trees  of  quick 
growth,  such  as  willows  and  poplars,  that  there  is  a  profit  in  mSkJn^ 
pollards  of  them.  Where  wood  is  required  lor  fuel,  it  is  better  to 
plant  a  good  coppice  interspersed  with  timber-trees ;  and  if  this  be 
done  judidously  on  good  sound  land,  the  quantitY  taken  from  tke 
farm  lor  this  purpose  will  be  as  profitable  as  if  it  nad  been  kept  in 
cultivation.  Trees  are  often  plimted  in  soils  which  are  not  worth 
cultivating ;  and  hence  the  profit  from  a  good  coppice  is  usoaUy  under- 
rated ;  but  if  the  damage  done  to  the  land  by  ^e  roots  and  afaacie  of 
trees  be  taken  into  l^e  account,  it  will  be  found  that  it  is  more 
profitable  to  have  the  wood  growing  by  itself. 

On  the  margin  of  low  rivers  running  through  maiahy  groundiB,  it 
may  be  profitable  to  plant  wiUows,  poplars,  and  other  soft-wooded  and 
rapidly-growing  trees,  in  order  to  lop  them  at  stated  interrala  Their 
timber  would  be  of  little  value  if  they  were  left  in  their  natural  state ; 
but  being  lopped  every  seventh  year,  they  produce  rods  and  faggots, 
which  are  readily  disposed  of.  Hence  the  common  saying  that  "a 
willow  will  buy  a  horse  before  an  oak  will  buy  the  saddle." 

To  manage  pollards  advantageously  the  head  of  the  tree  should  be 
cut  off  at  a  moderate  heigjht  whUe  the  tree  is  youDg,  and  the  shoots 
ythicL  spring  from  the  crown  must  be  frequently  out  off  before  thej 
begin  to  branch  out.  Thus  a  |[Ood  head  is  formed,  throwing  out  maaj 
shoots,  which  may  then  be  left  to  grow  till  they  are  of  a  uaefol  su& 
The  willow  takes  root  so  readily,  that  if  a  branch  twelve  or  louiieea 
feet  long  is  put  two  feet  into  the  ground,  it  will  grow,  and  fonn  a  trea 
at  once,  which  after  a  lew  loppings  will  become  a  pollard. 

If  the  appearance  d  rows  of  pollards  is  unsightly,  the  cutting  ^ 
side  hranches  of  trees  in  hedgerows,  leaving  only  a  ^ttle  tuft  at  the 
top,  is  much  worse.  No  branch  above  ten  feet  from  the  groundahoold 
ever  be  permitted  to  be  cut  by  a  tenant^  nor  the  top  of  any  tree  to  be 
cut  off  in  order  to  make  a  pollard  of  it,  and  a  dauae  to  that  efifoct^with 
a  severe  penalty,  should  be  inserted  in  every  lease. 

POLLUX.   [Obhinl] 

POLTA'NTHES  TUBEBO'SA,  or  the  Tuberose  (a  ooRuption  <^ 
PltuUe  TMreute),  is  a  tuberous-rooted  plant  hi^y  prised  for  tba 
deliciouB  fragrance  of  its  flowers,  on  which  account  it  is  cultivated  in 
the  warmer  parts  of  both  the  old  and  new  world.  It  is  stated  to  be  an 
Indian  plant  introduced  into  England  in  1620 ;  it  had  however  been 
cultivated  in  Europe  a  century  earlier.  It  is  more  probably  of  South 
American  origin ;  as  a  wild  tuberose,  Polyanthes  gracilis,  has  been 
found  in  South  Braril,  which  i^  probably  the  origin  of  the  garden 
plant. 

The  tuberose  is  too  tender  a  plant  to  be  cultivatedin  England  in 
the  open  air ;  but  in  tilie  south  of  Europe  it  finds  a  dimate  suitable  to 
it ;  and  the  Qenoese  supply  the  principal  part  of  the  European  market 
with  tubers  for  forcing.  The  latter  are  imported  into  this  oounlry  by 
the  Italian  oilmen,  who  sell  them,  with  orange-trees,  Kardasos  roots, 
and  similar  products  of  the  south. 

In  selecting  tuberoses  for  planting^  the  largest  tubers  should  be  {h«- 
f erred,  as  the  smaller  ones  will  often  not  flower.  All  ofEkets  should  be 
carefully  picked  of^  so  as  to  concentrate  the  vegetation  in  a  single  eye. 
They  should  be  planted  in  March  or  April,  inpots,  inasandyloam* 
and  forced  in  a  hotbed,  with  as  much  bottom  heat  as  is  given  to  a 
melon.  The  eye  should  be  about  an  inch  below  the  sorfaioe  of  the 
soU  Very  litUe  water  should  be  given  tiU  the  planta  are  growing; 
but  when  once  in  a  state  of  vigour,  they  may  be  8iq>p]aed  c<^oQsly. 
An  abimdance  of  light  and  air  should  be  given  the  plants  aa  soon  as 
they  begin  to  grow,  and  this  should  be  sedulously  attended  to  as  kng 
aa  they  remain  in  the  hotbed;  it  will  however  soon  be  necessary,  oa 
account  of  their  height^  to  remove  them  to  the  greenhouse,  where 
they  mu£t  be  placed  near  the  glass,  and  their  roots  still  exposed  to  a 
temperature  similar  to  that  from  which  they  were  taken.  Ab  soon  as 
thev  show  their  flowers,  but  not  sooner,  they  may  be  removed  to  the 
sittmg-room,  when  th^  flowering  will  be  completed. 

POLYANTHUS,  a  garden  variety  of  the  oxlip  primrose^  with  htovsn 
flowers,  18  one  of  those  plants  which  have  from  tune  immemorial  been 
favourites  in  gardens.  It  was  probably  obtained  by  accident^  and  is 
now  propagated  either  by  seeds  or  division  of  ito  root^  Florists 
require  that  a  good  variety  of  this  flower  should  poeseas  a  strong 
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Bcape,  a  well-filled  truBs,  a  corolla  with  a  short  tube,  a  bright  vellow 
eye,  and  a  deep  rich  brown  crimaon  limb,  bordered  with  a  well-adined 
yellow  edging.  They  require  less  careful  cultivation  than  the  auricula 
with  which  they  are  nearly  allied  [Auricula],  and  prindpaUy  need 
shade  and  a  strong  rich  soil  kept  somewhat  moist.  Their  beau^  how- 
ever dinmiiBhes  with  theb  age,  so  that  a  renewal  of  the  variety  from 
seed  is  requisite  eveiy  few  years. 

POLYCHROITE.    [Sapbanin.] 

POLYCHROliATIC  ACID.    Synonymoos  with  AiOETlo  Aoid. 

POLYCHROME.    [Ebculin.]  , 

POLYCHROMY,  a  modem  term  (from  the  Greek  woXis  and  xP^f^) 
used  to  express  the  ancient  practice  of  colouring  statues  and  the 
exteriors  of  buildings. 

Among  the  earliest  civilised  nations  it  was  a  universal  custom  to 
decorate  not  only  their  temples  and  palaces  with  colours,  but  the 
statues  with  which  they  were  adorned.  The  Egyptians  appear  to  have 
covered  almost  every  part  of  their  building,  and  the  sculpture  on  the 
walls,  with  brilliant  colours  and  gilding.  [Ecttftian  Arohtteotubb.] 
tfpon  the  relics  of  Assyrian  architecfore,  and  the  carved  slabs,  which 
have  been  discovered  in  such  large  numbers  at  Kouyunjik,  at  Niibroud, 
find  especially  those  of  Khorsabad,  traces  of  colour  and  gilding  trere 
in  many  instances  distinctly  visible  when  first  found;  and  we  have 
evidence  in  the  Scriptures  (Esek.  xxHi.  14;  Jerexniah  zziL  14; 
Zephaniah  IL  14,  &c.),  that  the  walls  and  ceiUngs  were  adorned  with 
figures  portrayed  in  vermilion  and  other  bright  colours.  [Niketeh, 
Archtteotube  of.]  Bo  again,  the  Babylonians,  the  succeesore  of  the 
ancient  Assyrians,  whilst  imitating  tiie  sculpture  and  architecture  of 
their  predecessors,  were  equally  profuse  in  the  application  of  poly- 
chromatic decoration.    [Persian  AB0BiTE(7tUBE.[| 

It  is,  however,  the  polychromy  of  the  ancient  Greeks  that  has 
most  engaged  the  attention  of  artists  and  archaeologists.  The  sources 
of  information  respecting  it  are  the  remains  of  Greek  art,  and  the 
writings  of  classic  authors.  There  is  scarcely  any  distinct  notice  of 
the  system  or  practice  of  colouring  Architecture  in  any  of  the  ancient 
writers.  A  few  remarks  occur  in  v  itruvius  and  Pausanias,  which  may 
be  construed  into  an  allusion  to  it,  but  they  are  vague,  and  the  systems 
which  have  been  laid  down  by  several  modem  writers  rest  chiefly 
upon  conjecture.  It  is  more  than  probable,  where  the  architectural 
members  were  subject  to  so  great  a  variety  of  forms  and  proportions, 
that  the  decorations  in  colour,  which  admit  of  endless  variety,  were 
quite  arbitrary.  Remains  of  colour  have  been  fotmd  by  tnvdlers 
upon  ornamental  work  la  most  of  the  architectural  ruins  of  Greece. 
Many  traces  were  discovered  by  Dodwell,  Stuart,  Chandler,  Brondsted, 
Semper,  and  6thers,  upon  the  principal  Athenian  monuments :  upon 
the  temple  of  Theseus,  the  Parthenon,  the  Propylsea,  the  Erechtheium, 
the  temple  on  the  Ilissus,  the  monument  of  Lyaicrates,  the  outer 
propylsea  of  the  temple  of  Ceres  at  Eleusis,  and  tiie  greater  temple  at 
Khamnus ;  also  upon  the  temple  of  Apollo  at  Bassao  in  Arcadia,  the 
Doric  ruins  at  Coring,  the  temple  of  Athene  in  JEgina,  and  by 
Newton  upon  the  remains  of  the  great  mausoleum  at  mUcamaasus ; 
upon  the  temples  of  Sehnus  in  Sicily,  and  upon  tiie  basilica  at 
Paestum. 

As  to  the  extent  to  which  the  colouring  of  the  exterior  of  build- 
ings was  carried  by  the  Greeks  there  is  considerable  ^jQference  of 
opinion.  Some  exigent  authorities,  both  English  and  continental, 
hold  that  their  buildings  were  entirely  covered  with  colour;  while 
the  majority  believe  that  the  balance  of  evidence  ideates  that  in 
marble  buildings  the  colouring  was  confined  to  the  capitals  of  columns, 
the  mouldings  and  other  ornaments,  the  friezes,  the  metopes,  and  the 
tympana  of  the  pediments.  The  exterior  of  the  wall  of  the  oella  of 
the  temple  of  .£gina,  and  the  columns  of  the  Doric  temple  at  Corinth 
(which,  however,  were  not  of  marble),  they  admit  were  covered  with  a 
stucco  and  coloured  red.  There  is,  however,  direct  evidence  tilat  the 
Greeks  carried  their  colouring  much  ferther,  even  in  marble  buildinga. 
Several  travellers  have  found  colour  on  portions  of  the  Theseum 
which  are  not  merely  ornamental.  In  like  mannw  it  appears  from 
the  analysis  by  Mr.  Faraday  of  stucco  brought  by  Mr.  Domudson  from 
Athens,  that  "the  surface  of  the  shafts  of  the  columns  of  the 
Theseum  and  other  parts  of  the  edifices  from  which  these  coatings 
were  taken  were  covered  with  a  coloured  coating.**  (Report  of  Com- 
mittee of  the  Royal  Institute  of  British  Architects,  appointed  in  1836 
^  investigate  the  evidence  bearing  on  the  employment  by  the  Greeks 
of  Colour  in  Architecture  and  Sculpture,  published  in  the  'Trans- 
'^ons'of  the  Institute,  vol.  L,  1842.)  Wax  seems  to  have  been 
Ppaent  in  most,  if  not  all,  of  the  specimens  analysed  by  Mr.  Faraday. 
^^-  Bracebridge,  as  is  stated  in  the  same  Report,  iound  in  the  northern 
portico  of  the  Erephtheium,  which  is  sheltered  from  the  sea-breezCi 
olear  remains  of  "  colour  of  various  shades"  in  the  upper  part  of  the 
fluted  columns  as  well  as  in  the  capitals.  Also  in  excavating,  in 
lo35-36,  at  the  south-east  angle  of  ths  Parthenon,  according  to  the 
Bame  authority,  the  workmen  came,  at  a  depth  of  25  feet,  upon  a  place 
^here,  as  he  conjectures,  the  workmen  of  the  Parthenon  threw  their 
'e'uae  materials,  and  there  "  were  found  many  pieces  of  marble,  and 
KDiopg  these  fragments  of  triglyphs,  of  fluted  columns,  and  of  statues, 
Particularly  a  female  head.  These  three  last-mentioned  fragments 
Were  painted  with  the  brightest  red,  blue,  and  yellow,  or  rather  ver- 
^hon,  \iltra-marine,  and  straw-colour,  which  last  may  have  faded  in 

®  earth."    Mr.  Penrose  found  traces  of  colour  of  a  peculiar  yellow 


tinge  upon  some  parts  of  the  columns  of  the  Parthenon,  especially  on 
those  of  the  west  front,  but  he  thinks  it  was  originally  most  likely 
only  a  delicate  tint  to  reduce  the  high  light  of  the  marble.  Professor 
Semper  and  others  have  also  fotmd  traces  of  colour  on  the  constructive 
as  well  as  the  decorative  features  of  Grecian  monuments.  The  latest 
testimony  ia  that  of  Mr.  Newton,  who  foimd  in  excavating  the  ruins  of 
the  mausoleum  of  Halicamassus  "  an  immense  number  of  pieces  of 
painted  stucco  from  the  sides  of  walls,"  with,  among  other  things, 
painted  borders  of  the  well-known  Greek  ante-fixal  flowers,  in  several 
colours ;  the  colours,  from  the  nature  of  the  soil,  being  preserved  in 
unusual  freshness.  ('  Parliamentary  Papers  respecting  excavations  at 
Budrum,'  1858,  p.  4,  and  Mr.Kewton's  Letter  in  Falkener^s '  DaedaluB/ 
1860.) 

In  later  times  amongst  the  Romans,  in  the  times  of  Yitruvius  and 
Pliny,  the  practice  seems  to  have  degenerated  into  a  mere  taste  for 
gaudy  colours,  and  to  have  been  very  general,  as  we  see  in  the  ruins 
of  Pompeii,  where,  however,  occasionally  the  arabesque  decorations 
upon  the  walla  of  the  courts  in  the  larger  houses  are  very  elegant. 

With  regard  to  the  system  of  decorating  the  mouldings,  it  appears, 
from  the  traces  loimd  upon  ancient  monuments,  that  they  were  painted 
in  various  ways  and  in  a  great  variety  of  coloiurs,  whether  carved  or 

Elain ;  and  a  tasteful  combination  of  colours  must  have  greatiy 
ei^tened  the  efiTect  of  even  the  richest  mouldings.  These  deco- 
rations were  not  confined  to  the  mould&gs  of  the  entablature;  the 
ovolo,  echinus,  aiid  abacus  of  the  cajntal,  and  the  toruses  of  the  base, 
were  also  coloured.  Foliage,  ova,  and  beads  were  the  ordinary  deco- 
rations; but  on  the  Doric  taenia  a  fret  was  generally  painted,  and  the 
cymatia  of  the  pediment-cornices  were  frequentiy  ornamented  with 
g^ded  metal-work:  the  acroteria  were  also  surmounted  With  gilded 
figures.  Upon  the  laiger  mouldings,  on  which  foliage  waa  painted, 
the  outlines  of  the  leaves  were  engraved  in  the  stone.  The  mutules, 
dentils,  modillions,  and  the  soffits  were  also  variously  coloured;  but 
the  Doric  guttse  were  apparently  generally  gilded.  The  facise  of  the 
architraves,  and  the  coronae  of  the  cornices,  were,  at  least  sometimes, 
left  plain.  The  Doric  architrave  was  sometimes  ornamented  with  gilded 
shields,  as  in  the  Parthenon  at  Athens,  which  were  placed  immediately 
beneath  the  metopes.  It  appears  that  all  friezes  which  were  decorated 
with  sculpture  were  coloured,  which,  if  the  sculpture  itself  were 
uncoloured,  would  be  necessary  to  give  the  sculpture  a  proper  relief ; 
for  the  same  reason,  the  tympana  of  the  pediments  would  also  require 
colour.  In  the  Doric  OTCler,  the  tympanum  would  necessarily  be  of 
the  same  colour  as  the  metopes :  in  the  Parthenon  they  were  of  a  pale 
blue;  ind  in  some  of  the  Sidlian  monuments  red  has  been  found. 
The  metopes  require  colour,  with  or  without  sculpture,  to  throw  the 
weight  of  the  pediment  upon  the  triglyphs,  its  natural  supporters, 
which  being  left  plain  united  the  cornice  with  the  architrave,  and  gave 
the  whole  building  an  elegant  lightness  of  effect  which  it  otherwise 
could  not  have.  Sometimes  the  surfaces  of  walls,  &c.,  seem  to  have 
been  ornamented  with  a  diaper  or  pattern  delicately  painted. 

Polychrome  sculpture  was  quite  as  general  amongst  the  Greeks  as 
polychrome  architecture ;  it  is  frequently  alluded  to  by  almost  all  the 
andent  writers,  and  many  statues  of  this  kind  are  minutely  described 
by  PaujKmias.  The  polylithic  and  the  chiyselephantine  statues  both 
come  under  this  head.  [Sctulftttbs.]  The  painters  of  statues  appear 
to  have  constituted  a  distinct  class  of  artists :  o{  k^pi/hrras  ypApovrts, 
Plato  calls  them ;  and  Plutarch  speaks  of  the  ^kydK^rttv  iyicavoro^ 
<' encaustic-painters  of  statues,"  and  the  art  itself  as  hr^aKfjuirav 
tyKowrts. 

That  the  statues  were  sometimes  entirely  painted  even  in  the  best 
period  of  Greek  art  there  can  bo  no  doubt,  both  from  the  references  to  the 
practice  in  ancient  anthers  and  from  traces  of  colour  on  many  existing 
examples,  as  in  the  sculpture  of  the  Theseum,  and  on  such  fragments 
as  those  found  among  the  waste  materials  of  the  Parthenon,  mentioned 
above,  and  the  red  colour  found  by  Mr.  Kewton  on  the  nude  parts  of 
some  of  the  statues,  and  the  tawny  colour  on  the  hind-quarters  of  the 
Lion,  found  by  him  at  Halicamassus.  That  it  was  not  tiie  universal — 
perhaps  not  even  the  common — practice  tojpoin^  the  marble  entirely, 
IB  evident  from  the  conversation  between  Lycinus  and  Aristratus,  m 
the  dialogue  of  the  'Portraits,*  or  'Panthea,*  in  Lucian  ('  De  Imag.,* 
5-8),  from  which  it  is  plain  that  the  Venus  of  Cnidos,  by  Praxitelee, 
and  other  celebrated  statues^  were  not  painted,  though  parts  may  have 
been  painted,  and  the  whole  body  covered  with  an  encaustic  tint  or 
vanush. 

This  last  process,  whatever  it  was,  must  however  have  required  great 
artistic  skill  and  taste.  '  Plato  ('De  RepubL,*  iv.  420)  observes,  in 
speaking  of  statue-painters,  "  It  is  not  by  applying  a  rich  or  beautiful 
colour  to  any  particular  part,  but  by  giving  every  part  its  local  colour, 
that  the  whole  is  made  beautiful.**  Ajad  Plinv  rektes  that,  Praxitiles 
being  asked  which  of  his  marble  statues  he  preferred,  answered, 
" '  Those  which  Nicias  has  had  a  hand  in ; '  so  much  did  he  attri- 
bute to  his  circumlUio"  There  has  been  much  difference  of  opinion  as 
to  what  this  circumUtio  was.  To  imderstand  it,  we  must  remember 
that  Nicias  was  subsequentiy — for  it  is  pretty  dear  that  it  must  have 
been  when  he  was  a  young  man  that  he  painted  the  statues  of 
Praxiteles  [KiciAS,  in  Bioa.  Div.] — one  of  the  most  ibmous  encaustic- 
painters  of  Greece ;  that  Plutarch  expressly  calls  the  statue-painters 
encaustic-painters;  and  that  wax  is  shown  by  modem  chemical  analysis 
to  have  been  a  constituent  of  the  pigment  employed  in  colouring  the 
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ancient  marbles ;  and  we  shall  then,  looking  at  the  word  itself,  probably 
conclude  that  it  was  the  application  of  some  encaustic  material,  which 
required  to  be  rubbed  in  with  great  dexterity  and  with  still  greater 
refinement  In  the  drcumlitio  of  Nicias,  and  of  the  &yaA^c(r«y 
ijKauarai  (the  encaustio-paintera  of  statues)  generally,  the  naked  form 
probably  received  only  this  delicate  tint  or  Tarnish,  the  more  positive 
colouring  being  applied  only  to  the  eyes,  eye-brows,  and  lips,  to  the 
hair,  the  draperies,  and  the  various  ornaments  of  dress ;  and  there  can 
be  little  doubt  that  marble  statues,  especially  of  females,  must  have 
had  a  very  beautiful  appearsnce  when  carefully  coloured  in  this  way. 

But  whatever  reserve  there  may  have  been  in  colouring  the  finer 
specimens  of  Grecian  sculpture, — and  it  is  almost  certain,  from  the  care 
shown  in  the  selection  of  the  marble,  that  the  colour  was  not  laid  on 
BO  thickly  as  to  conceal  the  material, — ^it  is  quite  certain,  from  Pausanias 
and  other  contemporary  authorities,  that  the  archaic  statues  which 
were  simply  objects  of  worship  were  entirely  coloured,  the  flesh  as  well 
as  the  drapery,  with  the  strongest — ^thoug^,  as  would  seem,  with  con- 
ventional rather  than  the  natural — colours,  and  frequently  indeed 
clothed  as  well  as  coloured.  Statues  of  a  higher  class  as  works  of  art 
often  had  the  hair  gilded,  and  the  ears  pieroed  for  pendants,  as  in  the 
case  of  the  Venus  de*  Medici;  and  in  many  statues  glass  eyes  were 
inserted,  with  eyelashes  of  copper,  examples  of  which  are  still  extant^ 

So  direct  and  various  has  r^Ben  the  evidence  brought  to  bear  on  the 
question  of  Greek  polychromy,  that  the  fact  must  be  regarded  as 
proved ;  the  extent  to  which  it  was  carried  is  however  less  certain ; 
while  tile  desirableness  of  reviving  the  practice  may  be  considered 
more  than  doubtfuL  That  attempts,  more  or  less  partial,  have  been 
made  to  revive  the  practice  by  artists  of  various  countries,  it  is  scarcely 
nocessaiy  to  menUon.  One  of  the  most  successful  attempts  is  probably 
that  of  Mr.  Gibson  [Gibson,  John,  in  Bioo.  Div.] ;  but  the  admiration 
which  his  Venus  has  obtained,  does  not  appear  to  have  led  many  otiier 
English  sculptors  to  follow  bis  example. 

The  architects  and  sculptors  of  the  middle  ages  painted  their  build- 
ings and  monuments  throughout,  and  with  the  strongest  and  brightest 
colours ;  but  their  system  was  rude  and  inartistic,  being  indeed  rather 
eocIesiAstical  than  aesthetic  in  purpose.  In  some  recent  Gk>thio 
buildings,  and  restorations  of  ancient  ones,  both  in  this  country  and 
on  the  Continent,  elaborate  and  costly,  if  not  altogether  satia&ctory, 
efforts  have  been  made  to  revive  medueval  polychromy. 

(Kugler,  Ueber  die  Polychromie  der  grieekiteken  ArekUeetur  und 
Seulptur  und  ihre  Grenzen ;  Semper,  VoHaHjige  JSemerhingen  aber 
bemaltc  Archiiectur  und  Pkutik  bei  den  Alien;  Quatremdre  de  Quinoy, 
Le  Jupiter  (Hympien;  Zahn,  Pompeii;  Hittorff,  Architecture  Poly- 
chrdme  efuez  U»  OrecB  ;  Stuart,  Antiquitiet  of  Athens  ;  Penrose,  Principlei 
of  Athenian  ArAiieeture  ;  Falkener,  Jkedalut.) 

POLTGALA  SENEGA,  Medical  Propertia  of  The  rootstock  and 
rootlets  of  this  plant,  collected  in  the  southern  parts  of  the  United 
States,  are  used.  The  rootlets  are  most  potent.  The  efficacy  is 
greatly  impaired  by  age,  so  a  fresh  supply  should  be  procured  every  year. 
N^ect  of  this  point  is  a  frequent  source  of  disappointment  in  using  it. 
Decoction  is  an  objectionable  form,  infusion  in  cotd  water  is  best. 

Senega  is  a  powerful  agent  in  combating  the  secondary  effects  of 
antimonial  and  other  metallic  poisoning,  such  as  lead.  The  bark  is  of 
a  dirty  yellow  colour;  the  odour  disagreeable;  the  taste,  at  fir8t> 
mucilaginous,  then  sweet,  then  add,  but  at  last  acrid,  causing  an  un- 
pleasant f eeUng  of  permanent  irritation  in  the  throat.  The  powder  of 
the  root  causes  sneezing :  it  contains  two  sorts  of  resin,  a  very  bitter 
principle  (polygalin),  and  the  acrid  principle  (senegin,  which,  when 
isolated,  is  insoluble  in  water,  but  perfectiy  so  when  in  its  natural 
state  of  combination  with  the  extractive  matter  of  the  root),  isolusin, 
and  polygalate  of  iron  and  potassa,  &c  It  possesses  very  manifest 
stimulating  and  tonic  powers,  especially  over  all  secreting  organs, 
whether  the  skin,  mucous  memlmuies,  or  glands.  By  its  irritating 
qualities  it  can  act  m  an  emetic,  but  it  is  rarely  used  except  in  croup. 
In^  some  forms  of  indigestion,  attended  with  inadequate  secretion  of 
saliva,  it  is  extremely  useful,  but  it  is  permanentiy  serviceable  in  the 
chronic  ophthalmia  of  strumous  children,  as  it  promotes  increased 
action  of  the  glands.  As  a  gaigle,  it  is  an  efficacious  remedy  against 
the  hoarseness  occasioned  by  common  colds. 

POLYGALIC  ACID.  This  acid  is  said  to  constitute  the  acrid 
prmciple  of  the  bitter  milkwort.  It  is  a  white  amorphous  powder, 
without  odour,  and  of  a  very  irritating  acrid  taste.  It  is  very  slightly 
soluble  in  cold  water,  but  tolerably  so  in  hot  Polygalio  acid  is  very 
imperfectly  known,  and  may  be  identical  with  saponicacid.  It  is 
composed  of : — 

Carbon     .-•••••    65'70 

Hydrogen 7'dS 

Oxygen S6'77 
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POLY'GAMY  is  the  name  of  the  custom  according  to  which  a 
man  may  have  more  than  one  lawful  wife  at  a  time,  which  custom 
prevaiUi  in  several  countries.  Polygamy  has  existed  in  Asia  from  time 
immemorial,  under  the  old  religions,  and  Mohammedanism  adopted 
and  confirmed  the  custom.  Montesquieu  pretends  that  polygamy  in' 
the  East  is  the  consequence  of  the  greater  number  of  female  births  in 
that  country;   but  this  surmise  is  by  no  means  proved.     Another 


and  a  more  plausible  reason  may  be  found  in  the  premature  old 
age  of  the  female  sex  in  some  countries.  Niebuhr,  in  his  'Travels 
in  Arabia,*  gives  a  curious  conversation  which  he  had  with  an  Arab  on 
the  sulrject. 

The  Romans  did  not  practise  polygamy,  nor  did  the  Greeks.  The 
barbarous  nations,  on  the  contrary,  that  is  to  say,  those  who  were  not 
Greeks  or  Romans,  practised  polygamy,  with  the  exception  of  the 
Germsns,  ''who  alone,"  says  Tacitus,  "  among  all  the  barbarians,  are 
content  with  a  single  wife.      ('  Germsn./  17.) 

In  the  Scriptures  we  find  instances  of  polygamy  recorded  before 
the  flood.  (Genesis  iv.  19.)  It  was  common  in  the  patriarchal  times, 
and  we  have  the  instance  of  Jacob  marrying  two  sisters.  By  the  law 
of  Moses  it  appears  to  have  been  tolerated.  (Exodus  xxL  9,  10, 
and  Deuteronomy  xxL  15.)  But  in  the  time  of  our  Saviour,  no 
indication  appears  of  its  being  common  among  the  Jews.  Repudia- 
tion, or  divorce,  however,  was  frequent,  and  our  Saviour  (M^thew 
xix.  9)  reprobates  the  custom.  St.  Paul  speaks  always  of  marriage  in 
terms  implying  the  union  of  one  man  with  one  woman.  In  Chrutiao 
countries,  Polygamy  has  been  long  since  universally  forbidden,  both 
by  the  diurch  and  by  the  dvil  law,  under  severe  penalties,  which  in 
some  countries  amounted  to  death.  In  England,  it  is  an  offEooe 
punishable  with  transportation,  or  imprisonment  for  two  years,  for  a 
married  man  or  married  woman  to  marry  another  person  duiii^  th« 
lifetime  of  the  first  wife  or  husband. 

The  Koran  allows  a  man  to  have  four  legitimate  wives;  but  it  is 
only  the  ridi  who  avail  thmnselyes  of  this  perminion.  The  Arabs  are 
generally  content  with  one  wife. 

Polygamy  is  different  from  modem  concubini^,  which  is  the  coha- 
bitation of  man  and  woman  unsanctioned  by  any  legal  ceremony  or 
legal  form. 

PO'LYGLOTTS  {itoXiyXurra,  from  wohJbt,  much,  many,  and 
yXSirra,  a  tongue),  books  in  several  languages.  The  appUcation  of  the 
word  is  restricted  to  the  Bible,  whidi  being  a  collection  of  books 
written  by  various  persons,  at  various  times,  and  on  various  subjectSf  is 
called  Biblia  (books),  and  a  Polyglott  Bible  is  th^nefore  called  Bit^ 
PoWglotta. 

The  idea  of  a  Polyglott  Bible  seems  to  have  been  first  conceived  in 
the  8id  century,  by  Origen,  who  spent  many  years  of  immense  labour 
in  forming  the  Old  Testament  into  such  a  work.  This  is  oommooly 
called  Biblia  Hexapla,  the  Bible  in  six  columns.  The  six  coluoms 
consisted  of  1,  the  Hebrew  text;  2,  the  Hebrew  in  Greek  chsracten; 
8,  the  Greek  version  of  Aquila;  4,  the  Greek  version  of  Symmachus; 
5,  the  Septuagint ;  6,  the  Greek  version  of  Theodotion.  These  ax 
columns  went  through  the  work ;  but  some  portions  were  in  eiglit 
columns  and  others  in  nine,  and  with  reference  to  these  portions  it  ia 
called  Octapb  and  Enneapla.  Considered  apart  from  the  Hebrew, 
and  the  Hebrew  in  Greek  <maracters,  it  is  called  Tetrapla,  the  Bible  in 
four  columns.  Though  two  languages  only  were  used  in  the  foima- 
tion  of  this  woric,  it  might  not  improperly  be  called  a  Polyglott  It  ii 
to  be  lamented  that,  except  in  the  Septuagint,  only  a  few  fragments  of 
Origen's  performance  have  come  down  to  us.    These  were  published 

3f  Mont&uoon,  in  two  vols,  folio.  Puis,  171 4»  under  the  title  'Hexa- 
lorum  Originis  quae  supersuntw' 

Among  tiie  modems,  Aldus  Manutius  first  planned  a  Po^glott  in 
Hebrew,  Greek,  and  Latin;  but  he  never  printed  mora  tbjm  one 
sheet,  a  copy  of  which,  supposed  to  be  the  only  one  in  existence, 
is  in  the  royal  library  at  Paris.  Its  date  is  1501.  Snce  that  time 
various  Polyglotts  have  been  published,  of  which  the  principal  are  the 
following : — 

I.  The  Complutensian  Polyglott.  This  was  printed  at  Complutum, 
the  Latin  name  of  Alcala  de  Henares  in  Spain.  It  was  begun  in 
1502,  and  finished  in  1517,  but  it  was  not  published  before  1522. 
It  was  patronised  by  Cardinal  Francis  Ximenee  [Cisnbbos,  in  Bioo.  Drv.], 
who  employed  seven  learned  men  competent  for  the  undertaking,  and 
who  munificentiy  defrayed  the  entire  expenses  of  its  publication.  This 
noble  work  was  dedicated  by  its  patron  to  Pope  Leo  X.  It  is  in  six 
volumes,  folio.  In  the  Old  Testament  each  page  consists  of  three 
columns,  the  left-hand  page  presenting  the  Hebrew,  the  Vulgate, 
and  the  Septuagint,  and  the  nght-hand  the  Septuagint,  the  Vulgate, 
and  the  Hebrew,  with  Hebrew  primitives  in  the  outer  margin,  and 
a  supralineaiy  Latin  inteipretation  of  the  Septuagint.  At  the  lower 
part  of  the  page  is  a  Chaldee  paraphrase  with  a  Latin  interpreta- 
tion, in  two  columns.  In  the  New  Testament  each  page  has  two 
columns,  conristing  of  the  Greek  text  and  ^e  Latin  Vulgate  with 
maiginal  references.  The  Greek  Testament  of  this  Polyi^ott  ia 
remarkable  as  being  the  first  complete  edition  ever  printed.  Besides 
a  variety  of  prefatory  matter  in  the  first  volume,  the  whole  of  the 
sixth  volume,  with  the  concluding  part  of  the  fifth,  conausts  of  several 
distinct  performances,  making  a  laige  apparatus  of  elementary  biblical 
literature.     Of  the  Complutensian  Polyglott  600  copies  only  were 

Srinted,  and  t)ne  is  seldom  met  with  except  occasionally  in  puUie 
brsries. 

IL  The  Antwerp  Polyglott  This  was  printed  by  Christopher 
Pbntin,  at  Antwerp,  1569-1572,  in  eight  vols,  folio.  The  editor  was 
Arias  Montanus,  who  had  about  sixty  assistants.  The  work  was  pub- 
lished under  the  sanction  of  Philip  IL,  Idng  of  Spain,  who  is  reported 
to  have  defrayed  its  expenses,  though  some  are  of  opinion  that  he 
merely  lent  the  money  to  Plantin,  and  demanded  its  repayment  in  such 
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a  manner  as  to  inyolye  him  in  very  great  distreas.  The  whole  of  the 
Complutenaian  Polyglott  la  comprised  in  this  of  Antwerp,  besides 
another  Chaldee  paraphrase  of  a  pitu^  of  the  Old  Testament,  a  Syriac 
Tendon  of  the  New  Testament,  and  the  Latin  translation  of  Santes 
Pagninus/altered  by  the  editor,  Arias  Montanus.  The  Old  Testament 
is  in  four  columns,  two  in  each  page,  a  Latin  interpretation  of  the 
Septuagint  forming  one  of  the  ooliunns,  with  a  Chaldee  paraphrase  on 
the  lower  part  of  the  left-hand  page,  and  a  Latin  interpretation  on 
that  of  the  right.  In  the  New  Testament  the  Tersions  are  similarly 
arranged,  Syriac  being  in  place  of  the  Hebrew,  and  the  Latin  of 
Pagninus  answering  to  the  Latin  interpretation  of  the  Septuagmt. 
The  types  are  bold  and  finely  formed,  and  the  paper  is  of  a  yellowish 
cast  and  of  excellent  quality.  The  sixth,  seyenth,  and  eighth 
Tolumes  consist  of  lexicons,  grammars,  and  other  aids  for  understand- 
ing the  contents  of  the  preceding  yolumes.  Of  this  Polyglott  600 
copies  only  were  printed,  and  the  greater  number  of  these  were  lost  in 
being  conyeyed  by  sea  to  Spain,  so  that  it  is  more  rare  than  eyen  its 
predecessor  of  Complutum. 

III.  The  Parisian  Polyglott.  This  was  printed  at  Paris,  by 
Antony  Yitrd,  1628-1645,  in  10  yols.  Urge  folio.  The  editor  was 
Guide  Michael  le  Jay,  who  at  this  time  was  a  layman,  but  afterwards 
became  an  ecclesiastic.  He  had  seyeral  learned  associates,  and  ke 
n^t  haye  had  the  patronage  of  Cardinal  Richelieu,  but,  refusing  this 
favour  and  yentdring  to  publish  the  work  at  hisownexpensci^he 
brou^t  ruin  upon  himaalf.  This  splendid  performance  contains  all 
that  is  in  the  two  preceding  Poly^otts,  with  the  addition  of  an  Arabic 
▼endon  of  the  Old  and  New  Testament,  a  Syriac  yeraion  of  the  former, 
and  the  Samaritan  Pentateuch.  These  additions  howeyer  are  made 
separately,  so  that,  though  the  Parisian  Polyglott  contains  portions  of 
the  Bible  in  seyen  languages,  its  pages  do  not  exhibit  at  one  yiew  more 
than  the  Antwerp  Polyglott.  ^ese  ten  yolumes,  in  imperial  folio, 
present  attractions  of  no  ordinary  kind.  The  paper,  though  perhaps 
not  so  fine  as  that  of  the  Antwerp  Polyglott,  is  beautiful;  the  types 
are  large,  clear,  and  elegantly  formed ;  the  engrayer's  art  moreoyer  is 
appropriately  displayed  in  furnishing  occasional  embeUishments ;  in  a 
word,  the  Parijtdan  Polyglott  is  altogether  as  magnificent  a  work  as  can 
well  be  conceiyed. 

IV.  The  London  Polyglott.  This  was  edited  by  the  learned  Brian 
Walton,  who  became  afterwards  bishop  of  Chester.  It  is  in  six  yols., 
laj^  folio.  It  was  published  by  subscription,  and  the  yolumes  came 
out  in  the  following  order : — ^the  first  yolume  in  September,  1654 ;  the 
second  in  July,  1655 ;  the  third  in  July,  1656 ;  and  the  last  three  in 
1657.  "And  thus,"  says  Dr.  Twells  ('Life  of  Pocock'),  "in about 
four  years  was  finished  the  English  Polyglott  Bible,  the  gloiy  of  that 
age,  and  of  Uie  English  church  and  nation,  a  work  yasUy  exceeding  all 
former  attempts  of  that  kind,  and  that  came  so  near  perfection  as  to 
discourage  all  future  ones."  Some  portions  of  this  Polyglott  ai^ 
printed  in  seyen  languages,  all  open  at  one  yiew.  ^  No  one  book  is 
giyen  in  nine  languages ;  but  nine  languages  are  used  in  the  course  of 
the  woik,  namely,  Hebrew,  Chaldee,  Samaritan,  Syriac,  Arabic, 
Persian,  Ethiopic.  Greek,  and  Latin.  A  yast  body  of  introductory 
matter  is  in  Ihe  first  yolume,  and  the  sixth  is  made  up  of  yarious 
readings,  critical  remarks,  kc  Brian  Walton  was  assisted  oy  a  number 
of  men  who  formed  a  constellation  of  oriental  and  genenl  scholars, 
such  as  perhaps  haye  appeared  together  at  no  other  period  during  the 
whole  history  of  our  country.  One  of  these  men  was  Dr.  Edmund 
Gastell,  who  published  his '  Lexicon  Heptaglotton'  in  1669,  two  yols., 
folio.  This  is  a  lexicon  of  the  seyen  oriental  languages  occurring  in 
Walton's  Polyglott,  and  it  has  ^;rammars  of  all  these  languages  pre- 
fixed. It  generally  accompanies  the  Polyglott,  which  can  hardly  be 
pronounced  complete  without  it  Walton's  work  is  b^  no  means  equal 
in  appearance  to  the  three  preceding  Pojyglotts,  but  m  point  of  solid 
usefulness  to  the  biblical  scholar  it  is  fur  beyond  any  one  of  them. 
The  eig^t  yolumes  form  an  extraordinary  collection  of  aids  for  study- 
ing the  original  scriptures.  As  the  London  Polyglott  is  frequently 
found  .in  priyate  libraries^  a  more  minute  description  of  its  contents 
appears  to  be  unnecessary.  Its  history  is  recorded  at  length  in  Arch- 
deacon Todd's  '  Memoirs  of  the  Life  and  Writings  of  the  Right  Rey. 
Brian  Walton,  D.D.,  lord  bishop  of  Chester,'  2  yols.  8yo.,  London, 
1821,  a  work  which  comprises  also  notices  of  all  Walton's  co- 
adjutors. 

Y.  Bagster^s  Polyglott  This  work  was  published  by  the  enterpris- 
ing books^er  by  whose  name  it  is  known,  in  1  yoL  folio,  London, 
1881.  The  Old  Testament  is  in  eight  languages,  and  the  New  Testa- 
ment in  nine.  Eight  languages  are  exhibited  at  once  upon  opening 
the  book.  The  languages  are  Hebrew,  Greek,  English,  Latin,  German, 
Italian,  French,  Spuiish,  and  Syriac,  the  New  Testament  being  giyen 
in  the  last  language  as  an  appendix.  To  these  are  added  the  Samaritan 
Pentateudi  in  Hebrew  characters;  the  notes  and  readings  of  the 
Kasorites;  the  chief  yariatiuns  of  the  Vatican  text  of  the  Septuagint 
(which  is  foUowed  in  this  Polyglott),  and  of  the  Alexandrian  as 
giyen  by  Grabe,  Oxford ;  and  of  the  Greek  Testament  the  whole  of 
the  selected  yarious  readingpi  giyen  by  Griesbach  in  his  own  edition  of 
1805.  Prefixed  to  the  work  are  fifty  pages  of  prolegomena  in  Latin, 
hv  ProfoMor  Lee,  of  Cambridge.  T&  types  are  small,  but  clear  and 
elegant,  and  the  paper  is  of  excellent  quality.  The  whole  yolume  pre- 
sents a  yery  handsome  appearance. 

On  the  subject  of  Polyglott  Bibles  in  general,  the  reader  will  be 


gratified  by  consulting  Home's  'Introduction;'  Butler's  'Hons 
Biblicas;'  Clarke's  'Bibliographical  Dictionary;'  Le  Long's  'Biblio- 
theca  Sacra,'  improyed  by  Masch.  There  are  many  more  Polyglotts 
than  these  we  haye  mentioned.  Among  the  latest  is  a '  Biblia  Poly- 
glotta,'  in  four  languages — Hebrew,  Greek,  Latin,  and  Gennan ;  it  was 
published  during  1850-55,  under  the  editorship  of  Dr.  R.  Stier  and 
Dr.  Theile.  It  contains,  yoL  L,  the  Pentateuch ;  yoL  il.,  the  historical 
books  and  the  Prophets,  Danicd  excepted ;  yoL  iii,  the  poetical  books, 
Daniel,  and  miscellaneous ;  yoL  iy.,  the  New  Testament 

POTiYGON  and  POLYHEDRON.  The  word  polygon  means  figure 
of  seyeral  angles,  and  polyhedron  means  solid  of  seyenS  faces :  the  first 
is  used  lor  a  jdane  bounded  by  straight  lines,  the  second  for  a  solid 
bounded  by  planes.  ^  We  shall  in  this  article  state  the  genenl 
properties  of  both  kinds  of  figures,  reserring  the  particular  consideration 
of  those  which  haye  equal  sides  or  equal  f^es  for  the  articles  RiOulab 
Figures,  Solids,  &c. 

The  Elements  of  Eudid  confine  themselyes  to  conyex  polygons,  and 
to  a  limited  number  of  polyhedrons.  The  most  general  propositions 
with  respect  to  polygons  as  polygons,  that  is,  which  are  true  whateyer 
the  number  of  sides  may  be,  are  as  follows :  they  un  either  in  the 
Elements  or  immediately  deduoible  from  them. 

1.  The  inteinal  angles  of  a  polygon  of  n  sides  are  together  always 
equal  to  i»— 2  pairs  of  right  tn^ea.  See  Rotation  for  the  full  maMiitig 
of  thisproposition. 

2.  When  a  figure  of  an  eyen  number  of  sides  is  inscribed  in  a  circle, 
the  sum  of  the  first,  third,  fifth,  &a,  angles  is  equal  to  the  sum  of  the 
second,  fourth,  sixth,  &c.,  angles.  But  when  a  figure  of  an  eyen  number 
of  sides  is  deacnhed  A(nU  a  omde,  for  angles  read  sides  in  the  preceding 
property. 

8.  Axnr  one  side  of  a  polygon  is  less  than  the  sum  of  all  the  others. 

The  first-mentioned  theorem  remains  true  beyond  the  limits  of 
Euclid's  meaning,  namely,  so  long  as  the  figure 
of  n  sides  can  in  any  way  be  diyided  into  n— 2 
trian^es :  that  is,  in  fact,  as  long  as  no  side  of 
the  figure  crosses  any  other  side.  '  Thus  the 
adjoining  polygon  of  10  rides,  being  diyisible 
into  8  triangles,  has  the  sum  of  all  its.  angles 
equal  to  16  ri^t  angles,  four  of  these  angles 
being  each  greater  than  two  right  angles. 

To  make  a  rule  whidilribAll  connect  the  angles  ' 

of  any  polygon  whatsoever,  that  is,  of  any  figure,  howeyer  irr^ular, 
in  whush  a  point  returns  by  a  succesrion  of  straight  lines  to  the  point 
from  whence  it  set  out,  would  be  difficult  in  the  ordinary  way  of 
measuring  angles.    On  this  subject  see  Sign. 

A  polygon  of  »  rides  or  edges  has  one  face,  and  n  angular  points  or 
comers :  that  is,  the  number  of  faces  and  comers  togeuer  exceed  the 
number  of  edges  b^  1.  On  one  ride  of  the  polygon  let  another  polygon 
be  described:  it  is  then  obyious  tiiat  tiie  two  polygons  haye  two 
comers  In  common,  but  only  one  edge,  or  else  thrae  comers  and  two 
edges^  &0. ;  that  is,  whateyer  new  comers  are  added,  one  move  new 
edge  is  added :  or,  since  one  face  is  added,  the  number  of  faces  and 
comers  Is  increased  by  the  same  as  the  number  of  edges.  The  same 
may  be  proyed  of  eyeiy  new  polygon  which  has  one  or  more  rides  in 
common  with  any  of  the  old  ones :  and  since  at  the  outset  the  number 
of  comers  and  faces  exceeds  the  number  of  edges  by  1,  and  since  eyeiy 
alteration  adds  the  same  to  both  rides  of  this  equation,  it  remains  trae 
throughout^  Whence  the  following  theorem :  let  any  number  of 
polygons,  in  the  same  plane  or  not,  be  so  connected  that  each  has  one 
ride  or  more  in  common  with  one  or  more  of  the  others :  call  each 
polygon  one  fiuse ;  each  ride,  to  how  many  polygons  soeyer  it  may 
belong,  one  edge ;  and  each  angular  point,  no  matter  how  many  angles 
may  be  collected  there,  one  comer :  the  number  of  faces  and  comers 
will  always  exceed  the  number  of  edges  by  one. 

Let  there  be  a  solid  polyhedron,  and  beginning  from  one  giyen  face, 
annex  the  others  succesriyely :  the  preceding  theorem  will  remain  true, 
so  long  as  each  face  which  is  added  adds  one  or  more  new  edg^k  But 
it  is  obyious  that  when  the  polyhedron  is  completely  fii^ahed,  with  the 
exoeption  of  the  last  face,  the  completion  of  the  solid,  by  counting  the 
last  &ce,  adds  no  new  edge  and  no  new  comer,  these  haying  been  com- 
pletely laid  down  in  former  faces.  Hence,*  in  eyeiy  solid  poly- 
hedron, the  number  of  faces  and  comers  exceeds  the  number  of  edges 
by  tioo. 

Again,  on  a  giyen  face  of  a  polyhedron  as  a  base,  let  a  second  poly- 
hedron be  constructed,  and  on  a  giyen  face  of  that  a  third,  and  so  on, 
it  being  permitted  to  include  seyeral  faces  from  difibrent  polyhedrons 
among  the  faces  of  the  new  one.  In  the  part  of  each  new  polyhedron 
which  belongs  to  the  preceding  ones,  as  already  shown,  the  comers  and 
fiices  exceed  the  number  of  edges  \x7  one;  and  the  same  also  in  the 
new  portion.  But  since  one  new  polyhedron  is  added  at  eyery  step,  it 
follows  that  the  new  faces  and  comers  are  the  same  in  number  as  the  new 
edges  and  polyhedron.  But  at  the  beginning,  counting  one  polyhedron, 
the  faces  and  comers  outnumber  the  edges  and  polyhedron  by  one  (since 

*  The  pfresent  mode  of  deaumstrating  this  well  known  theorem  was  giTcn, 
for  the  lint  time  to  his  knowledge,  by  the  author  of  this  article,  in  the  *  Phil. 
Mag.* ;  but  he  has  slnee  found  that  it  is  aubatantiallj  contained  (under  mathe- 
matical sTmbola  which  rather  conceal  its  almplieitjr)  in  a  memoir  by  M.  Canohj, 
in  the  '  Journal  de  I'Ecole  Poljtechnique.' 
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they  outnumber  the  edges  by  2) ;  and  since  both  sides  of  this  equation 
receive  the  seme  accession  for  every  new  polyhedron,  it  remains  always 
true  :  that  is,  the  total  number  of  comers  and  hoeB  in  any  system  of 
polyhedrons,  each  of  which  has  one  or  more  faces  in  oonunon  with 
others,  exceeds  .the  total  number  of  edges  and  polyhedrons  by  !• 

In  every  face  of  a  polyhedron  take  any  point,  which  for  abbreviation 
we  may  call  the  cenia^  of  that  &ce.  Join  the  centre  of  each  face  with 
tiie  centres  of  the  adjoining  &ces ;  we  have  thus  a  new  polyhedron, 
and  tiie  points  may  be  so  tuen,  that  those  lying  in  t|ie  faces  which 
meet  at  any  comer,  shall  all  be  in  the  same  plane.  The  new  polyhedron 
has  obviously  as  many  comers  as  the  old  one  had  laces ;  sad  as  many 
&ces  as  the  old  one  lias  comers :  the  number  of  edges  being  the  same 
in  both :  and  if  we  call  a  comer  triangular,  quadrangular,  ftc.,aocording 
as  three,  four,  fta,  'angles  meet  there,  the  new  solid  has  as  many 
triangular,  Ac.,  faces,  as  the  old  solid  'has  triangular,  &c.,  comers, 
and  vice  vend.  These  polyhedrons  may  be  callea  conjugate  to  one 
another. 

Thus  there  is  a  triangular  tetrahedron  (four-faced  solid)  with  four 
triangular  comers :  consequently  the  conjugate  solid  is  another  tetra- 
hedr^  of  the  same  kind.  The  qtiadrangmar  hexahedron  (of  six  four- 
sided  faces)  has  8  triangular  comers :  the  conjugate  soUd  has  therefore 
8  triangular  faces,  and  six  quadrangular  comers  (the  triangular 
'octahe(hron).  The  pentagonal  dodeadiedron  (having  12  five^ided 
i&ceB)  has  20  triangular  comers:  the  conjugate  solid  has  therefore 
20  triangular  faces  and  12  pentagonal  comers  (the  triangular  icosa- 
hedron).  The  solids  mentioned  in  this  paragraph  are  those  which 
mav  be  made  of  equilateral  and  equiangular  fa^«   [RisaTTLAB  Solidb.] 

Again,  a  solid  can  be  formed  with  14  quadrangular  faces,  having 
'8  triangular  comers  and  8  quadrangular  ones ;  its  conjugate  solid  has 
therefore  8  triangular  and  8  quadrangular  faces,  with  14  quadrangular 
comers;  the  nimiber  of  edges  in  both  being  8+8+14—2,  or  28. 

Let  F,,  F«,  Fg,  &c.,  be  the  number  of  triangular,  quadnuiffular,  pent- 
agonal, &c,  faces  in  a  solid,  and  o^  o^,  o„  &c.,  the  number  ox  triangular, 
quadrangular,  pentagonal,  Ac.,  comers.  Let  F,  o,  X,  be  the  total  number 
of  faces,  comen,  and  edges ;  tiien  we  have 


F=F8  +  P4  +  Fg  +  . 
0=0,+0^+0g  +  . 


(1) 
(2) 


Again,  since  8  F,  +  4  f«+.  . . .  is  the  total  number  of  sides  of  all  the 
faces,  before  they  are  joined,  and  since  the  junction  joins  each  with 
another,  we  have  half  Uie  preceding  for  the  niunber  of  edges,  or 

2B=8F,  +  4F^  +  5Fg  +  .  ..(8) 
2b=8o,+  4o^  +  5c,+.  .  .(4) 

But  F + 0= B + 2,  whence  we  deduce 

2o=4  +  F,  +  2F4  +  3Fg  +  ...(6) 
2F=4  +  c,  +  2c^+8Ca  +  ...(6) 

* 

Henoe  F,  +  F5  +  . . . .  and  O3  +  C5+. . . .  must  be  even  numbers;  for 
if  these  be  subtracted  from  the  even  numbers  2  0  and  2  F,  it  will  be 
seen  that  even  numbers  are  left :  or  the  number  of  odd-sided  figures 
must  be  even,  and  also  the  number  of  odd-angled  cqmers.  Moreover 
the  number  of  comers  must  be  made  xm  of  (1)  a  couple ;  (2)  half  as 
many  as  there  are  odd-dded  faces ;  (8)  1  tor  errerv  quadbangle  and  pen- 
tagon, 2  for  every  hexagon  and  heptagon,  S  tor  every  octagon  and 
nonagon,  &c. ;  and  the  same  will  be  tme  if  we  write  fao»B  for  comers, 
and  comers  for  faces. 

Since  every  face  has  at  least  three  sides,  and  every  comer  at  least 
three  angles,  2  x  cannot  fall  short  of  8  f,  nor  of  8  0.  flence.  neither 
4 X— 6  F,  nor  4  x^6  0  can  be  negative,  that  is,  nedther  of  the  foUtfwing 
can  be  negative : 

8c,  +  2o4  +  o,-12-o,--2  0g-8o,— . .. .  (7) 
8F,+2F^-hF,— 12-F^— 2f,-2f,-.  . , .  (8) 

Hencd  it  appears  that  there  must  be  either  triangular,  quadrangular, 
or  pentagonal  laces,  and  either  three-angled,  four-anfl^ed,  or  five-angled 
comers.  Call  these  the  eaaaUitU  faces  sad  comers.  Hence  the  fol- 
lowing readily  follows : 

If  &e  essential  faces  be  all  trian^es,  there  must  be  4  at  least ;  if  all 
quadrangles,  6  at  least ;  if  all  pentagons,  12  at  least :  and  the  same  of 
uie  comers.  If  the  non-essential  faces  be  all  hexagons,  or  the  non- 
essential comers  six-angled,  it  would  appear*  that  the  y^w^wwMiw 
number  of  essential  faces  and  comers  need  not  be  increaaed,  how  many 
hexagons  soever,  or  six-an^ed  comers,  there  may  be. 

We  easily  show  that  the  formula  in  (7)  and  (8)are2F«-f  4Fg+ 
6F.  +  ...  and  2o«  +  4o,+6  0e+. . . .  from  which,  by  addition,  we 

F,  +  O,=8+F5  +  O,  +  2(F,+  Oe)  +  8(F,  +  0T)+.... 

That  is,  calling  both  triangles  and  three-angled  comers  by  the  name  of 
tr(p2ffo,  quadrangles  and  four-angled  comers  by  that  of  quadruplets, 
&c.,  we  have  the  following  theorem  :-~Space  cannot  be  inclosed  without 

*  Bemember  however  that  this  subject  is  very  incompletely  known ;  and 
though  some  necessary  conditions  can  be  laid  down.  It  has  never  been  found  ont 
what  coBditioas  are  both  necessary  and  sufficient  In  order  that  a  given  nnmber 
of  faces  may  enclose  space. 


triplets :  and  the  triplets  are  in  number  8,  and  one  for  each  quintuplet, 
and  two  for  each  sextuplet,  and  three  for  each  septuplet,  kc. 

If  all  the  comers  be  three-angled,  we  have  2x=3c,  or  (8)  vanishea 
If  then  all  the  faces  be  of  sides  not  exceeding  six,  we  have 

8F,-h2F^  +  Fg  =  12. 

Similarly,  if  all  the  faces  be  triangular,  and  the  comers  nowhere 
more  than  px-angled,  we  must  have 

8c,+2o4  +  o,=12. 

Hence  it  follows  that  when  aQ  the  comers  are  three-angled,  and  all 
the  faces  either  pentagons  or  hexagons,  the  number  of  pentagons  can  be 
neither  more  nor  lees  than  12  :  also  that  when  all  the  feices  are  triangles, 
and  all  the  comers  five-angled  or  six-angled,  the  number  of  five-angled 
comers  can  be  neither  more  nor  leas  than  12. 

If  an  the  comers  be  four-angled,  we  have  2  E=  4  0,  or 

F,  =  8  +  Fg  +  2Fj  +  .  ... 

whence  there  must  be  at  least  8  triangles.    And  similarly,  if  all  fiic 
sides  be  quadrangul]u>,  there  must  be  at  least  8  three-angled  comez& 
If  all  the  comers  liie  five^igled,  we  have  2  E= 5  0,  or 

F,=20  +  2F4  +  6F,  +  8Fe  +  . . . . 

so  that  there  must  be  at  least  20  triangular  faces.    Similarly  if  sll  the 
faces  be  pentagonal,  there  must  be  at  least  20  three-angled  ooraera 

Some  of  tlie  most  obvious  ways  in  which  figures  may  be  put  together 
so  as  to  endose  space  are  as  follows : — 

1.  Two  n-rided  &ces,  joined  by  n  quadran^es.  This  indudss  the 
prion  and  truncated  pyramid,  and  also  every  qusdra^gnlsr  hexa- 
hedron. 

2.  The  pyramid,  with  one  n-sided  face  and  n  triangles. 

8.  The  solid  witii  •  quadrangles,  and  2  n  triangles,  ibt  symmeirical 
case  of  which  is  a  prism  surmounted  at  each  end  by  a  pyrsmid. 

4.  Two  faces  of  n  sides,  and  mn  quadrangles, m  bong  any  whole 
number. 

5.  Twelve  quadrangles  so  arranged  that  four  of  them  arepbccd 
comer  to  comer,  the  figure  being  finished  by  four  others  on  each  side. 
When  the  quadrangles  are  all  equilateral,  this  is  the  common  ihombic 
dodecahedron. 

6.  The  pentagonal  dodecahedron,  in  which  there  are  two  pentagom, 
each  of  which  has  another  pentagon  on  every  aide,  the  two  figures 
being  placed  together  so  that  the  projecting  uigles  of  the  one  lUl  up 
the  Centering  angles  of  the  other. 

7.  The  triangular  ioosahedron,  the  conjugate  soHd  of  the  last,  wMch 
maT  be  thus  imagined.  Let  a  pentagonal  prism  be  surmounted  at 
eadi  extremi^  by  a  pyramid,  and  let  the  sidoi  of  Hie  prism  which  join 
the  an(^  of  the  opposite  pentagons,  and  dso  a  diagonal  in  each 
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quadrangle,  be  supposed  to  be  formed  of  extenrfble  and  ooniametible 
thieada.  Turn  one  of  the  surmounting  pyramids  partly  round :  then 
the  sides  and  diagonals  of  the  five  quadrangles  will  no  longer  continue 
in  the  same  plane,  but  will  form  ten  triangles,  which,  with  the  ten 
belonging  to  we  pyramids,  complete  the  number  required. 

When  the  sides  of  a  polygon  are  given;  the  polygon  itself  ia  not 
given,  unless  it  be  a  triangle :  thus  there  is  an  infinite  number  of 
quadrangles  wUch  have  the  same  four  sides.  But  it  is  very  remai^* 
able  that  when  a  solid  is  formed  of  given  faces,  in  a  given  order  of 
juxtaposition,  those  faces,  if  they  form  a  solid  at  aU,  can  only  fbnn 
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one.  This  is  the  reason  of  the  stability  of  solid  figures;  were  it  not 
for  this,  a  box,  for  example,  would  require  internal  eroaB-pieces  to 
support  the  sides.  This  remarkable  propert]r  ifl  assumed  by  Eadid  as 
a  part  of  a  definition,  and  that  improperly ;  since  it  is  a  new  axiom. 

A  proof  of  the  axiom  implied  in  the  above  was  given  by  li.  Oaudiy 
in  the  article  ali^aady  cited,  and  will  be  found  in  the  notes  to  Legendre's 
Qeometry.  It  is  sidficient,  but  depends  on  considerations  foreign  to 
tlie  subject  as  usually  considered.  * 

For  tiie  lemarkable  division  of  equal  solids  into  q^mmetrically  and 
unsymmetrically  equid,  see  Stmxetbioal  :  for  the  more  general  view 
of  the  nature  of  polygons,  suggested  by  modem  geometry,  see  Trasb- 
VBBBAL :  see  also  Tbiakglb,  Rsgulab  Fioubss  and  Rkgtilab  Boliss, 
TniooiroiaTBT,  &c. 

To  explain  the  meaning  of  the  term  polygonal  number  pff xhebicbb, 
Appellations  op],  let  us  take  as  an  instance  the  pentagonal  number. 
Take  any  pentagon  b  a  ft,  and  construct  a  set  of  pentagons,  a  o  c,  a  n  d, 
&c.,  double,  treble,  ko.,  of  a  B  6  in  linear  dimension.  Divide  the  sides 
of  each  pentagon  into  parts,  each  equal  to  the  oorrespondaig  side  of 
ABft.  Then  if  we  begin  with  a,  which  is  one  point,  and  afterwards 
take  in  all  the  points  of  the  first  pentagon,  we  have  1  +  4,  or  5  points. 
If  we  now  add  all  the  additional  points  of  the  second  pentMoa  (in- 
oluding  subdivision-points),  we  have  14-4+7  or  12  points.  Take  in 
the  next  pentagon, and  we  have  1+4-1-7  +  10,  or  22  points.  Hence 
the  series  1,  5, 12,  22,  &o.,  is  called  the  series  oi  pentagonal  numbers;- 
and  a  set  of  nimibers  is  thus  pointed  out  which  m&y  be  as  justly  called 
pentagonal  as  the  set  1,  4,  9,  &o.,  may  be  called  square.  It  must  be 
stippoeed  that  the  various  sets  of  polygonal  numben  were  suggested  by 
the  square  numbers. 

POLYGON  OF  FORCES.  A  well-known  proposition  under  this 
name,  attributed  to  Leibnitz.  If  any  number  of  foroes  act  upon  a 
point,  and  we  take  a  polygon,  one  of  whose  sides  is  formed  by  the 
line  xepresenting  one  of  the  forces,  and  the  other  sides  in  suocession 
by  lines  repr^enting  the  other  foroes  in  magnitude,  and  parallel  to 
their  directions,  then  the  line  which  completes  the  pofygon  will 
represent  the  resultant  of  the  whole. 

POLYGON,  REGULAR.    [Requlab  Feourbb  ;  Bsqulab  Solids.] 

POLYGONAL  NUMBERS.    [Nuubsba,  Apf£Llatiovs  op.] 

POLYHEDRON.    [Polyooh  and  Polyhedron.] 

POLYHERIDES.  Chemical  compounds  which  have  the  same  per- 
centage composition,  but  a  different  molecular  arrangement.  Thus, 
acetate  of  metiiyl  and  formiate  of  ethyl  are  polymerides  :— 


Aoetate  of  methyl 
Formiate  of  ethyl  • 
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POLYNOMLiL,  an  algebraical  word  meaning  an  ezpresskm  which 
has  several  terms,  being  the  general  term  under  which  are  inchided, 
binomials,  trinomialB,  quadrxnonuals,  ko.,  or  expressions  of  two,  three, 
fom',  &a  terms.  Th^  jodynomial  theorem  means  the  theorem  by  which 
a  polynomial  expression  is  raised  to  its  several  powers.  For  an  easy 
way  of  doing  this,  see  '  Library  of  Useful  Knowledge,'  **  DiS.  Cahx," 
pp.  828-337. 

POLYPUS  is  a  morbid  growth  attached  to  the  interior  of  one  or 
other  of  the  muoous  canals,  by  a  more  or  less  narrow  pedide.  Polypi 
occur  most  frequently  near  the  orifices  of  external  oonununication  of 
the  mucous  canals,  as  in  the  uterus,  the  £&uoes,  the  larynx,  and  the 
nose.  A  description  of  those  that  grow  in  the  last  of  these  situations 
may  eerve  for  alL 

Polypi  of  the  nose  are  of  four  kinds,  which  are  named  respeotividy, 
veaiciilar,  gdatinous,  fibrous,  and  malignant.  Vesicular  polypi  are 
gray  or  yellowish  transparent  vesioles,  containing  a  okear  watexy  flidd 
with  a  little  mucus ;  they  are  very  soft,  easily  break  down  when  they 
are  pressed,  and  are  liable  to  considerable  increase  of  siae  when  the 
evaporation  from  them  is  decreased  in  damp  weather.  They  appear  to 
consist  of  enlaiged  mucous  follicles.  Gelatinous  polypi  are  more  solid 
growths,  consisting  of  dull  white  masses  attached  to  the  muoous  mem- 
brane of  tiie  nose,  and  themselves  covered  by  a  fine  but  rather  tough 
membrane.  They  seem  composed  of  an  excessive  growth  of  the 
mucous  membrane  infiltrated  with  fluid,  and  having  a  few- fibres 
running  through  its  substance.  Fibrous  polypi  are  still  more  solid 
growths;  they  consist  of  a  dense  fibrous  and  vascular  tissue,  which  it 
is  often  difficult  to  out  through,  and  which  is  sometimes  converted 
into  bone.  They  are  usually  intimately  connected  with  the  deeper 
parts  of  the  mucous  membrane.  Malignant  polypi  axe  growths  of  a 
cancerous  nature  from  the  muoous  membrane,  which  have  received 
the  name  of  polypi  rather  from  having  the  same  situation  as  the  pre* 
ceding  than  from  their  similarity  of  form.  They  may  assume  the 
chaxacten  of  simple  or  sohixrhous  cancer,  but  more  commonly  they 
have  those  of  the  soft  or  medullary  variety  [Cancer]  which  is  fre- 
quently called  fungus  hsematodes.  « 

'Sho  conmioi^  symptoms  of  all  polypi  ol  the  nose  are  that  the 
patient  is  unable  to  breathe  through  Uie  nostril  in  which  they  are 
placed,  and  has  a  nasal  voice;  there  is  usually  a  discharge  of  watery 
mucus,  a  loss  of  smell,  and  a  diminution  of  the  power  of  taste.  If 
situated  far  back  in  the*  nose,  they  may  cause  deafness,  or  obstruct  the 
swallowing  of  food.    They  even  render  the  breathing  difficult^    The 


softer  kinds  seldom  produce  worse  effects  than  these,  for  their  growth 
is  restrained  by  the  firm  tissues  of  the  nostrils ;  but  the  two  last  and 
firm  varieties  will  continue  to  increase,  expanding  the  bones  and  other 
tissues  of  the  nostrils  and  face  into  huge  and  Iddeous  swellinge,  and 
producing  death  either  by  their  ulceration,  or  by  their  pressure  on 
the  vessels  of  the  brain,  or  on  the  brain  itself  through  the  base  of 
theskulL 

The  niost  usual  situation  of  polypi  is  in  the  upper  and  back  parts 
of  tiie  nostrils ;  and  almost  always  on  the  outer  wall,  the  septum 
being  very  iai«ly  affected.  In  their  increase  they  mould  tiiem- 
selves  to  the  form  of  the  passages  of  the  nose,  and  at  last  inrotrude 
either  forwards  through  the  anterior  openings  or  bsckwaids  into  the 
fauces. 

The  growth  of  vesicular  polypi  is  usuallv  connected  with  a  generally 
disordered  state  of  the  health.  They  seldom  reauire  to  be  removed 
by  operation  I  the  patient  should  tak^  mild  alterative  and  tonic 
medidnes  with  purgatives ;  and  lotions  containing  alum  or  sulphate  of 
sdno,  or  some  equally  powerful  astringent,  should  be  frequentiv 
injected  into  the  nostrils.  When  the  polypi  are  thus  destroyed; 
ointment  eontaimng  nitrate  of  mercury,  or  savine  poWder,  or  some 
other  stimulant,  dieuld  be  rubbed. on  the  membrane  where  they  were 
seated.  Gkilatinous  polypi  are  not  usually  benefited  by  the  preceding 
plan  of  treatment;  although  after  their  removal  it  is  very  useful  to 
prevent  tiiem  from  growing  again.  They  must  be  pulled  from  their 
attachment  by  forceps,  which  should  have  rou^  blades,  and,  if 
possible,  be  placed  around  the  pedicle  of  the  growth,  and  withdrawn 
with  a  kind  of  twisthig  motion.  All  tiie  polypi  being  thus  removed, 
the  mucous  membrane  should  have  some  powerfully  astringent  lotion 
or  ointment  applied  to  it.  The  fibrous  polypi  usually  require  a  more 
difficult  opetation  for  t&eir  removal ;  when  they  can  be  withdrawn  by 
the  loKeps,  it  is  only  with  much  difficulty,  from  their  being  seated 
far  back  in  the  nostrils,  and  with  some  violence  and  danger  of  hemorr- 
haga  In  some  cases  a  ligature  may  be  tied  round  the  base  of  such  a 
^poljpxa,  so  as  to  make  it  slou^  off;  in  others  they  must  be  cut  out 
with  the  Imife  or  scissors.  The  choice  of  these  operations  must  be 
made  according  to  the  circumstances  of  each  case.  After  their 
removal,  the  same  means  should  be  adopted  to  prevent  their  return  as 
'  in  the  preceding  cases.  The  malignant  growths  in  the  nose,  like  those| 
in  other  parts  of  the  body,  where  their  early  and  complete  removal 
cannot  certainly  be  aooompliEhed,  had  better  be  treated  only  by 
palliative  measures. 

POIjYTHEISM  {ToXhs,  much,  many,  dths,  a  god),  the  doctrine  or 
woiehip  of  a  phnnlity  of  gods.  TMs  form  of  the  word  is  not  found 
'  in  Greek  writisrs.  Plulo-J udseus  conveys  the  notion  by  rh  iroX^coy, 
and  9oK6dtos  96^a,  and  Justin  Martyr  by  iroXvtfe^i.  PhUo  also 
speaks  of  polyaxxihy  {voKuapxi»),  with  which  he  contrabts  monarchy 
{fwya^la)^  meaning  respective^  polytheism  and  the  unity  of  God. 
St  Athanasius  uses  voXvd^a  as  the  opposite  to  /Mvapx^ 

*  Polytheism  differs  from  idolatry  in  tins  respect : — ^the  former  refers 
to  a  plurality  of  gods,  without  including  necessarily  the  notion  of 
forma,  real  or  imaginary ;  the  latter  refers  either  to  one  god  only, 
under  some  one  visible  form,  or  to  any  number  of  gods,  under  as  many 
visible  forms. 

No  one  who  takes  the  Bible  for  his  authority  wiU  deny  that  in  the 
earliest  ages  of  mankind  the  unity  of  God  was  implicitiy  believed. 
When  the  idea  of  a  pltirality  of  gods  was  first  entertainea,  it  is  im- 
possible to  say.  The  writings  of  Moses  contain  no  evidence  that  men 
were  polytheists  before  the  flood ;  but  it  is  plain  that  in  the  time  of 
Moses  (B.a  1500)  polytheism  prevailed.  It  is  probable  that  the  Chal- 
dseans,  of  whom  Abraham  was  one,  were  addicted  tc  polytheism  before 
his  time  (B.a.  1900) ;  but  it  is  certain  that  Abraham  was  not  a  poly- 
theist.  His  contemporaries,  Melchizedek,  king  of  Salem,  and  Ablme- 
lech,  king  of  the  Philistines,  both  Canaanites,  were  worshippers  of 
one  God,  and  the  God  of  Abraham  himself.  The  ancient  Persians 
might  have  been  free  from  polytheism  in  Abraham's  days ;  but  they 
be^me,  first,  Sabians,  or  worudppers  of  the  host  of  heaven,  and 
afterwards  Magians,  or  worshippers  of  fire.  As  Magians,  they  held 
that  there  are  two  principles,  one  the  cause  of  all  good,  and  the  other 
the  cause  of  all  evU ;  the  one  they  represented  by  darkness,  and  the 
other  by  light ;  the  former,  according  to  Plutarch  ('  De  Isid.  et  Oair.,' 
§  46),  was  called  Oromi&des,  and  ^e  latter  Arimanius.  [ARmANES.] 
Among  the  ancient  Arabians  we  find  Job  and  his  friends,  and  Jethro, 
the  contemporary  of  Moses,  worshippers  of  one  God ;  but  yet,  in  the 
time  of  Job,  the  worship  of  the  heavenly  bodies*wa8  practised,  as  is 
plainly  indicated  in  Job  xxxi.  26,  27.  The  Egyptians,  in  Abraham's 
days,  seem  to  have  had  a  religion  not  different  from  his ;  but  in  the 
time  of  Moees,  polytheism  had  become  established  ampng  them ;  for 
many  provisions  of  his  law  refer  to  this  fact,  and  are  intended  es- 
pecially to  guard  tiie  Israelites  from  imitating  the  polytheism  and 
idolatry  of  Bgypt.  Cudworth  is  of  opinion  (c.  4,  §  18)  that  poly- 
theism originated  in  ISgypt,  but  such  an  assertion  is  incapable  of 
proof.  The  Greeks  and  Romans  acknowledged  one  being,  under  the 
names  of  Zeus  (Zc^)  and  Jupiter,  as  supreme  over  all  other  gods ; 
and  they  believed  further,  tiiat  this  one  being  was  under  the  absolute 
power  of  Fate.  Yet  these  inferior  beings  were  worshipped  as  gods, 
and  the  system  was  essentially  polytheistic. 

Cudworth  has  written  at  great  length  to  diow  that  the  ancient 
philosophers  in  general,  though  they  seem  to  have  been  polytheists. 
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were  not  really  such,  and  that  they  woFshipped  mentally  one  Supreme 
Being  under  different  names.  But  however  this  might  be,  the  popular 
notions  were  not  so  refined.  Wherever  the  philoeophera  h&ve  appeared 
to  be  polytheists,  the  people  have  been  polytheists  in  reality ;  and,  as 
Fhilo^udsoua  says  ('  De  Ebrietate '),  "  Polytheism  in  the  minds  of  the 
Ignorant  is  atheism.** 

Wherever  the  Christian  religion  has  been  established,  polytheism 
i^d  its  attendant  evils  have  disappeared ;  but  there  still  remain  vast 
portions  of  the  world  in  which  polvtheism  prevails;  and  the  miseries 
are  inconceivably  great  which  millions  of  the  human  race  are  still 
voluntarily  inflictu^  upon  themselves  with  a  view  to  propitiate  the 
favour  of  imaginary  deities. 

(Cudworth's  IntelUetual  System ;  Henry  More*s  Mystery  of  Ood' 
linesa  ;  Shuckford's  Oonneetian  of  Sacred  and  Profome  History.) 

POMEGRANATE.  Under  Punioa,  in  the  Nat.  Hist.  Div.,  a  notice 
has  been  given  of  the  medicinal  properties  attributed  to  the  flowers  and 
the  bark  of  the  root  of  the  pomogranate,  but  they  have  not  been  much 
used  in  European  practice.  The  inspissated  juice  of  the  fruit  forms  one 
of  the  most  agreeable  constituents  of  the  sherbets  of  the  East ;  anci  the 
abundant  and  pleasant  add  of  the  fruit  renders  it  not  only  a  favourite 
when  eaten,  but  is  held  in  high  estimation  as  an  ingredient  in  those 
refreshing  and  cooling  beverages  so  much  needed  in  hot  climates,  and 
to  which  the  professors  of  the  Moslem  faith  are  confined.  It  is  also 
used  to  flavour  certain  cooked  viands,  much  as  lemon-juice  is  employed 
in  Europe.  In  this  countiy  it  can  only  be  reared  as  an  exotic,  and 
with  little  success  even  then  as  regards  the  fruit. 

PO'NTIFEX  was  the  name  by  which  the  Romans  designated  the 
members  of  the  most  illustrious  of  their  great  colleges  of  priests, 
and  is  supposed  to  have  been  derived  from  the  sacrifices  having  been 
performed  on  a  bridge  connecting  the  city  on  both  sides  of  the  Tiber. 
The  pontafib  are  said  to  have  been  instituted  by  Numa  PompUius  for 
the  purpose  of  taking  care  that  the  laws  rdating  to  religion  should  be 
observed  by  individuals  as  well  as  by  the  state.  Their  original  numbcur, 
according  to  Livy  (x.  6),  was  four,  two  for  each  of  the  tribes  of 
the  Ramnes  and  Titles.  Cicero  ('De  Rep.'  iL  14)  says  that  their 
number  was  five,  but  he  includes  the  Pontifex  MazimuB,.or  chief 
pontic 

The  minor  pontifis  were  a  college  of  priests  of  which  scarcdy  any- 
thing is  known :  Cicero  mentions  three  members  of  it  ('  Harusp. 
Reap.'  6).  The  name  of  the  minor  ponti£b  was  afterwards  transferred 
to,  or  perhaps  assumed  by»  the  secretaries  of  the  other  ponti£Bi  (pon- 
tifices  majores :  Liv.  xziL  57 ;  Gapitolin.,  <  Vit.  Macrin.,'  7). 

When  the  great  state  ofi&ces  had  become  accessible  to  the  pl»> 
beians,  they  also  obtained  the  privil«;e  of  being  represented  in  the 
college  of  pontifiBB  by  members  of  their  own  order.  This  change  was 
brought  about  in  300  B.C.  by  the  Ogulnian  law,  by  which  the  original 
number  of  pontifb,  througpa  the  addition  of  four  plebeians,  was  in- 
creased to  eight,  or,  including  the  chief  pontiff,  to  nine.  (Liv.  x.  6, 9.) 
The  chief  pontiff,  however,  continued  to  be  taken  from  the  patricians 
to  the  year  254  B.O.  (liv. '  Epii,'  xviii)  This  number  remain^  the 
same  for  more  than  two  centuries,  until  in  81  b.o.  the  dictator  Sulla 
raised  it  to  fifteen.  (Liv. '  Epit'  89.)  J.  Caesar  added  one  more 
pontiff.  (Dion  Cass.,  xliL,  p.  236.)  In  the  early  ages  of  the  histoiy  of 
ilome  the  pontifb  were  elected  by  the  kings,  but  aiber  the  overthrow 
of  the  kingly  power  the  college  exercised  the  right  of  co-optation 
(Dionys.  HaL,  ii  73;  Livy,  xL  42),  until  104  B.O.,  when  the  nght  of 


person  had  been  elected  by  the  people.  (Cic, '  in  RulL/  ii  7.)  When 
Sulla  increased  the  numb^  of  pont^,  he,  at  the  same  time,  gave  back 
to  the  college  the  full  li^t  of  co-optation ;  the  tribune  Labienus, 
indeed,  in  63  B.a,  revived  the  Domitian  law,  but  it  was  again  abolished 
byAntonv.  (Dion  Cass.,  xliv.,  p.  305.)  The  chief  pontiff,  who  at  first 
seems  to  nave  been  appointed  bv  the  kings,  was  af tervraids  elected  by 
the  curies  in  the  comitia  cunata,  and  generally  taken  from  the 
number  of  the  pontiffs  themselves,  or  from  those  who  had  held  the 
highest  offices  of  the  state.  (Liv.  xL  42;  comp.  with  xxv.  5.)  The  func- 
tions of  the  college  of  pontifb  were  not  limited  to  the  service  of  any 
particular  deity.  It  had  very  extensive  powers,  and  not  only  had  the 
superintendence  over  all  matters  of  refigion,  but  even  those  which 
were  in  any  degree  connected  with  it,  such  as  marriage,  adoption  by 
adrogation  {(^c, '  Pro.  Dom.,'  13),  and  funeral  ceremonies.  The  pontifib 
had  a  direct  judicial. power,  and  might,  in  some  instances,  even  punish 
Trith  death.  (Cic, '  De  Legg.,'  iL  9 ;  comp.  with  liv.  xxiL  57.)  The 
chief  pontiff,  whose  office,  like  that  of  the.other  pontifib,  was  for  life, 
and  who  was  not  responsible  either  to  the  senate  or  the  people,  was 
suprraie  judge  in  all  matters  relating  to,  or  connected  with,  r^igion ; 
and  from  his  sentence  an  appeal  could  only  be  made  to  the  people  in 
cases  where  a  magistrate  was  fined,  or  his  pex^n  seised  (Liv.ad.  42); 
^^^S^J^  /®^  instances  of  later  times,  where  a  tribune  interposed  and 
modified  the  sentence  of  the  chief  pontiff,  seem  to  have  been  anoma- 
ues.  His  powers  extended  over  magistrates  as  well  as  private  indi- 
viduals;  and  the  former,  if  acting  contrary  to  the  laws  of  religion, 
might  be  fined  (Liv.  xxvii.  51 ;  CJic.,  'PhiUp,'  xi  8 ;  Liv.  xL  42),  or 
compelled  by  the  chief  pontiff  to  resign  their  o^ce.  It  also  formed 
port  of  his  duties  to  regulate  the  calendar,  and  to  interpret  the 
ceremonial  laws,  for  he  and  his  college  were  in  the  exdusiye  posses- 


sion of  the  ritual  books  (commentarii  sacrorum  or  libri  x>ontlficales), 
in  which  all  religious  rites  were  laid  down,  and  which  at  all  tim»  were 
considered  as  decisive  upon  any  point  which  belonged  to  their  juris- 
diction; and  consequently,  they  decided  what  auguries  were  to  he 
received.  The  rules  and  regulations  which  guided  the  pontifices  formed 
a  large  body  of  law,  called  ' Jus Pontificiunu'  (Cic., 'De  Or.,'L  43; 
iii.  83 ;  '  Pro  Dom./  13.)    Among  the  external  distinctions  of  the 
ponti£b,  were  the  toga  pratexta,  and  the  tutulus  or  galerus,  a  cap  of 
a  conical  form  adorned  with  an  apex.    They  lived  in  public  buildrngs 
on  the  Via  Sacra  (Suet., '  Csee.,'  46),  or  in  the  house  of  Numa  (Plin., 
'Epist/  iv.  11).    The  chief  pontiff  was  not  permitted  to  quit  Italy 
(a  rule  first  violated  by  P.  licinius  C!rassus) ;  he  was  not  allowed  eitho' 
to  see  or  to  touch  a  corpse,  or  even  to  visit  a  house  in  which  there 
was  a  dead  body.    After  the  death  of  his  wife,  who,  aooording  to  the 
laws,  should  always  be  a  woman  of  great  moral  virtue,  he  was  not 
permitted  to  marry  again.    (Plin., '  Paneg./  83.)    He  also  elected  the 
vestal  virgins,  and  superintended  their  moral  conducts    From  the  time 
that  Augustus  assumed  the  office  of  chief  pontiff,  it  was  held  by  all 
his  micooaaon  down  to  the  time  of .  Gratianus,  who  disdained  this 
dignity.    (Zosim.,  iv.  86, 9.)    The  title  P.M.,  or  Pon.  M.,  Pontifex 
Maximus,  appears  on  some  of  the  coins  of  the  Roman  emperors.    The 
mode  of  livmg  of  the  Roman  pontiffii  does  not  seem  to  have  been 
much  more  sober  or  simple  than  that  of  some  priests  of  modem 
times.    (Horat., ' Od.,'  iL  14,  26,  ft;   Martial,  'Epigr.,'  xu.  48,  12; 
Macrob., '  Sat.,'  iL  9.) 

In  the  Roman  Catholic  church,  the  Pope  has  the  title  of  Soverejgn 
Pontiff  In  the  Litur j^  of  that  church  all  prelates  are  styled  Pontifk 
The  book  of  ceremonials  for  the  administration  of  the  Btcnmait  is 
called  tiie  pontifical ;  and  the  pontificate  is  alike  the  dignity  of  the 
pope,  and  the  period  during  which  he  occupies  the  seat  It  is  ob- 
servable .that  the  early  Christian  priestly  communities  were  frequently 
the  f ounden  or  guardians  of  bridges. 

PONTOON,  or  PONTON.  This  term  is  employed  by  the  French 
to  signify  any  barge  or  flat-bottomed  boat ;  but  in  this  country  it  is 
confined  to  those  vessels  which  are  used  in  the  formation  of  floating- 
bridges  for  military  purposes. 

The  conveyance  of  an  aimy  with  its  artillery  and  baggage  acrou 
the  rivers  which  intonect  its  Ime  of  march  is  one  of  the  most  difficult 
as  wdl  as  the  most  important  operations  in  militaiy  tactics.  Hie 
occupation  of  an  advantageous  position  in  a  given  time,  when  the  ansy 
acts  offensively,  matoially  influences  the  success  of  a  campaign ;  and 
the  favourable  moment  may  be  lost,  if  means  should  not  be  at  hand  to 
overcome  the  obstacle  presented  by  a  deep  and  rapid  stream.  But 
the  &ilure  or  insufficiency  of  such  means  must  be  attended  with  the 
most  fatal  conse(]uences  to  a  retreating  aimy,  when  it  is  prevented  ^ 
a  river  from  gettmg  beyond  the  reach  of  an  enemy ;  for  its  safety,  in 
this  case,  depends  upon  the  power  of  passing  the  river  withoat 
delay,  and  upon  the  removal  or  destruction  of  the  bridge  immediately 
afterwards. 

History  presents  us  with  innumerable  instances,  both  of  the  ruin  of 
armies  caused  by  the  want  of  means  to  make  good  their  passage  aeroBB 
rivers,  and  of  the  protection  which  armies  have  received  when  mtn 
have  Interposed  between  them  and  the  superior  forces  of  an  enemy. 
To  take  an  example  from  modem  war&re,  it  may  be  observed,  that 
during  the  retreat  of  Napoleon  from  Moscow,  had  it  not  been  for 
the  extraordinaiy  care  used  by  the  chief  of  the  French  engineen  to 
preserve  the  materials  requisite  for  the  formation  of  a  bridge,  the 
whole  of  the  army  must  have  been  captured  or  destroyed  on  the 
banks  of  the  Beresina. 

The  rapidity  of  warlike  operations  seldom  allows  bridges^  at  least 
those  of  considerable  magnitude,  to  be  construct^  on  piles  or  piera; 
and  perhaps  the  only  military  work  of  this  nature  which  need  be 
hinted  at  is  that  which  was  f onned  by  Ceoear  across  the  Rhine. 
[Bridoi.] 

Bridges  oonsLsting  of  timber  platf oims  supported  on  floating  vessda 
appear  to  have  been  in  use  in  all  ages.  But  those  whidi  were  thrown 
,  by  Duius  across  the  Boephorus,  and  subsequently  over  the  Danube, 
and  that  which  was  formed  by  the  order  of  Xerxes  over  the  HeDei- 
pont  at  the  time  of  his  unf ortimato  expedition  into  Europe,  deaerre 
to  be  considered  as  the  most  famous  works  of  that  nature  which  wen 
oonstmcted  by  the  ancients :  and  Herodotus,  who  has  presoved 
(lib.  iv.,  88)  the  name  of  the  Oreek  engineer  employed  on  the  two  fint, 
has  also  given  a  full  description  of  the  last  (viL  36).  He  states  that 
360  vessels,  anchored  both  at  the  head  and  stem,  were  disposed  in 
parallel  directions  across  the  strait  with  theur  keels  in  the  direction  of 
the  current,  in  order  to  diminish  the  strain  on  their  cables ;  and  that 
parallel  to  this  line,  but  nearer  the  Archipelago,  was  another  conaiet- 
mg  of  314  vessels,  similarly  disposed.  The  vessels  were  connected 
together  by  cables,  over  which  was  laid  a  platform  of  planks  covered 
with  a  bed  of  earth,  and  there  was  a  rail  on  each  side.  Xenophon  also 
relates  ('  Anabasis/  lib.  iL,  c  4)  that  the  Greeks,  in  their  retreat, 
passed  the  Tigris  by  means  of  a  bridge  which  was  supported  on  thixty- 
seven  vessels.  Of  such  boat-bridges  for  military  purposes  the  moat 
remarkable,  in  modem  times,  is  that  which  was  formed,  by  the 
engineen  of  the  British  army,  across  the  Adour,  in  the  south  of  Fraooe, 
in  1814.  It  consisted  of  twenty-five  chasse-mar^es,  varying  in 
burthen  from  20  to  40  tons,  which  were  moored  «t  distances  of  nearly 
40  feet  from  centre  to  centre.    At  first,  hawsera  resting  on  tiieir  decks 
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'v^ere  strained  by  capstans  and  made  faiat  to  some  heavy  guns  which 
-were  laid  behind  tne  retaining  wadls  on  the  sides  of  the  tiyer^  and 
these  ropes  canied  the  planks  which  f onned  the  roadway ;  but  after  a 
few  weeks  they  were  removed^  and  replaced  by  timbers,  which  from 
tJieir  steadiness  were  found  preferable.  The  breadth  of  the  river 
at  the  place  where  the  bridge  was  formed  is  810  feet,  and  booms  were 
moored  across,  both  above  and  below  the  bridge,  for  its  protection. 

The  precise  period  at  which  pontoons,  or  flat-bottomed  vessels,  were 
first  employed  to  support  a  bridge  is  unknown.  Folard  observes,  in 
Ms  observations  on  tne  fifth  book  of  Pdybius,  that  for  passing  rivers 
tlie  Qermans  in  his  time  used  vessels  formed  of  timber  frames  covered 
•vriih.  leather :  he  adds  that  the  Dutch  troops  had  pontoons  of  wood 
covered  with  tin,  and  that  the  French  took  some  of  them  at  the  battle 
of  Fleurus,  whidi  was  gained,  in  1698,  by  the  Mai^chal  de  Luzem- 
bouxg  over  the  Prince  of  Waldeck.  Mention  is  frequently  made  of 
pontoon-bridges,  both  in  Germany  and  Italy,  in  the  beginnmg  of  the 
18th  century,  pu*ticularly  during  the  campaigns  of  Marlborough ;  and, 
from  the  speed  with  which  Uiey  are  said  to  have  been  executed  when 
required,  it  is  probable  that  a  corps  of  men  was  then  particularly 
employed  in  that  branch  of  service. 

The  pontoons  employed  during  the  war  against  Napoleon  I.  differed 
but  little  from  those  mentioned  above.  They  were  of  metal  over  a 
light  framework  of  wood  tixmed  inside;  they  were  frx>m  17  to  21  feet 
long,  from  4  to  5  feet  broad,  and  from  2  feet  to'  2  feet  3  inches  deep. 
In  the  formation  of  the  bridge,  a  rope  was  tightly  stretched  across  the 
TiTer ;  the  vessels  were  then  rowed  to  their  places,  and  each  was  made 
fast  at  one  end  to  the  rope;  another  rope  was  then  stretched  across 
the  river,  parallel  to  the  former,  at  the  opposite  ends  of  the  pontoons, 
and  to  this  rope  those  ends  were  made  laat.  When  a  strong  current 
set  obliquely  across  the  river,  the  sides  of  every  two  pontoons  were 
sometimes  connected  together  by  rope  braces  stretched  diagonally 
across  the  intervals,  in  order  that  the  effect  of  the  current  upon  eacn 
might  be  oountenkcted  by  a  like  effect  on  the  next ;  and  in  very  rapid 
streams  anchors  were  also  thrown  out  from  each  or  frx>m  every  second 
or  third  pontoon,  according  to  circumstances. 

Timber-baulks,  or  joists,  were  then  laid  from  the  shore  to  the  first 
pontoon,  from  tluit  to  the  next,  and  so  on,  at  intervals  from  each  other 
depending  upon  the  breadth  of  the  bridge  or  the  weight  to  be  sup- 
ported. Every  two  in  the  direction  of  the  length  were  attached 
together  by  a  bolt,  which  allowed  the  bridge  to  yield  to  the  rise  or  &dl 
of  the  water.  Above  these  timbers  were  placed  the  chesses,  or 
flooring-planks,  close  together  and  perpendicular  to  the  length  of  the 
bridge ;  and  these  were  kept  down  by  a  riband  or  a  plank,  which  was 
fastened  over  their  extremities  on  each  side  of  the  bridge. 

General  Sir  Charles  (then  Colonel)  Pasley,  to  whom  the  department 
of  military  engineering  in  the  British  service  is  sq  much  indebted  for 
the  improvements  which  he  has  introduced  into  every  branch  of  art 
connected  with  practical  fortification  and  siege  operations,  has  proposed 
a  description  of  pontoon.  The  form  of  the  old  pontoons  rendering  them 
difi&cult  to  manage  in  the  water,  and  their  great  weight,  when  it  was 
necessary  to  transport  them  from  place  to  place  by  land,  causing  them 
to  be  a  serious  encumbrance  to  an  army  on  its  march,  that  officer  was 
led  to  construct  the  pontoons  in  the  form  of  canoes,  with  decks,  each 
end  being  shaped  like  the  head  of  a  boat,  in  order  that  they  might  be 
easily  moved  through  the  water  by  rowing,  with  either  end  foremost. 
They  are  constructed  of  light  timbw  frames,  covered,  except  the  deck, 
with  sheet  copper ;  and  each  vessel  is  formed  in  two  equal  parts  by 
transverse  partitions,  so  that  the  demi-pontoons  may  be  separated 
frt>m  each  other  when  the  bridge  is  to  be  conveyed  on  carriages  by  land 
with  the  army.  When  in  the  water,  the  parts  are  oonnectra  together 
by  a  rope,  wmch  passes  through  two  perforations  in  the  keel,  near  the 
place  of  junction,  and  by  a  rectangular  frame  of  wood,  which  is  laid 
along  the  deck,  and  attached  to  it  by  lashings.  Each  half-vessel  is  also 
divided  into  two  compartments  by  a  partition ;  and  small  pimips  are 
provided,  by  which  the  pontoon  may  for  a  time  be  kept  afloat,  should  a 
hole  be  made  in  its  side  by  a  shot  or  by  any  other  accident. 

Sir  James  Colleton,  some  years  since,  invented  pontoons  of  wood  of 
a  cylindrical  form,  some  o  Iwhich  have  been  occasionally  employed  in 
experimental  operations ;  and  cylindrical  pontoons  of  tin,  which  were 
subsequentiy  invented  by  the  late  General  Blanchard,  were  introduced 
into  the  service.  These  last  have  hemispherical  ends,  and  are  divided 
both  longitudinally  and  transversely  into  several  compartments  by 
partitions  of  tin,  both  to  increase  their  strength  and  to  prevent  them 
from  sinking  in  the  water  in  the  event  of  their  being  accidentally  per- 
forated in  any  part.  They  possess  the  advantages  of  great  lightness 
and  buoyancy ;  but  they  have  not  the  durability  of  copper  vessds,  and 
they  must  be  very  liable  to  be  injured  when  transported  by  land, 
particularly  if  a  march  should  take  place  imder  a  hot  sun. 

In  1836  the  comparative  merits  of  General  Fiasley's  and  General 
Blanchard's  pontoons  were  tried  upon  the  Medway,  when  large  bodies 
of  infantry  and  cavslry,  besides  thne  pieces  of  artillery,  were  made  to 
pass  over  the  river  on  bridges  supported  by  vessels  of  the  two  kinds. 
The  order  of  march  was  purposely  such  as  to  subject  the  bridges  to 
the  severest  strains ;  and  a  superiority  of  steadiness  on  this  occasion 
appears  to  have  led  to  a  preference  in  favour  of  the  pontoons  proposed 
by  the  last-mentioned  officer. 

The  breadth  and  depth  of  one  of  Gkneral  Fssley's  pontoons  are 
2ft.  Sin.    The  diameter  of  one  of  General  Blanchiurd's  cylinders  is 
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2  ft.  din.    The  length  of  the  former  kind  of  pontoons  is  22  ft. :  of  the 
latter,  24  ft.  6  in. 

The  manner  of  forming  the  bridge^  with  both  kinds,  is  nearly  the 
same.  A  rectangular  frame,  whose  length  is  about  equal  to  the  breadth 
of  the  platform  for  the  intended  bridge  (12  feet),  is  laid  down  longi- 
tudinally on  the  deck  of  the  canoe,  or  on  the  su&oe  of  the  cylinder, 
and  is  kept  in  its  place  by  rope-lashings ;  on  the  upper  surface  of  this 
frame,  in  the  direction  of  its  breadth,  are  nailed  pieces  of  wood  in 
pairs,  at  equal  intervals;  the  distance  between  every  two  in  each  pair 
being  little  more  than  equal  to  the  breadth  of  a  baulk,  or  joist 
(24  inches),  one  extremity  of  which  is  to  be  received  between  them, 
and  the  number  of  pairs  being  equal  to  the  number  of  baulks  which 
are  to  support  the  chesses  or  pbmks  forming  the  roadway.  A  raft  is 
formed  with  two  of  these  pontoons,  by  placing  them  parallel  to  eadi 
other,  at  a  distance^  from  centre  to  centre,  equal  to  about  12}  feet; 
the  ends  of  two  baulks,  or  transoms,  as  they  are  called,  are  made  to 
net  upon  the  frames  before  mentioned,  the  distance  between  them 
being  equal  to  the  intended  braultib  of  the  bridge,  and  they  are  kept 
steady  by  having  near  each  extremity  a  hole  bored  throufi^  them,  into 
which  enters  an  iron  pin  fixed  vertically  for  the  purpose  m  the  fnme : 
they  are  also  made  fast  to  the  pontoons  by  ropes  passing  through  rings 
on  the  decks.  Three  or  more  baulks  are  uien  laid  down  parallS  to  the 
transoms,  with  their  extremities  confined  between  the  cross-pieces 
nailed  to  the  frames  as  above  said :  the  chesses  a^e  laid  close  together , 
above  them,  and  their  ends  are  kept  down  by  ribajids,  which  are 
attached  to  the  transoms  by  lashings  passing  over  them,  and  undta-  the 
latter,  at  intervals.  In  those  ribands  are  fixed  rowlock  pins ;  and  when 
the  bridge  is  not  formed,  the  ribands  being  then  placed  puaUel  to  the 
lengths  of  the  pontoons,  at  the  sides  of  the  raft,  the  latter  may  be 
moved  on  the  water  by  the  oars. 

When  the  bridge  is  to  be  formed,  a  certain  number  of  such  rafts  are 
rowed  to  thdr  stations  in  a  line  across  the  river,  the  lengths  oi  the 
pontoons  being  parallel  to  the  banks,  and  there  anchored ;  the  <li«f.n.TMVM» 
between  the-nearest  pontoons  in  two  rafts  being  equal  to  that  between 
the  two  pontoons  in  each  raft  Then  each  nit  canying  tiie  materials 
which  are  to  make  a  platform  over  the  water  between  itself  and  the 
next,  such  platform  is  laid  down  in  a  manner  similar  to  that  which  is 
employed  in  laying  down  the  platform  of  the  raft ;  and  from  each  of  the 
extreme  pontoons  a  like  platform  is  extended  to  the  shore  of  tiie  river. 

When  the  banks  are  favourable,  the  complement  of  men  attached  to 
each  raft  of  two  pontoons — ^namely,  one  non-commissioned  officer  and 
six  privates--can  dismount  two  vessels  and  their  stores  fiom  the 
carnages,  launch  them,  and  form  the  raft  in  a  quarter  of  an  hour.  All 
the  nha  being  put  together  at  the  same  time,  the  whole  bridge  may 
be  formed  in  another  quarter  of  an  hour.  After  the  passage  has  been 
effected,  the  bridge  can  be  dismantled  in  eight  minutes ;  the  rafts  can 
then  be  taken  to  pieces,  and  the  vessels  and  stores  re-packed  on  the 
carriages  in  a  quarter  of  an  hour. 

In  order  to  convey  the  pontoons  with  an  army,  each  is  placed,  with 
all  its  accompaniments,  on  a  four-wheeled  carriage.    General  Pasley 

e reposes^  to  use  only  a  cart  with  two  wheels  for  each  pontoon,  the 
tter  being  separated  into  two  demi-pontoons,  which  are  placed  side 
by  side  above  their  stores.  The  shortness  of  these  carriages  enables 
them  to  be  turned  within  a  smaller  space  than  would  be  required  for  a 
four-wheeled  waggon;  but  the  weight  on  the  shaft-horse  in  hilly 
oountries  would  be  so  great  that  it  would  be  hardly  practicable. 

The  inconvenience  attending  the  transport  of  pontoons,  or  the 
necessity  of  passing  a  river  when  they  are  not  at  hand,  has  induced 
commanders  of  armies  to  have  recourse  to  bridges  supported  on  raita 
of  timber  or  on  empty  casks,  which  in  Europe  can  always  be  procured. 
Each  raft  may  consist  of  four  or  more  rough  trunks  of  trees  lashed 
together,  and  may  be  retained  in  its  place  by  anchors,  or  by  being 
made  fast  to  a  rope  stretched  across  the  river  :  the  baulks  and  chesses 
are  applied  as  in  a  pontoon  bridge.  Perhaps  the  greatest  raft-bridge 
ever  formed  is  that  which  was  executed  by  G^eral  Sokolniki  over  the 
Niemen  at  Grodno,  in  1792.  Trunks  of  trees  from  50  to  60  feet  long, 
and  from  20  to  28  inches  in  diameter,  were  imited  by  tens,  and  every 
ten  w»«  bound  together  at  both  ends  by  transverse  braces,  so  as  to 
form  a  raft,  which,  as  all  the  large  ends  of  the  trees  were  placed  con- 
tiguously, resembled  the  voussoir  of  a  bridge.  All  the  voussoirs,  57  in 
number,  were  placed  in  the  river,  side  by  side,  in  an  arc  of  a  circle 
having  its  convexity  towards  the  upper  part  of  the  river ;  and  a  sort  of 
key-voussoir  was  formed  by  a  vessel  116  feet  long  and  22  feet  wide, 
which  was  moored  in  the  river  where  the  current  was  the  most  rapid. 
Baulks  and  planks  were  placed,  as  usual,  above  the  rafts  to  form  the 
road.  The  breadth  of  the  river  at  that  place  is  about  1080  feet. 
(Berard, '  Equilibre  des  Vodtes.') 

A  strong  raft-bridge  was  formed  by  the  Russians  and  I^russians  over 
the  Elbe,  near  Dresden,  in  1813 :  one  course  of  logs  disposed  parallcd- 
wise  to  each  other  formed  the  bottom  of  each  raft ;  cross-timbos  were 
laid  above  these ;  and  over  them  was  a  third  course  of  timbers,  each 
placed  above  the  interval  between  two  of  those  below  it.  The  timbers 
were  well  lashed  together;  a  strong  cable  was  stretched  across  tiie 
river  on  each  side  of  the  bridge,  which  was  furtiiar  retained  in  its 
place  by  anchors,  and  a  road  was  formed  of  planks  as  ususL  While 
the  British  army  was  serving  in  Spain  during  tne  Peninsular  war,  the 
roofs  of  buildings  were  oocasionsily  taken  to  form  rafts :  the  niters 
served  as  baulks ;  and,  for  want  of  nails,  the  planks  were  kept  dowm 
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to  tfao  timbeiB  by  ribuili  formed  rit  yaini(  tnea  aplit  in  tiro 
longitudinaHy  and  tied  bj  willow  twigB. 

A  oB^  bridge  ii  aometitiiee  fonaad  In  His  (DllowiDg  nwmir  ^--A 
cartain  number  of  caalu  arc  plsoed  ode  hy  lide,  so  U  to  lam  a  aoit  of 
floatii^  pier,  having  thdi  axc«  in  boiuMit*!  pgsiboiu ;  tlw  cuka  are 
Udwd  to  two  giminja  timbon,  ■■  tbay  are  oalled,  wluch  (ottand  ahng 
theuppcr  ndeof  tiie{ierBtthBiffar«iB(tiaof  theeaikii  twoofthne 
plan  ITS  pUoed  at  an  interval  ti  about  10  foet  trotk  viek  athcr,  and 
the;  are  oonnectad  t<KeUiar  bj  tha  laolka  whidi  npinrt  A*  [datfonn. 
Aa  many  of  those  raRa  aie  prepared  aa  laay  ba  naoiaary,  they  are 
lowed  t«  their  [daeea  in  tlie  liae,  and  the  bridge  ia  formed  la  tbe  BMne 
maimer  aa  the  pootoou  bridge  above  deeori^ed. 

When  tlia  foimalioD  o[  a  bridge  eitmding  ovw  a  river  fr<n>  one 
bank  to  BootJiiiT  beoomas  imjKwblet  oumtroiiB  eipadiaita  are  bad 
lecoune  to  for  conveying  tnwps  botm*  by  meaM  of  whut  ara  called 
fljii^  or  movii^  taidges.  We  learn  btaa  Aztian  tint  Ibm  trmj  at 
AlMundo'  paaied  Oie  Indus  by  ■ueaiwof  boati  and  lafta  of  timber,  tbe 
latter  being  supported  on  baga  made  of  ^iit  and  inflated  wiUi  air;  md 
in  a  nmilar  manner  the  infantry  of  HjnniWI  a  aaid  by  Idvy  to  haTB 
(nmsd  iho  Rhine.  In  India,  at  the  praaent  time,  the  paaage  of  livm 
U  often  efibetsd  by  meane  of  baikek^aata,  wbidi  tta  formed  of  apUt 
banibooa  and  covered  viith  half-dwed  hides.  Sath  voihI  Sa  aaid  to 
be  capable  of  containing  about  39  men. 

In  IBll,  Captain  Squiiee,  of  tlK  Eogioeeit,  fertned  a  bridge  over  tlie 
Ouadiana  by  fixing  treMle-pien  in  t^  ahaJlow  perta  of  the  livvr  and 
mooring  beats  in  ttie  middle ;  but  jeat  as  the  bridge  wm  finijdied,  t)w 
river  swelled  and  carried  away  Oe  treatlea.  The  boats  were  then 
omverted  into  fiying  bridg™,  to  eoovsy  over  the  (mvaby  and  artillery  ; 
andaelight  nairow  bridge  wa  made  for. the  infantry  witii  pantopna 
and  cuakfi,  the  latter  being  taken  from  tfae  netghboaring  vlUagea. 

Captain  Fowka,  S.E,  haa  lately  iovsnted  a  pontoon  irideli  i^ipesn 
likely  to  anparwde  thoae  now  in  we.     It  v  a   t"' 
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words   f  Rojal 
_„.  .      Corpa  Papers,'  vaL  vii.) ; — 

1.  The  buoyancy  la  nearly  double. 

2.  The  weight  a  less  than  halL 

Z,  The  length  on  the  line  of  march  is  leas  Uian  ball. 

4.  The  £nt  cost  is  only  two-fifths. 

5.  The  bulk,  whan  packed,  is  only  one-seventh. 

Q.  The  height  ot  the  roadway  above  the  watfir  ia  incraaacd. 

7.  The  atability  ia  greater,  and  the  tandem^  of  the  bridge  to  oaol- 
late  from  side  to  mde  is  avoided ;  this  motian  u  caused  by  the  endi  of 
the  pontoooB  being  aJtematelj  immersed  or  plunged  downwards,  nod 
wiU,  cattrit  parUrm,  always  increase  aa  the  vertical  eedjoti  of  iIh 
pontoon  Sf^ioaohea  (he  form  of  the  soEd  of  least  rt?fiiBtai>cs ;  and  as  i 
oat  sur&oe  ofiers  considerably  more  resistajice  than  one  with  a  circuhr 
or  curved  aection,  it  follows  that,  independently  of  all  conaidentiims  s 
buoyancy,  the  canvaa  pontoon  will  excel  in  atability  from  this  caiui. 

8.  The  liability  to  lUmsge  from  shot  is  diminished,  aa  a  grape  ibti 
or  musket  ball,  which  would  make  a  serious  wound  in  mebl,  aill 
mere^  perforate  the  canvas  with  a  very  snudl  round  hole. 

S.  In  the  case  of  B  pontoon  groundmg  while  under  a  heavy  m^ 
where  the  metal  cne  trould  be  pnt  quite  hora  de  combat,  the  «ont 
that  would  be  likely  to  luqipen  to  a  canvas  one  would  be  lie  fnctmr 
of  a  £rame  or  two,  whidi  would  not  occaaion  a  leak,  and  covid  auil; 
and  quickly  be  rcfwired. 

10.  The  pontoon  can  be  bailed  out  easily,  even  white  in  bridge;  lod 
this  operaldan  is  no  longer  dependent  on  the  aznall  pumps,  alwiyi  v 
slow  in  action,  and  ao  likely  to  choke  and  get  out  of  crder. 

11.  The  weight  of  every  individual  piece  of  the  bridge  is  diminiahed. 
aa  well  as  thq  number  of  pieces,  and  the  superstructure  Ji  simplified : 
in  forming  a  bridge,  one  operation,  that  of  Imhing  on  the  addles  (often 
a  difScult  one),  is  entirely  avoided. 

12.  It  would  appear  from  the  oonmderationa  in  the  last  paragraph 
that  eaci  waggon  load  couM  be  formed  into  bridge  with  at  lesat  eqmil 
celerity  as  one  load  of  the  service  equipment,  an^  if  so,  (here  will  be  i 
saving  of  nearly  halt  the  time  in  fonning  a  bridge,  eight  waggno  hudd 
of  the  cKivas  pontncai  lotsung  as  much  bridge  as  fifteen  ol  the 

IS.  The  durabili^  is  greater :  one  of  the  greKtest  advantages  wiaA 
the  canvas  pontoon  seems  to  possess  over  that  now  in  use  (u  fu  w 
can  be  judged  at  present)  is  that  while  its  liabilii^  to  injury  is 
diminiabed,  m  point  of  durability  it  ^ipears  to  be  very  superior  to  the 
Utter  pontoon,  whether  on  the  march,  in  water,  or  in  atcac  Jollisg 
on  the  ""■"*,  or  rolling  over  imevon  groimd,  or  down  •  (tony  biach, 
is  almost  certain  to  start  one  or  more  joints  of  the  metal  pontobO, 
slightly  parhuK^  but  sufficiently  to  admit  a  small  qvantitT  of  witn, 
ao  small  as  to  be  disregarded ;  on  being  brought  out  of  the  wattr  tli£ 
pontoon  is  then  atored  with  its  inside  and  au  its  ■i<iiirat<t  frameKiit 

?uitfl  wet,  and  the  process  of  corrosion  thus  coaunenEcd,  tends  itill 
urther  to  weaken  liw  joints  and  render  them  even  mcne  liable  to  SBcH 
accidents;  and  this  accounts  for  the  fact  that  few,  if  aiy,  of  thencanat 
pontoons  have  ever  gone  through  a  summer's  practice  at  Chsthim 
without  hav^  to  he  put  at  least  oaae  into  tJie  banda  of  the  tiam» 
lor  r^iair.    The  canvas  pan 

it  on  p2es  ta  roeka  has  abaolntely  no  permanent  e&ct  on  il 
icaatHi;  and  on  the  march  It  is  tnidosed  in  its  own  defensive  armour  at 
hoops,  which  efieotually  protects  it  from  injury.  Aa  an  example  of  the 
durability  of  such  a  oonstructioo,  was  be  cited  the  case  of  the  fsHiig- 
boata  on  the  west  coast  of  Qolway,  which  are  made  of  csnna  slretchvd 
over  a  wooden  skeleton,  without  any  external  protectiim,  and  wbit^ 
stand  all  weather  oat  at  sea  for  many  years.  Aa  to  durafaih'ty  Ic  store, 
I  have  had  an  opportunity  of  very  carefully  mumining  eight  canvu 
pontoons  in  store  at  Cbalham ;  of  these  one  was  constructed  in  tlic 
beginning  of  1663,  two  more  in  the  course  of  the  same  year,  and  thr« 
in  the  early  port  of  1355;  and  although  they  have  all  been  out  re- 
peatedly, uid  the  latter  frequently,  I  think  it  will  be  found  that  the)' 
•re  not  det«rionted  in  any  reepect :  the  oldest  of  all  would  be  pertu|« 
the  better  of  a  ooat  of  boued  tnl,  but  nothing  morek  neceoary  tbraif 
of  tham. 

11.  The  canvas  pontoon  «ould  without  much  difficulty  be  mtde  is 
the  field,  such  materials  u  hoops  of  cas^  canvas,  poke,  md  oil,  beii; 
almost  always  proountble;  and  one  or  mora  extra  « 
ottsdied  to  each  bndge-trai 
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15.  A  nngle  pontoon  can  be  used  and  pulled  aa  a  ioat,  for  laying  oil 
anchcnt,  Ac,  and  as  it  is  stable  in  the  water  it  latf  be  pulled  or  pekd 
into  ita  flaae  in  the  bridge. 

^iRe  pontoons,  suoilar  to  the  one  desoibecl,  have  bacBicanstnici^d 
at  ChaUaun,  and  si^jected  to  some  severe  twts  ss  to  buqyancy ;  in 
pOBS  instanoe  a  heavy  SS-poundijr  was  put  on  a  raft  of  two  posttaons  aai 
the  load  was  increased  by  men  and  sandbi^  to  95  cwt.,  with  whici 
load  it  was  floated  out  into  tlie  Uedway,  and  It  bore  it  wttbout  u^ 
appanut  strain,  and  with  consideraUe  spare  buoyancy.  Tbe  only  poiet 
in  idiich  these  pontoans  a[f>eared  to  be  inferior  to  thoee  in  uae  was  in 
the  single  one  of  ipeed  in  roiring,  the  e^resmm  in  the  report  being 
4hat  they  seemed  to  ba  too  light  to  row  weU;  this  appears  to  me  tobs 
^matter  of  auA  mnaU  aonaidintion  that  I  diould  cot  hav«  notioad  i> 
4nit  fur  an  idM  Out  asgnia  to  (levBJltlist  the  quicker  a  paotoas  ro« 
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the  better  it  wiU  ride  at  anchor  in  swift  cmreati  or  rough  water^  and 
which  every  sailor  knows  to  be  faUacious,  the  fact  being  that  the  safe 
ridiz^  depends  on  the  vertical  angle  of  the  bow«  while  the  speed  is 
mainly  influenced  by  the  hormuial  angle  or  "lines; "  a  vessel  with  a 
bow  that  is  straight  up  and  down  will  buiy  her  head  much  more  than 
one  with  a  ''flare  bow/'  that  is,  one  which  projects  beyond  the  water- 
line,  even  though  the  former  may  have  the  superiority  in  point  of  speed. 

(For  many  interesting  particulars  relating  to  the  passage  of  rivecs  in 
military  operations,  see  Sir  Howard  Douglas,  On  MiUtarff  Bridgei,) 

POOR  LAWS.  According  to  Pr.  Johnson  the  tenn  pauper  means 
a  poor  person ;  one  who  receives  alms.  The  term,  however^  Mr,  Ol^i 
says^  is  nardly  known  to  the  law,  and  veiy  rarely  occurs  in  any  of  the 
statutes  relating  to  the  relief  of  the  poor.  The  word  "poor  by  the 
4  it  6  Wm.  lY.  c  76,  s.  109,  is  to  be  construed  -'to  include  9AV pauper 
or  poor  or  indigent  person  applying  for  or  receiving  relief  hom  the 
poor  rates  in  England  or  Wales,  or  chargeable  thereto ;"  and  in  the 
Lunacy  Act,  16  &  17  Vict  c.  97,  s.  132,  the  word  pauper  "  shall  mean 
every  person  maintained  wholly  or  in  part  by  or  chaigeabla  to  any 
pariah,  union,  or  countv."  The  latter  ia  the  most  convenient  use  of 
the  term,  and  the  word  "  pauper"  will  be  so  understood  in  this  article. 

Those  who  are  ordinarily  designated  jpaupers  are  only  one  olaaa 
or  division  among  several  who  are  in  the  condition  of  poverty.  The 
poor,  aa  distinguiahed  from  the  paupers,  u)ay  be  distributed  into  three 
clasises,  1.  Persons  without  capital,  who,  being  capable  of  labour,  and 
finding  employment,  are  able  to  obtun  the  means  of  subsistence  and 
no  more.  2.  Mendicants,  capable  of  labouring^  but  who  will  not 
work,  and  subsist  by  obtaining  contributions  from  the  humane  and 
charitable.  3.  Persons  destitute  through  sickness,  inflrmity,  desortion, 
or  any  other  cause,  and  relieved  by  private  charity. 

The  great  object  of  the  earlier  efforts  in  pauper  legislation  was 
the  restx-aint  of  vagrancy.  The  12  Richard  XL  o.  7  (1338),  prohibits 
any  laboitrer  from  quitting  his  dwelling-place  without  a  testimonial 
from  a  justice  of  tiie  peace,  showing  reasonable  cause  for  his  going, 
and  without  such  a  testimonial  any  such  wanderer  might  be  appre- 
hended and  put  in  the  stocks.  Impotent  persons  were  to  remain  in 
the  towns  where  they  were  dwelling  at  the  passing  of  the  Act,  pro- 
vided the  inhabitants  would  support  them;  otherwise  they  were  to 
go  to  the  plaCea  of  their  birth,  to  be  there  supported.  By  Acts 
passed  in  the  11  &i  19  of  Henry  VIL  (1495  and  1504)  impotent 
beggars  were  required  to  go  to  the  hundred  wher^  they  had  last 
dwelt  for  three  years,  or  where  they  were  bom,  and  were  forbidden  to 
beg  elsewhere.  £y  the  Act  22  Henry  YIU.  o.  12  (1531),  justices 
were  directed  to  assign  to  impotent  poor  persons  a  district  within 
wMch  they  mi^t  beg,  and  beyond  which  they  were  forbidden  to 
beg>  under  pain  of  being  imprisoned  and  kept  In  the  stocks  on 
bread  and  water.  Able-bodied  beggars  were  to  be  whipped  and  ^ived  to 
return  to  their  place  of  birth,  or  where  they  had  last  hvedf  or  three  years. 

These  Acts  appear  to  have  had  no  permanent  effect  in  repressing 
vagrancy.  An  Act  passed  in  1536  (27  Henry  VIIL  o.  25)  is  the  first 
by  whicSi  voluntary  charity  was  converted  into  compulsory  payments 
It  enacts  that  the  head  officers  of  every  pariah  to  which  the  impotent 
or  able-bodied  poor  may  resort  under  the  provisions  of  the  Act  of 
1531,  shall  receive  and  keep  themi  so  that  none  shall  be  compelled  to 
heg  openly.  The  able-bodied  were  to  be  kept  to  constant  labour,  and 
every  pansh  making  default  was  to  forfeit  twenfy  sbillingB  a  month. 
The  mpney  required  for  the  support  of  the  poor  was  to  be  collagted 
partly  by  the  head  officers  of  corporate  towns  and  the  church- 
wardens of  parishes,  and  partly  was  to  be  derived  from  collections 
in  the  churches,  and  on  various  occaaiona  where  the  deigy  had 
opportunities  for  exhorting  the  people  to  charity.  Almsgiving 
TOyond  the  town  or  pariah  was  prohibited,  on  forfeiture  of  ten  times 
the  amount  given.  A ''  sturdy  beggar"  was  to  be  whipped  the  first 
time  he  was  detected  in  begging;  to  have  his  right  ear  cropped  for 
the  second  offence ;  and  if  again  guilty  of  begging,  was  te  be  indicted 
"for  wandering,  loitering,  and  idleness,'*  and  if  convicted  was  "to 
suffer  execution  of  death  as  a  felon  and  an  enemy  of  the  common' 
wealth."  The  severity  of  this  Act  prevented  its  execution,  and  it  was 
repealed  by  1  Edward  YL  c.  3  (1547)*  Under  this  statute  ever^  able- 
bcHlied  person  who  should  not  apply  himself  te  some  honest  labour, 
or  offer  te  serve  for  even  meat  and  drink,  was  to  be  taken  for  a 
vagabond,  branded  on  the  shoulder,  and  adjudged  a  slave  for  ^wo 
years  to  any  one  who  shall  demand  him,  to  be  fed  on  bread  and 
water  and  refuse  meat,  and  made  te  work  by  being  beat^i,  chained,  or 
otherwise  treated.  If  he  ran  away  during  the  two  years,  he  was  te 
be  branded  on  the  cheek,  and  adjudged  a  slave  for  life,  and  if  he 
ran  away  agalnihe  was  te  suffer  death  as  a  felon.  If  not  demanded 
as  a  slave,  he  was  te  be  kept  te  hard  labour  on  the  highways  in 
chains.  The  impotent  poor  were  te  be  passed  te  their  place  of 
birth  or  settlement,  from  the  hands  of  one  parish  oonsteble  to  those 
of  another.  This  statute  was  repealed  three  years  after,  and  that 
of  1531  was  revived.  In  1551  an  Act  was  passed  directing  that  a  book 
dhould  be  kept  in  every  parish,  containing  the  names  of  the  house- 
holders and  of  the  impotent  poor ;  that  coUecters  of  alms  should  be 
appointed  who  should  "  gently  ask  every  man  and  woman  what  they 
of  their  charity  will  give  weekly  to  the  relief  of  the  poor."  If  any 
one  able  te  give  should  refuse  or  discourage  others  from  giving,  the 
ministers  and  churchwardens  were  te  exhort  him,  and,  failing  of 
success,  the  bishop  was  te  admoniah  him  on  the  subject.    This  Act, 


and  another  made  te  enforce  it,  which  was  pwsed  in  1555,  w«r« 
whoUv  ineffectual,  and  in  1563  it  was  re-enacted  (5  £lie.  c.  3),  with 
the  audition  that  any  person  able  te  contribute  and  refusii^  ihould  be 
cited  by  the  bishop  te  appear  at  the  next  sessions  before  the 
justices,  where,  if  he  would  not  be  persuaded  te  give,  the  justices 
were  to  tax  him  according  te  their  discretioni^and  on  his  ref  u/»l  he  was  to 
be  committed  to  jail  imtil  the  sum  taxed  shoukl  be  paid,  with  all  arrears. 

The  next  statute  on  the  subject,  which  was  passed  in  1572  (14  Eliz. 
c.  5),  shows  how  ineffectual  the  former  statutes  had  been.  It  enacted 
that  all  rogues,  vagabonds,  and  sturdy  bazars,  including  in  this 
description  "aU  persona  whole  and  mightv  in  1x>dy,  able  to  labour,  not 
having  land  or  master,  nor  using  any  lawful  merchandise,  craft,  or 
myBtOTy,and  all  common  labourers,  able  in  body,  loitering  and  refusing 
te  work  for  such  reasonable  wages  as  is  commonly  given/'  should  "  for 
the  first  offence  bo  srievously  whipped,  and  burned  through  tho  gristle 
of  the  right  ear  yomi  a  hot  iron  of  the  compass  of  an  inch  about ; "  for 
the  second,  should  be  deemed  felons ;  and  for  the  third,  should  suffer 
death  as  f  eJons,  without  benefit  of  dergy.  For  the  relief  and  suaten- 
tation  ai  the  aged  and  impotent  poor,  the  justices  of  the  peace  within 
their  several  districts  were  "by  their  good  discretion*  to  tax  and  assess 
all  the  inhabitants  dwelling  therein.  Any  one  refusing  to  contribute 
was  to  be  imprisoned  until  he  should  comphr  with  the  assessment  By 
the  etatntes  89  o(  Elisabeth,  cc.  8  and  4  (1598),  every  able-bodied 
person  refusing  to  work  for  the  ordinary  wagea  was  to  be  "  op^y 
whipped  untU  his  bodr  be  bloo<fy,  and  forthwith  sent,  from  parish  to 
parish,  the  most  straight  way  to  the  parish  where  he  was  bom,  there  to 
put  himself  to  labour  as  a  tarue  subject  ought  to  do.*' 

The  next  Act  on  this  subject,  the  43  Elizabeth,  a  2,  has  been  in 
operation  from  the  time  of  its  enactment,^  in  1601,  to  tiie  present  day. 
*An  entire  change  in  the  mode  of  administration  which  had  grown  up 
under  its  provisions  was  however  effeeted  by  the  Poor-Law  Amend' 
ment  Act  (4  A;  5  Wm.  IV.  c.  76)>  which  was  passed  in  1834.  During 
tnat  long  period  many  abuses  ciiept  into  the  administration  of  the  laws 
relating  to  the  poor,  so  that 'in  practice  their  operation  was  subversive 
of  the  morals  of  the  most  numerous  class,  and  injurious  to  the  welfare 
of- the  whole  eoontiy.  In  its  original  proviaioits,  the  Act  of  Elizabeth 
directed  the  overseers  of  the  poor  in  every  parish  to  **  take  order  for 
setting  to  work  the  children  of  all  such  parents  as  shall  bot  be  thought 
able  to  inaintain  their  ehildreB,"  as  well  as  all  suoh  persons  as,  having 
no  means  to  mamtain  them,  use  no  ordinary  trade  to  get  thdr  living 
by.  For  this  purpose  they  were  empofwered  '^  to  raise/weekly  or  other- 
wise, by  taxation  ci  evesy  inhabitant,  parson,  vicar,  and  other,  and  of 
every  eocupier  ef  lands,  houses,  tithes,  mines,  ko.,  such  sums  of  money 
as  they  shaU  reqoire  for  i»>oviding  a  sufficdent  stock  of  flax,  hemp, 
wool,  «Dd  other  ware  or  stuff,  to  sc^  the  poor  on  work,  and  also  com- 
petent sums  for  relief  of  lame,  blind,  old,  and  impotent  persons,  and 
lor  putting  on^  children  as  apprentices."  Power  was  given  to  justices 
to  send  to  the  house  of  coneetion  or  common  jail  all  persons  who 
would  not  woriL  The  ehurchwardens  and  oveiseers  were  further 
empowered  to  build  poor>houaes,  at  the  charge  of  the  parish,  for  the 
leception  of  the  impotent  poor  only.  The  justices  were  further 
empowered  to  assess  all  persons  being  of  sufficient  abihty  for  the 
r^Uef  sad  Tnwntwisnfie  ef  their  children,  grandduldren,  and  parents, 
The  parish  officers  wwe  also  empowered  to  bind  as  apprentices  any 
chUdren  who  should  be  ehargeable  to  the  pariah. 

These  sinqde  provisions  were  in  course  of  time  greatly  perverted, 
and  so  many  abuess  were  engrafted  upon  the  statute,  that  it  became  an 
instrument  of  more  general  demomlisation  than  was  ever  sanctioned 
.by  l^gisilstivd  authority.  It  would  greatly  exceed  any  reasonable 
limits  to  traoe  the '  ptofpren  of  these  abuses.  The  most  injurious 
praotioe  was  that  which  was  established  about  the  year  1795,  when,  ' 
in!  order  to  meet  the  pwasnie  upon  the  labouring  population  caused 
by  the  hi^^  price  of  provisions,  an  allowance  was  made  out  of  the 
parish  fond  to  every  laboarer  in  proportion  to  the  number  of  his  . 
family,  and  without  referenoe  to  his  being  employed  or  without 
employment  •  This  allowance  fluctuated  with  the  price  of  flour,  and 
the  soale  was  so  adjusted  as  to  return  to  each  family  the  sum  which  a 
given  quantity  of  flour  would  cost  beyond  the  prioo  in  years  of 
ordinary  abundanoe.  If  things  had  been  left  to  take  their  course  in 
England,  as  they  were  in  Scotland,  the  labourer's  wages  would  have 
enabled  him  to  purdiBse  the  same,  or  neariy  the  same,  amoimt  of  pro- 
visions sod  other  articles  of  necessary  oonsumption  as  before  the 
advance,  ^nd  when  the  necessity  for  such  a  rise  in  wages  had  pasaed 
away  everything  would  have  reverted  to  its  former  state.  Under  the 
allowanee  syrtem  the  labourer  was  made  to  receive  a  part  of  his 
earnings  in  tiie  form  of  a  parish  gift,  and  as  the  fund  out  of  which  it 
was  provided  was  raised  from  tiie  contributions  of  those  who  did  not 
employ  labourers*  as  well  as  of  those  who  did,  it  followed  that  the 
labourers  were  degraded  from  the  condition  of  honourable  inde- 
pendence to  that  of  parish  paupers,  and  that  their  employers,  being 
able  in  part  to  burden  others  with  tiie  payment  f<»r  their  labour,  had 
a  direct  interest  in  perpetuating  the  synem.  Accordingly  it  was 
found  that  a  constant  and  rapid  deterioration  took  place  in  the 
character  <^  the  labouring  agricultural  population,  and  that  they 
became  unable  to  obtain  a  rate  of  wages  adequate  to  their  support 
without  parish  relief,  however  moderate  might  be  the  prices  of  the 
necessaries  of  life. 

There  are  no  accounts  of  the  sums  levied  year  by  year  in  England 
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and  Wales  for  th«  relief  of  the  poor  before  the  begixming  of  theppoent 
century.  The  average  expenditure  for  each  of  the  three  years  1 788-4 
and  5,  was  1^12,241^ ;  the  earliest  account  after  that  date  is  for  1801, 
when  the  expenditure  amounted  to  4,01 7,871?.,  the  assessments  hayuig 
been  more  than  doubled  in  17  years.  It  wiU  be  seen  from  the  follow- 
ing table  how  little  connection  there  has  been  since  that  time  between 
the  sums  expended  for  relief  uid  the  price  of  com : — 


ATerage 

Arerage 

Price  of 

Slims  expended 

Prieeof 

Wheat  per 

for  the  Belief 

Wheat  per 

Qxzarter. 

Tears. 

of  the  Poor. 

Qoarter. 

«.     d. 

£ 

«.     d. 

1S5    6 

1687 

4,044,741 

52    6 

10ft    9 

1888 

4,128,604 

55     8 

78  11 

1889 

4,406,907 

69     4 

64    4 

1840 

4,576,965 

68    6 

78  10 

1841 

4,760,929 

65     3 

04    0 

1842 

4,911,498 

64     0 

84     1 

1648 

5,208,027 

54    4 

78     0 

1844 

4,976,098 

51     6 

65     7 

1845 

5,089,708 

49     2 

54    5 

1846 

4,954,204 

58     8 

48     8 

1847 

5,298,787 

59    0 

61     0 

1848 

6,180,764 

64     6 

62     0 

1849 

5,792,963 

49     1 

66     6 

1850 

5,895,022 

42     7 

56  11 

1851 

4,962,704 

89  11 

56     9 

1852 

4,897,685 

89    4 

60     6 

1858 

4,989,064 

42     0 

62  10 

1854 

5,282,858 

61     7 

67     ft 

1855 

5,890,041 

70     0 

68     4 

1856 

6,004,244 

75     4 

57     8 

1667 

5,898,756 

65     3 

51  11 

1858 

5,878,542 

68  10 

44     2 

1859 

5,558,689 

42     0 

89     5 

Suns  expended 
for  the  Belief 
Years,      of  t|ke  Poor. 

£ 

1818  6,656,106 

1814  6,294,581 

1815  5,418,846 

1816  5,724,889 

1817  6,910,925 

1818  7,870,801 

1819  7,516,704 

1820  7,880,254 

1821  6,959,261 

1822  6,858,704 
1(28  5,772,962 

1824  5,786,900 

1825  5,786,989 

1826  5,928,602 

1827  6,441,088 

1828  6,298,000 

1829  6,382,410 
1880  6,829,042 

1831  6,798,889 

1832  7,086,969 
1838  6,790,800 
1684  6,817,255 

1885  5,526,418 

1886  4,717,680 

The  extent  to  which  the  pauperising  of  the  labourers  of  England 
was  carried  had  long  been  viewed  wiu  alarm,  and  had  f  onned  the 
subject  of  many  parliamentary  inquiries,  but  without  producing  any 
substantial  amendment,  until,  in  1882,  a  comnussion  was  appointed  by 
the  crown,  consisting  of  the  Inshops  of  London  and  Chester,  Mr.  Stuiges 
Bourne,  Mr.  Senior,  and  fiye  other  gentlemen,  under  whose  direction 
inquiries  were  carried  on  throughout  England  and  Wales,  and  the 
actual  condition  of  the  labouring  class  in  every  parish  was  ascertained, 
with  the  view  of  showing  the  evils  of  the  existing  practice,  and  of 
suggesting  some  remedy.  The  labour  of  this  inquiry  was  exceedingly 
great ;  but  in  a  comparatively  short  time  a  report  was  presented  by 
the  commissioners,  which  completely  explained  the  operation  of  the 
law  as  administered,  with  its  dBfects  upon  different  classes,  and  sug- 
gested remedial  measures.  This  report  was  presented  in  February, 
1884,  and  was  followed  by  the  passing,  in  August,  1834,  of  the  Poor- 
Law  Amendment  Act,  in  which  the  principal  recommendations  of  the 
commissioners  were  embodied. 

The  chief  provisions  of  this  law  are^the  establishment  of  the  Poor- 
Law  Commissioners  (now  the  Poor  Law  Board)  to  exercise  a  controlUng 
aathorit>|r  over  the  administration  of  relief  to  the  destitute  by  the  locu 
authorities.  The  administration  of  relief  to  ^e  poor  is  placed  under 
the  control  of  the  commissioners,  who  make  rules  and  regulations  for 
the  purpose,  which  are  binding  upon  all  the  local  bodies.  They  are 
empowered  to  order  workhouses  to  be  built,  hired,  altered,  or 
enlarged,  with  the  consent  of  the  noajority  of  the  board  of  guanliana. 
One  veiy  important  power  given  to  them  was  that  of  unitinig  several 
parishes  for  the  purposes  of  a  more  effective  and  economical  adminis- 
tration of  poor  relief.  These  united  parishes,  or  unions,  are  managed 
by  boards  of  guardians  annually  elected  by  the  ratepayers  and  owsers 
of  property  of  the  various  parishes,  but  the  masters  of  workhouses  and 
other  paid  officers,  though  appointed  by  the  guardians,  are  under  the 
orders  of  the  commissioners,  and  removable  l^  them.  The  system  of 
paying  wages  partly  out  of  poor-rates  is  discontinued,  and  except  in 
extraordiniury  cases,  as  to  which  the  commissioners  are  the  judges, 
relief  is  only  to  be  given  to  able-bodied  persons  or  to  their  fomuies 
within  the  walls  of  the  workhouse.  Another  branch  of  the  poor-law, 
which  was  materially  altered  by  the  Act  of  1884,  was  that  relating  to 
illegitimate  children.  And  the  law  upon  this  sid>ject  has  since  beoi 
further  altered  by  the  7  &  8  Vict  c.  101,  and  indeed  entirely  discon- 
nectedwith  the  Poor  Laws,  the  moi^er  being  now  left  to  enforee  her 
civil  remedy  against  the  father  of  the  child. 

The  number  of  unions  formed,  and  places  in  which  the  rules  and 
regulations  of  the  Poor  Law  Board  are  in  force,  to  Lady-day,  1860,  is 
646,  including  14,427  parishes,  with  a  population  of  17,670,938  souls. 

It  will  be  convenient  to  state  how  the  law  stood  previously  to  the 
passing  of  the  Poor-Law  Amendment  Act  (4  &  5  Wm.  lY.  c.  76),  and 
then  to  notice  more  particularly  some  of  its  leading  provisions. 

Every  indigent  person,  whether  a  native  or  a  foreigner,  being  in  any 
district  of  England  or  Wales,  in  which  a  fund  is  raised  for  the  main- 
tenance of  the  poor,  has  a  right  to  be  supplied  with  the  necessaries 
of  life  out  of  that  fund.  This  right  depends  on  statute,  and  princi- 
jpally  on  the  48  EUz.  c.  2,  which  enacts  that  the  chiixtihwaidens  of 
every  parish,  and  f our^  three;  or  two  substantial  householders  there, 


to  be  nominated  yearly  under  the  hands  and  seals  of  two  or  more 
justices  of  the  peace,  shall  be  called  overseers  of  the  poor.  [Ovra- 
BKSB8.]  Under  tins  statute  overseers  oould  be  appointed  for  parities 
only.  Tbis  proved  very  insufficient,  because  many  large  and  populous 
districts  were  not  situate  withm  any  parish,  and  consequently  no 
overseers  whatever  oould  be  appointed  for  them;  and  also  beoose 
many  parishes  Uiemselves  were  of  such  magnitude  that  one  set  of 
overseen  could  not  properly  attend  to  all  the  poor.  To  supply  this 
defect,  the  13  k  14  Car.  IL  c.  12,  authorised  the  appointment  of 
overseers  in  any  township  that  was  either  extra-parodual  or  was  part 
of  a  parish  so  large  as  to  require  distinct  sets  of  offioera  for  the  nu- 
nagement  of  its  poor.  The  20  Vict  c.  19  made  further  proviaios 
for  the  appointment  of  overseers  for  extr»-p«rochial  places. 

It  is  the  du^  of  these  overseers  to  raise  the  fund  for  the  relief  of  the 
poor  of  their  district  This  fund,  which  is  called  the  poor-rate,  they 
are  directed  by  the  statute  of  Eliz.  in  parishes,  and  by  the  statute  of 
Car.  II.  in  townships,  to  raise  *'  weekly  or  otherwise,  by  taxation  of 
every  inhabitant,  parson,  vicar,  and  other,  and  every  occupier  of  laiMk, 
houses,  tithes  impropriate,  pfopriations  of  tithes,  coal-mines  or  &!«- 
able  underwoods  in  tiie  said  parish,  in  such  competent  sum  and  sums 
of  money  as  they  shall  think  fit,  &c,  according  to  the  abihty  of  the 

parish."  *  .        .  , 

The  rate  may  be  made  according  to  the  exi^ndes  of  the  piice, 
which,  whether  parish  or  township,  may  convemently  in  either  case 
be  called  a  parish,  for  anv  period  not  less  than  a  week  nor  exceeding  a 
year.  The  rate,  which  is  made  in  writing,  gives^  the  names  of  the 
persons  rated,  a  description  of  the  property  for  which  they  are  rated, 
and  the  amount  payable  by  them;  it  contains  also  a  dcdaration, 
signed  by  the  paxiu  officers,  that  the  rate  is,  to  the  best  of  their  belief 
correct,  and  that  they  have  used  their  best  endeavours  to  make  it  so. 
The  rate  so  made  and  signed  must  be  taken  to  two  justices  for  their 
assent,  which  is  called  the  allowance  of  the  rate,  and  poblic  notice  of 
such  allowance  must  be  given  on  the  Simday  following,  or  the  rate 
will  be  entirely  void. 

As  the  statute  expressly  mentions  both  inhabitants  and  occupienn, 
inhabitants  were  held  liable  to  be  rated  in  proportion  to  their  abili^ 
within  the  parish,  although  they  had  no  properly  there  which  ma 
capable  of  occupation,  and  occupiers  of  property  therein  were  held 
liable  although  th^  resided  elsewhere.    Accordmgty  both  real  cor- 
poreal property  and  personal  property  within    the  parish  may  be 
asseaMd,  as  constituting '' the  ability  of  the  parish;"  real  corpDRal 
property,  as  land  or  houses,  may  be  assessed,  wheresoever  the  oooipier 
resides,  and  personal  property,  if  the  owner  is  resident  within  the 
parish.    Incorporeal  real  property,  since  it  is  not  the  subject  of  occii- 
pation,  seems  not  to  be  rateable  unless  incidentally,  when,  as  in  the 
case  of  the  tolls  of  a  canal,  it  is,  as  it  were,  annexed  to  and  enhasoes 
the  value  of  cozporeal  real  property ,  which  is  the  subject  of  ooea- 
pation.    As  it  is  the  occupier  and  not  the  owner  of  real  corporeal 
property  who  is  rated  for  it,  it  will  be  obvious  that  the  tenn  "  real 
property" is  not  used  in  the  poor-laws  according  to  its  strict  lepl 
sense,  and  that  the  occupier  of  a  house  is  rated  for  it,  although  he 
has  a  mere  chattel  interest  in  it    The  term  "  personal  property*  it 
also  used  in  a  restricted  sense ;  it  denotes  stod^  in  trade,  and  soch 
things  as  are  not  at  all  of  the  nature  of  realty,  and  excludes  chattels 
reaL    The  assessment  is  laid  in  respect  of  the  revenue  or  anniial 
profit  of  the  property  rated,  whether  real  or  personal    Such  property 
therefore  as  is  incapable  of  yielding  profit  is  not  rateable^    The  aasen* 
ment  upon  land  and  houses,  ftc.,  is  calculated  upon  an  estimate  of 
their  net  annual  value,  which  is  defined  to  be  the  rent  at  which  they 
would  let  from  year  to  year,  free  of  all  tenant's  rates  and  taxes,  and 
tithe  commutation  rent-charge,  if  any,  and  deducting  the  probable 
average  of  annual  costs  of  repairs,  insurance,  and  any  other  expenses 
which  may  be  necessary  to  maintain  the  premises  in  a  state  to  com- 
mand such  rent    Personal  property  was  not  rated  unless  it  had,  as  it 
were,  a  local  existence ;  and  therefore  neither  stock  in  the  funds  nor 
money  was  rateable.    Furniture  also  was  exempted,  because  it  yielded 
no  profit    In  practice  the  only  kind  of  personal  property  ever  rated, 
and  that  in  very  few  places,  was  stock  in  trade  and  shipsL    The  rating 
of  this  species  of  property  was  attended  with  many  disadvantagea 
The  rate  was  to  be  made  on  the  profit,  which  was  defined  to  be  not 
the  whole  profit,  but  the  excess  after  payment  of  debts.    Tliua  it 
was  nearly  impossible  to  ascertain   the  rateable  amount  of  auch 
property,  and  the  proprietor  might  always  evade  the  tax  by  re- 
siding out  of  the  parish.    So  long  however  as  personal  property  was 
rateable  bv  law,  ^e  omission  of  it  in  the  rate  was  a  ground  of  appea^ 
because  all  persons  liable  are  to  be  rated  equally  according  to  their 
ability.    The  inconvenience  of  this  state  of  things  induced  Uie  legis- 
lature to  enact  by  3  &  4  Vict  c.  89  that  no  inhabitant  ahould  be 
rated  for  his  stock  in  trade  or  other  property.    The  word  *'  inhabi- 
tanty*  may  now  be  considered  as  struck  out  of  the  statute  of  Eliz^' 
beth;   nobody  will  have  to  contribute   henceforward  to  the  poor- 
rate  except  in  his  character  of  occupier.    Personal  property  therefore 
is  no  longer  rateable ;  but  nevertheless  the  exemption  depends  upon 
the   passing    annually   of   an   act   of    parliament   continuing  the 
exemption. 

If  a  parish  is  unable  to  f urmsh  a  sufficient  sum  for  the  maintenaooe 
of  its  poor,  any  other  parish  in  the  same  hundred,  with  the  sanctioa  of 
two  justices,  or  in  any  other  part  of  the  county,  with  the  sanction  of 
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tbe  justioes  at  qtuater-BeaaioiiB,  may  be  called  upon  to  aaaUt  the  less 
solvent  parish.    This  is  called  rating  parishes  in  aid. 

The  oTerseers  are  to  collect  the  rate  from  the  persons  rated.  If*  a 
person  rated  do  not  pay  when  called  upon,  the  oyerseers  may  obtain  a 
summons,  requiring  him  to  show  cause  why  a  warrant  should 
not  issue  to  levy  the  rate  by  distress  and  sale  of  his  goods;  and, 
if  no  sufficient  cause  is  shown,  the  payment  is  enforced  accord- 
ingly. The  party  so  summoned  may  snow  for  cause  that  the  rate 
itself  is  void,  or  that  l^e  is  not  liable;  he  may  also,  with  the  con- 
sent of  the  OTerseers,  be  excused,  if  it  appear  that  he  is  unable  to 
pay  through  ppyerty.  He  may  also  appeal  against  the  rate,  and  notice 
of  appeal  deprives  the  magistrates  of  their  jurisdiction  to  distrain  until 
the  appeal  is  decided,  unless  the  objection  is  solely  on  the  ground  of 
over-charge,  in  which  case  the  ¥nirrant  may  issue  for  such  a  sum  as  the 
property  was  rated  at  in  the  last  valid  rate.  The  appeal  against  the 
rate  on  the  ground  of  inequality,  imfaimess,  or  incorrectness  in  the 
valuation  of  the  property  r^ed  may  be  to  justices  at  special  sessions, 
from  whose  decision  a  second  appeal  lies  to  the  general  quarter-sessions. 
The  appeal,  on  the  above  grounds,  may  also  be  taken  to  the  quarter- 
sessions  in  the  first  instance.  If  the  objection  be  to  the  principle  of 
the  rate  itself,  or  it  is  intended  to  dispute  the  liability  of  the  property 
to  be  fated,  the  appeal  Hes  to  the  quarter-sessions  only.  In  all  these 
cases  of  appeal,  notice  of  appeal  and  of  the  precise  objections  to  the 
rate  must  be  given  to  the  pariah-o£&oen,  and  also  to  any  rated  inhabit- 
ants that  may  be  interested  in  opposing  the  appellant,  as,  for  instance, 
where  his  ground  of  complaint  is  that  they  have  been  under-rated. 

The  overseen  who  in  some  parishes  acted  under  the  direction  of  a 
select  vestiy,  and  are  assisted  by  assistant  overseers,  were  to  apply  the 
poor-rate  to  the  relief  of  the  poor  of  their  parish.  The  poor  of  the 
parish  are,  in  one  sense,  all  those  who  happen  to  be  in  the  parish  at 
the  time  of  their  being  in  distress :  for  the  parish  in  which  they 
happen  to  be  is  bound  to  a£ford  such  paupera  immediate,  or,  as  it  is 
called,  casual  reliel  The  13  &  14  Car.  II.  c.  12,  ia  fJie  foundation  of 
the  present  law  of  settlement,  which  determines  the  parish  to  which  a 
pauper  belongs,  and  gives  the  power  of  removing  him  to  it.  This  law 
is  called  the  law  of  settlement.  The  statute  enables  two  justices,  upon 
complaint  made  by  the  churchwardens  or  overseen  of  the  poor  of  any 
parish,  to  any  justice  of  the  peace,  within  forty  days  after  a  person 
coming  to  settle  there,  in  any  tenement  under  the  yearly  value  of  102., 
by  their  warrant  to  remove  such  peraon  to  the  parish  where  he  was 
''last  legally  settled,  either  as  a  native,  householder,  sojourner, 
apprentice,  or  servant,  for  the  space  of  forty  days  at  the  least." 
Liater  statutes  have  greatly  modified  the  heads  of  settlement  here 
enumerated,  and  have  added  othera;  they  have  also  made  a  pauper 
irremovable,  until  he  has  become  chargeable  to  the  foreign  parish  by 
receiving  relief  from  it,  either  in  person  or  through  the  nands  of  his 
wife  or  children. 

The  following  are  the  settlements  that  subsisted  at  the  passing  of 
the  Poor-Law  Amendment  Act: — settlement  by  birth,  parentage, 
marriage,  hiring  and  service,  apprenticeship,  renting  a  tenement,  estate, 
office,  payment  of  rates.  Settlements  may  be  divided  into  two  general 
classes;  being,  first,  natural  or  derivative  settiements,  as  by  birth, 
parentage,  or  marriage,  to  the  perfection  of  which  residence  in  ^e 
parish  is  unnecessary;  secondly,  acquired  settiements, including  all  the 
remaining  settiements  above  mentioned,  and  to  these  residence  for 
forty  days  in  the  parish  is  necessary.  The  following  were  the  modes 
of  acquiring  the  various  settiements  which  have  been  enumerated : — 1, 
settlement  by  birth. — In  order  that  children  may  not  be  separated 
from  their  parents,  the  settiement  of  the  father  during  his  life,  and  the 
settlement  of  the  mother  after  his  'death,  is  the  settiement  of  the 
children.  But  legitimate  children  who  have  no  known  settiement  are 
settled  in  the  place  of  their  birth;  so  also  are  illegitimate  children,  for 
they  can  denve  neither  settiement  nor  anytmng  else  from  tiieir 
parents.  Children,  however,  during  the  age  of  nurture,  which  continues 
till  they  are  seven  yean  of  age,  must  not  be  separated  from  their 
parents,  and  are  therefore  to  be  supported  in  the  parish  where  their 
parents  happen  to  be,  at  the  expense  of  the  perish  of  their  birtii 
settlement.  2.  Settiement  by  parentage. — The  settiement  of  the 
fsLiher,  or,  if  he  have  none,  the  maiden  settiement  of  tiie  mother,  is 
communicated  to  legitimate  unemandpated  children.  After  the 
father's  death  their  settiement  shifts  with  that  of  the  widow,  imtil  she 
marry  again,  in  which  case  the  settiement  of  her  new  husband  is  not 
communicated  to  them.  A  child  is  said  to  be  unemancipated  so  long 
as  he  forms  part  of  the  parent's  fionily.  A  child  is  emancipated  when 
he  gains  a  settiement  of  his  own,  or,  being  of  the  age  of  twenty-one, 
lives  apart  from  and  independently  of  the  parent,  or  contracts  some 
relation  inconsistent  with  his  continuing  a  subordinate  member  of  the 
parent's  £unily,  as  by  marrying  or  enlisting  as  a  soldier.  Any  settle- 
ment of  the  parent  acquired  after  the  child's  emancipation  is  not 
commimicated  to  him.  8.  Settiement  by  marriage. — To  prevent  the 
separation  of  husband  and  wife,  the  settiement  of  the  husband  is  com- 
municated to  the  wife ;  she  can  acquire  no  settiement  during  marriage ; 
and,  if  he  have  no  settiement,  she  cannot  be  separated  ^m  him  by 
removal  to  her  maiden  settlement.  4.  Settiement  by  hiring  and 
service  is  acquired  by  a  person  unmarried,  and  without  unemancipated 
children,  hiring  hiinself  for  a  year  into  service,  abiding  for  a  year  in 
the  same  service,  and  residing  for  forty  days  in  any  pariah  within  the 
year,  and  with  a  view  to  the  service.    A  general  hiring,  that  is,  a 


hiring  where  nothing  is  said  as  to  the  duration  of  the  contract,  is  ooa- 
sidereid  a  hiring  for  a  year.  The  service  for  the  year  need  not  be 
wholly  under  the  hiring  lor  a  year,  it  is  sufficient  if  part  of  the  service 
be  under  such  hiring;  the  residue  may  be  eitiier under  another  hiring, 
or  under  no  hiring  at  aU.  The  settiement  is  gained  in  the  pariiu 
where  the  servant  last  eompUtes  the  residence  of  forty  days — ^the  forty 
days  need  not  be  consecutive  days;  if  the  servant  reside  thirty-nine 
days  in  parish  a,  then  forty  days  in  parish  b,  and  finadly  another  day  in 
A,  A,  where  he  last  completed  a  residence  of  forty  days,  will  be  the 
place  of  his  settlement.  All  the  forty  days  must  be  within  the 
compass  of  a  single  year,  but  it  is  sufficient  if  the  residence  for  any 
part  of  the  forty  days  be  under  the  yearly  hiring.  5.  Settiement  by 
apprenticeship  is  gained  in  the  parish  where  a  person  bound  by  deed  as 
an  apprentice  last  completes  a  residence  of  forty  days  in  his  character 
of  apprentice.  No  service  is  required,  but  the  apprentice  during  the 
necessary  period  of  residence  must  be  under  his  master's  controL  6. 
Settiement  by  renting  a  tenement  is  acquired  by  hiring  and  actually 
occupying  a  tenement  at  the  rent  of  at  least  102.  a  year,  payment  of 
rent  to  that  amount,  and  residence  for  forty  days  in  the  parish  where 
the  tenement  \a.  By  actual  occupation  is  meant  that  no  part  of  the 
tenement  must  be  imderlet.  7.  Settiement  by  estate  is  gained  by  the 
possession  of  any  freehold,  copyhold,  or  leasehold  property,  and  resi- 
dence for  forty  days  in  the  pansh  where  the  estate  Ues.  If  the  estate 
come  to  a  party  in  any  way  except  by  purohase,  the  value  of  the  estate 
is  immaterial;  but  a  purehased  estate  confera  no  settiement  if  the 
price  given  was  under  80^  But  a  person  residing  on  his  estate,  what- 
ever may  be  its  value,  is  by  Magna  Charta  irremoveable  from  it  while 
so  residing;  although  he  may  have  gained  no  settiement  in  respect  of 
it.  8.  Settiement  by  office  is  gained  by  executing  any  public  office  in 
a  parish,  such  as  the  office  of  constable,  sexton,  &c,  for  a  year,  and 
residing  there  forty  days.  The  office  need  not  l/e  of  a  parochial  nature, 
but  it  must  be  at  least  an  annual  office.  9.  Settiement  by  payment  of 
rates. — In  order  to  acquire  this  settiement  a  person  must  have  been 
rated  to  and  have  paid  the  public  taxes  of  a  parish,  in  respect  of  a 
tenement  hired  at  a  rent  of  10/.  a  year,  and  have  paid  that  amoimt  of 
rent,  and  resided  forty  days  in  the  parish  of  the  t^ement.  This  head 
of  settiement  therefore  includes  ail  the  requisites  of  settiement  by 
renting  a  tenement,  except  the  requisite  of  actual  occupation. 

All  persons  whatsoever,  whether  natural  bom  subjects  of  England 
and  Wales,  Sootchmen,  Irishmen,  or  foreignen,  may  gain  a  settiement 
in  this  country.  A  chargeable  pauper  is  to  be  removed  to  tiie  place 
where  he  last  acquired  a  settiement.  It  is  often  veiy  difficult  to  find 
out  the  place  of  such  last  settlement ;  this  is  so  more  especially  in  cases 
of  settiement  by  hiring  and  service  and  apprenticeship,  where  the 
residence,  being  unconnected  with  anything  of  a  fixed  nature,  as  a 
tenement  or  office  in  any  particular  pansh,  may  be  continually  shifting, 
the  settiement  consequentiy  ■bifriTig  •^th  it,  until  the  last  day  of  the 
service  or  apprenticeship.  F^upen  who  have  no  settlement  must  be 
maintained  by  the  punsh  in  which  they  happen  to  be,  as  casual  poor, 
unless  they  were  bom  in  Scotland  or  Ireland,  or  in  the  idands  of  Man, 
Jersey,  or  Quemsey,  in  which  case  they  are  to  be  taken  under  a  pass- 
warrant  of  two  justices  to  their  own  countiy.  When  a  pauper  has 
become  chargeable,  and  it  is  sought  to  remove  him,  he  ii  taken  before 
two  justices,  who  inquire  as  to  his  place  of  settiement,  and,  if  satisfied, 
upon  hia  examination  and  such  other  evidence  as  may  be  bud  before 
them,  make  an  order  for  his  removal  thither.  The  pansh  to  which  he 
is  removed  may  dispute  its  liability  by  appeal  to  the  quarter-sessions, 
when  the  order  of  removal  will  be  quashed,  unless  it  appear  that  the 
pauper  is  settled  in  the  appellant  parish. 

The  Poor-Law  Amendment  Act  (4  &  5  Wm.  IV.,  c  76)  has  made  no 
change  in  the  law  re^Mcting  the  rateabiHty  of  property  or  the  mode  of 
collecting  the  rate.  The  Act  does  not  apply  itself  to  the  rate  until 
collected;  it  then  takes  up  the  rate  for  the  purpose  of  securiiig  a 
better  distribution  of  it.  To  this  end  the  adnumstration  of  relief  to 
the  poor  throughout  England  and  Wales  is  subject  to  the  control  of 
three  commissioners.  Their  powers,  and  the  new  agency  established 
for  the  administration  of  relief  under  xtheir  direction,  have  been  already 
described.  In  parishes  or  unions  where  there  are  guardians,  relief 
u  to  be  given  solely  by  such  goardians  or  by  their  order,  unless 
incases  of  urgent  distress.  In  these  cases  an  overseer  ia  bound  to  give 
temporary  relief  in  articles  of  absolute  necessity,  but  not  in  money, 
and  if  he  refuse,  he  may  be  required  to  do  so  by  a  magistrate's  order, 
disobedience  to  which  is  visited  by  a  penalty  of  &.  In  parishes  which 
have  no  guardians,  the  management  and  relief  of  the  poor  is  still 
left  to  overseers.  With  the  exceptions  above  stated,  the  task  of 
relieving  the  poor  is  wholly  withdrawn  from  overseen,  these 
officera,  from  ignorant  or  corrupt  motives,  having  been  generally 
found  incompetent  to  the  dischuge  of  so  important  a  duty.  They 
are  still  however  entrusted  with  the  making  and  collection  of  the 
poor-rate,  which  they  are  to  pay  over  to  those  who  have  the 
distribution  of  it.  The  general  discretionary  power  which  magis- 
trates formerly  exercised  in  ordering  relief  is  also  withdrawn. 
But  a  single  magistrate  may  still  order  medical  relief,  when  called 
for  by  sudden  and  dangerous  illness ;  and  two  magistrates  may  order 
relief  to  adult  persons,  who  from  age  or  infirmity  are  unable  to  work, 
without  requiring  them  to  reside  in  the  workhousa  Relief  to  able- 
bodied  persons  cannot  be  given  out  of  the  workhouse,  imless  with 
the  sanction  of  the  commissioners.    In  substance,  the  wants  of  the 
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poor  are  «8  amply  supplied  as .  before  the  Act,  but  the  manxMr  of  ad* 

I    mizustering  relief  is  so  regulated,  by  subjecting  the  applicants  for  it  to 

I   the  discipline  of  a  workhouse  and  to  other  restraints,  that  the  condition 

'   of  a  pauper,  living  upon  tbe  parish  fund,  is  depressed,  in  point  of 

oomfort,  below  that  of  the  labourer.    Thus  a  ready  test  is  applied  to 

<^ipfejngiii«l;^  real  and  pretended  destitution,  and  a  powerful  inoentiYe  to 

work  is  held  out  to  iU.  who  can  find  employment. 

The  means  also  of  obtaining  empl<^^ettt  are  increased  by  enlarging 
the  market  for  the  poor  man's  labour.  This  is  the  result  of  a  relaza- 
tloD  in  the  law  of  settlement,  sod  particularly  of  settlement  by  hiring 
and  service.  The,  old  law  had  been  found  to  obstruct  the  free  circu- 
lation  at  labour  by  confining  the  poor  to  their  own  parishes.  The 
labourer  himself,  from  attachment  to  old  scenes  and  assodatas,  was 
often  unwilling  to  engage  himself  for  a  year  in  a  strange  parish,  lest^ 
by  acquiring  a  settlement  there,  he  should  incur,  at  some  future  time, 
a  permanent  separation  from  home ;  the  farmer,  on  the  other  hand, 
had  an  equally  strong  objection  to  hire  a  strange  labourer  on  siudi 
terms  as  to  burden  his  parish  with  a  new  settler. 

By  the  Poor-Law  Amendment  Act,  a  settlement  by  hirmg  and 
service  cannot  now  be  acquired;  but  the  Act  doea  not  interfere 
materiaUy  with  settlenMnts  previously  acquired.  SetUementa  by 
'office  ana  by  a|>prentice8hip  in  the  sea  service  or  to  a  fiahennan  ean  no 
longar  be  acquired.  Settl^nent  by  renting  a  tenement  is  clogged  with 
the  additional  qualification  that  the  oooui«fir  must  have  been  assessed 
to  the  poor-rate,  and  paid  the  same  far  one  year.  Settlement  by 
'estate,  like  any  other  settlement,  when  once  gained*  used  to  endure  tiU 
it  was  superseded  by  some  new  settlement ;  but  now  it  is  converted  to 
^a  temporary  settlement^  and  to  be  retained  so  long  onJy  as  the  pro- 
prietor shall  live  within  ten  mUes  of  the  estate.  Settlements  by 
marriage  and  by  payment  of  rates  are  imtouched.  Settlement  by 
parentage  and  settlement  by  birth  are  both  affected  to  this  extent, 
that  illegitimate  children  bom  after  the  passing  of  the  Act  are  to  follow 
the  settlement  of  the  mother  until  the  age  of  sixteen,  or  imtil  th^ 
acquire  a  settlement  in  their  own  right ;  but  they  revert  to  their  birth 
settlement  after  sixteen,  unless  they  shall  have  acquired  another  in  ihek 
own  right  The  effect  of  this  change  in  the  law  is  that  an  unmarried 
woman,  whose  pregnancy  in  itself  made  her  chaigeable,  is  no  longer 
hunted  from  the  parish  in  which  she  happened  to  be,  in  order  that 
the  parish  may  not,  by  the  birth  of  the  child  thermn,  be  permanently 
chaiged  with  its  maintenance.  The  old  law  of  setUemsnt  was  full  oi 
legal  difficulties  and  refinements,  and  the  efiisct  of  the  change  in  the 
law  has  been  to  relieve  parishes  from  much  litigation. 

As  already  mentioned,  a  great  change  also  hiui  been  introduced  in 
the  general  laws  of  bastardy.  Formerly  the  putative  father  was  liable 
for  the  support  of  a  bastard,  on  the  imsupported  oath  of  the  mother 
that  he  was  the  father  of  it.  Before  the  birth  of  tiie  child,  he  might 
be  called  upon  to  give  security  to  provide  for  the  dliild,  and,  if  unable 
to  nve  such  security,  might  be  committed  to  prison;  and,  after  ita 
birth,  an  order  of  filiation  might  be  made  upon  him  by  two  justices 
out  of  seesions.  By  the  new  Act  neither  the  mother  nor  the  putative 
father  of  a  bastard  can  be  punished,  as  was  lonnerly  the  case.  Female 
inoonianence  is  checked  by  making  the  mother  liable  to  maintain  her 
child  in  the  first  instance ;  and,  as  already  obseired,  she  is  left  to  sedi 
her  own  remedy  against  the  father  of  her  child,  without  the  intervention 
of  the  poor-law  authorities. 

Any  person  who  marries  a  WMuan  having  children,  whether  legitimate 
or  illegitimate,  is  made  liable  to  maintsia  them  until  they  attain  the 
age  of  sixteen,  or  imtil  the  death  of  the  mother. 

(BL's  C7omtn.,  359;  Nolan's  Povr  Jknu;  Glen's  Poor-Law  Statttte$ 
and  Poor*Law  Board  Orden.) 

POOR  LAWS,  SCOTLAND.  The  foundation  of  the  Old  Poor  Law 
of  Scotland  was  the  Act  of  Parliament  1570,  o.  74,  which  in  so  many 
Tespoois  resembled  the  celebrated  T<'-i^lia^  statote  of  the  14th  of 
Elneabeth,  passed  a  few  years  earlier,  as  to  have  been  considered  a  mere 
adaotation  from  it.  The  Scotch  Act,  however,  fell  short  of  the  English 
in  tne  one  important  particular  of  not  providing  iat  the  can  of  the 
able-bodied.  By  this  old  Act,  a  settlement  was  acquired  by  birth,  and 
once  so  established  could  not  be  changed  unUaas  by  a  seven  years'  indus- 
trial residence  in  another  pariah.  By  the  Act  of  1672,  c  18,  this  period 
was  shortened  to  three  years.  The  method  of  administering  the  law, 
which  arose  partly  out  of  the  terms  of  the  old  Acts,  partly  out  of 
custom,  and  partly  from  the  directions  given  to  Uiese  siuictions  by  the 
judgments  of  the  courts,  was  as  follows  : — ^In  the  rural  parishes,  the 
"  kirk  sessions,"  or  lowest  ecclesiastical  judicatories,  consisting  of  the 
parish  clergyman  and  certain  elders,  shared  the  management  with  the 
'*  heritors,"  or  rated  lauded  proprietors ;  but  it  became  customary  for 
the  latter  body  to  interest  themselves  solely  in  the  voting  and  levying 
of  the  rate,  leaving  its  distribution  and  the  management  of  the  poor  to 
the  former.  In  those  municipal  corporations  holding  rank  as  royal 
burghs,  the  assessment  and  management  lay  with  the  corporate  autho- 
rities. The  funds  for  the  relief  of  the  poor  were  of  two  kinds :  the 
collections  at  church  doors,  along  with  certain  fees  and  eleemosynary 
bequests,  constituted  the  one  departmeut;  and  rates  assessed  on  the 
pansh,  or  a  substitute  voluntarily  paid  instead  of  an  assessment,  the 
other.  Of  the  sums  collected  at  the  church  doors,  ouly  a  half  went  to 
the  regular  relief  of  those  legally  entitled  to  relief ;  the  other  became  a 
fund  for  general  charitable  purposes  at  the  command  of  the  kirk 
session.     In  many  cases  there  was  no  assessment,  and  the  regular 


praotioe  came  to  be,  that  if  the  mieeellaneouB  aoureee  were  mwiflfOTent 
for  the  relief  of  the  poor,  the  heritors  and  session  in  a  cooatry  paridi, 
or  the  magistrates  in  a  town  parish,  m^ht  levy  a  rata.  It  became  % 
common  praotioe  for  tiie  parties  chiefly  interested  to  agree  to  a  '*  volun- 
tary assessment,*'  for  the  purpose  of  postponing  the  impoaitioa  (^  a 
fixed  legal  rate.  When  an  assessment  was  impoeed,  it  beoame  a  ruk 
that  one  half  of  it  should  be  levied  on  the  propaetois  of  land^ia 
respect  of  their  land ;  the  other  on  householders,  in  reefsect  of  tfaor 
**  means  and  substance,"  or  their  incomes  so  far  as  not  derived  from 
land.  The  adjustment  of  the  rating  was  the  ground  of  much  di^mts, 
and  di£forent  parishes  f <dlowed  Teiy  distinct  znethods  in  practice^ 

For  a  considerable  period  the  Scottish  system  was  very  favourab^ 
received  by  political  economists,  who  saw  the  countiy  in  a  oompaza- 
tively  sound  moral  condition,  with  a  parsimonious  poor  law,  while  the 
hmOi  system  of  £nghmd  aeemed  to  promote  profligaoj  and  idkom. 
But  from  the  time  when  these  doctrines  were  first  prooiulgated  to  iha 
completion  of  the  great  diange  of  the  English  poor  law,  a  vaat  intemal 
alteration  had  talwn  place  in  the  social  eoonomy  <^  Scotland.    Tha 
oomparative  low  rate  of  wages,  attracting  manufacturing  cental  from 
BngLtad,  had  caived  a  more  than  average  migratkm  of  the  niial 
labourers  to  the  manufacturing  districts,  and  a  peraliarly  zaind  ioa«aw 
of  the  city  p<^ulation.     It  was  found  that  with  theae  campliflatoi 
mateiiais,  the  simple  paroohial  system  adapted  to  a  state  of  socm^ 
where  each  man  watcdied  over  the  interests  and  the  eondnct  of  ks 
neighbour,  vras  incapable  of  grapidinfr    It  wm  found  that  era  for 
poor  country  districts  the  eystraa  waa  unsuitable,  becauaei,  thoo^^  still 
far  behind  the  EngUah  system  in  profusion,  the  adnuBistrsion  were 
compelled  by  the  voice  of  public  opinion  to  become  moie  liberal  in 
their  dispensations,  while  the  mansgers  of  the  eountiy  pariihai  sot 
subject  to  the  same  influence  kept  down  the  alloVranois,  sod  thus 
gave  the  poor  an  inducement  to  endeavour  to  obtain  a  settlement  by 
three  years'  industrial  residence  in  the  cities.    Dr.  Gbalmen  vas  the 
great  champion  of  the  old  system.   With  the  asHi«t.aiioe  of  some  ^ithu- 
siastio  followers,  he  organiiied  the  administration  of  a  parish  in  the 
poorer  parts  of  Olaagow,  as  a  demonstration  of  the  efficieaqy  o!  vhidi 
the  q^stem  was  capf&e.   It  was  a  very  pleasing  picture,  but  thepablic 
soon  felt  that  the  success  with  which  one  energetic  individuil  and  hit 
enthusiastic  followers  might  voluntarily  perform  the  duties  genenJlly 
exacted  by  legal  compulsion,  was  no  suffident  ground  for  beliisviflg 
that  the  rest  of  the  community  can  be  at  all  timea  and  in  allpbtts 
depended  upon  for  the  performance  of  onerous  publie  services  without 
the  coercion  of  law. 

The  puUio  were,  first  awakened  to  the  imperiEectioiis  of  the  Scottah 
Poor  Law  by  Dr.  W.  P.  Alison,  a  physician  in  Bdinbvai^  sod  pr»> 
f essor  of  the  practice  of  medicine  in  the  univeraity .  Having  freqiunUy 
administered  professional  services  to  the  poorer  classy,  he  ^owed  from 
his  own  experience  that  the  utter  inadequacy  of  the  provision  afforded 
to  those  who,  by  inability  to  work,  or  bad  soaaons,  or  revukittHi  in  faade, 
were  reduced  to  want,  was  en  extensive  oause  of  disease,  vicsj  aod 
misery.  The  city  populatiim  speedily  answered  to  this  appsil,  «Dd 
associati<»s  were  f <»med,  and  inquiries  made  in  various  directioQa.  it 
was  shown  that  the  amount  expended  on  the  rdi^  of  the  poor  ia 
Scotland  amounted  to  little  more  than  a  sixth  pert  of  thesusidii- 
tributed  throughout  an  equal  population  in  England  \;ty  the  eoonomiied 
poor  law.  In  £ngland,  the  expense  of  supporting  the  poor  smouattfi 
to  6s.  lOfd,  per  head  ik  the  populaUon ;  in  Sootiand,  to  U.  2yL  ^ 
some  of  the  fjigbland  parishes,  whence  the  most  destitute  objectB 
emigrated  over  ^e  rest  of  the  country,  the  allowances  were  lodicroua^ 
smaU ;  and  a  report  made  to  the  Qeneral  Assembly  of  tha  Choich  of 
Scotland  in  1839,  enumerated  instances  where  sums  averagiDg  iraia  ^ 
to  If.  yearly  were  solemnly  awarded  to  destitute  people  as  the  pro- 
vision which  the  Poor  Law  made  for  their  wants.  In  tlie  meantiine 
the  discussion  of  these  matters  bad  a  tendency  gradually  to  increase 
the  amount  of  the  provision  for  the  poor.  The  practiee  of  sneasmeuts 
made  considertible  progress,  and  a  return  to  pariiamwit  in  1B43  shows 
that  between  1836  and  1841  the  sums  raised  by  asaeesment  had 
increased  from  89,10U  to  128,8582.;  whUe  the  sums  raised  by  vduor 
tary  assessment  had  risen  from  l5fi29L  to  22,385^  A  commiMton  wu 
at  last  appointed  to  inquire  into  the  whole  state  of  the  subject ;  aad 
after  heanng  much  evidence,  they  presented  a  report,  aoaoapanied  \if 
a  voluminous  appendix,  in  1843.  The  amendments  proposed  in  tlui 
report  were  supposed  to  be  of  a  somewhat  narrow  nature;  the  couatiy 
expressed  dissflUtis£acti(Mi  with  them;  and  in  1845  a  measure  was  jaim 
embodymg  alterations  codkiderably  more  extensive,. 

By  this  Act,  8  &  9  Vict,  c.  83,  a  board  of  supervision  ia  appoia^i 
consisting  of  persons  coxmeoted  with  the  municipal  bodies  and  the 
administration  of  justice  in  Scotland,  with  one  salaried  memberi  whu 
gives  constant  peraonal  attendance.  The  office  of  the  board  ia  in  £dlft- 
burgh.  This  board  is  endowed  with  ample  means  for  ascertsiniogi  p 
all  parts  of  the  country,  the  condition  of  the  poor,  and  the  method  ia 
which  the  system  of  relief  is  administered.  The  boaid  has,  howaver, 
no  directoiy  or  prohibitory  control  over  the  proceedings  of  the  lixsl 
boards.  These  bodies  are,  nowever,  re-organised  by  the  Act  In  tbe 
rural  parishes  where  there  is  an  assessment,  the  local  board  is  to  oja- 
sist  of  landowners  to  the  extent  of  2QL  annual  value,  the  kirk  session, 
and  certain  elected  representatives  of  the  ratepayer^  according  to  th« 
number  fixed  by  the  board  of  supervision.  In  city  paiishes,  the  boards 
are  each  to  consist  of  four  persons  named  by  the  magistrates,  deputitf 
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not  exceeding  four  from  each  kiik  sendon  in  ihe  city,  and  oertein 
elected  penona  according  to  a  mimber  and  qualifioatioa  fixed  by  the 
'board  of  >uperviBi(m.  .  In  parifihee  when  there  ia  no  aaBessment,  the 
management  is  to  continue  imder  the  oldsyrtem.  There  ia  thna  in 
this  Act  no  machinery  for  levying  or  exaeiting  a  rate  for  the  poor, 
unless  i^  those  paruhes  where  the  paaons  more  immediately  oonoemed 
agree  to  such  a  measure.  It  is  heM,  however,  that  the  fedlitiefl  which 
the  statute  gives  the  poor  for  ezaetuig  from  the  reroective  parochial 
authorities  the  relief  to  which  they  are  entitled,  will  render  it  neces- 
sary to  put  more  extensive  funds  at  the  di^sal  of  the  distributors  of 
relief^  and  this  caa  only  be  accomplished  through  the  system  of 
assessment.  When  persons  apply  for  relief,  it  is  provided  that,  though 
they  have  no  settlement,  if  the  claim  would  be  juiBt  in  the  case  of  their 
Laving  one  in  the  parish  where  it  is  made,  subsistence  must  be  afforded 
them  till  it  is  determined  what  parish  is  haUe.  When  reUef  is  refused, 
the  apphcant  may  apply  to  the  sherifT,  who  may  grant  an  order  for 
temporary jrelief,  and  then  hear  parties,  and  decide  whether  the  appli- 
cant is  or  is  not  entitled  to  relief.  In  this  form,  however,  neiliiw  the 
sheriff  nor  any  other  judge  can  dedde  on  the  adequacy  of  relief.  The 
initial  step  to  any  judicial  appeal  against  the  amount  of  Hie  relief 
afforded,  is  by  an  application  to  the  board  of  supervision ;  and  on  that 
body  reporting  its  ooncuirence,  ^e  Mplioant  is  placed  on  the  poor-roll 
of  the  court  of  session,  where  he  has  toe  privilege  of  the  question  bcdng 
discussed  gratis.  By  this  Act,  provision  is  miEule  for  medical  attend- 
ance and  medicines,  being  part  of  the  system  of  pauper  relief,  and  for 


to  relief,  and  their  daim  is  thus  left  in  the  state  of  doubt  in  which  it 
stood  before  the  passing  of  the  Act  Men  deserting  their  wives  and 
children  are  made  liable  to  punidunent  as  vagrants,  a  provision  which 
it  is  hoped  may  affbrd  a  remedy  to  a  defect  which  has  long  charac- 
terised the  law  of  Scotland—- "tiie  absence  of  any  means  by  which 
deserted  wives  can  make  effectual  daim  on  tbeir  husbands  for  suste- 
nance to  themselves  and  their  diildren,  without  a  regular  action  in  Uie 
court  of  session.  By  the  new  Act,  a  new  and  more  specific  mode  of 
apix>rtiomng  the  aasessmeat  between  landed  and  oihtr  int>perty  has 
l>een  attempted  to  be  established ;  but  this  pro^sion  is  ali«ady  a  fruit- 
ful souice  of  di^mte  and  litigation.  The  time  necessary  to  acquire  an 
industrial  settlement  is  increased  from  three  to  five  years. 

POPE  {Papa,  in  Latin)  is  the  title  assumed  by  the  bishop  of  Rome 
OS  head  of  the  Roman  Catholic  Chuieh.  The  w(»xl  papa,  or  papas, 
xneanxng  "  father,"  is  used  by  the  Qreeks  to  denote  a  presbyter.  In 
the  early  ages  of  the  churdh  it  was  given  to  the  bishope  in  general. 
(Ducange,  *  Glossarium ; '  Moreri, '  Diotionnaire  Historique.')  Or^^>Ty 
VIL,  in  a  coundl  held  at  Rome,  ▲.».  1076,  decreed  that  the  title  Papa 
should  be  giren  only  to  the  bishop  of  Rome,  as  a  maA  of  superior 
xespect. 

There  axe  tfas«e  offices  or  digaities  united  in  tiie  person  of  the 
Boman  pontiff.  He  ia — 1,  the  primate  or  head  of  the  Roman  Oatholic 
-woiid ;  2,  he  is  bishop  of  Rome  and  metn^litan  of  its  province ;  8,  he 
is  the  temporal  soveiwign  of  the  Papal  State.  His  authority  and  the 
manner  of  his  adminiBtration  aa  the  last-mentioned  capacity  are 
described  undar  Papal  States  in  the  Gkock  Dnr.  We  may,  however, 
here  add,  that  in  1860  a  ^eiy  material  attention  has  taken  place  in  the 
dominions  of  the  Pope.  The  for  greater  part  of  the  territories  there 
mentioned  as  owning  Ids  sovereignty,  have  transfstred  their  allegiance 
to  Victor  Emmanuel  of  Sardinia,  and  the  power  of  the  Pope  is  now 
nearly  ciroumscribed  within  the  Legation  of  iiome,  and  the  Ddegatlous 
of  Anoona,  Yiterbo,  Orvieto,  and  Civita  Vecchia,  and  even  there  it  is 
in  efSsct  only  maintained  by  ihe  presence  of  Fkenoh  troops. 

Ckmsidered  as  pontiff  and  primate  of  the  Roman  CatiioBo  churdi, 
the  pope  has  a  veiy  extensive  spiritual  authority  over  the  members, 
both  clerical  and  lay,  of  that  commuaioo.  The  limite  of  this  authority 
are  however  variously  defined  even  by  Roman  CSatholic  theologians. 
We  cannot  do  better  than  quote  on  this  subject  the  definition  given  in 
a  work  of  ooosiderable  refnxte  and  written  with  grtoat  discrimination, 
which  is  entitled  '  Biblioth^qtie  Sacrde,  ou  Diotionnaire  Universel, 
Historique,  Dogmatique,  Canoniqne,  GMqgraphique,  et  ChK>nologique 
dee  Sciences  KcdAaaafciquea,  par  les  RSv^rends  P^gres  Richard  et 
GiAud,  Doroinioains;  r^imprimtf  sveo  additions  et  corrections  par  une 
&oai6U  d'EodeeiaBtiqUM,'  20  vds.  8vo,  Paris,  1822.  Under  the  head 
'  Pape,'  section  iii., '  Be  la  Puissance  et  Autiiorit^  du  Pi^/  we  read  as 
follows,: — ^1.  "  All  Catholics  acknowledge  that  the  pope  holds  by  divine 
right  a  primacy  of  honour,  of  precedence,  and  of  authority  and  canonical 
jurisdicticn  in  the  iAoIb  ehuroh,  because  he  is  the  sucoesaor  of  St. 
Peter,  to  whom  Jesus  Christ  granted  those  privileges.  (Matthew  z. 
2,  and  zvL  17-19.)  But  is  the  pope  infallible  in  his  decisions  eon- 
cenlng  law  or  discipline  I  Is  he  above  the  general  council  ?  Has  he 
any  power,  direct  or  indireet,  over  sovereigns  and  kingdoms  ?  Divines 
are  rery  much  divided  in  opinion  upon  these  qtssntions." 

2.  "  We  may  consider  tne  pope  either  as  a  private  and  individual 
doctor  of  the  law,  or  aa  the  sovenign  pontiff  spming '  ex  cathedri'  in 
his  quality  of  head  of  the  imiversaldrardi,  to  whioh  church  he  proposes 
something  to  be  believed  as  aa  artide  of  divine  Mth,  under  pain  of 
heresy,  and  this  he  does  after  having  prayed,  having  consulted  the 
sacred  college  of  cardinals,  and  eaxpioyed  the  other  customary  means  in 
order  to  ascertain,  the  truth.    Now  ue  French  theologians  in  ganeral, 


agreeably  to  the  fourth  proposition  of  the  Gallican  church,  maintain, 
that  even  in  this  case,  when  he  speaks  '  ex  cathedrft,'  the  pope  is  not 
in&Uible,  and  that  Jus  decxsionfl  become  infallible  only  after  they  have 
been  accepted  by  the  church,  eitiier  in  council  assembled  or  dispersed 
in  its  various  congregations  throughout  the  world.  The  ftidian 
divines  on  the  contrary,  commonly  assert  that  the  pope  is  inftdlible 
when  he  qteaks  '  ex  cathedrft,'  independently  of  the  consent  of  the 
churdi.  They  ground  their  assertion  on  the  passage  in  St.  S^tthew, 
*  Tu  es  Petrus,'  fto.  *How,'  say  they,  *caa  the  church  be  in&Uible,  if 
the  foundation  upon  which  it  is  built  be  not  infallible  ?  Does  the  church 
reet  upon  Peter,  or  Peter  upon  tiie  church  t '  To  this  their  opponents 
reply-^l,  that  the  rock  upon  which  the  church  is  built  means  faith, 
and  not  the  person  of  Peter;  2,  that  the  promise  of  infallibility  was 
made  to  the  vriiole  church,  and  not  to  Peter  individually;  8,  that  bU 
the  passages  which  are  quoted  from  the  Scriptures  or  the  hAhen  in 
favour  of  the  infallibility  of  the  pope  apply  not  to  the  individual  who 
is  seated  on  the  chair  of  St.  Peter,  but  to  the  chair  itself,  to  the  see  of 
Rome,  the  Roman  church,  the  whole  succession  of  the  Roman  pontiA, 
the  universal  church  in  short."  The  writer  of  the  '  Biblioth^ue 
Sacr^e'  windli  up  these  conflicting  statements  by  saying,  ^This 
question  is  not  one  of  faith."  To  this  remark  however  some  wiU 
object,  that  the  question  is  considered  as  one  of  faith  at  Rome,  fat  as 
the  Roman  (or,  as  the  French  call  tliem,  the  ultramontane)  canonists 
assert  the  infallibility  of  the  pope  by  divine  ri^t,  it  follows  that  they 
oonsider  the  belief  in  that  infaUibility,  and  in  all  the  decisiouB  ema- 
nating from  it,  as  matters  of  fidth ;  and  as  long  as  this  controversy 
remains  unsettled,  a  door  is  always  open  to  schism,  as  it  happened  in 
the  council  of  Basel,  and  the  alleged  unity  of  the  Roman  OathoUc 
church  is  only  nominal  and  precarious. 

8.  "  The  aame  theologians  who  assert  the  infallibility  of  the  pope, 
assert  also  his  superiority  above  the  general  councils,  and  that  he  luus 
the  right  of  dissolving  them,  transferring  them  to  a  difibrent  place,  of 
approving  or  condemning,  reforming  or  abrogating  their  decisions. 
Those  divines,  on  the  contrary,  who  maintain  that  the  pope  is  not 
infallible,  maintain  also  that  he  U  subject  to  the  general  coundls  both 
as  to  faitix  and  discipline.  This  is  the  opinion  of  the  French  deigr, 
embodied  in  the  second  of  the  four  propoidtions  of  the  Qallican  diuida, 
promulgated  in  1682,  whieh  '  approves  the  decision  of  the  coundl  of 
Constance,  declaring  the  councils  general  to  be  superior  to  the  pope  in 
spiriteal  matten.'  The  assertors  of  this  proposition  say  ^lat  '  the 
pope  is  the  head  of  the  faithful  neariy  in  the  same  manner  as  the 
general  of  a  monastic  order  is  the  head  of  all  the  members  of  that 
order,  to  whom  however  he  is  subject  when  th^  are  assembled  hi  a 
general  chapter.'  It  may  be  observed  here,  that  besides  the  council  of 
Constance,  which  dedded  this  queetion  of  the  superiority  of  the 
general  councils  over  the  pope,  there  is  the  council  of  Basel,  which 
asserted  th,e  same  principle,  and  that  the  council  of  Basel  is  reiekoned 
by  the  French  theologians  among  the  legitimate  councils  of  the  diurch, 
but  is  not  so  reckoned  by  the  canonists  of  Rome." 

4.  "  There  are  some  writers  who  pretend  that  the  pope  has  by  divine 
right  a  direct  power,  both  spiritual  and  temporal,  over  tne  whole  wortd. 
cShsn  maintftin  that  he  has  at  least  an  indirect  power  in  temporal 
matters,  insemuch  as  he  can  dispose  of  kingdoms  and  crowns,  and 
transfer  them  from  one  prince  to  another  whenever  that  is  required  for 
the  wdftov  of  souls.  Lastly,  other  divines  are  of  opinion  that  neither 
the  pope  nor  the  church  has  any  power,  direct  or  indirect,  in  the 
tempox«l  matters  of  kingdoms  and  states,  that  they  cannot  in  any  case 
depose  kings,  nor  release  thdr  subjects  from  their  oath  of  allegiance. 
In  support  ii  their  aigument,  these  divines  show  that  Jesus  Christ 
made  open  profession  of  poverty,  that  he  solemnly  declared  that  his 
kingdom  was  not  of  this  vrorld,  and  they  allege  other  passages  as 
equally  decisive;  and  they  say  that  the  Saviour  bequeathed  to  the 
churoh  a  purely  sfriritual  authority,  to  be  exercised  in  preaching, 
baptising,  instructing,  and  loosening  or  binding  sinners.  The  early 
faUiers  have  said  that  the  church  has  only  the  spiritual  sword  to  keep 
its  ohUdrsn  within  the  path  of  du^.  The  most  celebrated  imiversitiee 
of  Qermany,  Frimce,  and  Spain  have  confirmed  this  opinion,  which  is 
that  of  the  Gallican  diurdi  and  of  Bossuet  himself.  The  contnuy 
opinion,  namdy,  that  the  popes  have  a  temporal  jtniadiction  over 
longs  and  prindpalities,  is  not  of  older  date  than  the  time  of 
Gi^goryVn.'* 

Sudi  are  the  statements  of  orthodox  Roman  Catholics  in  a  wwk 
which  condemns  all  heretics  and  Jansenism  :  for  the  Jansenists  assert 
that  the  pope  has  no  authority  over  the  bishops,  but  only  i^  superiority 
of  rank ;  that  all  the  bishops  are  vicars  of  Christ,  and  that  the  pope  is 
the  first  among  them,  and  that  his  jurisdiction  is  not  to  confer  epis* 
copacy,  but  only  to  watch  over  the  conduct  of  the  other  bishops,  ftc 
These  opinions  of  the  Jansenists  are  found,  among  other  works,  in  the 
'Acts  of  the  ^od  of  Pistoia  hdd  by  D6  Riod'  ('Atti  e  Decrati  del 
Condlio  Diocesano  di  Pistoia  dell'  anno  1786 '),  which  were  condemned 
by  Pope  Pius  VL  As  for  the  Protestant  and  Reformed  churches,  they 
do  not  admowledge  any  authority  or  jurisdiction  in  the  pope,  except 
over  his  own  diocese  as  bishop  of  Rome,  or  at  most  over  the  other 
dioceses  of  the  province  of  Rome  as  metropolitan.  The  Qredt, 
Armenian,  Jacobite,  and  Kestorian  churches  likewise  disclaim  his 
authority.  Several  Roman  Catholic  writers  have  endeavoured  to  trace 
the  growth  of  the  supremacy  of  the  Roman  see  over  the  churches  of 
the  West,  whidi  supremacy  they  sMeit  was,  once  Umited  to  the  pto< 
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vinoes  which  constituted,  under  the  Chxiatian  emperors,  successors  of 
Gonstantine,  the  vicariate  of  Rome,  namely,  Etruria,  the  >Iarch  of 
Ancona,  Valeria,  Apulia,  Calabria,  Lucania,  the  Abruaszi,  Sicily,  Sar- 
dinia, and  Corsica.  These  provinces  were  under  the  lay  jurisdiction  of 
an  imperial  vicar.  The  rest  of  Italy,  with  Rhaetia,  constituted  the 
vicariate  of  Italy,  of  which  Milan  was  the  capitals  Both  vicariates 
were  subject  to  the  prefect  of  Italy,  who  had  also  under  his  authority 
the  provinces  of  Africa  and  lUyria.  The  provinces  which  formed  part 
of  the  vicariate  of  Rome  were  called  "  suburbicarise,"  and  their  dio- 
cesans acknowledged  the  bishop  of  Rome  as  their  metropolitan.  Such 
is  Uie  opinion  of  Father  Sirmond,  and  of  Du  Pin,  in  his  '  De  antiqu& 
EcclesisB  Disciplinft,'  and  of  Giannone,  in  his '  Storia  civile  del  Regno 
di  Napoli.'  They  contend  that  until  the  reign  of  Valentinian  III.  the 
metropolitan  authority  of  the  bishop  of  Rome  did  not  extend  beyond 
the  suburbicarian  provinces.  AUatius,  Baronius,  Maimboui^g,  and 
others,  on  the  contrary,  contend  that  the  bishop  of  Rome  was  by  right 
the  metropolitan  of  the  whole  West,  if  not  of  the  whole  Roman  empire. 
Qregory  I.  (the  Great),  however,  disclaimed  the  title  of  (Ecumenic 
or  universal  bishop,  and  in  token  of  himiility  assumed  that  of  "  Servus 
Servorum  Domini,^'  the  "  Servant  of  the  Servants  of  the  Lord,"  which 
his  successors  have  continued  to  place  at  the  head  of  their  briefs  and 
decretals. 

I  In  his  quality  of  bishop  of  Rome,  the  pope  delegates  his  authority 
as  ordinary  to  a  prelate  called  Vice-G(erente,  who  is  generally  a  bishop 
inpartibut.  In  his  quaUty  of  metropolitan  of  the  province  of  Rome, 
he  has  imder  him  the  bishops  called  Suburbicarii  of  Ostia  and  Velletri, 
of  Porto  and  Santa  Rufina,  of  Sabina,  of  Frascati,  of  Albano,  and  of 
Palestrina.  As  primate  of  the  Roman  Catholic  church,  he  has  under 
him  all  the  cardinals,  archbishops,  and  bishops  of  the  Roman  Catholic 
states ;  those  placed  in  states  professing  Reformed  doctrines,  and  those 
inpcaiibus,  or  having  episcopal  titles  with  a  nominal  see.  The  total 
nmnber  of  people  who  profess  the  Roman  Catholic  religion  in  Europe 
is  roughly  calculated  at  about  112  millions,  or  about  two-fifths  of  the 
population  of  Europe.  The  countries  of  which  the  established  religion 
is  Roman  Catholic  are — 1,  Italy;  2,  Spain;  8,  Portugal;  4,  France; 
B,  Belgium;  6,  Bavaria.  In  South  America,  the  states  formed  by 
Spaniob  and  Portuguese  settlers  are  also  exclusively  Roman  Catholic. 
Roman  Catholic  congregations  are  scattered  about  various  countries 
of  Asia,  but  in  small  numbers. 

I  For  the  manner  in  which  the  pope  carries  on  the  spiritual  govern- 
ment of  this  extensive  flock,  see  Catholic  Church  and  Concordat. 
The  form  of  election  of  the  pope  is  given  under  Conclave.  For  the 
history  of  the  most  distinguished  popes,  see  their  respective  names  in 
the  BiOG.  Div.  The  reader  may  refer  also  to  the  '  Vits  et  Res  GestsD 
Pontificum  Romanorum  ab  Initio  nascentis  Ecclesiss  usque  ad  Urbanum 
YII./  by  Ciaconio,  Cabrera,  and  Vittorello,  foU  Rome,  1630.  A  lipt  of 
the  succession  of  the  popes  will  be  foimd  in  Petau's  'Rationarium 
Temporum.' 

POPLAR,  ECONOMICAL  USES.  There  are  several  varieties  of 
poplar  tree,  which  render  useful  service  in  the  arts.  The  timber  of 
the  tokite  poplar  is  very  light  coloiu*ed,  and  is  used  in  France  and 
Germany  for  a  variety  of  minor  purposes.  It  makes  excellent  packing 
cases,  because  nails  may  be  driven  into  it  without  causing  it  to  split. 
It  is  used  extensively  by  turners  and  cabinet-makers.  The  boards  and 
rollers  around  which  pieces  of  silk  are  wrapped  in  merchants'  warehouses 
and  in  shops  are  maide  of  this  wood,  which  is  adopted  on  account  of 
its  lightness  lessening  the  expense  of  freight.  It  is  much  used  for 
flooring-boards,  for  large  folding-doors  for  beuns,  and  for  other  building 
purposes.  It  is  used  as  a  substitute  for  lime-tree  in  musicsd  instru- 
ments. Wooden  dishes  and  casks  are  occasionally  made  of  it.  The 
timber  of  the  blctck  poplar  is  used  for  much  the  same  purposes  as  the 
white.  It  is  yellow,  soft,  and  easy  to  work;  and  is  preferred  by 
cabinet-makers  for  many  purposes.  It  is  used  for  dogs,  the  soles  of 
wooden  shoes,  bowls  and  other  turner's  ware,  and  in  cart-building. 
The  Lcmhardy  poplar  produces  wood  less  serviceable  than  that  from 
the  other  varieties ;  but  rafters,  small  beams,  boards,  &o.,  made  of  this 
wood  and  afterwards  coated  with  tar,  are  f oimd  to  be  durable.  The 
wood  of  the  Trembling  poplar  or  Asptn  is  white  and  tender ;  and  is 
employed  by  turners ;  by  coopers  for  herring  casks,  milk  paUs,  Ac. ; 
by  sculptors  and  engravers ;  by  joiners  and  cabinet-makers ;  and  by  the 
makers  of  clogs,  wooden  shoes,  butchers'  trays,  pack  saddles,  and  a 
number  of  other  articles. 

As  fuel,  poplar  wood  is  of  inferior  heating  power ;  but  it  gives  out 
its  heat  very  quickly ;  the  ovens  belonging  to  most  of  the  Paris  bakers 
are  heated  by  this  wckkI.  The  bark  of  the  black  poplar  is  employed  in 
tanning  leather ;  when  j^verised  it  is  eaten  by  sheep ;  and  being  very 
thick,  light,  and  corky,  it  is  used  by  fishermen  to  support  their  nets, 
and  even  as  corks  for  bottles.  The  bark  of  the  aspen  forms  the 
principal  food  of  the  beaver ;  it  is  also  usefuUy  employed  in  medicine. 

In  Sweden  the  leaves  of  the  white  poplar  are  eaten  by  cattle.  The 
buds  of  the  black  poplar,  macerated  in  boiling  water,  and  afto-wards 
bruised  in  a  mortar  and  pressed,  yield  a  fat  substance  which  bums  like 
wax  and  exhales  a  fine  odour.  The  balsamic  se^  with  which  the  buds 
are  covered  forms  the  basis  of  an  ointment  that  was  much  prieed  in 
former  times.  The  yoimg  shoots  may  be  used  in  basket-making ;  and 
the  shoots  with  the  leaves  on- are  sometimes  used  as  brooms.  The 
cottony  substance  or  flock  that  surrounds  the  seed  has  been  used  izl 
Germany  and  France  as  wadding;  and  it  has  also  been  occasionally 


manufactured  into  cloths,  hats,  and  paper.  The  Balaam  poplar  yields 
a  balsam  £tom  the  buds ;  it  is  collected  from  the  trees  in  spring,  at 
which  season  it  collects  into  drops  on  the  points  of  the  bods.  In 
Siberia  a  medicated  wine  is  prepared  from  the  buds. 

POPLIN.  Among  the  varieties  of  woven  goods  in  which  silk  and 
worsted  or  silk  and  woollen  are  used  in  combination,  poplin  la  one  of 
the  best  and  most  estSbmed.  Tabinet  is  one  form  of  this  material ; 
and  Ireland  has  been  distinguished  for  the  excellence  of  its  poplina 
and  tabinets.  The  demand  is  now  small,  as  other  kinds  of  textile 
fabric  have  lately  been  more  in  favour ;  but  the  rich  Irish  poplins  and 
tabinets,  though  employing  only  a  small  number  of  persomi  in  tkdr 
manufacture,  maintain  their  high  character. 

POPULATION    [Censub.] 

POPULIN,  Bemoa-taUcin  (C„H„(Ci,H,0,)0„4-4  aq.)  a  peculiar 
product  obtained  from  the  berk  and  leaves  of  the  poplar  {Pqpulm  trt- 
mvla).  After  extracting  salicin  from  them,  this  remains  in  the  mother 
water  :  carbonate  of  potash  being  added  to  it,  a  white  predpttate  ia 
obtained,  which  is  to  be  dissolved  in  boiling  water.  On  cooling  it 
crystallises  in  needleform  crystals,  which  have  an  acrid  and  also  a 
sweet  taste,  resembling  that  of  liquorice.  It  dissolves  in  70  parts  of 
boiling  water  and  in  2000  of  cold  water.  Its  solution  in  adds  is  pie- 
dpitated  by  water.  To  sulphuric  acid  it  imparts  a  red  oolonr.  The 
crystals  contain  5*48  per  cent,  of  water  of  crystallisatton. 

PORCELAIN.    [Pottery.] 

PORCH  (from  the  Latin  portieiw),  a  general  term  for  any  projectioii 
forming  a  covered  space  immediately  bd^ore  the  entrance  to  a  bnildingj 
open  in  front,  and  more  or  less  enclosed  at  its  sides.  The  distinctian 
between  a  porch  and  a  portico  is,  that,  however  important  it  may  be  as 
a  feature,  die  porch  appears  only  a  subordinate  part  of  ths  building  to 
which  it  is  attached ;  Hvhereas  the  portico  [Portico]  maj  be  the  whole 
of  a  front :  therefore,  though  the  term  porch  is  usually  employed  only 
in  speaking  of  the  Romanesque  and  Gothic  styles,  it  would  be  more 
correcJt  and  convenient  to  apply  it,  without  re^ud  to  style,  to  what 
bears  the  character  of  a  porch.  By  attending  to  such  distmction, 
misconception  would  sometimes  be  prevented :  for  instaoce,  if  tiie 
Athenasum  Club-house,  London,  were  described  as  having  a  Doric 
portico,  any  one  unacquainted  with  the  'design  would  imagine  that  the 
order  was  carried  up  as  high  as  the  general  entablature  of  the  building ; 
whereas  by  terming  it  a  Doric  porch,  such  misconception  would  be 
avoided. 

As  far  as  we  are  aware,  the  only  instance  of  a  porch  in  Greek  archi- 
tecture is  that  in  the  octagonal  structure  called  the  Tower  of  the 
Winds,  or  that  of  Andronicus  Cyrrhestes,  which  has  a  small  prosfyle 
portal  on  two  of  its  fiices,  north-east  and  north-west,  each  oonsustang  of 
a  simple  distyle,  or  two  columns  and  their  entablature,  surmounted  by 
a  pediment ;  and  which  therefore  may  be  regarded  as  the  prototype  oif 
those  ornamental  compositions  for  doors  and  windowsi,  so  greatly 
aSected  in  Italian  architecture,  which  present  a  nUeroslyle  appUcation 
of  the  orders,  that  is,  small  columns  adapted  not  to  the  entire  structure, 
but  to  subordinate  parts  of  it. 

When  portico  fronts  were  laid  aside,  as  partaking  too  much  of  the 
previous  Pa^;an  temple ;  when  columns  b^n  to  be  not  only  attached 
to  the  buildmg,  but  employed  as  microstyle  decorations  to  its  different 
external  stages  or  stories,  often  very  irregularly,  and  generally  coa- 
nected  together  by  arches ;  in  short,  when  the  Roman  style  was  trans- 
formed into  and  superseded  by  the  Byzantine  and  the  Romanesque 
styles,  porches  b^gan  to  be  important  features,  subordinate  indeed  in 
size  to  the  structures  to  which  they  were  attached,  bat  principal  in 
regard  to  embellishment,  being  frequently  composed  of  groups  of  small 
columns,  elaborately  wrought,  and  some  of  them  often  placed  on  the 
backs  of  lions  or  other  animals,  and  supporting  a  series  of  concentric 
arches  or  archivolt  mouldings  equally  enriched.  Here  microstyle 
embellishment  may  be  said  to  have  been  carried  to  such  a  height  as  to 
be  ultimatelv  lost  sight  of :  the  columns  became  at  length  mere  sub- 
sidiary members,  and  a  combination  of  vertical  mouldings  or  shafts  cut 
out  of  the  receding  angles  constituted  the  general  splay  of  the  whole 
portal,  which  was  thus  extended  in  appearance  ad  libitum,  without 
regard  to  the  size  of  the  actual  doorway  or  aperture  itself, «  very  im- 
portant advantage  as  regards  design. 

In  the  NoTman-Gk)ihic  style,  the  porches  or  portala  aane  little  more 
than  a  modification  of  Uie  sim^  features  in  Romanesque  architecture. 
Of  pordies  however  strictly  so  called,  that  is,  portals  projectang  out 
from  the  edifice,  so  as  to  form  a  sheltered  external  vestibule,  we  have 
comparatively  few  Norman  instances,  and  those  do  not  occur  in  the 
prindpal  front,  but  at  the  sides  of  buildings.  The  same  also  ia  the 
case  in  Pointed  Gothic  architecture,  where,  though  we  often  meet 
with  spadous  and  magnificent  pcnrtals,  espedally  in  continental 
examples,  we  do  not  find  advanced  porches  brought  out  beyond  the 
genexBl  plan  of  the  building  in  front;  the  porch  being  there  almost 
invariably  endosed  within  the  lower  part  of  the  structure,  even  where 
it  may  be  said  to  project  with  respect  to  that  part  of  the  frv>nt  which 
is  seen  above  it,  but  on  a  diffarent  plane,  as  for  instance  in  the  front  of 
Westminster  Hall,  Winchester  Cathedral,  &c.,  although  in  those  cases 
the  entrances  are  placed  rather  within  deep  recesses  than  ponshes.  lo 
ohuroh  architecture,  entrances  of  the  last-mentioned  kind  hardly  ever 
occur  at  the  west  end  or  front,  but  were  frequently  made  vexy  con- 
spicuous features  in  the  side  elevations,  of  which  we  have  swing 
instances  in  the  beautiful  north   porches  at  Salisbury   and  Wella 
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catliedralB,  both  of  which  adyanoe  out  very  coDBiderably.  Some  of  the 
|K>roheB  in  our  larger  parish  churches  have  a  room  above.  [Paryisb.] 
Wooden  porches  are  common  in  the  smaller  churches  of  -every  period 
of  English  pointed  Gothic  architectiue. 

In  our  ancient  domestic  architecture  the  porch,  where  it  occurs  at 
all,  forms  a  marked,  though  not  always  a  central  feature,  in  the 
principal  front.  When  it  projects  from  the  main  structure,  it  is 
usually  carried  up  so  as  to  have  a  room,  or  else  what  forms  a  bay  in  a 
.room,  over  it;  and  it  is  not  unfrequently  carried  up  higher  than  the 
rest,  so  as  to  form  a  kind  of  tower;  or  else  the  porch  is  recessed 
within  the  building,  and  presents  externally  merely  an  open  arch.  In 
many  EUcabethan  buildings,  the  porch,  though  f  onning  a  narrow  com- 
partment of  the  whole  front,  is  profusely  ornamented,  even  where  the 
xiest  is  quite  plain.  Kirby,  in  Northamptonshire,  the  seat  of  Lord- 
Chancellor  Hatton,  offers  a  most  elaborate,  not  to  say  extravagant, 
example  of  the  kind. 

PORISH  (vdpur/M).  An  intermediate  clsaa  of  propositions,  between 
problems  and  theorems,  was,  aa  we  are  informed  by  Pappus,  distin<> 
guished  bv  the  ancient  geometers  imder  the  name  of  porisms.  IJnf or- 
tunately,  however,  the  only  notices  of  them  by  the  ancients  themselves, 
which  are  found  in  their  remaining  works,  occur  in  the  '  CoUectionee 
MathematicsD '  of  Pappus  Alexandrinus,  and  the  commentaries  of 
Proclus  on  the  Elements  of  Euclid,  in  both  places  so  very  imperfectly, 
that  till  of  late  years  mathematicians  were  not  agreed  on  their  exact 
interpretation.  The  description  of  porisms  by  Pappus,  which  he  gives 
in  the  preface  to  the  seventh  book  of  his  above-mentioned  work,  in  an 
account  of  Euclid's  work  on  the  subject,  is,  in  all  the  manuscripts 
which  have  been  examined,  extremely  mutilated,  and  every  attempt  to 
restore  them,  before  the  masterly  hand  of  Robert  Simson  took  up  the 
subject,  had  completely  Mled.  The  first  part  of  the  description, 
which  seems  to  be  entire,  is  calculated  only  to  excite  curiosity,  being 
too  general  for  conveying  any  precise  notion  of  these  propositions,  or 
for  giving  any  efiSsctual  assistance  for  the  recovery  of  them;  and  the 
remainder,  containing  a  detail  of  the  contents  of  Euclid's  work,  is 
through  the  whole  so  corrupt  that  all  endeavours  to  explain  it  were 
nugatory.  Several  celebrated  geometers  indeed  flattered  themselves 
that  they  had  obtained  possession  of  the  secret;  but  even  Dr.  Halley, 
wiih  all  his  acuteness,  relinquished  the  task,  and  adds,  after  giving  the 
original,  "hactenus  porismatum  descriptio  nee  mihi  inteUecta  nee 
lectori  profutura.*'  The  definition  which  Pappus  quotes  from  the 
ancients  is  too  general  to  be  useful,  and  perhaps  implied  more  than 
our  acquaintance  with  the  language  in  wluch  he  wrote  can  enable  us 
to  determine.  He  says  that  a  "theorem  is  something  requiring 
demonstration,  a  problem  in  which  something  is  proposed  to  be  con- 
structed; but  a  porism,  that  which  requires  investigation;"  and 
though  this  definition  certainly  does  correspond  to  the  nature  of  these 
propositions,  yet  it  is  deficient  in  discrimination,  and  of  itself  neither 
conveys  any  precise  notion  of  Euclid's  porisms,  nor  gives  assLstance 
in  the  investigation  of  any  individual  proposition.  Dr.  Simson's 
restored  definition  is  as  follows,  literally  tnmsiated : — "  A  porism  is  a 
proposition  in  which  it  is  proposed  to  demonstrate  that  some  one  thing 
or  more  things  are  given,  to  which,  as  also  to  each  of  innumerable 
other  things  not  given,  but  which  have  the  same  relation  to  those 
which  are  given,  it  is  to  be  shown  that  there  belongs  some  common 
affection  described  in  the  proposition."  The  following  leas  literal 
translation  may  probably  be  oetter  understood : — "  A  ponsm  is  a  pro- 
position in  which  it  is  proposed  to  demonstrate  that  one  or  moretlmigs 
ore  given,  between  which  and  every  one  of  innumerable  other  things 
not  given,  hiU  atgumed  acccrding  to  a  gitfen  law,  a  certain  relation 
described  in  the  proposition  is  to  be  shown  to  take  place."  Dr.  Simson 
illustrates  the  propriety  and  accuracy  of  this  definition  bv  many 
examples,  and  it  is  so  framed  as  to  correspond  with  all  the  intimations 
of  Pappus  respecting  porisms,  and  also  with  the  character  of  the  few 
individual  porisms  of  Euclid  which  Dr.  Simson  had  discovered.  It 
may  therefore  justiy  be  considered  as  expressive  of  the  notions  on  this 
subject  entertained  by  the  ancients,  although  probably,  as  in  the  cases 
of  tiieorem  and  problem,  no  precise  definition  was  given  of  porism.  It 
has  been  objected  to  Simson*s  definition,  that  it  may  be  inferred  from 
it  that  a  porism  partakes  more  of  the  nature  of  a  problem  than  a 
theorem,  and  consequently  is  inconsistent  with  the  "intermediate 
nature  "  mentioned  by  Pappus.  In  his  enunciation  it  is  affirmed  tiiat 
certain  things  may  be  found  which  shall  have  the  relations  or  properties 
therein  described.  Kow  were  it  simply  proposed  to  investigate  certain 
things  which  would  have  the  properties  expressed  in  the  porism,  it 
may  be  regarded  as  a  problem ;  but  if  these  things  are  foimd  by  a  con-' 
struction  described  in  the  enunciation,  the  proposition  becomes  a 
theorem  affirming  the  truth  of  the  properties  asserted;  and  then  a 
demonstration  only  is  required,  without  any  investigation,  in  the 
manner  which  appeara  to  have  been  practised  by  the  later  mathemati- 
cians alluded  to  by  Pappus.  The  enunciation  of  a  porism  as  a  problem 
is  not  consiitent  wiUi  the  usual  character  of  such  propositions. 
Problems  usually,  whatever  difficulty  may  attend  their  solution,  are 
almost  immediately  recognised,  by  those  having  some  knowledge  of 
geometry,  as  either  possible  in  certain  circumstances  of  the  data,  or  as 
altogether  impossible ;  and  it  would  be  tmusual  to  propose  as  a  problem 
*' to  find  things  with  certain  properties,  respecting  the  possibility  of  which 
no  judgment  can  be  formed  without  an  analysis,  or  such  consideration  as 
is  equivalent  to  an  analysis."    For  example,  if  it  had  been  proposed  as  a 
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problem  m  the  time  of  ApoUonius,  to  find  in  a  given  parabola  a  point 
having  the  property  of  the  focus,  that  point  being  then  unknown,  such 
a  proposition  would  not  have  been  considered  as  a  proper  problem,  but 
would  in  reaUty  have  been  a  porism.  To  take  another  example : — 
Proclus,  in  his  commentaries  on  the  Elements,  m/sntions  the  fint  pro- 
position of  the  third  book, "  to  find  the  centre  of  a  circle,"  as  a  porism, 
being  in  some  measiure  between  a  problem  and  a  theorem.  But 
Proclus,  however  distinguished  as  a  philosopher,  was  no  mathematician, 
and  as  a  circle,  from  Euclid's  definition  of  it,  must  have  a  centre,  the 
proposition  to  find  that  centre  seems  to  be  a  proper  problem.  Had  the 
circle  been  defined  from  another  of  its  properties,  as,  for  instance,  from 
its  being  produced  by  the  extremity  of  a  straight  line  moving  at  right 
angles  to  another  straight  line,  given  in  magnitude  and  position,  and  in 
the  same  plane,  so  that  the  sqiuire  of  the  moving  line  be  always  equal 
to  the  rectangle  by  the  segments  into  which  it  divides  the  given  line ; 
then  the  fin(£ng  of  the  centre  would  be  a  proper  porism,  and  might  be 
enunciated  thus  : — "  within  a  given  circle  (defined  in  the  manner  just 
mentioned)  a  point  may  be  found  from  which  all  straight  lines  drawn 
to  the  circumference  will  be  equal" 

Having  thus  placed  before  our  readera  the  most  probable  restoration 
of  the  ancient  meaning  of  the  term  porism,  we  proceed  to  notice  briefly 
what  modem  geometers  have  given  us  on  the  subject,  first  in  im- 
portance stands  the  admirable  paper  on  porisms  by  Professor  Playfsar, 
in  the  first  volume  of  the  '  Transactions  of  tiie  Royal  Society  of 
Edinburgh,'  which  was  read  before  that  body  in  July,  1784.  He  im- 
proves on  Simson's  definition,  and  substitutes  the  following: — "A 
poiism  is  a  poposition  affirming  the  possibility  of  finding  such  con- 
ditions as  will  render  a  certain  problem  indeterminate,  or  capable  of 
innumerable  solutions."  This,  it  must  be  confessed,  is  an  important 
and  elegant  simplification,  and  fully  conveys  every  idea  oontamed  in 
the  more  prolix  definition  of  Simson ;  but  at  the  same  time  we  agree 
with  Dr.  Trail  in  thinking  that  Dr.  Simson's  is  expressed  more  nearly 
in  the  language  and  manner  of  the  ancient  geometen : — "  Thou£^  I 
admire  the  ingenuity  and  fully  admit  the  soundness  of  this  definition, 
and  also  the  utility  of  the  principle  on  which  it  is  founded  in  the 
discovery  of  porisms,  I  must  acknowledge  my  doubt  of  that  particular 
notion  of  a  porism  having  ever  been  adopted,  or  even  proposed,  among 
the  ancient  geometricians."  (Trail's  '  Life  of  Simson,'  pp.  50,  51.)  A 
paper  on  porisms,  containing  some  examples  in  the  higher  geometry, 
by  Lord  Brougham,  was  inserted  in  the  *  Philosophical  Transactions  of 
the  Royal  Society,'  in  1798.  Fryer  has  given  a  popular  history  of  the 
discovery  of  porisms,  in  the  last  edition  of  Simson's  Qeometry.  Lastiy, 
the  most  complete  exposition  of  them  that  has  yet  appeared  may  be 
found  in  the  'Aper^  Historique  sur  I'Origine  et  le  Ddveloppement 
des  M^thodes  en  Q^m^trie,'  4to,  Brus.,  1837,  by  H.  Chasles,  of  the 
French  Institute :  as  well  as  in  his  recentiy  published  work, '  Les  trois 
livres  de  Porismes  d'Euclide,  rdtablies  pour  la  premie  f ois,'  Paris, 
1860,  8vo. 

Porism  was  also  used  by  the  Greek  geometera  to  denote  a  oorollaxr 
to  a  proposition,  and  the  frequent  use  of  the  word  in  this  sense,  as  well 
as  in  the  other,  by  Pappus  and  Proclus,  has  occasioned  much  con- 
fusion. Proclus  says  that  "  oorollaiy  is  one  of  the  geometrical  appel- 
lations, but  it  has  a  twofold  signification,"  and  he  proceeds  to  describe, 
in  a  very  obscure  manner,  the  difference  between  the  two  meanings  of 
the  term. 

(See  Produs  in  JBucUdem,  edit  Hervagii,  fol.  Basil.,  1538,  fol  18. 
We  refer  the  reader  also  to  Heniy  Savue's  PraUcHones  in  EticUdem, 
4to,  Oxon,  1621,  p.  18 ;  and  Trail's  Idfe  o/  Simwn^  p.  92.) 

POROSITY  is  that  condition  of  material  bodies  which  consists  in 
the  discontinuity  of  their  molecules,  the  intervals  between  these  being 
called  pores  (from  ir6pos,  a  passage).  Porosity  is  a  property  common 
to  all  bodies  in  nature,  at  least  we  know  none  in  which  the  particles 
are  contiguous  to  one  another.  By  pores  however  we  do  not  mean  tho 
caviUet  as  in  sponge  and  cork,  whidi.are  visible  to  the  eye,  and  scarcely 
those  of  other  Ixxues  which  may  be  rendered  so  by  the  aid  of  a  micro- 
scope. In  bodies  whose  pores  are  not  manifest,  the  existence  of  the 
intervals  between  the  molecules  is  proved  by  various  circumstances. 
Thus  many  of  the  metals  become  more  compact  by  hammering,  and 
all  of  them  contract  in  bulk  by  a  reduction  of  temperature.  We  may 
also  refer  to  the  Florentine  experiment,  for  determining  whether  or 
not  water  is  compressible, — ^the  fluid  was  by  pressure  forced  through 
the  pores  of  the  vessel  of  gold  in  which  it  was  contained.  Again,  the 
porosity  of  bodies  is  inferred  from  their  elasticity  and  the  sounds 
which  are  heard  when  the  molecules  are  in  a  state  of  vibration  :  also, 
in  transparent  bodies  it  is  inferred  from  the  fact  that  the  particles  of 
light  pass  through  them,  or  that  the  vibrations  of  an  ssUierial  fluid 
take  place  among  the  molecules. 

When  salt  [ia  dissolved  in  water,  the  particles  of  the  salt  seem  to 
introduce  themselves  between  those  of  the  water,  so  that  the  volume 
of  the  mixture  is  less  than  the  sum  of  the  volumes  of  the  separate 
substances ;  and  the  like  may  be  said  of  the  mixture  of  alcqhol  with 
water ;  in  which  cases  the  particles  of  one  of  the  kinds  of  substance 
appear  to  enter  and  occupy  the  spaces  between  the  partidea  of  the 
other.  The  intervals  between  the  particles  of  gaseous  substances  are 
very  great ;  and  though,  in  some  cases,  the  volume  of  a  mixture  is 
equal  to  the  sum  of  the  volumes  of  the  separate  gases,  yet,  in  othen, 
it  is  equal  to  not  more  than  4f  it  i>  or  |  of  the  sum  of  the  separate 
volumes.    A  body  of  aquQous  vapour  composed  of  a  volume  repro- 
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seated  by  2v  of  hydrogen  gaa^  and  a  volume  v  of  oxygen  gas,  is  equal 
in  volume  to  2v  only. 

All  material  subBtances  being  subject  to  attractive  forces,  it  has  been 
made  a  question  whether  the  attractions  which  take  place  between  the 
molecules  of  bodies,  and  which  are  insensible  at  all  appreciable 
distances  from  them,  are  the  same  as  that  general  attraction  which 
extends  indefinitely  through  space ;  modified,  however,  by  the  figures 
and  mutual  distances  of  the  molecules,  by  heat,  electricity,  and  perhaps 
by  powers  which  are  at  present  unknown  to  us ;  but,  in  order  mat  this 
hypothesis  mav  be  admissible,  the  dimensions  of  the  molecules  of 
bodies  should  be  extremely  small  compared  with  those  of  the  spaces 
among  them ;  and  the  densities  of  the  molectdes  immensely  greater 
than  the  densities  of  the  bodies  themselves.  La  Place  estimatieB 
('  Syst^me  du  Monde,'  ch.  xviii  4th  edit.)  that  a  molecule  of  a  spherical 
form,  whose  diameter  is  one  millionth  part  of  a  mHre,  ought  to  have  a 
density  more  than  six  million  times  as  great  as  the  mean  density  of 
the  earth  in  order  that  it  might  exercise  an  attraction  equal  to  that  of 
terrestrial  gravity ;  and  he  observes,  that  the  attractive  forces  exercised 
by  the  molecules  of  bodies,  which  are  probably  only  the  excesses  of 
the  entire  attractions  of  the  molecules  over  ihe  repulsive  forces  of  the 
caloric  in  the  intervals,  must  be  vastly  greater  than  that  of  gravity, 
since  the  actions  of  the  molecules  of  a  body  produce  visible  inflexions 
of  the  rays  of  light,  which  cannot  be  asserted  concerning  the  attraction 
of  gravity.    [Atteaotion.] 

•  PORPHYRIC  ACID.   J[Euxa»thio  Acid.] 

:    PORPHYROXIKE.    [Opium,  Alkaloids  of.] 

PORRIGO,  MinffVDorm,  ia  a  pustular  and  contagious  disease  of  the 
scalp,  or,  in  some  rare  cases,  of  other  parts  where  there  is  much  hair. 
H.  Biett  describes  two  varieties  of  it  under  the  names  of  P,  favosa  and 
P.  9cutulata.  Dr.  Willan  described  many  more  varieties,  but  he 
.  included  in  this  name  other  widely  different  diseases. 

Pairigo  favota  consists  of  an  eruption  of  smaU  flat  yellow  pustules, 
with  depressions  at  their  centres,  distinct  or  clustered,  and  which 
soon  concrete  into  bright  yellow  honey-coloured  scabs,  on  the  surface 
of  which  the  depressions  of  the  centres  of  each  pustule  are  usually  still 
visible.  After  some  time  the  scabs  become  thick  and  white;  and 
drving,  split  and  break  off.  Sometimes,  however,  they  remain  long 
adherent,  the  skin  beneath  them  ulcerating,  and  the  discharge  oozing 
through  them.  The  hair  of  the  parts  affected  is  always  much 
loosened,  and  often  falls  off  spontaneously ;  and,  when  it  grows  again, 
is  weaker  and  lighter  in  colour  than  before. 

Porrigo  f!avx)8a  appears  rarely  in  any  part  except  the  scalp.  Jt 
affects  persons  of  all  ages;  but  especially  children  from  six  to  ten 
years  old,  and  those  who  are  naturally  unhealthy,  or  ill-fed  and  dirty. 
jIt  is  distinctly  communicable  by  contagion,  and  by  this  means  may 
affect  alike  the  weak  and  the  robust. 

i  It  is  one  of  the  most  obstinate  diseases  of  the  skin,  and  often  lasts 
for  months  or  years.  The  first  measure  for  its  cure  is  to  cleanse  the 
head  completely  with  poultices  or  soap  and  water,  and  to  have  the 
hair  cut  very  dose.  The  dead  hair  and  scabs  must  then  be  cleaned 
off  as  fast  as  they  form.  The  medicines  ^lat  promise  the  speediest 
suooess  are  lotions  with  Bulphuret  of  potash  or  slightly  acidulated,  or 

•  with  alkalies  or  their  carbonates,  such  as  in  t^e  following  forms : — ^ten 
grains  of  potassa  fusa  in  an  oimce  of  water,  to  be  applied  occasionally ; 
one  or  two  drachms  of  subcarbonate  of  potash  in  a  pint  of  water,  to 
be  constantly  appUed  on  linen ;  or  from  one  to  three  drachms  of  sul- 
phuret  of  potash  to  a  pint  of  water;  or  from  ten  to  twenty  drops  of 
,any  of  the  mineral  adds  to  a  pint  of  water,  also  to  be  constantly 
{applied.  Lotions  also  of  sulphate  of  copper,  nitrate  of  diver,  and  of 
nearly  all  the  stimulant  and  astringent  salts,  have  been  employed,  and 
sometnnes  with  suooess ;  and  in  most  cases  of  the  disease,  all  these 
will  have  to  be  tried  in  turn,  till  one,  being  found  beneficial,  is  con- 
tinued till  the  cure  is  completed,  or  till  it  has  ceased  to  do  good,  when 
it  must  be  changed  for  another.  Internal  medicines  must  be  employed 
if  there  be  any  symptoms  indicating  their  neoesdty;  but  generally  they 
are  useless. 

Pc/irigo  setUuiata,  which  is  more  oommonly  teimed  rvnffiocrm  than 
the  preceding,  appears  in  the  form  of  circular  red  patches,  with 
numerous  minute  yellow  pustules  with  depressed  centres,  out  of  which 
a  hair  usually  projects,  anid  which  are  attended  by  great  itching.  The 
fluid  contained  in  the  pustules  dries  up  soon  niter  tiiey  are  formed, 
and,  by  coalescing,  they  produce  a  scab  over  the  whole  diseased  sur&ce. 
Subsequently  sucoesdve  crops  of  new  pustules  form  around  the 
niargin  of  the  scab,  which  is  increased  by  their  dxying,  and  thus  the 
disease  may  spread  over  the  greater  part  of  the  scalp  by  the  meeting 
and  coalescing  of  the  patches,  which  were  at  first  isolated.  The  hair 
usually  falls  off  from  the  part  affected,  or  is  so  loosened  that  it  may  be 
pulled  out  without  pain. 

^This  form  of  porrigo  sometimes  appears  spontaneoudy  in  poor  and 
dirty  children,  but  it  is  usually  produced  by  contagion.  The  suggestions 
for  its  treatment  must  be  the  same  as  for  Porriffo  favosa. 

PORT  (Wine).    [WniB.] 

PORTCULLIS,  m  fortification,  ia  a  barrier  formed  of  several  large 
pieoes  of  wood,  joined  across  one  another  like  a  harrow,  and  eadi 
pointed  with  iron  at  the  bottom.  A  portcullis  was  generally  himg 
over  the  gatewavs  of  old  fortified  towns,  ready  to  let  down  in  case 
of  a  surprise,  when  the  gates  could  not  be  shut.  (James's  *  Military 
Dictionaiy,')    The  French,  at  a  very  early  period,  called  it  "porte- 


coulant,"  that  is,  sliding  gate,  which  is  the  true  etymology  of  tbe 
woid.  "  Coulisse  '*  is  likewise  used  by  the  French  writers  for  tb 
portculUs,  whence  our  term  is  immediately  derived. 

PORTER.    [Brewing.] 

PORTFIRE!  is  a  compodtion  consisting  of  saltpetre,  sulphur,  cd 
mealed  gui^powder,  mixed  together  by  being  rubbed  between  tb? 
hands,  and,  after  bdng  passed  through  hair-deves,  moistened  vi^i 
spirits  of  wine :  the  mixture  is  then  rammed  or  driven  into  a  psp^ 
case  of  a  cylindrical  or  conicd  form,  and  less  than  an  indi  in  diam^. 
A  piece  of  portfire  sixteen  inches  long  tvill  bum  from  twelve  t: 
fifteen  minutes. 

It  is  generally  used  as  a  match  for  firing  artilleiy,  in  which  cat 
the  saltpetre,  sulphur,  and  powder  are  in  the  proportion  of  6,  %  s£ 
1,  respectively;  but  it  is  frequently  employed  in  firing  mineBora 
blasting  rocks,  when  the  proportions  of  the  like  ingrolientg  are  u 
7,  2,  and  8,  respectively.  For  these  last  purposes  the  portfire  i^ 
attached  at  the  extremity  of  the  trdn,  or  is  inserted  in  the  slt^ 
bored  in  the  rock  or  object  to  be  blasted ;  and  the  fire  is  applied  U>h 
by  a  match. 

PORTICO.  Originally  applied  without  distanction  to  ooloraade 
and  covered  ambulatories,  the  term  is  now  limited  to  signify  a  Bhelteai 
space  enclosed  by  columns  at  the  entrance  to  a  building;  and  oalea 
otherwise  expressed,  roofed  with  a  pediment,  like  the  end  or  froot  (h 
Grecian  temple.  The  term  ther^ore,  as  now  generally  restricted, 
answers  to  the  Pronctos  of  such  a  temple. 

According  to  the  number  of  columns  in  front,  porticos  are  said  to  be 
UtrtutyU,  tlmt  is,  with  four  columns ;  hexeutyle,  with  six ;  oetoM^k 
with  eight ;   decastyle,  with  ten ;   and  dodectutyle,  with  twfire,  the 
greatest  number  that  can  very  well  be  brought  beneath  a  pedfrnent; 
and  even  of  these  two  last  the  examples  are  exceedingly  nrt.  It 
instead  of  columns  at  the  angles  there  are  antse  [Antjsj,  then  the 
number  of  columns  alone  are  reckoned  as  before,  and  deDOZDisata 
what  ia  equivalent  to  a  portico  containing  two  more :  thus  a  dat}/U  a 
amtis,  that  is,  two  columns  between  two  antoe,  ia  eqtial  to  a  tetnstjl^ 
as  in  bot^  there  are  three  intercolumns ;  a  tetrastyU  in  audi  is  »W 
to  a  hexastyle,  and  so  on.    By  means  of  this  dmple  mode  of  numerical 
notation,  a  couple  of  words  suffice  to  explain  in  the  concisest  wniiff 
what  even  a  long  description  may  leave  doubtful :  for  instance,  vm 
we  sav  that  a  portico  is  hexastyle  Ionic,  we  dearly  specify  the  order, 
and  the  ntunber  of  columns  in  front ;  and  it  is  upon  this  latter  dicm- 
stance  that  so  much  of  particular  character  depends.     By  ^J^ 
example,  we  instance  the  following  structures :  dis^le  in  anfe,  tw 
chureh  in  Korth  Audley  Street;  the  entrance  to  the  NorthWesstaB 
Railway  Terminus,  Euston  Square,  is  a  magnificent  examrfe « » 
dlstyle  in  antis,  though  not  being  an  entrance  attached  to  a  ^(Mg. 
it  is  rather  a  propyl«um  than  a  portico.  Tetra8tyle,portico  of  Hao^ 
Chapel,  Regent  Street;  tetrastyle m  antis.  Law  Institution.  Hex«w«» 
the  porticos  of  St.  Martin's;    St.   George's,  Hanover  Square;  «• 
Pancras;  Post  Office;  Italian  Opera  House,  Covent  Garden.  0^ 
style,  portico  of  Royd  Exchange;    British  Museum;  the  Katioaai 
Gallery ;  and  decastyle,  that  of  London  Univerdty  College. 

Porticos  are  called  prottyk  when,  as  generally  hapP«"'  %?^^Z 
from  the  main  building.  Such  as  are  in  anUs,  and  recessed  wrtbiniw 
front  of  the  builcHng,  are  technically  called  loffffias;  the  ^}?r 
indeed  is  not  dways  employed  in  this  particular  sense,  but  it  ^^^ 
convenient  if  it  were,  as  much  ambiguity  would  thereby  ^  P'^Ifx^ 
The  New  Town  Hall,  Leeds,  has  a  decastyle  loggia.  ^^;^il 
a  loggia  so  far  resembles  any  other  colonnade,  it  diflfen  ^^jf » 
in  bdng  situated,  like  a  portico,  at  the  entrance  and  in  ™^.*T^in 
facade,  whereas  colonnades  are  usually  lengthened  ^'^^^f  .^r^  of 
other  dtuations ;  thus  we  speak  of  the  "  colonnades  "  of  the  Lourn:, 
Greenwich  Hospitd,  and  of  the  piazza  of  St.  Peter's  at  Ban*      ^^ 

Pseudo-prostyle  is  a  useful  term  suggested  by  Mr.  H°*"^  proatyle 
an  arrangement  of  columns  beneath  a  pediment  as  rBsanw®'  Zg^Jr  s 
in  devation,  but  which,  instead  of  advancing  forwards,  '°[?*.  :ijig 
dightiy  projecting  break,  the  portico  itself  being  within  «!«  »"^^ 
and  nowise  differing  from  a  recessed  loggia,  except  that  »  ^^ 
an^,  and  is  crowned  by  a  pediment.  Of  this  kind  is  the  I(wuc P«^ 
of  the  East  India  House,  which,  instead  of  bdng  a  ^^^'^^^j^g^ 
is  converted  into  a  hexastyle  by  placing  six  columns  ^,!'^  fftt 
that  the  end  ones  come  immediately  before  the  ant«  <^V^^  gjfled 
front  of  the  Law  Institution,  Chancery  Lane,  xnay  -soimo^^ 
pseudo-prostyle,  because,  dthough  a  loggia  in  antis,  xt  »  *""*^ 

by  a  pediment.  v  «u*terinff*^y 

Even  in  proetvle  porticos  there  is  great  difference  of  ?°f^gj^j  d 
as  regards  the  degree  of  projection  given  to  them,  ^  Rgj^oluBiB' 
other  dreumstances ;  some  are  made  to  advance  a  single  "J^^j^  of 
and  others  project  condderobly  more.  At  the  5^*V^  yf^^^^ 
appearing  to  innovate  upon  the  terminology  of  *^^***^^^  proj**" 
propose  the  following  terms : — nM>»opro««y&,^cre  tne^  ^^ 
only  one  intercolumn,  as  the  Ionic  hexastyle  of  .^z^ujiosis, »"  ^ 
London;  diprostyle,  where  the  projection  is  *^^ "jJ^'^'*  Bloo*"^ 
the  porticos  of  St.  Martin's,  Charing  Cross,  and  ^^•."^J^theon  «* 
bury,  and  so  on ;  by  which  method  the  portico  of  ^  .^^  octa- 
Rome  might  be  briefly  yet  distinctly  described  as  a  ow™  ^^  ,^ 
stylo  triproetyle,  that  is,  a  prostyle  with  dght  ^^^^^  ^  eo^ 
intercolumns  in  front,  and  thyee  open  io***^i°°*?!,t-  m  wh«^^ 
Another  drcumstance,  which  it  is  highly  important  to  noic, 
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a  portico  be  a  simple  prostyle,  or  be  likewue  polyifyU,  that  u,  whether 
the  colamtu  be  merely  external,  or  whetlier  there  vs  additiotiB] 
columtu  mthin  the  portico,  aa  ia  the  oua  with  th&t  of  tfae  FontheoD. 
^rhich  m»j  therefore  be  further  <deac7ibed  aa  polyHtvlar,  The  portico 
of  the  Kuui  church,  St.  Petersburg,  and  those  ot  the  Qlyptotheca  at 
Slunicb,  and  Canova's  church  at  Fonegno,  of  which  pluu  are  given 
below,  arc  also  polyetyle. 

Some  porticoe  again  maj  be  termed  compound  pmstylea,  because, 
■while  they  project  from  the  building,  they  also  recede  within  it,  as  ia 
the  csH  with  those  of  the  London  Poet  Office,  Unireieity  CoUege,  and 
BanoTer  Chapel,  Regent  Street ;  nnd  mich  an  fcmngement  gives 
greater  eSect  ss  well  ns  BpadousaeeB,  and  prevents  the  portico  from 
looking  like  a  mere  addition  to  the  front  of  a  building.  Besides  the 
-varieties  above  enumerated,  there  are  those  which  are  HOilcircular  in 
plan,  ot  wliich  the  transept  entrances  of  St.  Paul's  furnish  very 
admirable  eiamplta ;  and  another  occurs  in  the  pseudo-portico  or 
portico-like  compartment  at  the  north-west  tngte  of  the  Bank  of 
Sngland  (jCjr.  ID),  which,  owing  to  its  being  likewise  recessed,  and 
having  colimms  behind  those  in  front  (not  arranged  concentrically, 
but  placed  on  the  chord  to  the  enter  curve),  produces  a  rich  and 
picturesque  effect.  Beautiful  however  as  the  semicircular  form  la,  it 
becomes  unsuitable  for  such  purpose  if  a  portico  so  shaped  cannot  be 
made  equal  to  ■  heiaatyla,  or  a  tetnstyle  in  sntis,  that  is,  have  five 
intercolumna,  because  if  there  be  only  three,  either  the  viiole  portico 
munt  be  very  narrow  In  proportion  to  its  height,  or  the  intercolumns 
BO  wide  that  the  architrave  over  them  will  considerably  overikang  a 
lijie  drawn  from  one  column  to  another,  and  thereby  produce  an 
appearance  both  of  deformity  and  weaknesa. 

Respecting  the  temple-porncos  of  the  aociants,  or  r»ther  ths  extamal 
arrangement  of  columns  in  such  edifices,  whether  confined  to  the  ends 
or  continued  along  the  aides,  w9  refer  to  the  article  Tehfu,  where 
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Iheirfilint,  to  which  we  shall  confine  our  attention,  pMring  over  all  other 
aJTCumstanoes.  We  shall  not  thmlon  attend  to  tha  order  of  cotumm 
employed  in  thsm,  nor  take  any  aoeount  of  th«r  dimsnaiona,  tha 
plum  being  drawn  not  to  the  same  scale,  but  for  convenience  sake, 
nenrly  to  the  same  size.  We  oonunenoe  with  that  ot  Ijie  Fantheon  at 
Stone  {fig.  I),  attached  to  a  circular  ediSce,  and  which,  as  will 
instantly  be  seen,  is  decidedly  different  from  the  usual  portioa  at  the 
end  or  front  of  a  temple,  or  &om  tJiose  monoproctyles,  or  single 
external  line  of  colunms,  which  eonHtitute  the  genen^^  of  modem 

Besides  being  triprostyle,  or  having  three  open  intemjmnns  on  ila 
flanks,  it  may  be  described  as  polystyle,  having  cohmms  within^ 
dividing  it  into  three  avenues  or  aislee,  the  centre  one  of  which  is 
extended  by  being  considerably  t«ceaeed,  a  circumstance  that  adds 
very  greatly  to  the  general  effect. 

As  being,  like  the  preceding,  attached  to  a  rotunda,  we  have 
selected  fcr  the  next  plan  tiiat  of  the  church  erected  by  Canora  at 
Poaagno  {fig.  2).  This  also  is  a  polystyle,  tliough  ritoget^o-  different 
in  ibi  arrangement  &om  the  other,  there  being  here  merely  a  second 
rangB  of  columns  behind  those  in  front,  on  which  atiwunt  it  might  be 
deiignatad  a  double  octaatyle. 

Fig.  !, 


Aa  an  example  of  a  decas^le  portico,  we  pve  that  of  Universita' 
College  {fig.  3),  which  instead  of  bang  merely  monoprostyte.  or  slngje 
line  of  twelve  columns,  beneath  a  pediment,  projects  forwards  very 
oonsidetably,  it  being  equal  to  a  ^proetjle,  or  a  pseudo-  triproMyle, 
with  ono  intercotumn  closed  up,  owing  to  which  it  appears  internally 
to  be  F«tly  recnmcd,  to  be  carried  out  two  intercolumna,  and  inwards 
for  the  space  of  one.  This  example  is  further  remarkable  on  account 
of  the  unusual  and  rdcturesque  arrangement  of  the  steps  forming  ths 
ascent  up  to  it.  which  commence  belovr  on  each  side,  while  above  they 
form  a  auigle  brood  flight,  in  such  manner  as  to  leave  screened  areas, 
a  a,  which  serve  to  admit  light  to  the  ^aces  in  the  basement  beneaUt 
tlie  portiooL 


The  portico  of  the  Olyptotheca  at  Munich  {Jig.  1)  in«y  be 


Ttiui3r 


r 


monoprostyle,   recessed,   and    polyityte,   it   hein^;  compounded 


of  an  octastyle  advanced  oalj  one   interoolumn  before  the  rest  of 


only  great  richness  of  colun 
trast  an  obtained. 

X^e  that  of  Univermty  College,  the  portioa  of  ille  National  Qallay 
(Jg.  6)  is  [eendo-tripros^le,  raxwsqnntlj  projeots  as  much  as  thres 
intercolumna  from  the  building;  but,  in  other  respects,  differs  veiy 
materially  from  it,  being  only  partially  recessed  in  the  centre,  where 
are  two  columps  forming  a  diatyle  in  antis.  It  also  d^crs  from  the 
other  example  altogether  in  the  arrangament  at  the  stsps  leading  up 


The  pOrtJco  ot  the  Pantheon  at  Paris  {Fig.  8)  offers  n 


re  singular 


UiM  judicious  ■mngHiHnt,  two  oolumns  being  projected  at  eack  end  I  sltbough  by  n 
BO  ee  to  produce  »  B^oup  of  Uire«'  at  Uia  external  anglea,  vrhieh,  |  itwkwud  efiect 


ituAtad  of  being  included  braieath  tbe  pediment,  these  oolunmi  and 
their  eotabUture  form  mere  little  jutting-out  biti,  attached  to  the 


flanks,  nnd  almost  suggest  Uie  idea  of  Its  being  origiuaUy  intended  t 


oontinue  them  as  lateral  colontuides  parallel  to  Hie  hexaatjle  bematli 
the  pediment  (as  in  tlie  neit  Ggure).  Though  Has  portico  is  oalj 
heiostjle  iu  front,  and  has  only  four  columtiB  -nithin,  there  tie 
eightsrai  oolumna  altogether,  besidoi  tlie  half  and  three-quartar  oolmmti 
attached  to  tlie  wall  behind,  a  number  suffident  to  have  farmal 
an  octastyle  triproatjle  with  six  inner  coluinmi,  namely,  four  diiposed 
as  in  the  portico  of  the  Pantbeoa  {Pig,  1),  and  two  farming  a  pnmut 
receas  for  the  ceutre  doorway,  as  in  Fig,  5, 

Our  next  example,  wUch  is  the  portico  of  the  Fltxwilliam  Moaeiuo 
at  Cambridge  (Pig.  7),  differs  matwially  from  tlia  foregoing  out,  pre- 
senting n  richer  system  of  columniatian  in  some  respects ;  to-  thou^, 
technically  speaking,  no  mare  Uum  a  monoproatyle  oetutfle,  it 
is  extended  by  lateral  loggias,  ^iree  intercolumna  in  widtl^  and  ins 
besides  considerable  dep^  within. 

Although  only  a  hexastyle,  the  porUco  of  the  Eaxan  CathednJ,  St. 
Petersburg,  towanla  the  NeTsky  Prospect,  is  an  unusualiT  rich  example 
of  a  polyitylfa  prostyle,  and  of  certain  pecutiaritieaoif  aimgetiieat 


which  will  be  better  undentood  &om  the  plan  itself  {Fig.  S)  Oan 
from  any  verbal  explanatioD.    The  cut  alio  shows  a  portion  of  the 


rather  not  connected  with,  but  merely  brought  np  to  tii 

which  is  ao  awkward  and  disagreeable  aa  nu^etially  to  detract  from  the 

effect  of  the  whole. 

Hr.  Gand*  Deering's  small  Doric  dislnrle  in  antia.  In  tlie  front  of  the 
building  onginalty  erected  for  the  PimUco  Propiietuy  School  in 
Ebury  Street  (F^.  9),  affords  an  example  of  a  portico  with  an  inner 
screen  carried  up  half  way  behind  the  oolumna,  and  with  lateral  opm- 
ings  at  the  ends  of  the  portico  between  small  anta;,  a,  a,  Jfcc  ,  deacod- 
iog  as  low  as  tlie  top  of  tiie  screen,  and  two  of  them  testing  on  iU 
exterior  ends.  The  idea  is  a  valuable  one,  and  admits  of  almoet  enl- 
lesa  diveisi^  and  new  combinations. 

The  onlyoUier  eiamplewe  shall  offer  is  that  of  the  aemidrcolar.  or 
rather  segmental  loggia,  forming  the  Dorth-westangle  of  the  Bank  of  Eng- 
land [Pig.  10),thDiDDBt  toBtefuIand  picturesque  piece  of  designthat  ^ 
J.  Soaae  ever  produced.  The  effect  of  the  inner  oolumm,  the  amtrt^ 
they  nfford  to  the  others,  their  shafts  being  plain,  while  the  rest  are  all 
fluted,  the  vnried  persp«iive  appearance  aooordinfi^y  as  the  qwctatoi 
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Bhiftfi  his  Btdtion,  and  the  great  play  of  light  and  shade,  all  render  thia 
little  bit  quite  an  architectural  study. 


PORTRAIT  (Portrait,  French;  Jeitratto,  Italian ;  BUdniu^Qetmsai; 
Imago,  Latin ;  thc^y,  Greek).  A  portrait,  atrictly  speaking,  Bignifies 
the  likeneBB  of  anything  whatever,  whether  animate  or  inanimate, 
either  drawn  or  coloured  upon  a  flat  surface :  in  a  more  restricted 
seDJBe  it  signifies  a  drawing  or  a  |)ainting  representing  the  likeness  of 
any  particular  individual;  but  it  is  also  oequently  applied  to  the 
pictiiree  of  animalH. 

Portrait)  says  Lord  Orford,  is  the  only  true  historical  painting.  Its 
uses  ore  numif  est ;  it  administers  to  the  affections,  it  preserves  to  the 
world  the  features  of  those  who,  for  their  services,  have  merited  the 
gratitude  of  mankind,  and  of  those  who  have  been  in  any  way  remark- 
able for  their  o?m  actions  or  through  their  position  in  society ;  and  in 
a  simply  historical  point  of  view,  it  illustrates  the  costume  and  habits 
of  pBot  ages.  In  all  or  nearly  aH  these  respects  photographic  por- 
traiture  is  of  almost  inestimable  value ;  but  our  immediate  subject  ii 
portrait  painting,  and  to  that  we  must  confine  our  attention.  We  may, 
however,  remark  that  it  is  only  by  a  studiouB  regard  to  the  principles 
which  lead  to  excellence  in  portoait  painting,  that  satisfactory  results 
can  be  obtained  in  photographic  portraiture. 

Portraiture  seems  to  be  almost  as  ancient  as  the  art  of  painting 
itself ;  indeed,  according  to  the  romantic  legend  told  by  Pliny  ('  Hist 
Nat.' xzxv.  12, 48), it  was  in  Greece  the  origin  of  the  imitative  arts; 
an  enamoured  Coiinthian  maid  traced  the  profile  of  her  lover  around 
hJB  shadow  cast  by  a  lamp  upon  the  walL 

The  most  ancient  portraits  extant,  if  they  can  be  termed  such,  are 
those  which  have  been  found  in  the  cases  of  mummies :  there  is  a 
nngularly  fine  specimen  of  these  preserved  in  the  IJgyptian  museum 
of  the  Louvre  in  Paris;  and  there  is  also  one  in  the  British 
Maaoum. 

it  was  a  custom  among  the  ancients,  in  very  early  times,  for 
warriors  to  have  their  portraits  painted  upon  their  shields,  called  by 
the  Romans  imoffines  dipeorum,  or  imoffixtea  dipeaia,  and  these  shields 
were  frequently  dedicated  in  the  temples  in  honour  of  their  owners 
when  deceased,  or  placed  by  victors  as  trophies  (dipei  votivi).  The 
portraits  were  most  probably  punted  in  wax,  but  that  they  were  well 
executed  is  veiy  doubtful.    ( Pliny,  xxxv.  8.) 

Among  the  Romans,  in  the  time  of  the  republic,  the  possession  of 
the  portraits  of  their  ancestors  {imoffinea  mc^ormn)  was  a  proof  of 
nobility,  for  by  the  jui  imagmimn,  none  were  permitted  to  make 
portraits  of  themselves  except  those  who  had  themselves  or  whose 
ancestors  had  borne  some  curule  magistracy;  and  Roman  familie^were 
accustomed  to  boast  of  their  famoatB  imaginei  as  a  proof  of  their 
ancient  nobility.  (Cia, '  In  Pisonem,'  1.)  These  portraits  or  images, 
which  were  of  wax,  were  preserved  with  much  care  by  their  posterity, 
and  were  only  brought  out  upon  great  occasions  or  carried  before  them 
in  funeral  processions.  (Pliny,  xxxv.  2.)  They  were  probably 
painted  busts,  for  the  art  of  casting  with  wax  in  plaster  moulds 
taken  from  the  life  w^,  according  to  Pliny  (xxxv.  12, 44),  invented 
as  early  as  the  time  of  Alexander,  by  Lysistratus  the  brother  of 
Lysippus.  It  seems  that  the  Romans  were  also  sometimes  in  the 
habit  of  prefixing  the  portraits  of  authors  to  their  works.  Martial 
mentions  one  of  yir^  (xiv.  186). 

The  most  ancient  portrait-painter  of  extraordinary  merit  on  record 
w^  apparently  Dionysius  of  Colophon:  he  is  praised  by  Aristotle 
('  Poet.,'  2)  for  the  fidelily  of  his  paintings ;  and  from  what  Plutarch 
■ays  ('  TimoL,'  86)  of  the  high  finish  of  his  works,  we  may  perhaps 
term  him  the  Holbein  of  antiquity :  he  flourished,  as  nearly  as  can  be 
ascertained,  shortly  after  the  time  of  Polygnotus  and  Phidias,  about 
430  B.O. 

The  most  famous  portndt-painter  among  the  ancients  was  Apelles : 
he  enjoyed  the  exclusive  privilege  of  iwiinting  the  portraits  of 
Alexander :  one  of  his  most  celebrated  pictures  was  a  portrait  of  that 
monarch  as  Jupiter,  called  the  "  Alexander  Ceraunophord^,"  for  which, 
according  to  the  incredible  accoimt  of  Pliny  (xxxv.  10,  36),  he  received 
20  talents  of  gold  (upwards  of  50,000^  sterUng) ;  so  large  a  sum,  that  it 
was  measured  to  the  painter,  not  counted  ("mensura,  non  numero"). 
Most  of  the  pictures  of  Apelles  were  portraits  in  an  extended  sense*  yet 
it  is  doubtful  whe^er  before  the  time  of  the  Roman  emperors  there 
was  a  distinct  class  of  painters  who  confined  themselves  to  portraits 
("imaginum  pictores:"  Pliny,  xxxv.  11,  40).  Even  in  the  great 
days  of  Italian  art  there  was  not  a  distinct  dass  of  portrait  painters  as 


in  the  present  times;  and  it  ia  an  incontestable  fact,  that  although 
upon  the  whole  the  number  of  good  portrait  painters  has  very  much 
increased,  still  portrait-painting  itself  has  not  improved  since  such  has 
become  the  practice. 

The  success  of  a  portrait  depends  upon  the  sitter  as  well  as  upon 
the  painter,  and  it  may  be  spoiled  by  the  bad  taste  of  the  one  or  the 
other.  Excellence  in  portraiture  consists  in  placing  every  feature  in 
its  proper  place,  in  a  correctness  of  modelling,  a  judicious  arrangement 
of  light  and  shade  suited  to  the  complexion  of  the  subject,  and  in 
tasteful  attire  and  an  unaffected  and  simple  attitude ;  the  former  are 
within  the  province  of  the  painter,  the  latter  in  that  of  the  sitter. 
Much  of  the  chaiaoter  may  be  ahown  by  the  posture,  and  'the  painter 
ahould  adopt  that  which  appears  most  natund  to  his  sitter,  for  the 
habits  of  nature  must  be  distinguished  from  those  of  fashion;  no 
defect  is  more  striking  in  a  portrait  than  a  foroed  and  affected 
attitude. 

In  every  portrait  the  countenance  of  the  person  represented  should 
constitute  the  picture ;  all  accessories  must  be  kept  subordinate  to 
the  principal  object,  and  should  not  engage  the  attention  except  when 
expressly  examined,  for  they  are  the  mere  adjuncts  necessary  to  iodioate 
the  character,  rank,  or  nation  of  the  original.  Upon  these  principlea 
a  good  portrait  must  be  a  good  picture,  for  the  beauty  of  a  picture 
consists  in  the  harmony  of  the  whole  in  composition,  colour,  and 
execution :  and  when  every  part  has  received  no  more  of  the  painter's 
attention  than  its  local  importance  requires,  a  picture  cannot  in  any 
particular  deviate  from  ue  truth,  simplicity,  and  unity  of  nature. 
Fancy  costumes  are  injurious  to  portraits  as  portraits,  for  a  general 
resemblance  being  the  principal  object  of  portraiture,  the  subject 
should  be  clothed  as  usual,  and  the  more  simple  the  attire,  the  more 
prominent  and  consequently  the  more  important  will  be  the  head, 
which  is  the  principal  object  Whatever  deviations  are  allowed  from 
this  principle,  although  the  picture  may  perhaps  gain  hi  pictorial  effect, 
it  must  lose  as  a  portrait.  A  mere  insipid  transcript  of  the  features, 
and  an  equally  mmute  attention  to  the  detail  ot  the  accessories,  are  a 
degradation  of  portrait.  There  is  no  other  difference  between  historical 
painting  and  portrait  painting  than  that  portrait  exacts  a  stricter 
attention  to  the  individual  character,  and  consequently  requires  a  more 
careful  execution  of  the  head,  but  the  draperies  and  acoeeaories  should 
be  equally  bold  and  free  as  in  historical  painting.  Large  canvasses, 
and  what  are  termed  full-lengths,  are  ill  stated  to  portrait,  and  the 
latter  are  seldom  successful  even  under  the  most  able  hand&  How 
often  we  see  a  great  field  of  canvass,  where  the  head  is  a  mere  speck, 
and  is  generally  lost  in  the  mass  of  accessories,  of  trees,  columns,  or 
draperies ;  these  are  pictures  of  robes,  not  of  men,  and  are  only  toler- 
able as  state  portraits,  when  the  insignia  of  rank  or  office  are  more 
important  than  the  individuals.  Such  should  be  termed  Iconics 
(cMoyiKoQ  rather  than  portraits. 

Expression  is  perhaps  the  most  important  Study  in  portrait.  To 
represent  the  true  character  of  an  indi^ual,  the  countenance  should 
be  painted  in  repose,  when  no  particular  sentiment  or  passion  pre- 
dominates ;  for  an  otherwise  good  picture  may  be  rendered  a  very  bad 
portrait  throu^  the  injudicious  adoption  of  some  transitory  expres- 
sion, or  the  introduction  of  a  smile  put  on  ifor  the  occasion,  when 
perhaps  the  mouth  is  smiling  whilst  the  eyes  are  Ungiiiri  and  fatigued. 
The  expression  may  be  also  materially  injured  by  exaggerating  the 
local  tints,  which  in  most  cases  has  the  effect  of  changing  the  com- 
plexion, and  the  particular  expression  of  eveiy  individual  depends 
upon  the  com^exion  as  well  as  upon  the  relative  proportions  of  the 
f  eatui;e8.  It  is  by  accurately  giving  these  proportions  that  what  is 
called  a  striking  likeness  is  produced,  and  tins  may  be  accomplished 
without  entering  into  any  minute  detail  of  the  parts;  the  features  are 
iudicated  rather  than  expressed:  this  is  a  principle  of  historical 
painting,  but  ii  a  style  onl^  fit  for  the  portraits  of  public  characters, 
or  such  as  arei  to  be  placed  m  spacious  localities,  uid  must  be  viewed 
at  a  distance. 

Such  portraits,  when  even  of  xmly  tolerable  resemblance,  are 
generally  pronounced  to  be  striking  likenesses,  especially  by  those 
who  have  but  an  imperfect  knowledge  of  the  persons  represented ;  for 
they  are  themselves  unacquainted  with  any  more  of  the  physiognomy 
of  the  originals  than  they  see  expressed  in  the  pictures.  These 
portraits  however  lose  their  resembhudoe  either  upon  close  inspection 
or  upon  a  prolonged  view. 

The  most  successful  painters  of  portrait  in  modem  timea  have  been 
Lionardo  da  Vinci,  Rafi&elle,  Sebutian  del  Piombo,  Giorgione,  Paris 
Bordone,  Titian,  Velasquez,  Holbein,  Hals,  Rembrandt,  and  Vandyck ; 
and  the  following  pictures  are  amongst  the  finest  specimens  of  portrait 
painting  extant:— his  own  portrait  by  Lionardo  da  Vinci,  in  the 
portrait  gallery  at  Florence ;  Andrea  Doria,  by  Sebastian  del  Piombo, 
in  the  Palazzo  Doria  at  Rome;  the  head  of  Quido,  bv  Simone 
Cantarini,  in  the  Academy  at  Bologna;  Titiim  and  Aretin,  by  Titian, 
in  the  royal  collection  at  Windsor ;  Pope  Innocent  X.,  by  Velasquez, 
in  the  Palazzo  Doria  at  Rome ;  the  Meyer  Family,  by  Holbein,  in  the 
gallery  at  Dresden;  and  .the  head  of  Gtovartius,  by  Vandyck,  in  the 
National  Qallery  in  London. 

Of  the  portrait  paintera  of  more  recent  times,  Mengs,  Reynolds, 
Qainaborough,  David,  Qenird|  and  Lawrence  have  enjoy^  the  greatest 
celebrity. 

P03EID0X  (n(Kr«8«»'),  one  of  the  deities  of  the  Greek  Olympus. 
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The  attribute!  of  the  Boman  Nephams  or  NpptumMu,  are  nearly  the 
fame  as  those  of  the  Greek  Poaeidon.  Pomidon  waa  the  son  of 
Kronoa  and  Bhea,  and  the  brother  of  Zeus  and  Hera,  and  appears  to 
haye  been  one  of  the  ancient  divinities  of  Greece ;  although,  accord- 
ing  to  Herodotus  (ii.  50),  he  was  not  originaUy  a  Greek  deity,  but 
was  introduced  from  Libya.  Poseidon  was  the  god  of  the  water  in 
general,  of  the  sea,  the  rivers,  and  the  fountains ;  but  he  was  more 
particularly  regarded  as  the  god  of  the  sea,  which  he  acquired  as  his 
share  in  Uie  division  of  the  dominions  of  his  father  Kronoa.  Hia 
wife  was  Amphitrite,  and'their  son  Triton. 

Poseidon  is  said  to  have  produced  the  horse  in  his  oontestwith 
Athene  for  the  right  of  naming  the  city  of  Athens.  It  is  difficult 
to  give  a  reason  for  the  connection  of  Neptime  witii  the  horse;  but  it 
IS  evident  from  several  passages  in  the  Greek  writers  that  he  was 
regarded  as  a  kind  of  equestrian  deify,  as  well  as  the  god  of  the  sea. 
(Aristoph.,  'Kzughts/  L  449.)  Poseidon  had  a  magnificent  palace 
beneath  the  sea  at  ^g»  ('  Q.,'  xiii  20).  The  animals  offered  to  him 
in  sacrifice  were  usually  black  bulls,  rams,  and  boar  pi^i. 

Poseidon  was  not  originally  a  god  of  the  Doric  race.  He  was 
principally  worshipped  by  the  lonians,  who  were  in  most  places  a 
maritime  people.  In  those  Dorian  cities,  however,  which  had  acquired 
a  love  for  foreign  commerce,  we  find  that  the  worship  of  Poseidon  pre- 
vailed extensively ;  ss,  for  instance,  at  Tsenarum,  whence  it  was  carried 
to  Tarentum,  at  Gyrene,  in  .£gina,  and  more  particularly  on  the 
Corinthian  istiunus,  and  at  TrcBsen,  from  which  place  the  worship  of 
this  god  was  transmitted  to  Poaidooia  in  Italy.  (Muller's  'Dorians,' 
vol.  i,  p.  417, 418,  tr.) 

The  efymology  of  the  names  Poseidon  and  Neptunus  is  doubifuL 
Poseidon  is  written  in  Doric  Greek,  Poteidan  (norciliy),  of  which  we 
have  another  example  in  the  name  of  Potidaoa,  written  Foteidaia 
(noTcMa)  in  the  inscription,  now  in  the  British  Museum,  on  those 
Athenians  who  feU  before  (this  city.  The  name,  aocordu^  to  some 
writers,  contains  the  same  root,  in  the  first  syllable,  as  we  find  in  wor6s 
and  iroTOft^f.  Neptunus  is  derived  by  Cicero  from  nando  ('Nat  Deor.,' 
ii.  26) ;  and  by  Varro  from  nuptu,  because  this  god  covers  {chmdnt) 
the  earth  with  the  sea  ('  De  Ling.  Lat.,'  iv.  10) ;  but  neither  of  these 
derivations  has  the  least  show  of  probablity.  We  may  oompare  the 
form  of  the  word  Nept-imus  or  -umnus,  with  Port-umnus,  Vert- 
umnus,  and  the  word  al*umnus ;  but  the  meaning  or  origin  of  the 
root  Ntpt  or  iVep  seems  uncertain.  It  may  perhaps  be  connected  with 
the  same  root  as  is  contained  in  the  Greek  Wv-rw. 

The  statues  of  Poseidon  rseembled  in  many  respects  those  of  Zeus ; 
but  the  figure  of  the  former  was  mere  angular,  and  there  was  less  of 
repose  and  thoughtfulness  in  the  countenance.  The  Greek  sculptors 
gave  a  certain  degree  of  roughness  to  the  statues  of  Poseidon,  which 
appears  to  have  been  regarded  as  appropriate  to  the  god  of  the  ooean. 
His  hair  was  usually  somewhat  in  disonier,  and  the  whole  of  his  figure 
was  represented  as  exceedmgly  powerful  and  muscular.  Hence  the 
f*  chest  of  Poseidon  "  {ffripvou  Tj^tOdMws^  '  IL,'  ▼.  479)  is  the  poetic 
expression  for  this  chanoteristic  of  the  dettj,  which  is  illustrated  by 
the  noble  fragment  from  the  pedunent  of  the  Parthenon  in  the 
British  Museum.  He  was  usually  fully  drap^  His  tight  hand  held 
the  trident;  and  ha  was  frequently  represented  accompanied  by 
'Am|>hitrite,  or  surrounded  by  Nereids,  Tritons,  dolphins,  and  other 
manne  personages  and  objects.  (Miiller,  '  Archliologie  der  Kunst,' 
g§  854-56 ;  '  Denkmaler  der  Alten  Kunst/) 

POSITIVE.    [Negative  QuANWTiBS.] 

POSSE  COMITA'TUS  (literally,  the  poWer  of  a  county)  eomprise 
all  able-bodied  males  within  the  oounty  between  the  ages  of  16  and  70 
years.  All  such  persons,  without  any  exception,  are  bound  to  aid  the 
sheriff  in  all  matters  that  relate  to  his  office ;  and  he  ii  fineable  if  he 
neglect  to  avail  himself  of  their  aid.  In  case  of  any  invasion,  rebellion, 
riot,  &C.,  or  broseh  of  the  peape  witUn  the  county,  all  such  persons,  on 
pain  of  fine  or  imprisonment,  are  bound  to  attend  him  on  being  chained 
by  him  to  do  so,  and  to  assist  in  opposing  and  suppressing  them. 
They  may  come  armed,' and  are  justified  in  killing  a  person  in  case  of 
resistance.  The  power  of  the  county  may  also  be  raised  when  necessary 
for  the  purpose  of  apprehending  traitors,  felons,  Ac.,  and  that  even 
within  particular  fruudiises.  It  is  lawful  lor  any  peace-officer,  (and 
perhaps  even  for  a  private  person,)  to  raise  a  competent  number  of 
people  for  the  purpose  of  opposing  and  suppressing  enemies,  rebels, 
rioters,  &c.  within  the  county ;  but  such  persons  are  punishable  if  they 
use  unnecessary  violence.  It  is  also  the  duty  of  the  dieriff  or  any 
minister  of  the  kin^  having  the  execution  of  the  king's  writs,  or 
process  even  in  a  dvil  nature,  who  meets  with  actual  resistance  in  his 
attempt  to  execute  them,  to  raise  a  power  sufficient  to  queU  the 
resistance.    (2  Inst,  198, 194 ;  8  Inst.,  161 ;  1  Hawk.,  P.a,  162, 166.) 

POSSBSSIO  FRATRES.    [DesobnTw] 

POSSESSION.  In  endeavouring  to  explain  the  legal  meaning  of 
this  term,  we  shall  commence  with  the  following  extracts  from  Savigny's 
work  on  the  Bight  of  Possession  ('Das  Recht  des  Besitzes,'  Gieasen, 
1827.)  ^  , 

"An  the  deflnitioQs  of  possession  are  founded  on  one  common 
notion.  By  the  notion  of  possession  of  a  thing  we  understand  that 
condition  by  virtue  of  which  not  only  are  we  ourselves  physically 
capable  of  operating  upon  it,  but  every  other  person  is  incapable.  This 
condition,  which  is  called  detention,  and  which  lies  at  the  foimdation 
of  every  notion  of  possession,  is  no  juristical  notion,  but  it  has  an 


immediate  relation  to  a  juristical  notion,  by  virtue  of  which  itbecomei 
a  subject  of  legislation.  As  ownership  is  the  legal  capacity  to  operate 
on  a  thing  at  our  pleasure,  and  to  exclude  all  other  persons  from  uasg 
it ;  so  is  detention  the  exercise  of  ownership,  and  it  is  the  natanl 
state  which  corresponds  to  ownership  as  a  legal  state.  If  tiiis  juristical 
relation  of  possession  were  the  only  one,  everything  concerning  it  tJut 
could  juristically  be  determined,  would  be  comprehended  ia  the 
following  positions : — the  owner  has  the  right  to  possess;  the  same 
right  belongs  to  him  to, whom,  the  owner  gives  the  possession ;  no  other 
person  has  this  right. 

"  But  the  Roman  law,  in  the  case  of  possession,  as  well  as  of  propertj, 
determines  the  mode  in  which  it  is  acquired  aud  lost ;  conaequentlj  it 
treats  possession  not  otHj  as  a  consequence  of  a  right,  but  as  a  con- 
dition of  rights.  Accordmgly,  in  a  juristical  theoxy  of  possession,  it  is 
only  the  right  of  possession  (jus  possessionis)  that  we  have  to  consider, 
and  not  the  right  to  possess  (called  by  modem  jurists  jus  posBideadi), 
which  belongs  to  the  theory  of  property. 

**  We  now  pass  from  the  notion  of  mere  detention  to  that  of  juiiiCical 
possession,  which  i^  the  subject  of  this  treatise.  The  object  of  the 
first  part,  which  is  the  foundation  of  the  whole  investigation,  ia  to 
determine  this  notion  formally  and  materially.  Formally,  hjBXfiuaaag 
those  rights  which  presuppose  possession  as  a  condition,  and  ooiflv- 
quenily  determining  the  signification  which  the  non- juristical  notioD 
of  detention  obtains  in  jurisprudence,  in  order  to  its  being  considered 
as  something  juiiitioaI,.tliat  is^  Possession ;  materially,  by  enumertting 
the  oonditionB  which  the  Roman  law  requires  for  the  exiataioe  of 
possession,  and  consequently  the  positive  modificatikms  aider  wlueh 
detention  can  be  viewed  as  possession. 

"  The  formal  determination  of  the  notion  by  loroe  of  which  aloos 
possession  can  become  a  subject  of  jurisprudence,  is  divided  into  thras 
parts ;  first  we  must  deteitnine  the  place  which  possession,  as  a  legal 
relation,  occupies  in  the  system  of  Roman  law.  We  must  then  enume- 
rate the  rights  which  the  Roman  law  recognises  as  a  oansequeDce  of 
possession,  and  we  must  also  examine  the  rights  which  are  imprDpedy 
considered  rights  of  possession.  It  will  then  be  easy  to  answ*  tlw 
questions  whether  possession  is  to  be  considered  as  a  r^^t^  and  vhethtf 
as  a  jus  in  re.  Hie  first  and  simplest  mode  in  which  possaasicDappean 
in  a  system  of  jurisprudence  oonsists  in  <the  owner  having  the 
right  to  possess ;  but  we  are  here  oonsiderittg  possession  indepoidflBt 
of  ovraienhip,  snd  as  the  source  of  peculiar  rights;  the  former  o£  these 
two  questions  therefore  may  be  expressed  thus — ^in  what  sens  hie 
possession  been  distinguished  from  ownership  f  a  mode  of  exprentoD 
which  has  been  used  by  many  writers. 

**  In  the  second  place  we  must  determine  how  the  differait  seDsei  is 
which  possession  occurs  in  the  Roman  law  are  distinguished  from  ooe 
another  by  the  mode  of  expression ;  and  particularly  what  were  the 
significations  of  possessio  generally,  and  possessio  natuzalisj  and  poeBesBio 
dvilis,  among  the  Roman  jurists. 

''  In  the  whole  system  of  Roman  law  there  are  only  two  ccnseqnenoei 
which  can  be  ascribed  to  possession  of  itself,  as  distmot  from  all  oviiv- 
ship,  and  these  are  usucapion  and  interdicts. 

"  The  foundation  of  usucapion  is  the  rule  ol  the  Twslvs  Tables,  tiist 
he  who  possesses  a  thing  one  or  two  years  becomes  the  owner.  In  this 
case  bare  possession,  independent  of  aU  right,  is  the  loundstion  of 
property,  which  possession  must  indeed  have  originated  in  a  particular 
way,  in  order  to  have  such  effect ;  but  still  it  is  a  bare  iut,  withoot 
any  other  right  than  what  such  effect  gives  to  it  Acoordingl|y  it  is 
possession  itself,  distinct  from  every  othw  legal  relatiott,  on  which 
usucapion,  and  consequently  the  acquisition  of  ownershqp^  depends 

"  Possessorial  interdicts  are  the  second  eCEhct  of  posseauon.  and  tbev 
relation  to  possession  is  this :  possession  ol  iteelf  being  no  legal 
relation,  the  disturbance  of  possession  is  no  violation  of  a  kgd  right, 
and  it  can  only  become  so  by  the  circumstance  of  its  being  at  theaape 
time  a  violation  of  a  legal  right.  But  if  the  disturbance  of  poesesnon 
is  effected  by  force,  such  force  is  a  violation  of  rights  onoe  eyeiy 
forcible  act  is  illegal,  and  such  illegal  act  ia  the  very  thing  wbk^  it  is 
the  object  of  an  interdict  to  remedy.  AU  possessorial  interdids  then 
agree  in  this :  they  presuppose  an  act  which  in  its  form  is  iUegaL* 

"  Now  since  possessorial  interdicts  are  founded  on  auch  acta  as  in 
their  form  are  illegal,  it  is  dear  why  possession,  independent  of  aU 
re^urd  to  its  own  rightfulness,  may  be  the  foundation  of  rights.  ^^^ 
the  owner  claims  a  thing  as  his  property  (vindicatio),  it  is  a  matter  of 
perfect  indifference  in  what  way  the  other  party  has  obtuned  poseeawn 
of  it,  since  the  owner  has  the  right  to  exclude  every  other  petESOD  iioin 
the  possession  of  it.  The  case  is  the  same  with  reqpeot  to  the  inttf- 
diet,  by  which  the '  missio  in  possessionem '  is  protected :  thisinterdiii 
is  not  a  possessorial  interdict,  for  the  *  nussio '  itself  gives  no  p^ 
session,  but  it  gives  a  right  to  detention,  and  this  right  is  mwS 
effective  in  the  same  way  as  in  the  case  of  property.  On  the  othff 
hand,  he  who  has  the  bare  possession  of  athinghasnot  on  that  aoooi^ 
any  right  to  the  detention,  but  he  has  a  right  to  require  from  all  w' 
world  that  no  force  shall  be  used  against  hun.  If  however  force  tf 
used  and  directed  against  the  possession,  the  possessor  protects  hiinsea 
bv  means  of  the  interdicts.  Possession  is  the  condition  of  these  inteir 
diets,  and  in  this  case,  as  in  the  case  of  usucapion,  it  is  the  conditicD  « 
rights  generally. 

*  Possessorial  Interdicts  were  not  limited  to  oases  of  vtolenee ;  tbey  oonpro- 
hended  the  three  vUiupost$moni»,    (TCfTenoe,  '  Eunaoh..'  ii.  3 ;  r.  S7.) 
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*  Most  writera  take  quite  a  different  view  of  the  matter,  and  con- 
eider  every  violation  of  posseBsion  as  a  violation  of  a  legal  right,  and 
poflseflmon  consequentlj  as  a  right  of  itself,  namelv,  presumptive 
ownership,  and  possessorial  plaints  as  provisional  vindications.  This 
lAst,  whidi  is  the  practical  -piA  of  this  opinion,  is  completely  confuted 
in  a  suhsequent  part  of  this  treatise ;  but  it  is  proper  to  show  here  how 
far  such  a  view  is  true,  as  this  may  be  a  means  of  reconciling  con- 
flicting opinions.  The  formal  act  of  illegality  above  mentioned  is  not 
to  be  so  imderstood,  as  if  poBsessorLal  interdicts  were  a  necessary 
consequence  of  the  independent  juristical  character  of  force,  and 
obviously  sprung  out  of  it.  This  consequence  of  force,  namely,  that 
possession  of  the  thing  must  be  restored  to  the  person  who  has  been 
ejected,  without  regard  to  the  question  whether  or  not  he  has  any  right 
to  the  thing.  Is  rather  simply  a  positive  rule  of  law.  Now  if  we  ask 
tor  the  reason  of  this  kind  of  protection  being  giveh  against  force,  that 
is,  why  the  ejected  party  should  recover  the  possession  to  which  he 
may  possibly  have  no  title,  it  may  be  replied,  that  the  reason  Is  the 
g;eneral  presumption  that  th6  possessor  may  be  the  owner.  So  far  then 
-we  may  view  possession  as  a  shadow  of  ownership,  as  a  presumed 
owner^p;  but  this  view  of  the  matter  only  extends  to  the  establish- 
ment of  uie  rule  of  law  in  general,  and  not  to  the  legal  reason  for  any 
particular  case  of  possession.  This  legal  reason  is  founded  rather  in 
the  protection  against  the  formal  injury,  and  accordingly  possessorial 
interdicts  have  a  completely  obligatory  character,  and  can  never  be 
viewed  as  provisional  vindications." 

The  special  object  of  SavignVs  essay  may  be  collected  from  these 
passages.  The  leg^  principles  here  developed  are  applicable  to  every 
svstem  of  jurisprudence.  There  must  alwajrs  be  a  distinction  between 
the  right  to  possess,  which  is  a  legal  consequence  of  ownership,  and 
the  right  of  possession,  which  is  independent  of  all  ownership.  The 
owner  of  a  thing  may  not  have  the  possession,  but  he  has  a  right  to 
the  possession,  which  he  must  prosecute  by  legal  means.  The 
possessor  of  a  thing,  simply  as  such,  has  rights  which  are  the  con- 
sequences of  his  possession ;  that  is,  he  is  legally  entitled  to  be  pro- 
tected against  forcible  ejection  or  fraudulent  deprivation ;  his  title  to 
a  continuance  of  his  possession  is  good  against  idl  persons  who  cannot 
establish  their  right  to  the  thing,  and  this  continued  possession  may, 
according  to  the  rules  of  positive  law  in  each  country,  become  the 
foundation  of  ownership.  It  may  be  that  the  acquisition  of  possession 
xxiay  also  be  the  acquisition  of  ownership,  or  that  the  acquisition  of 
pK>sse8sion  may  be  essential  to  the  acquisition  of  ownership.  Thus,  in 
the  case  of  occupation,the  taking  possession  of  that  which  has  no  owner, 
or  the  aoqiusition  of  the  possession,  is  the  acquisition  of  the  ownership. 
Also,  when  a  thing  is  delivered  by  the  owner  to  another,  to  have  as  his 
own,  the  acquisition  of  the  possession  is  the  acquisition  of  the  ownership. 
In  these  examples,  ownership  and  possession  are  acquired  at  the  same 
time,  and  there  is  no  right  that  belongs  to  the  possessor  as  possessor : 
his  rights  are  those  of  owner.  But  uhe  form  and  mode  of  the  acqui- 
sition of  the  possession,  viewed' by  itself  as  distinct  from  the  acquisition 
of  the  ownership,  will  also  be  applicable  to  the  cases  of  possession 
when  possession  only  is  acquired.  For  possession  of  itself  is  a  bare 
fact,  tiiough  it  has  legal  consequences;  and  being  a  bare  fact,  its 
existence  is  independent  of  all  rules  of  the  civil  law  or  of  the  jus 
gentium,  as  to  the  acquisition  and  loss  of  rights.    (Savigny,  p.  25.) 

Having  shown  that  in  the  Roman  law  all  jtiristical  possession  has 
reference  to  usucapion  and  interdicts,  and  that  the  foundation  of  both 
is  a  common  notion  of  jtiristical  possession,  Savigny  proceeds  to  deter- 
mine the  material  conditions  of  this  notion. 

In  order  to  lay  the  foundation  of  possession  as  such,  there  must  be 
detention,  and  there  must  also  be  the  intention  to  possess,  or  the 
"  animus  possidendL"  Consequently  the  "  animus  possidendi  "  consists 
in  the  intention  of  exercising  ownership.  But  this  ownership  may 
either  be  a  person's  own  ownership  or  that  of  another :  if  the  latter, 
there  is  no  such  **  animus  possidendi  "  as  makes  detention  amount  to 
possession.  In  the  former  case  a  man  is  a  possessor,  because  he  treats 
the  thing  as  his  own :  it  is  not  necessary  that  he  should  believe  it  to 
be  his  own. 

Whether  then  we  are  considering  possession  as  such,  or  that  posses- 
non  which  is  concurrently  acquired  with  ownership,  or  which  com- 
pletes the  acquisition  of,  or  is  the  exercise  of,  ownenihip,  the  material 
facts  of  possession  are  tiie  same.  When  ownership  is  transferred  from 
one  man  to  another,  every  system  of  law  must  require  some  evidence 
of  it.  But  the  evidence  of  the  transfer  of  ownership  may  be  entirely 
independent  of  the  evidence  of  acquisition  of  possession;  and  also 
the  evidence  of  tiie  acquisition  of  possession  may  be  inseparable  from 
that  of  the  acquisition  of  ownership.  There  must  then  generally  be  some 
act  which  shall  be  evidence  of  the  acquisition  of  possession,  whether 
possession  as  such  is  obtained  without  ownership,  or  possession  accom- 
panied by  ownership,  or  possession  as  necessarv  to  the  complete 
acquisition  of  ownership,  or  possession  as  simply  the  exercise  of 
ownership. 

Bracton,  the  oldest  law  writer  from  whom  we  obtain  any  oompre* 
hensive  notioii  of  our  whole  system,  has  framed-  his  notions  ofposses- 
sion  on  and  borrowed  his  definitions  from  the  Roman  law.  Whether 
he  has  always  rightly  understood  them  is  a  matter  that  would  require 
a  very  carenil  investigation. 

Biaeton  (c.  17)  uses  possessio  and  seisina  as  synonymous.  He 
observes  that  it  is  not  suf^cient  for  one  man's  right  to  be  traoBferred 


to  another,  unless  that  other  obtain  **  seisina ;  *  and  he  adds,  ^  possessio 
sive  seisina  multiplex  est."  He  defines  possessio  to  be  "  corporalis  rei 
detentio  i,  corporis  et  animl  cum  juris  adminiculo  concurrente."  He 
therefore  limits  it  to  corporeal  thmgs,  for  incorporeal  things  are  inca- 
pable of  tradition  or  delivery,  but  may  be  said  "  quasi  possideri ;"  and 
he  requires  both  the  corporesd  act  and  the  animus  together  with  right, 
in  order  to  give  possessio,  which,  thus  understood,  is  complete  owner- 
ship. Accordingly  verus  possessor  is  owner.  (Bleta,  iiL,  c.  8,  s.  I.) 
He  divides  possessio  into  "  civilis,  quse  animo  tantum  tenetur,"  that  is, 
in  which  there  is  an  intention  to  hold ;  and  "  naturaUs,  qusB  corpore  •" 
and  this  latter  may  be  iust,  that  is,  with  good  title ;  or  unjust,  that  is, 
without  good  title.  To  acqiiire  complete  possession,  it  must  be 
acquired ''  animo  et  corpore :"  there  must  be  both  the  mental  affection 
possidendi  affecttu  (as  Bracton  elsewhere  calls  it,  foL  40)  and  the  cor- 
poreal act ;  possession  can  only  be  completely  lost "  animo  et  corpore," 
for  it  may  be  lost "  corpore,"  and  retained  "  animo."  Among  various 
kinds  of  possession  he  enumerates  nuda,  where  a  person  has  no  right  to 
the  thing;  and  vestita,  where  he  has  "jus,  titulus,  tempus.**  As  an 
instance  of  a  case,  where  there  is  "  nihil  juris  in  re,  sed  aliquid  posses- 
sionis,"  he  mentions  the  case  of  a  man  being  seised  or  possessed  by 
intrusion.  As  another  kind  of  possession,  but  which  is  manifestly 
distinguishiible  from  the  others,  he  mentions  the  possession  of  a  custos 
creditor,  or  any  person  of  the  kind.  These  examples  will  be  sufficient 
to  show  that  the  senses  of  possessio  at  that  time  were  very  various. 
The  essential  part  of  aU  of  them  is  detentio. 

In  the  tranters  of  freeholds,  mentioned  by  Bracton,  traditio  or  livery 
is  define  to  be  "  in  possessionem  inductio  de  re  corporali ;"  as  soon  as 
this  traditio  is  made  by  the  owner,  the  person  to  whom  it  is  made  has 
"  liberum  tenementum,"  a  freehold  estate  (Bracton,  fol.  39),  "  propter 
conjunctionem  juris  et  seisinae  et  mutuum  utriusque  partis  con- 
sensum." 

A  person  who  held  land  for  a  term  of  years  (firmarius)  had  no 
"liberum  tenementum"  (fol  27),  but  he  was  certainly  said^possidere," 
but  there  was  not  the  "  conjunctio  juris  et  seisinae,"  that  is,  a  possessio 
which  made  a  liberum  tenementum.  Again  (c.  15),  when  Bracton  is 
treating  of  one  cause  or  title  of  possession  being  turned  into  another, 
he  says  tiiat  he  who  has  the  usus  fructus  and  the  terminus,  or  term 
of  years,  may,  during  its  oohtinuance,  and  while  he  is  thus  in  posses- 
sion, acquire  "liberum  tenementum,"  if  the  proper  formalities  are 
observed,  ''so  that  there  shall  not  be  wanting  proof  of  the  new  acqui- 
sition." It  appears  that  the  owner  (dominus)  was  not  said  to  possess 
during  the  continuance  of  the  term;  for  it  is  said  (fol.  82)  "that 
the  donor  and  true  owner,  with  the  consent  of  the  tenant  (tenens), 
might  change  one  title  of  possession  into  another  without  any  change 
of  the  possonion;  nor  is  it  necessary  to  resume  the  thing  that  has 
been  once  given  and  possessed,  in  order  that  it  may  be  possessed  by 
a  new  title." 

It  remains  to  attempt  to  show  some  of  the  many  senses  in  which 
possession  has  been  or  is  still  used  in  English  law.  There  seems  to 
have  been  always  a  fundamental  distinction  as  to  the  use  and  meaning 
of  this  word,  between  land  and  moveable  chattels,  of  which  something 
more  will  presently  be  said.  Some  of  our  old  writers  make  the  follow- 
ing division  of  possession  as  applied  to  land :  "  Possession  is  actual  and 
inlaw :  actual  possession  is  when  a  man  actually  enters  lands  and 
tenements  to  mm  descended ;  possession  in  law  is  when  lands  and 
tenements  descend  to  a  man,  and  he  hath  not  yet  actually  entered 
into  them."  (Staundl, '  PL  Cor.,'  foL  198 ;  CowdL)  Now,  this  actual 
possession,  that  is,  possessio  according  to  Bracton's  definition,  is  the 
only  possession  included  in  this  definition,  that  is,  properly  so  called. 
The  possession  in  law  is  merely  the  owner's  right  to  possess.  This 
possession  in  law,  that  is,  ownership  and  the  right  to  possess  is  not 
full  ownership,  for  if  the  right  to  possess  is  not  exercised,  that  is, 
does  not  become  an  actual  possession,  it  will  be  lost  in  course  of 
time.  (8  ft  4  Wm.  lY.,  o.  27.)  It  becomes  an  actual  possession 
by  entiy,  that  is,  by  the  owner  entering  on  the  land  or  exercising 
ownership  over  it.  What  shall  be  sufficient  to  constitute  entry 
BO  as  to  give  the  owner  all  the  advantages  of  actual  possession,  may 
sometimes  be  difficult  to  determine ;  but  actual  entry  ia  not  always 
necessary  for  that  purpose.  The  receipt  of  the  rent  from  a  lessee 
for  yeaiv,  who  has  the  actual  possession  of  the  land,  gives  to  the 
owner  aU  the  legal  advantages  which  are  derived  from  his  actual 
entry. 

A  lessee  for  years,  who  pays  a  rent,  has  the  actual  possession  of 
the  premises,  and  if  the  landlord  enters  the  premises,  except  when 
rent  is  in  arrear,  or  by  virtue  of  the  covenants  in  the  lease,  he  is  a 
trespasser..  Still  the  owner  who  receives  the  rents  is  often  said, 
in  a  sense,  to  be  in  possession,  though  he  may  never  have  had  actual 
possession.  This  sense  of  possession  is  that  which  is  expressed  in 
the  recent  Statute  of  Limitations  by  the  words  "receipt of  the  profits." 
It  mi^t  be  called  "  legal  possession,"  as  it  is  for  many  purxx»es  a 
possession  which  gives  tdl  the  advantages  of  actual  possession.  But 
since  "legal  possession"  has  been  used  in  a  different  sense,  as  will 
be  shown  hereafter,  the  expression  caimot  conveniently  be  applied 
in  the  case  here  considered  Nor  can  we  use  the  phrase  "posses- 
sion in  law;"  for  that,  as  above  defined,  is  the  owner's  right  to 
possess,  that  is,  his  present  right  to  actuid  possession,  which  in  the 
case  here  supposed,  the  owner  has  not.  There  appears  then  to  be  no 
one  term,  except  possession  simply,  that  can  be  used  to  express  that 
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kind  of  posaesBion  of  land  which  a  man  has  who  has  merely  receiTed 
rent  from  a  lessee. 

Possession,  when  coupled  with  the  word  estate,  means  a  present 
right  to  possess.  "  An  estate  in  possession  gives  a  present  right  of 
present  enjoyment; "  "an  estate  in  reversion  gives  a  present  right  of 
future  enjoyment."  (Preston, '  Estates/  L  89.)  In  this  sense  of  pos- 
session, an  estate  in  possession  is  opposed  to  an  estate  in  remainder  or 
reversion ;  but  it  does  not  imply  actual  possession.  In  the  third 
section  of  the  Act  for  the  Limitations  of  Actions  and  Suits  (3  ft  4 
Wm.  lY.,  0. 27),  an  "  estate  or  interest  in  possession  "  is  opposed  to  an 
'*  estate  or  interest  in  reversion  or  remainder,"  and  the  actual  posses- 
sion  of  land  is  referred  to  in  the  same  section  by  the  terms  "  possession 
or  receipt  of  the  profits  of  the  land."    [Statute  of  Limitations.] 

A  man  is  said  to  be  »eised  of  a  freehold  estate ;  but  he  is  said  to  be 
poatesHd  oi  a  chattel  real  The  Statute  of  Uses  does  not  apply  to 
chattels  reaL 

It  remains  to  speak  of  a  distinction  in  the  word  possession  as  applied 
to  a  real  estate  and  a  chattel  personaL  Both  may  be  possessed,  but 
the  legal  conclusion  from  the  hire  fact  of  possession  is  different  in  the 
case  ol  a  real  estate  and  of  a  personal  chatteL  "  There  is  a  marked 
difference  between  a  real  estate  and  a  personal  chattel :  the  latter 
is  held  by  possession ;  a  real  estate,  by  title.  Possession  of  an  estate 
is  not  even  primd  facie  title.  It  may  be  by  lease  only  or  from  year  to 
year."  (Lord  Eldon,  Hiem  v.  Mill,  13  Ye.,  114.)  This  seems  to  mean 
that,  in  the  case  of  a  chattel,  possession  is  a  presumption  of  ownership ; 
but  that  possession  of  land  is  not ;  at  least  not  a  presumption  of  a 
freehold  mterest.  Still  it  is  so  far  a  presumption  of  some  iilteiest, 
that  if  a  man  buys  an  estate  from  the  owner,  knowing  that  another 
mlm  is  in  possession  of  it,  he  has  notice  of  whatever  interest  the 
person  in  possession  may  have  in  the  land ;  and  therefore  if  the  person 
in  possession  has  a  prior  contract  with  the  owner  for  piutshasing  the 
land,  the  second  purchaser  buys  subject  to  tiie  Interest  of  the  pereon 
in  possession.    (Daniels  v.  Davison,  16  Ye.,  249 ;  17  Ye.,  488.) 

It  has  been  already  stated  that  eieiual  possession  of  land,  or  what  is 
legally  considered  actual  possession,  is  neceasaiy  in  order  to  give  the 
owner  all  the  advantages  of  ownership.  In  the  case  of  chattels 
personal,  ownership  is  frequently  acqiiired  without  or  rather  before 
actual  possession,  and  it  may  always  be  so  acquired  by  contract  when 
the  thing  agreed  to  be  bought  and  sold  is  dearly  determined.  Some- 
times the  ownership  can  only  be  acquired  together  with  the  possession, 
because  the  thing  only  becomes  determined  by  tiie  act  of  delivery  or 
taking  possession.  In  all  cases,  however,  when  personal  chattels  are 
bought  and  sold,  it  is  often  a  matter  of  great  nicety  to  determiae 
whether  there  has  been  possession  by  the  purchaser,  either  as  tiie  con- 
dition or  means  of  establishing  his  ownership,  or  for  the  purpose  of 
ascertaining  from  what  time  a  thing  has  ceased  to  be  an  one  per8^*s 
possession  and  come  into  the  possession  of  another. 

Questions  as  to  this  matter  often  arise  in  cases  of  loss,  of  insolvency 
of  a  vendee,  ftc.,  when  the  chattel  is  transferred  from  the  vendor  to 
the  vendee  by  being  tetU,  in  which  case  it  is  of  necessity  during  a 
certain  time  on  its  journey,  or  as  our  law  expresses  it,  in  trantUn. 
The  solution  of  questions  of  this  kind,  which  often  occur  in  a  com- 
mercial country,  is  sometimes  difficult,  though  many  general  principles 
are  deducible  from  judicial  decisions.  The  right  of  the  vendor  to  stop 
the  thing  after  it  has  commenced  its  journey,  continues  till  the  time 
at  which  the  vendee  is  legally  considered  to  nave  acquired  possession. 
[Stoffaob  nr  Tbaitsitu.] 

It  is  remaiked  1^  Savigny ('  Das  Recht  des  Beeitses,'  p.  185),  ''that 
in  the  whole  theory  of  possession  nothing  seems  easier  to  determine 
than  the  character  of  corporeal  apprehension  which  is  necessary  to  the 
acquisition  of  possession.  By  this  fact  all  writers  have  understood  an 
immediate  touching  of  the  corporeal  thing,  and  have  accordingly 
assumed  that  there  are  only  two  modes  of  apprehension :  laying  hold 
of  a  moveable  thing  with  the  hand;  and  entering  with  the  foot  on  a 
piece  of  land.  But  as  many  cases  occur  in  the  Roman  law  in  which 
possession  is  acquired  by  a  corporeal  act,  without  such  immediate 
contact,  these  cases  have  been  viewed  as  symbolical  acts,  which,  through 
the  medium  of  a  juristical  fiction,  become  the  substitute  for  real 
apprehension."  After  showing  that  this  is  not  the  way  in  which  the 
acquiation  of  possession  is  understood  in  the  Roman  law,  and  that 
there  is  no  symbolical  apprehension,  but  that  the  acquisition  of  posses- 
sion may  in  all  cases  be  referred  to  the  same  corporeal  act,  he  deter- 
mines what  it  is,  in  the  following  manner: 

"  A  man  who  holds  a  piece  of  gold  in  his  hand  is  doubtless  the 
possessor  of  it;  and  from  this  and  other  sunilar  cases  has  been 
abstracted  the  notion  of  a  corporeal  eontaa  generally  as  the  essential 
thing  in  all  acquisition  of  possession.  But  in  the  case  put,  there  is 
something  else  which  is  only  accidentally  united  with  this  corporeal 
TOntact,  namely,  the  physical  possibility  to  operate  immediately  on  th^ 
thing,  and  to  exclude  all  otheis  from  doing  so.  That  both  these 
things  concur  in  the  case  put,  cannot  be  denied:  that  they  are  only 
accidentally  connected  with  corporeal  contact,  follows  from  this,  that 
the  possibility  can  be  unagined  without  the  contact,  and  the  contact 
without  the  possibility.  As  to  the  former  case,  he  who  can  at  any 
moment  lay  hold  of  a  thing  which  lies  before  him,  is  doubtless  as 
much  uncontrolled  master  of  it  as  if  he  actually  had  laid  hold  of  it. 
As  to  the  latter,  he  who  is  bound  with  cords  has  immediate  contact 
with  them,  and  yet  one  might  rather  affirm  that  he  is  posscRsed  by 


than  that  he  possesses  them.  This  physical  posability  then  ia  that 
which  as  a  fact  must  be  contained  in  all  acquisition  of  possesaiaa : 
corporeal  contact  is  not  contained  in  that  notion,  and  there  is  no  case 
in  which  a  fictitious  apprehension  need  be  assumed." 

This  dear  exposition  of  a  principle  of  Roman  law  i8*'applicable  to 
all  systems  of  jurisprudence  which  have  received  any  careful  eUbon- 
tion,  for  the  principle  is  in  its  nature  genend.  It  may  be  that  the 
expounders  of  our  law  have  not  always  clearly  seen  this  principle,  cveo 
when  they  have  recognised  it;  and  it  may  be  that  tiiey  have  not 
always  acted  upon  it.  StiU  it  appears  from  various  cases  that  the 
physical  possibiHty  of  operating  on  a  thing  is  the  essential  character  of 
the  acquisition  of  possession  in  English  law. 

'  POSSIBLE  and  IMPOSSIBLE.  The  first  of  these  woi^  is  of  fittle 
interest,  except  as  the  contradictory  of  the  second.  The  word  m- 
p<3iunhle  is  used  in  common  life  to  signify  highly  improbable,  or  utterly 
incredible.  In  this  sense  the  impossible  of  yesterday  is  the  possible  of 
to-day.  It  is  ako  used  to  sigiufy  that  which  would  oontndict  the 
law9  of  nature  by  which  we  always  mean  our  view,  Imowledge,  or 
experience  of  the  laws  of  nature,  hi  this  sense  also  the  impossible  of 
yesterday  is  the  p98sible  of  to-day.  It  was  impombU  that  a  nudsik 
should  be  thrown  by  the  hand,  and  after  traversing  the  air  return  to 
the  hand  again,  until  the  boomerang  of  the  savage  found  its  way  to 
the  knowledge  of  the  physical  philosopher. 

The  true  use  of  the  word  impotstAU  is  that  which  its  etjmologf 
demands,  that  which  cannot  be.  And  how  can  we  acquire  the  idea  of 
that  which  cannot  he,  in  the  universe  of  an  omnipotent  Creator.  On 
examination  of  the  question,  we  arrive  at  no  result  but  this,  that  aO 
we  can  grasp  of  impombiUty  is  ineoncdvabUiiyf  and  that  every  thing  is 
conceivable  which  does  not  contradict  itself,  let  it  oontndict  what  else 
it  may.  And  thus  (Mathsmatios,  coL  430)  we  arrive  at  the  conduaion 
that  nothing  is  impossible  except  that  which  contradicts  the  laws  of 
thought,  or  the  laws  of  the  necessary  matter  of  thought.  Impoasbility, 
then,  is  a  word  of  logic  and  mauiematics,  and  nothing  dse.  It  is 
impossible  that "  every  x  is  T  "  and  "  some  xs  are  not  tb,"  flhould  both 
be  true  :  it  is  impossible  that  two  sides  of  a  triangle  should  be  less 
than  the  third. 

But  are  we  not,  under  this  restriction,  converting  the  imposaihk  into 
the  potsUily  pouihU  t  May  there  not  be  notions  which  thoiigh  self-con- 
tradictory  to  our  minds,  are  not  so  to  minds  of  another  stamp,  or  of  a 
higher  stamp.  This  question  has  been  discussed  before  now  :  it  baa 
been  asked  tDhether  God  could  make  two  and  two  to  be  fxt*  In  order  to 
make  this  question  intelligible,  that  is,  to  show  that  it  is  beyond 
intelligible  answer,  we  must  assert,  without  being  able  to  go  into  full 
deduction,  that  every  one  of  our  impossibilities  is  resoluble  into  the 
idea  of  something  which  at  once  exists  cmvd  does  not  exist.  In  the 
two  and  two  which  make  five,  there  is  an  extra  unit  which  if  there  and 
if  n/oL,  When  Euclid  shows  an  impossibility  he  does  it  by  showing 
that  the  notion  requires  a  whole  which  is  no  greater  Uian  its  part :  e<» 
that  the  additional  part  which  makea  up  the  whole  exists  without 
existence.  That  is  to  say,  in  compassing  an  impossibility  we  start 
from  this  enunciation — 

To  be  omd  not  to  be — ^that  is  the  qaestton. 

Now  when  we  are  seriously  asked — Is  it  in  the  power  of  the  Creator 
to  make  the  same  thing  to  exist  and  not  to  exist  at  the  same  moment 
— we  answer  that  our  minds  are  so  constructed  that  it  looks  very 
much  as  if  we  were  intended  to  believe  that  it  is  tkoU  And  there  we 
l^ve  It :  we  would  rather  employ  ourselves  on  the  old  question  of 
the  schoolmen, — ^which  God  loves  best,  a  poMIU  angel,  or  an  exiiting 

fly- 
But  there  is  another  point  of  view,  from  which  the  question  might 

have  been  asked,  and  which  perhaps  lurked  in  the  minds  of  those  who 

first  asked  it.    Can  the  Creator  nu^e  two  and  two  to  be  five  f 

The  simplest  mode  of  relation,  that  which  we  signify  by  and,  gives 
four.  But  it  is  not  beyond  conceivability  that  a  mmd  might  be  so 
constructed  that  its  simplest  operati6n  should  be  difierent  from  oun. 
It  would  not  cost  Mr.  Babbage  an  hour's  tibought  to  alter  the  funds- 
mental  structure  of  his  difierence-engine  in  such  a  manner  that»  instead 
of  adding  the  two  numbers  presented,  the  machine  should,  of  necessity, 
throw  in  an  extra  unit.  That  which  man  can  execute,  he  can  oonceiTe 
the  Creator  performing  on  a  larger  scale :  accordingly,  it  is  within 
possibility  that  a  mind  should  exist  in  which  the  simplest  junction, 
to  that  mind,  of  two  and  ^two  gives  five,  but  the  mode  of  junction 
would  not  be  what  we  call  addition. 

The  main  purpose  of  such  an  article  as  the  present  is  to  bring  for- 
ward the  true  meaning,  in  our  laws  of  thought,  of  the  word  impouiUe ; 
and  to  help  the  reader,  should  he  need  such  help,  to  avoid  importing 
the  true  meaning  of  the  word  into  the  phrases, "  morally  impossible," 
and  "  physically  impossible."  The  word  here  used  should  be  inartdiiiU' 
A  confusion  of  this  sort  very  frequently  exists.  The  mind  allo^ 
experience  to  fashion  a  law  of  natvare,  and  postulates  that  the  future 
shall  agree  with  the  past,  and  obey  that  law.  This  postulate  once 
assumed,  disobedience  is  an  impossibility,  oho  asnuned:  for  simol* 
taneous  obedience  and  disobedience  would  be  simultaneous  existence 
and  non-existence.  But  t^e  question  whether  the-  law  of  nature,  or 
what  is  assumed  to  be  the  law  of  nature,  shall  continue  without  excep- 
tion for  ever,  cannot  be  argued  upon  the  assumption  that  the  settlement 
shall  be  of  one  preconcerted  kind. 
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An  eminent  experimenter  has  laid  down  the  following  as  his  mode 
of  proceeding :  and  that  he  does  not  intend  the  words  postiUe  and 
impoasibU  to  be  used  in  their  vague  and  popular  sense  is  evident  from 
his  repeating  the  dictum,  without  remark  or  explanation,  after  full 
warning  of  what  he  seemed  to  be  doing.  "  Before  we  proceed  to  con- 
sider any  c^uestion  involving  physical  principles,  we  should  set  out 
with  dear  tdeat  of  the  natunlly  possible  and  imposaihlei''  No  doubt 
if  there  be  a  naturally  possible  and  impossible,  wmch  is  more  than  our 
experimenter  can  know,  and  if  he  can  get  a  dear  idea  of  it,  which  is 
more  than  he  can  do,  his  plan  is  a  very  good  one.  In  the  meanwhile, 
situated  as  we  are  in  this  world,  we  believe  that  a  remark  *  made  by 
Arago,  a  year  before  the  above  method  was  propounded,  is  much  more 
to  we  puxpose.  It  is  tiiat  he  who  pronounces  the  word  impottiHe, 
except  in  pure  mathematics  [to  which  logic  ought  to  be  added],  shows 
a  lack  of  prudence. 

POST-OBIT  BOND  (Poit  Obitum,  Lat.),  a  bond  given  for  the  pur^ 
pose  of  securing  a  sum  of  monev,  the  condition  of  which  is,  that  the 
money  shall  be  paid  on  the  death  of  some  person. 

POST-OFFICE.— ^iftory.  Correspondence  is  the  offi^ring  of  ad- 
vanced civilisation.  When  the  state  of  society  in  this  country  anterior 
to  the  seventeenth  century  is  considered,  there  can  be  little  surprise 
that  we  hear  nothing  of  a  postoffice  before  that  period.  Few  of  the 
motives  to  written  communication  could  be  said  to  exist.  Each 
district  of  the  country  supplied  its  own  wants.  The  little  foreign 
trade  which  flourished  was  conducted  between  the  English  buyer 
and  the  foreign  seller  in  person,  at  the  port  where  the  import  was 
made.  Literature  and  science  dwelt  only  in  the  convent  or  the  oelL 
There  was  little  absence  from  the  domestic  hearth,  excepting  that  of 
the  fighting  man  following  the  service  of  his  lord;  but  few,  either 
servants  or  masters,  had  the  power,  even  if  they  had  the  will,  to 
write  letters.  The  king  summoned  his  barons  frt>m  all  quarters  of  the 
kingdom  by  letters,  or  writs,  and  held  frequent  communication  with 
hiasheriffii,  to  collect  his  parliament  together,  to  muster  his  forces, 
to  preserve  his  peace,  to  fiU  his  treasury.  The  expenses  of  the  esta- 
blishment of  Nuncii,  charged  with  the  conveyance  of  letters,  formed 
a -large  item  in  the  charges  of  the  royal  household.  As  early  as  the 
reign  of  King  John,  the  payments  to  Nuncii  for  the  carriage  of  letters 
may  be  found  enrolled  on  the  Close  and  Misso-RoUs,  and  these  pay- 
ments may  be  traced  in  an  almost  unbroken  series  through  the 
records  of  subsequent  reigns.  Nuncii  also  formed  part  of  the  esta- 
blishment of  the  more  powerful  nobles.  Jn  a  wardrobe  account  of  the 
27th  year  of  Edward  L,  we  find  a  specimen  of  the  mode  in  which  the 
payment  is  entered: — "x  die  Januarii  nuncio  Domini  Regis  de 
Hastang  redeunti  ad  eundum  dominum  suum  cum  litteris  Regis, 
pro  expeusis  suis  sic  redeundo — ^xiiL"  As  conrespondence  grew,  it 
is  easy  to  see  that  economical  anangements  for  its  transmission  would 
grow  likewise.  The  Nundus  of  the  time  of  King  John  was  probably 
obliged  to  provide  his  own  horse  throughout  his  journey ;  whilst  in 
the  reign  d  Edward  IL  he  was  able,  and  found  it  more  suitable,  to 
hire  horses  at  fixed  potts  or  stations.  In  1481,  Edward  IV.,  during 
the  Scottish  war,  is  stated  by  Oale  to  have  established  at  certain  posts, 
twenty  miles  apart,  a  chaxige  of  riders,  who  handed  letters  to  one 
another,  and  by  tins  means  expedited  them  200  miles  in  two  days. 
It  would  seem  that  the  poets,  at  which  relays  of  riders  and  hones 
were  kept,  were  wholly  private  enterprises;  but  that^  when  their 
importance  became  felt  and  appreciated,  ihe  state  found  it  both 
politic  and  a  source  of  profit  to  subject  them  to  its  surveillanoe. 
Before  any  substantive  evidence  appears  of  the  superintendence  of 
the  posts  by  the  government,  the  superscription  often  met  with,  of 
"haste  poete  haste,"  on  letters  written  at  the  close  of  the  fifteenth 
and  begmning  of  the  sixteenth  centuries,  is  sufficient  to  show  that 
the  posts  had  become  the  customary  channel  for  transmitting  letters 
in  the  speediest  way. 

A  statute  in  1648  (2  and  3  Edw.  VL,  &  8)  fixed  a  penny  a  mile  as 
the  rate  to  be  chargeable  for  the  hire  of  post-horses.  In  1581,  one 
Thomas  Randolph  is  mentioned  by  Camden  as  the  chief  postmaster  of 
England ;  and  there  are  reasons  for  condudhig  that  his  duties  were 
to  supermtend  the  f  posts,  and  had  no  immediate  connectien  with 
letters.  The  earliest  recital  of  the  duties  and  privileges  of  a  post- 
master seems  to  have  been  made  bj  James  L  The  letters  patent  of 
Charles  I.,  in  1632  ('Pat.,'  8  Car.  I.  p.  i  m.  15 d;  '  Foedera,'  vol  19, 
p.  385)  recite  that  James  constituted  an  office  called  the  office  of 
postmaster  of  England  for  foreign  parts  being  out  of  his  dominions. 
This  functionary  was  to  have  "  the  sole  taJdng  up,  sending,  and  con- 
veying of  all  packets  and  letters  concerning  h&  service,  or  business  to 
be  despatched  into  forraigne  parts,  with  power  to  grant  moderate 
salaries ; "  the  office  was  ''graunted  to  ICathewe  le  Quester,  and  Mathewe 
le  Quester  lus  son :  all  others  were  publiquely  prohibited  that  they 
should  not  directly  or  indirectly  exercise  or  intrude  tiiemsebres :  the 
said  M.  le  Quester  made  and  substituted  William  Frizell  and  Thomas 
Witherings  his  deputies,  and  his  Majesty  accepted  the  substitution.'' 
The  kiDg,  "afiectmg  the  welfare  of  his  people,  and  taking  into  his 
princely  consideration  how  much  it  impoxts  his  state  and  this  realm 
that  the  secrets  thereof  be  not  disclosed  to  f  orreigne  nations,  which 
cannot  be  prevented  if  a  promiscuous  use  of  transmitting  or  taking  up 

*  Cdni  qui,  en  dehors  des  math^matiqiies  pares,  prononce  le  mot  isywMJMe, 
snanqiie  de  pradenGeb    ('  Anaualre '  for  1868,  p.  449.} 
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of  foireigne  letters  and  packetts  should  be  suffered,"  forbids  all  others 
from  exercising  that  which  to  the  office  of  such  postmaster  pertaineth, 
at  their  utmost  perils. 

In  1685,  a  prodamation  was  made  "  for  settling  of  the  letter-office 
of  England  and  Scotland."  It  seta  forth  "  that  there  hath  been  no 
certain  or  constant  interoouxse  between  the  kingdoms  of  En^and  and 
Scotland;"  and  commands  "  Thomas  Withering,  Esq.,  his  lifajesty's 
postmaster  of  England  for  foreign  parts,  to  settle  a  running  poet  or 
two,  to  run  night  and  day  between  Edinburf^  and  Scotland  and  the 
City  of  London,  to  go  thither  and  come  back  in  six  days."  Directions 
are  given  for  the  management  of  the  correspondence  between  post- 
towns  on  the  line  of  i^ad,  and  other  towns  which  are  named,  and 
likewise  in  Ireland.  All  postmasters  are  commanded  "  to  have  ready 
in  their  stables  one  or  two  horses : "  2i4,  for  a  single  horse,  and  5cL 
for  two  horses  per  mile  were  the  charges  settied  for  this  service.  A 
monopoly  was  established,  with  the  exceptions  in  &vour  of  common 
known  carriers  and  particular  messengers  sent  on  purpose,  most  of 
which  have'  been  preserved  in  all  subsequent  regulations  of  the 
Post-Office.  In  1640,  a  proclamation  was  made  concerning  the  seques- 
tration of  the  office  of  postmaster  for  foreign  parts,  and  also  of  the 
letter-office  of  England,  into  the  hands  of  Philip  Burlamachy,  of 
London,  merchant;  but,  in  1642,  it  was  resolved  by  a  committee  of 
the  House  of  Commons,  that  such  sequestration  was  *'  a  grievance  and 
illegal,  and  ought  to  be  taken  off,"  and  that  Mr.  Wythenngs  ought  to 
be  restored.  As  late  as  1644,  it  appears  that  the  postmaster's  duties 
were  not  connected  directly  with  letters.  A  parliamentary  resolution 
entered  on  the  Journals  of  the  Commons  states  that,  "  the  Lords  and 
Commons,  finding  by  experience  that  it  is  most  necessary,  for  keeping 
of  good  intelligenoe  between  the  parliament  and  their  forces,  that 
post  stages  should  be  erected  in  several  parts  of  the  kingdom,  and 
the  office  of  master  of  the  posts  and  couriers  being  at  present  void, 
ordain  that  Edmund  Prideaux,  Esq.,  a  member  of  the  House  of 
Commons,  shall  be,  and  is  hereby  ccmstituted,  master  of  the  poets^ 
meosengers,  and  couriers."  "  He  first  established  a  weekly  conveyance 
of  letters  into  all  parts  of  the  nation,  thereby  saving  to  the  public  the 
charge  of  maintwning  postmasters  to  the  amount  of  7,0002.  per 
annum."  (Blackstone.)  An  attempt  of  the  Common  Council  of 
London  to  set  up  a  separate  Post-Office,  in  164^  was  checked  by 
a  resolution  of  the  House  of  Commons,  which  declared  "that the 
office  of  postmaster  is,  and  ought  to  be,  in  the  sole  power  and  disposal 
of  parliament." 

But  the  most  complete  step  in  the  establishment  of  a  Poet-Office 
was  taken  in  1656,  when  an  act  was  passed  **  to  settle  the  postage  of 
Engbnd,  Scotland,  and  Ireland."  This  having  been  the  model  of  all 
subeequent  measures,  induces  us  to  give  something  more  than  a 
passing  notice  of  it.  The  preamble  sets  forth  "  that  the  erecting  of 
one  general  Post-Offioe  for  the  speedy  conveying  and  recarrying  of 
letters  by  post  to  and  from  all  places  within  England,  Scotland,  and 
Ireland,  and  into  several  parts  beyond  the  seas,  hath  been  and  is  the 
best  means  not  only  to  maintain  a  certain  and  constant  intercourse  of 
trade  and  commerce  between  all  the  said  places,  to  the  great  benefit 
of  the  people  of  these  nations,  but  also  to  convey  tiie  publique  de- 
spatches, and  to  discover  and  prevent  many  dangerous  and  wicked 
designs  which  have  been,  and  are,  daily  contrived  against  the  peace 
and  welfare  of  this  commonwealth,  the  intelligenoe  whereof  cannot 
well  be  communicated  but  by  letter  of  escript."  It  also  enacted  tha^ 
'^  there  shall  be  one  QeneraU  Post-Office,  and  one  officer  sidled  the 
postmastergeneraU.  of  England  and  comptroller  of  the  Poet-Office." 
This  officer  was  to  have  the  horsing  ox  aU  "through"  posts  and 
persons  "  riding  in  post"  Prices  for  letters,  whether  English,  Scotch, 
Irish,  or  foreign,  and  for  post-horses,  were  fixed.  All  other  persons 
were  forbidden  to  "set  up  or  imploy  any  foot-posts,  horse-posts,  or 
paoquet-boata."  These  arrangements  were  oonfinned  in  the  first  year 
of  tne  Restoration,  by  an  act  which  was  repealed  9  Anne,  c.  11.  In 
1688,  a  metropolitan  penn^-post  was  set  up,  the  history  of  which  is 

g'ven  at  length  in  the '  Nmth  Report  of  the  Commissioners  of  Post- 
ffice  Inquiry.'  From  1711  to  1838,  upwards  of  150  acts  affecting 
the  regulations  of  the  Post-Office  were  passed.  In  the  first  year  of 
her  present  Majesty,  mnety-nine  of  these  were  repealed,  either  whoUy 
or  partially,  and  the  following  acts  were  passed,  by  which  the  whole 
department  of  the  Post-Office  was  regulated : — 

For  the  management  of  the  Post-Office,  o.  33. 

The  regulation  of  the  duties  of  postage,  &  34. 

For  regulating  the  sending  and  receiving  of  letters  and  packets  by 
the  post,  free  from  the  duty  of  postage,  c.  35. 

For  consolidating  the  laws  relative  to  offences 'against  the  Post- 
Office,  and  explaining  certain  terms  and  expressions,  c  36. 

A  mere  enumerat^Dn  of  the  titles  of  all  the  acts  aflfocting  the  Poet- 
Office  would  occupy  a  considerable  sj^ace.  An  account  even  of  these 
four  last-mentioned  acts  must  be  dispensed  with,  and  the  reader  re- 
ferred to  the  acts  themselves.  Their  enaotments  have  been  abro- 
gated, to  a  great  extent,  by  the  adoption  of  Mr.  Rowland  BQll's  plan 
of  uniform  postage,  which  we  shall  notice  hereafter.  This  measure 
was  carried  into  effect  by  an  act  passed  in  1839,  2  ft  8  Vic.  cap.  52, 
which  conferred  temporary  powers  on  the  Lords  of  the  Treasury  to  do 
so,  and  was  subsequently  confirmed  by  an  act  3  &  ^^Yic.,  «.  96,  passed 
10th  August,  1840. 

Motet  of  Potiage,^The  first  establishment  of  a  rate  of  postage  for 
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canying  letters  dccuni  in  1635,  in  the  proolamatjaw  already  dexaribed. 
The  rates  were  fixed  as  ioUowa : — 


Under  80  miles 

Between  80  miles  and  140  niUes 
Above  140  miles  .        • 

On  the  borders  aad  ia  Scotland 


2d,  single  letter, 

4 

0 

S 


ti 


**Two,  three,  ft)\»,  or  five  letteiti  in  one  packet,  or  more,  to  pay 
aeeording  to  the  bigneea  of  the  said  packet." 

The  rates,  both  inland  and  foreign,  fixed  by  the  ordinance  of  th«i 
Commonweal^  in  1666,  are  therein  fofiy  detaBed.  Letters  above 
two  sheets  were  eluffged  by  wei^t.  In  meet  eases,  the  rates  Taiy 
but  little  from  those  fixed  in  the  19  Car.  I.,  the  principal  of  which 
were  as  follows : — 

Letter  not  exceeding  one  sheet,  to  or  from  any  place  not  exceeding 
80  miles,  M ;  above  80  miles,  9d.  From  London  to  Berwick^  fid. ;  to 
Dublin,  6rf.  Letters  of  two  sheets  were  charged  double.  By  the  9 
Anne,  c.  11,  a  penny  was  added  to  several  of  the  rates  previously 
established;  a  letter  from  London  to  Edinburgh  was  charged  8a. 
Additions  were  sabsequently  made ;  but  the  principle  of  the  rating 
was  to  charge  according  to  the  distance  which  the  oonreyance  travelled, 
until  the  year  1889,  when  the  direet  distance  only  was  charged.  A 
Single  letter  was  interpreted  to  mean  a  single  piece  of  paper,  provided 
it  did  not  exceed  an  ounce  in  weight.  A  second  piece  of  paper,  how- 
ever small,  or  any  inclosure,  constituted  a  doume  letter.  A  single 
Sheet  above  an  ounce  was  charged  with  fourfold  postage'.  After  a 
fourfold  charge,  the  additional  charges  advanced  by  weight. 

lu  Scotland,  letters,  when  conveyed  by  mailrcoaches  only,  were 
fiabject  to  an  additional  halfpenny.  Letters  passing  between  Great 
Britain  and  Ireland  were  subject  to  the  rates  of  postage  charged  in 
Great  Britain,  besides  packet  rates,  and  Kenai^  Conway  Brieve,  or 
Milford  rates. 

Between  1814  and  1839,  the  rates  in  Ireland  were  as  follows : — 


be  sent  for  in  enstody  of  the  serjeant-at-arms,  or  his  deputy,  to  answer 
his  abuse  and  breach  ol  privilege  in  exacting  money  of  the  members  ot 
this  House  for  post-letters."  In  the  paper  biU  which  grafted  the  Post, 
office  revenue  to  Charles  II.,  a  olauae  provided  that  all  the  members  ci 
the  House  of  OommoBS  should  hsTS  their  letters  iree^  which  dans 
was  left  <Hit  by  the  hotdn,  because  no  similar  proviakn  was  made  fer 
the  passing  ol  their  letters  ^  but  a  oompromise  "was  noAde  on  t^ 
aHuraaaoB  HimM  their  letters  should  pass  free. 

In  1785  the  House  of  Gonunona  pceseeuted  some  investigatiooa  mid 
the  snbjeet,  whieh  appear  on  the  Journals.  Agsin,  i&  1764  (4  Geo.  UU 
a  cemmittes  was  appolBted  ^'to  inquhre  into  the  seven!  iraada  and 
abuses  in  xelatlon  to  the  sendii^  orzeeeiving  of  lefcten  and  percek  tnt 

from  the  duty  of  postsge."  Among  various  abuses  proved  to  exist,  it 
is  i^ted  tha*  **  one  man  had  in  the  course  of  five  months  counttf- 
feited  1200  dozen  of  franks  of  members  of  parhaaaeat,  and  that  a 
regular  trade  of  buying  and  seUing  frai^  had  been  ac*ual]^  eat^diskfd 
with  several  paraons  in  the  country.'*  Beeolutiona  restricting  and  rsgo^ 
lating  the  privilege  were  passed.  From  time  to  time  the  pnvikge  vu 
extended,  until  it  waa  fina£^  abdiehed,  with  a  very  iew  exo^tacns, 
en  10th  January,  184(K 
I  Seven  millions  ol  franks,  out  of  sixty-U»ee  miUiona  of  general-poe 
letters,  inchiding  fiinke,  were  «twaated  in  1838  to  pass  through  tb* 
Poet^Offiee  annually.  The  relative  quantities  of  these  several  doea- 
ments are givoi in  the 'Third Report  o£  the  Commoiu'  Censaitte^' ai 

foUovs  :— 

SiB«li  Uttds. 

^6,000k0<)<»  of  geaerftUpoftt  chargsabla  letters, 

equivalent  at  .        .        .        .    IJ  to  6S»0O0.WO 

4^813,448  parUamentary  franks      .        .    .    2    to    9,St€,$9S 

2,109,010  official  franks     .        .        «        .     «     to  l«,87J,ff8e 

77,542  copies  of  the  statates     •       .    .  1»    to    i,tK»,04« 


Diataaeeain 

Bates  for 

INstanceain 

Bates  for 

Irish  Uilea. 

Single  letters. 

MakMilaa. 

tingle  LettMB. 

7 

%d. 

95 

9d. 

15 

ISO 

25 

lae 

95 

too 

45 

250 

&5 

800 

1 A 

65 

8  . 

The  postmaster-general  had  authority  to  establish  penny  posts  for 
letters  not  exceeding  in  wei^t  four  ounces,  in,  from,  or  to,  any  city, 
town,  or  placer  in  the  United  Kingdom  (other  than  London  or  Dublin), 
without  any  reference  to  the  distance  to  which  the  letters  are  con- 
veyed. 

The  principle  vehich  guided  'the  department  hi  establishing  penny 
posts  was,  to  select  small  towns  and  populous  neighbourhooois^  not 
situated  in  the  direct  lines  of  general-post  conveyances,  and  desirous  of 
obtaining  that  facility,  wherever  such  penny  post  did  not  afford  the 
means  of  evading  the  general  post,  and  premised  to  yield  a  return  that 
'  would  pay  for  its  maintenance.  The  rule  was  to  consider  whether  the 
receipts  on  the  first  setting  up  of  the  post  would  pay  about  two-thlrdS 
of  the  charge.  The  Post-Office  took  its  chance  of  the  remainder  being 
made  good. 

The  London  Twopenny  Post  extended  to  all  letters  transmitted  by 
(he  said  post  in  the  limits  of  a  circle  of  three  miles'  radius,  the  centre 
being  the  General  Post-OfBce  in  St.  Hartin'a-le-Grand,  which  limits 
the  postmaster-general  had  authority  to  alter.  The  London  Three- 
penny  Post  extended  to  all  letters  transmitted  by  the  said  post  beyond 
the  circle  of  three  miles'  radius,  and  within  the  limits  of  a  circle  of 
twelve  miles'  radius,  the  centre  being  the  General  Post-Office. 

The  select  committee  of  the  House  of  Commons,  in  1838  and  18S9^, 
which  investigated  Mr.  Rowland  Hill's  plan,  reported  the  following  to 
be  the  average  rates  of  postage: — 

AvsHAos  BATsa,  MoLvxyu  Lsnsaa  bsoio  XMCcesaD  Am  eommm  as  Snroui. 

d. 
Packet  and  ahip  letters  .•        .        .        i        .  28*1563  o 
Ditto,  and  inland  generalqKWt  lattwa         •    .     9*7005  e 
Ditto,  ditto,  and  Londea  ^d.  and  8d.  post  Itttesa    8*4006  m 
Ditto,  ditto»  ditto»  and  ooontry  14.  post  Isttera    7*6074  a 


Inland  general-post  letters  only     • 
Ditto,  and  London  2d.  and  Sd,  post  letters  • 
Ditto,  ditto,  and  conntry  Id.  post  letters 


8-6502 
7*4688 
6*7414 


Armuam  mkirn,  Umatrtm  laerma  Bsnu  xmaviySD. 


SlBgls  iahoid  genoraKpost  letters 

Ditto,  and  Londoe  2<l;  aad  Zd.  poe>  totters 

DittOb  ditto»  and  coantry  1^  poat  IsHsKS    . 


7*7445  =  nearly    7j 

6*8202  s  Bttle  more 

than  6} 

<*2166  «  nearly    Of 


.^wnking» — As  early  as  »  post^ffioe  was  establSshed,  certafat 
exemptions  Irom  the  rates  of  postage  were  made.  Parl^mientary 
franking  existed  in  1666.  An  entry  is  registered  on  the  JoumaHi  ca 
the  House  of  Commons  on  19th  October  1666,  ^That  Edward  Roberts 


69,000,000 


M,S«9,02S 


The  privileged  lettscv*  thereloie,  reduoed  to  the  standard  of  cng^ 
letters,  aaoi^^  to  above  30  per  cent,  of  the  whole  number  of  leUen 
transmitted  by  the  general  post 

The  aven^  weight  of  a  single  chargeable  letter  was  about  ^lOtbs 
of  an  ounoe;  the  average  weight  of  &  parliamentary  frank  abcui 
48<100ths  of  an  ounce;  that  of  an  official  franks  1'9376  ol,  or  aear^ 
two  ouncoe;  and  that  of  a  copy  el  a  public  statute,  3*112»  oa.  Had 
they  been  liable  to  the  then  existing  ratea,they  woiOdhftvecontribiiied 
in  the  f oUowing  propertlQiia  to  the  revenue : — 

State  per 
Kuaahar.  Xiettoe. 


d. 

* 

Farttaneniary  franks 

.  4,818,448 

17*S9S 

M4,S14 

CMBalal  ftamca     . 

.  1,109,010 

70*2  0» 

•10,005 

'Blatntes  dirtilbated 

.       r7,&4» 

112-7O0 

OOr^tt 

Tetato 


7K«ft«Uft.«<>^ 


^,002,222 


Newspapers,  with  a  few  exceptions,  passed  free  of  postage.  A3 
franking  is  now  altogether  abobahed,  except  petitions  fbrwanJea  to 
peers  and  members  of  parliament. 

iZerentte.— The  statistics  of  the  Post-Office  revenue  are  fer  from 
complete.  In  the  early  period  of  the  Post-Office  establishment,  and 
before  1716,  only  a  few  scattered  accounts  can  be  collected.  In  1653 
the  annual  revenue  was  farmed  for  10,00(M.,  and  in  1659  for  l^i^^JJ* 
(Journals  of  the  Commons.)  In  1663  it  was  farmed  &r  21,500L 
annually,  and  the  amount  settled  on  the  Duke  of  Tork.  JnW4the 
farming  of  the  revenue  yielded  43,000^.  In  1685  it  produced  65/mL 
Parliament  resumed  the  grant  after  1688,  though  the  king  conned 
to  recehre  the  revenue.  In  1711  the  gross  revenue  was  reckoned  at 
111,426/.  From  1716  to  1733  the  average  yearly  net  revenue  wm 
97,540^.,  founded  upon  "a  certain  account,  and  not  an  estimate 
(Commons  Journals,  April  16, 1735.)  In  the  Postage  Reports  of  1838 
(voL  ii.,  App.,  p.  176 ;  vol.  i.,  p.  511)  are  accounte  showing  the  groo 
receipt,  c&rge  of  management,  net  receipt,  and  rate  per  cent  of 
coUection  in  Great  Britain  from  1758  to  1837,  and  hi  Sootlaad  iDd 
Ireland  from  1800  to  1837.  The  accounts  for  a  few  years  will  B«rve  to 
show  its  progress ; — 

Qreat  B&rcAiii. 


Tears  ended 
AptUfi. 

1758 
178» 
177» 
1786 
1799 
1816 
1887 


Qroaa 

Baoeipts. 

222,075 

&05,058 

402,918 

506,^00 

1,012,731 

2,198,741 

2,200,780 


Chargeaef 
Masngement. 

£ 
148,845 

140,298 
263,670 
220,525 
324,737 
594,045 
609,220 


NetBeoeipt 
(Mtoras  deduetedl. 

73,750 

164,760 

139,248. 

285,975 

057,388 
1,526,5»T 
1,511,0S» 


Batap««>s^ 
ofCoOeGtisa. 


06 

45 
65 
43 
32 

97 


4.  i. 
UU 


19 

8 

10 

1 

1 


97  IS 


9 

9 
9 
4 
6 
I 


Years*     -Chfoss  Beeelpta* 

£        a,    d, 

1800         100,651  14     4 

1837         320,758  13  10 


SoOTIiANIX. 

Cliargea  of 
OaDeetknu 

£      «.  d. 


'Kat  Ihaoois. 
£      s,  d. 


16,890  8  0       \J3.758  6  4 
09,845  7  1         «»«1«  6  • 


BaitopereeaL 
ofCoilectiflB. 

£  I.  <L 
16  1S« 
ST    00 


V 


Ml 


F08T^FFIC& 


POST-OFFICB. 


OroM                GbirgMof        KKBeoeipt  Bate  per 
fieoeivts.             Oelleotidtt.  (Batrnxui  dadoBtad).  of  CdOietioB. 

Ton.            «                         S                     £  £  S.4, 

leM           04,040                    59^10                  t4,8t4  70    0  S 

18i7         2M,070                    0M4S                 184,800  87     0  8 

The  reventie  for  the  United  Kingdom  for  the  yean  ended  Janxruj 
5, 1838  and  1889,  was  as  IoUowb  :-^ 


Taan  ended 
Jaa8. 

1888 
1888 


OroM  Ouuceedf  Nai      Bate  per  acat» 

Bace&pte.  OoUaetloiu  Betumft  Baoelpte.    efCoUaotion. 

£  £  £  £  «  A.   4.  . 

3,468,860         669,940  128,881  1,660,708       37  4     1 

3,467,816         688,786  180,988  1,676,682       37  2  11 


The  Select  Conunittee  on  Postage,  in  1888,  instituted  the  following 
comparison  between  the  Fost-Office  revenue  of  the  six  years  endinig 
5th  Januaiy^  1838,  and  that  of  six  years  ending  ^th  Januaiy,  1821 ; — 


8ee  Appendix  to 
Beport  I«,  p*  609, 


Oro88  BeTeaue, 
aaoliidiBC 

1818  to  1880 
ImlnsiTa. 

£ 
3,378,848 
3,828,839 
3,186,684 
2,099,228 
2,151,213 
3,108,833 


Net  Bervmie, 
after  deducting  eoet  of 


1883  to  1881 
isduelTe. 

£ 
S,178»803 
8,190,181 
3,209,489 
3,243,294 
2,350,608 
3,339,738 


1810  to  1830 
iMlaiiT% 

£ 
1,698,808 
1,619,196 
1,687,608 
MS3.871 
1,467,538 
1,522,640 
— ^— ^-^-^"^ 

9,179.040- 
1,839,840 

48,006 
3,838 


1M3  to  1889 
iMloaitO* 

£ 
1,681,838 
1,668,4.88 
1,618,063 
1,664,458 
1,645,885 
1«658,479 

0,467,077 
1,877,846 


Totals  of  fhe  six  years  18,143,588  18,508,547 
Arerage  of  the  eix  years  3,190,507  3,351,424 
Increaee  at  the  end  of 

sevaatoenTsan  60,837 

Annual  aTcmge  InoreaBB        8,678 

It  thus  appeared  that  on  an  average  gross  revenue  of  2,100,5972. 
there  had  l>Mn  in  seventeen  years  a  positive  inorease  of  60,827^> 
averaging  only  8578^.  yearly,  or  Utile  more  than  14  per  thousand, 
though  the  advanca  had  been  rapid  in  popuiatioa^  and  i^till  mora  ao  in 
wealth,  industry,  and  trade. 

JEstabluhmmt,  Cott  of  Management,  dec, — The  head  of  the  Post-Offioe 
is  styled  the  Poatma8ter-General,  imder  whose  authority  are  placed  all 
the  post-offices  in  the  United  Kingdom  and  the  colonies.  The  offioe 
was  formerly  held  by  two  persons^  It  is  considered  a  political  one, 
and  the  holder  relinquishes  it  with  a  change  of  ministiy.  The  Com- 
zoissioners  of  Post-O&ce  Inquiry  (4th  Report)  recommended  that  the 
office  should  oe  exercised  by  three  permanent  commissioners ;  and  a 
hiU  passed  the  Commons  to  give  effect  to  the  recommendation,  but 
was  thrown  out  by  the  Lords. 

In  1831  and  1832  the  chief  offices  of  London^  Dublin,  and  Edm- 
burgh  were  remodelled  by  the  Duke  of  Biohmond,  then  postmaster- 
general  The  separate  office  of  po8tmaster*gen6ral  for  Ireland  was 
abolished,  and  other  changes  were  made,  which  were  qftimfttiwi  to 
reduce  the  expenses  above  4700^  per  annum.  In  London  the  saving 
was  estimated  at  6448/.  per  annum :  a  secretary  at  Dublin  and  at 
Edinburgh  is  chief  executive  officer  for  the  respective  countries. 

The  metropolitan  General  Post-Office  was  removed  in  1829  from 
Lombard  Street  to  St.  Hartin's-le-Qrand.  It  is  the  head^quarters  of 
all  postoffica  business.  AU  accounts  of  the  ooUeotioa  of  the  revenue 
and  the  expenditure  ore  rendered  there. 

No  accounts  of  the  number  of  documents  passing  through  the  Post- 
Office  were  kept  until  shortly  before  the  introduction  of  Sir  Howhmd 
Hill's,  system.  Founded  upon  a  very  careful  examination  of  the 
best  data,  the  numbers^  the  result  of  very  elaborate  calculations,  Are 
appended  to  the  '  Keport  of  the  Commons'  Committee  /  as  hero 
subjoined : — 


DssoriptloB  of  Letters* 


Yearly  Kionber    Average  rate      Tsarljr 
cfLetteis. 


Paeket  aad  ihip  letters  .  .    8,838,873 

Ociicral-90stiii]aiidletter»alMiTe4tf.  46,878,80^ 
Ditto,  aot  exoeecUnr  44.    •        .    •    8,188,300 

London  local-po8t  letters        .        .11,837,853 
Qoimtry  penny-post  letters        .    •    8,030,412 


d. 
S8'1883 
0*3384 
8*6 

8*8206 
1 


880,840 

1,783,101 

78,161 

114,783 

8^,488 


Total 74,923,836 

Pailisnumtary  franks         .        .    .  4,813,448 

Ofleial  franks,  for  public  pturposes .  3,109,010 

PnbUe  Btatates      ....  77,543 

Mewspi^ers 44,800,000 


7*6074         8,374,938 


Total  of  doeainentB  transmitted  ) 
by  post     •       •        •       •    I 
Unappropriated        •       .        • 


126,428,886 


1 1  ■» 


2,374,038 
4,641 


Total  revenue  from  letters,  1837   .        • 3,379,664 

See  Notes  to  '  Postage  Beport,'  pages  4  and  6. 

The  chargeable  letters  in  the  mails  leaving  London  were  found  to 


wei^  only  7  per  cent»  of  the  whole  weight  of  those  mails.  The  total 
we^t  of  the  chargeable  letters  and  franks  carried  by  the  thirty-two 
maUs  leaving  Iiondon  was  only  2912  lbs.  Deducting  one-half  as  the 
weight  of  the  franks  and  franked  documents,  the  weight  of  all  the 
chargeable  letters  was  only  1456 lbs.,  being  224  IhsTless  than  the 
weight  which  a  single  mail  is  able  to  cany. 

The  management  of  the  conveyance  of  the  mails  by  sea  and  land  was 
subject,  of  course,  to  those  constant  changes  which  arise  out  of  the 
improvements  daily  taking  place  in  the  various  modes  of  transits 
Certain  packets  were  exclusively  controlled  by  the  Admiralty,  to 
whose  charge  they  were  removed  in  1837 ;  others  rem*ined  with  the 
Post-Office ;  but  the  whole  are  now  placed  under  the  Post-Offioe  man- 
agements The  parliaxnentaiy  returns  and  reports  of  various  com- 
missioners  on  the  subject  of  the  packet-service  are  numerous.  The 
most  Important  are — *  The  Twenty -second  Report  of  the  Commiasionen 
of  Bevenue  Inquiry,'  part  5,  printed  1S30,  and  the '  Sixth  Report  of 
the  Poet-Office  Commiasioners  on  the  Packet  Establishments,'  printed 
in  1836.  Contracts  for  the  conveyance  of  the  mail-bags  to  the  Con- 
tinent  are  made  between  the  Post-Offioe  and  the  proprietors  of  certain 
steam-vessels.  The  PostrOffice  moreover  hes  power  of  sending  a  bag  of 
letters  in  any  private  ship. 

The  inland  correspondence  is  carried  by  railroads,  by  four-horse  and 
two-horse  coaches;  by  cars  in  Ireland,  by  single-horae  outs,  on  horse- 
back, and  foot. 

The  number  of  miles  travelled  over  in  £ngland  and  ScoUand  by  the 
mail-coaches  in  ina  following  jeMSi  Wm  as  f <Aow»  t*~- 


1884 
1838 
1888 


8,011,006 
5,081,318 
8,288,470 


f 


1887 
1888 
1880 


6,648,317 
7,204,295 
7,877,857 


And  a  parHaBientafy  return^  printed  1886  (No.  864),  presented  the 
loUowing  acQount  of  tha  speed  and  cost  of  the  nudl-ooaches  :^- 


gnglaad. 
Miles. 

Greatsst  qpeed  travailed  yer  hoar  •    lOf 

Blowest 6 

Average  speed  •        .        .    •      8} 


Zrelaiid* 
Miles. 


8 


gootlsnd. 
Miles. 

10* 
7 


The  system  of  tnaSl'Coadies  owes  its  origin  to  Mr.  Palmer,  tn  1784, 
Mr.  Pellner,  who  was  manager  of  the  Bath  and  Bristol  theatres,  hud  a 
plan  before  Mr.  I^tt,  which  was  adopted  by  the  government,  after  much 
opposition  from  the  fimctionaries  in  the  Post-Office.  The  greatest 
improvement  in  the  transmission  of  the  correspondence  of  the  country 
was  effected  by  this  plan.  Mr.  Palmer  found  the  post,  instead  of  being 
the  quickest,  nearly  the  slowest  conveyance  in  the  country ;  very  con- 
siderably slower  than  the  common  stage  coaches.  The  average  rate  of 
speed  did  not  exceed  three  miles  and  a  half  per  hour.  Whilst  coaches 
left  London  in  the  afternoon  and  reached  Bath  on  the  following 
morning,  the  post  did  not  arrive  till  the  second  afternoon.  Slowness 
was  not  the  only  defect :  it  was  also  irregular,  and  very  insecure.  The 
robbery  of  the  mail  was  very  common.  Mr.  Palmer  succeeded  in 
perfecting  the  mail-coach  system,  and  in  greatly  increasing  the  punc- 
tuality, tiie  speed,  and  security  of  the  post.  At  least  600  places 
obtained  a  daily  delivery  of  letters,  which  before  received  them  not 
oftener  than  three  times  in  the  week. 

The  net  revenue  before  these  changes  had  averaged  for  twenty  years 
about  150,000^  a  year.  In  ten  years  after  Mr.  Pahuer's  plan  had  been 
in  work,  the  net  revenue  increased  to  400,0002. ;  in  twenty  years  it 
became  700,0002. ;  and  in  thirty  years  it  had  reached  a  million  and  a 
half,  from  which  sum  it  can  hardly  be  said  to  have  advanced  to  the 
time  of  the  adoption  of  Sir  Rowland  Hill's  svstem.  The  reader  will 
find  both  the  hlsto^  and  progress  of  Mr.  Palmer's  plan,  of  the  Post* 
Offioe  opposition,  and  the  subsequent  proceedings  arising  out  of  his 
claims,  fully  related  in  parliamentary  papers,  printed  by  order  of  the 
House  of  Commons  in  1807, 1808,  and  181 3. 

In  1838  a  plan  calculated  not  only  to  increase  the  utility  of  the 
Post-Office  in  the  promotion  of  all  the  objects  of  civilisation,  but  to 
change  the  whole  management  of  the  institution,  was  brought  forward 
by  Mrl  (now  Sir)  Rowland  Hill,  a  gentleman  wholly  imconnected  with 
the  department.  It  was  at  first  privately  submitted  to  the  govern- 
ment, and  subsequently  published  in  a  pamphlet  under  the  title  of 
'  Post-Office  Reform — its  Importance  and  Pz^icabUity.'  In  a  short 
period  three  editions  were  issued.  The  main  features  of  Mr.  Hill's 
plan,  which  putting  aside  the  merits  of  the  suggestion  of  a  uniform 
rate,  is  discussed  With  singular  moderation,  acuteness,  caution,  and 
sound  reasoning,  proposed  to  effect — 1,  a  great  diminution  in  the  rates 
of  postage ;  2,  increased  speed  in  the  delivery  of  letters;  and,  3,  more 
frequent  opportunities  for  their  despatch.  He  proposed  that  the  rate 
of  postage  should  be  uniform,  to  be  charged  according  to  weight,  and 
that  the  payment  should  be  made  in  advance.  The  means  of  doing  so 
by  stamps  were  not  suggested  in  the  first  edition  of  the  pamphlet,  and 
DCr.  Hill  states  that  this  idea  did  not  originate  with  him.  A  uniform 
rate  of  a  penny  was  to  be  charged  for  every  letter  not  exceeding  half 
an  otmce  in  weight,  with  an  additional  penny  for  each  additional 
ounce.  Mr.  Hill  discovered  the  justness  and  propriety  of  a  uniform 
rate  in  the  fact  that  the  cost  attendant  on  the  transmission  of  letters 
was  not  measured  by  the  distance  they  were  carried.  He  showed  on 
indisputable  data  that  the  actual  cost   of  conveying  letters  from 


POST-OFFICE. 


POST-OFFICE. 


London  to  Edinburgh,  when  divided  among  the  letters  actually  carried, 
did  not  exceed  one  penny  for  thirtyndz  letters.  Independently  of  its 
fiumesB,  the  obvious  advantages  of  simplicity  and  eoonomioal  manage- 
ment were  strongly  in  &vour  of  a  uniform  rate. 

The  publication  of  this  plan  immediately  excited  a  strong  public 
sympathy  in  its  &vour,  and  especially  with  the  commercial  olaiseB  of 
we  dty  of  London.  Mr.  WaUaoe  moved  for  a  select  committee  to 
Inquire  into  its  merits  on  the  9th  May,  1887 ;  but  the  motion  fell  to 
the  ground.  On  the  80th  Maj,  1887,  Lord  Ashburton,  upon  presenting 
a  petition  from  some  of  the  most  eminent  merchants,  bankers,  men  of 
science,  and  others  in  the  metropolis,  to  the  House  of  Lords,  spoke 
strongly  in  favour  of  the  plan,  hi  the  December  of  the  same  year  the 
government  assented  to  the  appointment  of  a  select  committee  to 
inquire  into  and  report  upon  the  plan.  A  society  of  merchants  was 
forthwith  formed  in  the  city  of  London  to  furnish  evidence  of  the  evils 
of  the  high  rates  of  postage,  and  the  insufficiency  of  the  Post-Office 
management  in  answering  the  wants  of  the  present  times.  The  subject 
b^gan  to  excite  much  interest  throughout  the  country.  In  the  session 
of  1837  five  petitions  were  presented  to  the  House  of  Commons  in 
&vour  of  <the  plan.  In  1838  unwards  of  820  wer«  presented,  of  which 
number  seventy-three  emanated  from  town  councils,  and  nineteen  from, 
chambers  of  commerce.  After  sitdi^  upwards  of  sixty-three  days,  and 
examining  Mr.  Rowland  Hill  and  eigh^-three  witnesses,  besidBS  the 
officers  of  the  departments  of  the  Poet-Office  and  the  Excise  and  Stamp 
offices,  the  committee  presented  a  most  elaborate  report  in  favour  of 
the  whole  plan,  confirming  by  authentic  and  official  data  the  conclusions 
which  Mr.  Hill  had  formed  from  very  scanty  and  imperfect  materials. 
The  appearance  of  the  conunit^'s  report  seemed  to  inspire  the 
whole  country  with  confidence  in  the  plm.  Petitions  in  its  favour 
amounting  to  2000  were  presented  to  both  houses  of  parliament  in  the 
session  of  1839.  The  Buke  of  Richmond,  then  postmaster-general, 
advised  the  government  to  adopt  it ;  and  the  chancellor  of  the  exSiequer 
brought  forward  a  bill  to  enable  the  Treasury  to  carry  the  plan  mto 
efiect,  which  was  carried  by  a  majori^  of  one  hundred  in  the  House 
of  (kaaomoim,  and  passed  into  law  on  the  17th  August,  1839.  In  the 
following  month  an  arrangement  was  made  which  secured  Mr.  Rowland 
Hill's  superintendence  of  the  working  out  hh  own  measure.  On  the 
5th  December,  1839,  as  a  preparatory  measure,  to  accustom  the  depart- 
ment to  the  mode  of  chaiging  by  weight,  the  inland  rates  were  reduced 
to  an  uniform  charge  of  id,  per  half  ounce.  The  scale  of  weight  for 
letters  advanced  at  a  single  rate  for  eadi  half  ounce  up  to  sixteen 
ounces.  Other  reductions  were  made  in  the  packet-rates;  and  the 
London  district  post  was  reduced  from  2(^.  and  Zd,  to  Id,  This 
measure  continued  in  force  until  the  10th  January,  1840,  when  a 
uniform  inland  rate  of  postage  of  Id,  per  half  ounce,  payable  in  advance, 
or  2d,  payable  on  deUvexy,  came  into  operation.  On  this  day  parlia* 
mentary  franking  entirely  ceased.  On  the  6th  May  stamps  were 
introduced.  The  warrants  of  the  lords  of  Uie  Treasury  which  autho- 
rised these  changes  were  published  in  the  London  Qaaette  of  the  22nd 
November,  28th  December,  1889;  25th  April,  1840. 

The  first  entire  year  of  the  penny  postage  was  1840,  but  then  letters 
might  be  paid,  or  stamped,  or  were  charged  double.    In  that  year 
191,931,365  letters  passed  throu^  the  postK>ffices  of  the  United 
Kingdom.      The   revenue  derived  from  the  Post-Offlce   had   been 
1,649,088^  in  1839;  in  1840  it  only  amounted  to  495,514/.    In  1845 
the  number  of  letters  had  reached  329,161,811,  and  the  revenue 
760,5881.    The  number  of  letters  and  the  amount  of  net  revenue  con- 
tinued to  increase  rapidly.    In  1848  the  additional  advantage  was 
given  of  a  book-post,  by  which  single  books  could  be  sent,  open  at  the 
ends,  at  an  uniform  rate  of  6d,  per  pound.    This  privil^;e  was  gradu- 
ally extended  to  the  British  colonies.    In  1855  the  rate  of  postage  for 
printed  sheets  was  reduced  to  Id,  for  a  quarter  of  a  pound,  2d.  for 
half  a  pound,  and  2d.  extra  for  each  fraction  above  half  a  pound ;  but 
if  4(2.  of  upwards  wfire  paid,  the  packet  might  contain  any  number  of 
sheets  written  or  printed,  except  that  the  writing  must  not  be  of  the 
nature  of  a  letter.  The  last  regulation  issued  in  1857  is  that  the  packet 
may  contain,  in  every  case,  any  number  of  sheets,  written  or  printed,  but 
the  written  matter  must  not  be  of  the  nature  of  a  letter,  and  may 
consist  of  bound  books,  or  maps  or  prints  on  rollers,  or  whatever  is 
necessary  to  the  safe  transmission  <n  literary  or  artistic  matter,  such 
packets,  however,  not  to  exceed  two  feet  in  length,  depth,  or  width, 
and  all  must  be  open  at  the  ends  or  sides.    Such  padLcts  may  also  be 
sent  to  all  the  British  colonies  at  the  rate  of  3rf.  for  4  oa.,  dd.  for  8  oa,, 
and  then  proceeding  at  the  rate  of  6d.  for  every  8  oa.,  or  portion 
thereof,  except  to  Ascension  Island,  the  East  Indies;  Hong  Kong, 
Australia,  New  Zeahmd,  and  the  Qold  Coast,  to  all  of  which  Uie  rates 
are  one-third  more,  and  the  weight  is  restricted  to  three  pounds.    By 
various  conventions  the  foreign  postage  of  letters  has  been  materially 
reduced,  in  some  cases  50  per  cent,  and  in  others  vaiying  from  17  to 
20  per  cent.    The  rates  to  all  the  British  colonies  werein  1857  reduced 
to  an  uniform  rate  of  6d.  per  half-ounce,  payable  in  advance. 

The  sixth  annual  return  of  the  Post-Office  for  1859  stotes  that  the 
total  number  of  letters  delivered  m  the  year  was  545,000,000,  of  which 
446,000,000  were  in  Enghmd  and  Wales,  47,000,000  in  Ireland,  and 
52,000,000  in  Scotland.  These  numbers  give  an  average,  in  England, 
uf  22  letters  for  each  person  of  the  popu&tion  (in  London  it  amounts 
to  43  for  each),  in  Ireland  of  7  for  each,  and  in  Scotland  of  16  for 
each  person.    The  number  of  newspapers  passing  through  the  Post- 


Offioe  was  70,500,000,  more  than  half  of  which  bore  the  newspaper 
stamp.    The  number  of  book-packets  waa  about  11,000,000.    Tboe 
were  470,000  newspapers,  and  1,900,000  letters  that  from  variooi 
causes  could  not  be  delivered,  chiefly  from  illegible  or  eironeum 
directions.    The  gross  revenue  (including  the  produce  of  the  impresKd 
stamps  on  newspapers,  received  by  the  Inland  Revenue  Of&oe)  wu 
3,448,0742. ;.  the  cost  of  management,  2,312,1142.  (including  444,519t 
for  mail-packets,  defrayed  by  tibe  Adxniralty,  but  fairly  chargeable  to 
the  Post-Office),  which,  added  to  the  net  revenue,  1»135,960/L,  eqoak 
the  revenue  derived  from  the  Post-Office  in  1838;  while  the  number 
of  letters  delivered  has  increased  by  460,000,000.    The  cost  of  manage- 
ment includes  the  following  items : — Salaries,  pensions,  Ac,  l,037,52dL ; 
buildings,  32,0812. ;  conveyance  of  mails  by  railways,  446,0002. ;  bj 
coaches,  carts,  &c.,  and  wages  of  mail-guards,  168,5072. ;   by  mail- 
packets  (when  paid  for  by  the  Post-Office)  and  private  ahips,  5454/L; 
for  manufacture  of  postage-stamps,  25,9402. ;  miscellaneous,  inclu<Uqg 
conveyance  of  mails  in  the  colonies,  under  the  postal  direction  of  the 
postmaster-general,  the  conveyance   of   the   mails   through  ^7pt» 
clothing  for  letter-camen  and  guards,  rents,  taxes;,  law  fl»pwMw«,  fc, 
138,4462. 

In  November,  1840,  a  most  important  improvement  was  introdoced  hf 
an  increased  fMsUty  in  tnmsmittmg  small  sums  of  money.  The  Foet- 
Office  had  been  accustomed  to  give  orden  on  local  poet-offices  for  smni 
under  6L  6$.,  for  which  they  charged  5  per  cent. ;  imd  as  the  orctervas 
on  a  separate  sheets  it  involved  double  postage.  The  order  was  next 
given  on  a  sheet  of  letter-paper,  which  saved  a  postage;  later,  the 
charge  was  reduced  to  a  fixed  sum  of  It.  Hd,  for  sums  between  2L  sod 
52.,  and  6d.  for  sums  less  than  22.  These  charges  were  redaoed  to  dd. 
and  3e2.  respectively :  the  effect  was  prodigious.  In  the  three  months 
ending  Feb.  5, 1841,  the  amount  paid  on  such  orden  was  59,4322L, 
against  81412.  in  the  corresponding  months  of  1840.  For  some  time, 
however,  the  expenses  of  the  Money-Order  Office,  for  iridch  a  diitinct 
staff  had  to  be  organised,  exceeded  the  profits.  But  the  ioaeaae  of 
business  has  been  continuous,  and  money-orden  are  now  the  sooroe  of 
a  laige  revenue,  except  in  Ireland.  In  1859  the  totel  number  of 
money-orden  issued  m  the  United  Kingdom  was  6/^9,108,  to  the 
amount  of  13,250,9302.,  an  increase  of  4|  per  cent,  over  1858.  Of  the 
total  number,  5,932,138  orders,  to  the  amount  of  11,858,0571,  wen 
issued  in  En^d;  498|828,to  the  amount  of  891,6752.,  in  Irdaod; 
and  538,147,  to  the  amount  of  1,001,2982.,  in  Scotland.  The  conmiis- 
sion  gave  a  profit,  after  deducting  expenses,  in  En^and,  of  27,780C, 
and  in  Scotland  of  20192. ;  in  Ireknd  there  was  a  loss  of  6842.  Hie 
number  of  orden  gives  an  average  of  1  for  every  8  persons  in  Eoi^iiid, 
for  every  6  in  Scotland,  and  for  eveiy  13  in  Lrdand.  Money-onler 
offices  have  also  been  established  at  Bfalta»  Qibraltar,  and  in  GuBada 

In  1855  some  important  improvements  in  matters  of  detul  irere 
introduced  with  great  success.  Country  letten  to  London^  or  psASg 
through  London,  were  either  sorted  at  the  provincial  offices  or  daiiqg 
their  transmission,  and  this  expedited  the  morning  delivery  in  LondoD 
bv  nearly  an  hour.  Pillar  letter-boxes  were  also  erected  in  Lcmdon, 
Edinburgh,  and  Dublin ;  they  have  been  since  extended  to  most  ooo- 
siderable  places  in  the  United  Kingdom.  In  1859  there  were  825 
head  offices,  10,587  sub-offices,  and  1958  road  letter-boxes ;  a  total  of 
18,370  pubUc  receptacles  for  letten,  against  4518  before  the  establiih- 
ment  of  the  penny  postage.  London  was  also  divided  into  10  districts, 
each  having  a  district  head-office,  by  which  letten  posted  in  a  distzict 
for  a  neighbouring  place  are  spared  the  loss  of  time  incurred  by  trans* 
mission  to  the  diief  office,  and  thus  a  more  speedy  deliveiy  is  attained; 
and  this  division  also  greatly  fiunlitates  the  sorting  of  inLnd  letten ; 
but  to  effect  this,  the  initial  letten  of  East  Centra],  West  Oaatral, 
North,  East,  South,  West,  North  East,  North  West,  South  East,  and 
South  West,  must  be  distinctly  placed  at  the  end  of  the  direction  after 
"  London.*'  A  book,  price  one  penny,  has  been  published,  distinguishing 
all  the  streets  and  places  withm  the  different  districts. 

Nearly  evezy  town  of  any  size  throughout  the  three  Idngdoms  htf 
at  least  two  deliveries  a  day  from  and  to  its  metrc^fiolis  and  the  lai^ger 
provincial  towns.  In  1859  there  were  77  such  towns  added  to  the 
list.  In  the  same  year  the  mails  within  the  United  Kingdom  wen 
conveyed  daily  over  140,321  miles  of  way ;  of  this,  35,604  miles  are  hj 
railway,  at  an  average  rate  of  9^(2.  a  mile ;  32,936  by  coaches,  mail- 
carts,  &C.,  at  an  avenge  of  2|c2.  a  mile ;  68,964  by  carrien  on  foot,  at 
an  avenge  rate  of  Hd.  a  mUe ;  and  2817  miles  l^  packets  and  boati 
between  different  places  in  the  United  Kingdom,  at^rates  varying  from 
5t.  64(2.  a  mile  to  \d. 

Tha  total  number  of  persons  engaged  in  the  service  of  the  Post-Office 
for  the  United  Kingdom  was  24,802,  on  Deoember  31, 1859,  induding 
1  postmaster-general ;  5  secretaries,  assiBtant  secretaries,  and  aoattaiim 
for  Ireland  and  Scotland;  15  surveyon;  18  other  superior  officers, 
such  as  heads  of  departments,  chief  derks  in  the  metropolitan  offices, 
&c;  11,285  postnutften;  1682  derks  (exclusive  of  some  employed 
temporarily);  197  guards;  11,076  letter-cairien,  mesaengen,  &c; 
7  marine  officen;  125  postmasten,  derks,  &c,  in  the  colonies;  and 
61  agents  in  foreign  coimtries.  Of  this. number  i^ut  2000  are 
attacaed  to  the  London  staff,  and  (induding  this  numbn')  about  8900 
are  emploved  in  the  London  district 

The  third  annual  report  of  the  postmaster-genenl  for  1856,  in  an 
appendix,  states  that  "  in  no  part  of  the  United  Kingdom  has  more 
been  done  for  the  wd&ffe  of  the  people  by  the  use  of  railways  for 
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Garrying  maila  and  by  the  penny  postage  system  than  in  Ireland."  In 
1784  there  were  poets  six  days  a  week  on  only  four  lines  of  road; 
letters  to  all  other  places  being  conveyed  only  twice  or  thrice  a  week. 
Now  there  are  daily  posts  to  almost  every  villi^B^e,  and  there  is  but  one 
important  town  that  has  not  two  daily  mails  both  with  London  and 
Dublin.  In  1784  the  whole  expense  of  the  office  in  Ireland  was 
15,000^.,  including  salaries  of  provincial  postmasters  and  the  oonveyanoe 
of  mails.  Out  of  this  sum,  55002.  only  was  allotted  to  the  provinces ;  the 
sum  allotted  in  1856  for  the  like  service  was  184,0002.,  divided  thus-: 
— conveyance  of  mails  by  railways,  65/S052.;  by  coaches  and  can, 
27,168/. ;  l^  foot-messengers,  10,8342. ;  and  salaries  and  wages  paid  in 
provindal  offices,  81,1222.  Id.  1829  the  cost  of  conveying  Uie  mail  by 
maQ-cooches  was  nearly  four  times  the  average  rate  of  England;  this 
excess  has  now  disappeared,  and  In  1859  the  average  rate  per  mile  was 
for  Eng^d  2i<2.,  for  Scotland  2id.,  and  for.Ireland  2c2. 

The  same  paper  pays  a  just  tribute  to  the  exertions  of  Mr.  Bianconi 
for  the  improvement  of  interoonmiunication  in  Ireland,  particularly  in 
reference  to  the  transmission  of  letters. 

The  amount  of  postage  collected  at  different  towns  in  the  United 
Kingdom  (including  the  postage-stamps  sold  by  the  Post-Office  and  by 
the  Board  of  Inland  Revenue)  shows  some  curious  results.  London, 
of  course,  through  which  passes  nearly  one-half  of  the  total  oorre- 
spondence  of  the  kingdom,  attains  a  great  predominance,  the  amount  in 
1857  being  888,9522. ;  Liverpool,  wiUi  255,000  inhabitants,  contributed 
104,8652.;  while  Manchester,  with  816,000  inhabitants,  only  contri- 
buted 89,7652. ;  and  Birmingham,  with  282,000  inhabitants,  but  42,1072. 
Bristol,  with  about  100,000  inhabitants  (including  Bedminster),  fur- 
nished 81,2642. ;  Leeds,  with  172,000  inhabitants,  only  28,8442.;  and 
Sheffield,  with  185,000  inhabitants,  no  mora  than  16,5652.  In  Ireland 
the  contributions  wero  more  in  accordance  with  the  size  of  the  towns : 
Dublin  contributed  60,89U;  Belfast,  15,5472.;  Cork,  11,9152.;  and 
Limerick,  71152.  In  Scotland :— Edinburgh,  with  160,000  inhabitants, 
contributed  59,1772.;  and  Glasgow,  with  858,000  inhabitants,  only 
68,8772.  It  must  be  recollected,  however,  that  in  many  cases  some 
towns  are  used  as  a  sort  of  depdt,  from  whence  postage-stamps  are  dia- 
tributed  over  a  wider  district  than  others. 

POSTING,  from  the  French  "jposte,"  derived  from  the  Low  Latin 
word  "  posta  "  (Ducange,  in  verbo),  is  so  called  from  horses  being  placed 
at  certam  stations  or  posts,  where  they  may  be  hired  by  individuals  at 
their  pleasure.  The  application  of  the  words  "  post "  and  "  postmaster  " 
«s  well  to  the  transmission  of  letters  and  the  persons  to  whom  ibis 
business  is  entrusted,  as  to  stations  where  post-horses  are  kept,  and  the 
persons  who  own  or  have  the  care  of  them,  is  the  cause  of  much  con- 
fusion :  and  it  frequently  cannot  be  understood  in  reference  to  which 
Inranch  early  writers  intend  these  terms  to  be  applied.  The  ambiguity 
is  not  confined  to  the  English  language.  Post-horses  were  first  esta- 
blished by  the  governments  on  the  continent  of  Europe  in  the  13th  and 
14th  centuries  for  the  conveyance  of  despatches ;  tney  were  occasion- 
ally employed  for  the  conveyance  of  persons  coxmected  with  such 
governments,  and  gradually  oy  passengers  in  general  Posting  con- 
tinues in  most  countries  to  be  carried  on  by  the  state,  which  retains 
the  monopoly  of  supplying  post-horses,  and  usually  of  forwarding  mails 
and  diligences.  The  prices  are  fixed  by  the  governments,  as  weU  as 
the  number  of  horses  that  must  be  employed,  according  to  the  weight 
or  number  of  persons  to  be  conveyed,  or  even  by  the  state  of  the 
roadsL  In  the  United  States  and  British  North  America  there  is  at 
present  (1859)  no  posting,  at  least  in  the  sense  in  which  the  term  is 
commonly  used ;  that  is  to  say,  a  person  cannot  have  his  carriage  con- 
veyed in  such  a  direction  as  he  may  wish,  and  hire  fresh  horses  at 
convenient  stages.  He  must  engage  an  "extra  exclusive "  in  some 
principal  town,  and  the  same  horses  must  convey  him  throughout  his 
whole  journey,  unless  another  large  town  should  lie  on  the  road.  This 
is  the  mode  of  travelling  known  on  the  Continent  by  the  name  of 
"  vetturino,"  "  voiturier,"  or  "  Lohnkutscher."  The  want  of  the  power 
of  posting  is  not  so  inconvenient  as  might  be  supposed,  for  the  number 
of  private  carriages  is  not  large,  and  in  districts  where  there  ib  much 
travelling,  communication  is  usually  fiusilitated  by  steam-boats,  railways, 
and  stage-coaches. 

Posting  is  very  generally  established  in  England,  but  is  now  less 
used  in  consequence  of  the  introduction  of  raUways.  In  frequented 
aod  populous  districts,  change  of  horses  may  commonly  be  procured  at 
intervals  of  fronk  eight  to  twelve  mUes,  and  in  the  most  remote  and 
tliinly  inhabited  at  inns  not  more  than  ^from  fifteen  to  twenty  miles 
&part  The  trade  is  wholly  in  the  hands  of  private  speculators.  The 
late  of  travelling  with  post-horses  varies  acconling  to  we  weight  of  the 
carriage  and  the  number  of  hones  employed ;  frcia  eight  to  nine  miles 
an  hour  may  be  stated  as  the  average  rate  of  a  pair  of  horses  under 
ordinary  droumstances.  The  numb^  of  horses  hired  depends  solely 
on  the  will  and  discretion  of  the  party  hiring,  which  are  controlled  by 
no  legal  regulation  whatsoever.  The  payment  is  estimated  per  mile 
for  each  pair  of  horses,  without  reference  to  the  number  of  persons 
conveyed,  and  a  second  pair  of  horses  is  charged  at  the  same  rate  as  the 
first;  the  payment  to  the  postmaster  does  not  include  the  driver,  who 
expects  a  gratuity  of  about  three-pence  a  mile.  Four  horses  is  the 
greatest  number  ever  required  for  one  carriage.  Sixteen  or  eighteen 
pence  per  mile  is  the  usual  price  for  each  pair  of  horses,  and  when  the 
payment  of  postboys  and  turnpikes  is  added,  a  joumev  will  be  found 
to  cost  about  twenty-two  pence  a  mile.    If  a  poet-diiuae  or  fly  be 


required  as  well  as  post-horses,  no  additional  charge  is  made  on  account 
of  the  carriage.  Post-chaises  are  now  almost  things  of  the  past ;  but 
flys  with  a  single  horse  are  to  be  had  at  most  towns,  and  all  laige  ir^n^^ 
at  about  l«.'a  mile.  The  price  of  posting  is  nearly  uniform  throu^out 
England,  but  there  is  considerable  variation  in  the  degree  of  goodness 
of  &e  horses  and  chaises  provided.  On  much-frequented  roads,  where 
there  is  generally  competition  in  the  posting  trade,  the  acconmiodation 
is  very  superior  to  what  is  found  at  little-frequented  inns,  where  an 
inferior  description  of  post-horse  is  kept,  which  is  of  ten  insufficiently 
fed  because  it  is  not  frequently  employed.  A  postmaster  pays  yearly  for 
one  horse  and  carriage,  72.  lOf. ;  for  two,  122.  lOt. ;  increasmg  with  the 
number,  for  a  licence  to  let  post-horses. 

POSTULATE  {poOtUatvm,  tanifta),  a  thing  required  to  be  granted, 
or  the  use  of  which  in  reasoning  is  demanded. 

The  distinction  between  a  postulate  and  an  axiom  lies  in  this — ^that 
the  latter  is  admitted  to  be  self-evident;  while  the  former  may  be 
agreed  upon  between  two  reasoners  2u»i  admitted  by  both,  but  not  as 
a  proposition  which  it  would  be  impossible  to  deny.  The  distinction 
above  made  is  really  necessary ;  for  example,  writers  on  the  evidences 
of  Christianity  assume  the  existence  and  attributes  of  the  Creator  aa 
postulates :  they  take  them  for  granted.  A  person  who  is  in  tiie  habit 
of  not  distinguishing  the  senses  to  which  the  words  postulate  and  axiom 
have  been  i^ftxed  above,  might  say  they  assume  the  existence  and 
attributes  above  mentioned  as  axioms,  by  which  another  person  might 
understand  things  necessarily  indisputable ;  while  the  writers  them- 
selves only  mean  by  the  assumption,  that  what  they  ti^e  for  granted 
has  been  previously  proved  by  writers  on  natural  Geology ;  or,  at  any 
rate,  that  until  they  are  admitted,  the  question  of  the  evidences  csnnoi 
be  entered  upon.  The  confusion  which  prevails  as  to  the  use  of  the 
word  axiom  would  be  lessened  by  the  introduction  and  proper  use  of 
the  word  postulate,  which  is  our  reason  for  adding  these  few  words  to 
what  has  been  said  under  Axiom. 

POTASH.    [Potassium.] 

POTASH  ALUM.    [Alum.] 

POTASSA    [Potassium.] 

POTASSIUM  (K).  This  metal  was  discovered  in  1807  by  Sir 
Humphry  Davy.  Most  of  its  compounds  had  been  known  for  years 
prior  to  that  date,  and  that  the  baas  of  them  was  a  metal,  that  th^ 
were  in  fact  compounds  of  a  metaUic  oxide,  had  long  been  suspecte<L 
In  that  year,  however,  Davy  succeeded  in  isolating  the  metal  by  sub- 
mitting fused  hydrate  of  potash  to  the  action  of  a  powerful  voltaic 
battery.  Potassium  has  since  been  obtained  by  more  facile  methods, 
and  the  following  is  the  one  now  generally  adopted. 

Crude  bitartrate  of  potash  (argol)  is  heated  in  a  covered  iron  pot  till 
gases  cease  to  be  evolved.  The  product— a  mixture  of  carbonate  of 
potash  and  finely  divided  carbon — ^is  triturated  in  a  mortar,  while  still 
hot,  with  some  coarsely  powdered  charcoal,  and  the  porous  miui^ 
promptly  transferred  to  an  iron  meroury  bottle,  or  other  wrought-iron 
retort.  A  neck  la  formed  to  the  bottle  or  retort  by  simply  screwing 
into  the  mouth  a  piece  of  iron  tube  about  six  inches  long,  and  the 
whole  is  then  so  imbedded  in  a  furnace  as  that  the  open  end  »lif^ll 
project  about  a  quarter  of  an  inch  through  an  opening  in  that  side  of 
the  furnace  that  is  purposely  formed  of  plate  iron.  The  fire  is  now 
lighted  and  fed  with  a  mixture  of  coke  and  charcoal;  an  intense  white 
heat  IS  thus  produced,  and  vapours  of  potassium  soon  appear  at  the 
mouth  of  the  apparatus,  and  bum  with  a  brilliant  purple  fiame.  A 
receiver  is  now  fitted  on,  the  construction  of  whidi  needs  some  care; 
it  may  be  so  formed  that  the  potassium  shall  drop  into  naphtha  the 
moment  it  solidifies ;  or  it  may  merely  be  an  iron  box  five  inches  wide, 
twelve  long,  and  a  quarter  of  an  inch  deep,  formed  by  <^lampfag 
together  two  ver^  shallow  wrought-iron  dishes  made  of  plate-iron  one- 
sixth  of  an  inch  m  thickness.  £i  either  case  an openingmust  be  made 
exactly  opposite  the  neck  of  the  bottle,  in  order  to  allow  of  the  latter 
being  cleared  by  a  stout  steel  wire  in  the  event  of  its  becoming  stopped 
up  l^  condensed  potassium,  &c ;  such  an  opening  also  allows  of  the 
escape  of  the  carbonic  oxide  gas  that  is  abundantly  evolved  during  the 
process.  The  receiver  must  be  kept  cool  by  ice,  or  other  convenient 
means,  and,  in  the  case  of  the  flat  box,  must,  at  the  close  of  the 
operation,  be  nlunged  under  the  surface  of  rectified  Persian  naphtha 
as  otherwise  tne  potassium  would  quickly  became  oxidised.  The 
metal  thus  obtained  is  not  pure,  and  must  be  redistilled  in  a  similarly 
arranged  apparatus. 

The  manufacture  of  potassium  is  a  somewhat  dangerous  operation, 
owing  to  the  frequent  formation  of  explosive  compounds.  Hie 
apparatus  in  which  it  has  been  performed  should  be  iomiersed  in  water 
as  soon  as  cold,  for  a  black  detonating  compound  soon  forms  by 
exposure  of  the  residual  potassium  to  the  air,  and  explodes  by  the 
slightest  friction. 

The  decomposition  that  takes  place  during  the  manufacture  of 
potassium  is  primarily  a  simple  case  of  deoxidation,  as  expressed  in 
the  following  equation :— 

KO,  00,       +      C,       s      SCO      -I-      K 


Carbonate  of 
potash. 


Carbon. 


Carbonic 
acid. 


Potassium. 


Unfortunately,  however,  the  liberated  potassium  has  a  great  ten 
dency  to  unite  with  carbonic  oxide,  and  form  a  very  e^losive  ooin- 
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pound  of  a  gnyiah  ooloor ;  it  Ib  termed  erocoMxewM  matter,  and  when 
diflBolved  in  water  yields  crooonate  and  rkodisonaU  of  potash. 

Potaaeium  has  ao  intense  an  affinity  for  other  elements  that  it  does 
not  occur  in  nature  in  the  free  state.  In  combination,  howerer,  it 
is  frequently  met  with.  Nearly  all  land  plants  contain  it,  derived 
mainly  from  disintegration  <^  feldspar — ^their  ashes  consequently  yield 
much  carbonate  of  potash;  sea-water  also  contains  a  small  quantity 
of  potash  salts,  and  nitrate  of  potash  occurs  native  in  laiige  qnantities 
as  an  efflorescence  from  the  soil  in  warm  dimates.  [Potassiuk, 
in  Nat.  Hist.  Div.]  / 

Potassium  is  a  bluish-white  metal  of  sp.  g.  0-865.  At  82"*  Faibr. 
it  is  brittle,  and  has  a  crystalline  fracture ;  at  ordinaiy  temperatures 
it  is  quite  soft,  and  at  180**  Fahr.  it  is  liquid.  A  freshly  cut  sur- 
face possesses  high  metallic  lustre,  but  it  almost  instantly  becomes 
ooverad  with  a  coating  of  white  rustb  It  may  be  preserved  in  the 
bright  state  by  mdting  it  in  one  end  of  a  glsss  tube,  from  which  the 
^  has  been  expelled  by  a  current  of  hydrogen,  or  coal  gas,  and  then 
allowing  it  to  flow  down  to  the  other  end  of  the  tube,  passing  in  its 
course  through  a  small  piece  of  wire  gauze;  the  dross  is  thus 
filtered  away  and  the  metal  obtained  in  a  brilliant  lustrous  oondition. 
On  fusing'  off,  by  the  ud  of  a  blow-pipe,  that  part  of  the  tube  con^ 
taining  the  gauze,  &c.,  then  melting  &e  potassium  and  allowing  it 
to  cool  very  slowly,  and  when  partly  solidified  rapidly  pouring  ofiT 
the  liquid  portion,  the  solid  potassium  is  obtained  crystallised  in 
quadratic  octohedra. 

Potassium  has  a  great  afi9nity  for  oxygen.  It  will  take  that  element 
out  of  almost  any  combination.  Thrown  on  to  the  surface  of  water 
it  rapidly  becomes  converted  into  oxide  of  potassiimi,  and  generates 
suffident  heat  to  ignite  the  hydrogen  that  is  set  free,  l£e  latter 
osnTing  off  a  little  vapour  of  potassium  and  burning  with  a  beau- 
tiful violet  flame.  At  an  elevated  temperature  potassium  decomposes 
carbonic  oxide,  carbonic  acid,  or  any  gas  that  contains  oxygen.  In 
chemical  research  potamium  Ib  frequently  used  for  removing  the 
last  traces  of  oxygen  from  a  hydrocarbon  liquid,  by  rectifying  the 
latter  over  a  small  quantity  of  the  metaL  From  whi^  had  been  said 
it  is  evident  that  potassium  must  always  be  kept  in  purified  rock 
oil,  or  naphtha,  or  some  liquid  that  contains  no  oxygen. 
4  The  equivalent  of  potassium  is  88*96. 

^Otamwn  and  ox^gtn  form  three  compounds  : — 

1.  Suboxide  of  potaninm K^Of 

3.  Protoxide  of  potaadiua KO 

3.  Teroxide  of  potaasiuili      .....  KO^ 

1.  Suboxide  of  potamum. — ^This  is  formed  when  potassium  is  ex- 
poted  in  a  dose  vessel  to  a  very  small  quantity  of  air.  It  is  very 
ODstable,  and  is  probably  only  a  mixture  ot  metal  and  protoxida 

2.  ProUmde  of  potastiMm  (KO).  Potash  ;  potamu — This  anhifdroiu 
oxide  is  formed  when  the  metal  is  exposed  to  perfectly  dry  air;  or 
when  equivalent  weights  of  water  and  potassium  are  brought  together 
in  a  veasel  from  whieh  air  isiexduded.  It  la  very  ddiquaaoent,  and 
when  moistened  with  water  becomes  incandescent^ 

Hydrakd  oxide  of  potamum  (KO,HO).  Potaeh;  eauttic  potatk,-^ 
This  is  best  prepared  by  dissolving  carbonate  of  potaah  in  ten  times 
its  weight  of  water  and  then  piuiually  adding  half  its  weight  of 
quicklime,  previously  slaked  and  made  into  a  eream  with  water; 
carbonate  of  lime  deposits,  and  caustic  potash  remains  in  solution. 
The  resulting  liquid  frequently  contains  idumina.  Solid  hydrate  of 
potash  is  obtdned  on  evaporating  the  liquor,  juat  mentioned,  until  the 
residue  remains  in  a  state  of  tranquil  fusion;  it  was  formerly  called 
lapit  infemaUa.  It  orvstalhses  in  acute^  rhombohedia.  The  following 
is  Dalton's  table  of  the  strength  and  boiling  point  of  caustic  potash 
adutions  of  different  specific  gravities : — 


Anbydrow  Potash  (KO). 
Bpeeiile  grsTity.  Per  cent. 


1 
1' 
I' 
I 

1 
1 
1- 
1' 
1' 

r 

V 

v 
1" 
1- 
1' 


68 
60 
52 

47 
44 

42 
39 
36 
83 
28 
28 
19 
15 
11 
06 


81-2 
46-7 
42-9 

S9-6 
86*8 
84*4 
32'4 
20*4 
26-8 
23-4 
19-5 
16-2 
18*0 
9-5 
4»7 


BoiUaff  Point 

829' 

rahr. 

290* 

t» 

27r 

f) 

265'' 

>» 

256« 

»• 

246' 

i> 

240° 

M 

234' 

t§ 

229"* 

n 

224" 

9* 

220* 

II 

218' 

l» 

215' 

$» 

214' 

II 

218' 

II 

The  liquor  potcusce  of  the  London  Pharmacopoeia  has  a  densitv  of 
1-063.  ^ 

8.  Teroxide  of  potamum  (KO,)  is  formed  when  the  metal  is  burned 
in  excess  of  oxygen  gas,  or  when  caustic  potash  is  fused  in  contact  with 
air.  It  is  a  yellowish  brown  substance,  having  a  crystalline  texture, 
and  readily  parts  with  its  oxygen  to  combustibles,  and  even  on 
dissolving  in  water. 


Potamum,  and  pkoephonu  may  be  fused  together  under  rock  oil, 
with  production  of  a  chocolate-brown  phosphide  of  pHotasdum.  Water 
decomposes  it  into  hypophosphite  of  potash  and  into  gaseous  and 
solid  phosphuretted  hydrogen. 

Potaumm  and  $ulphur  form  five  different  compounds,  namdy ; — 


1.  Protosulpbide  of  potaaslnm, 

2.  Bisulphide  of  potafldum 

3.  Tersulphide  of  potaMlnm 

4.  Tetrasnlphlde  of  potaniun 

5.  Pentasulphide  of  potaasiiim 


.  KS 

.  KS, 
.  K8^ 
.  KSfi 


1.  The  first  is  formed  on  heating  sulphate  of  potash  in  a  cuiroit  nf 
hydrogen.  Its  colour  is  yellowish^brown,  it  is  very  deliquescent,  and 
cautensdiB  the  skin.  2.  The  second  is  formed  on  passing  exoesi  d 
sulphuretted  hydrogen  through  an  dcoholio  solution  of  potash,  evapo* 
rating  Id  the  air  till  it  becomes  turbid,  and  then  expodng  it  in  vacuo. 
It  is  ludble,  and  of  an  orange  colour.  3.  Tersulphide  of  potasdun  i» 
obtained  on  passing  bisulphide  of  carbon  vapour  over  ignited  carhoxats 
of  potash.  4.  The  tetrajsulphide  results  when  bisulphide  of  carbcio 
vapour  is  passed  over  ignited  sulphate  of  potash.  5.  Pentasulphide  of 
potassium  is  formed  when  a  isolution  of  any  of  the  preceding  Rdphides 
is  boiled  with  excess  of  sulphur ;  or,  mixed  with  other  potash  alts, 
when  caustic  potash  is  boiled  with  excess  of  sulphur ;  or  wlien  car- 
bonate of  potask  is  fused  with  excess  of  sulphur.  Liver  of  tul^nr  k 
an  old  preparation,  made  by  fusing  together  <$9  parts  of  carUnate  d 
potash  with  40  of  sulphur;  it  is  mainly  a  mixture  of  sulphate  d 
potash  and  tersulDhide  of  potasnum.  With  the  exception  of  tbe  first, 
aU  the  above  sulphides  of  potasdum  yield  sulphuretted  hydro^n  and 
free  sulphur  on  bdng  deoompoeed  by  a  dilute  add,  thus:'- 

KB.     +     na     s=KCl     +     HS     +     S^j. 

PoUtttium  and  adenium  form  compounds  apparently  resembling  the 
sulphides. 
Potatdum  anc^  iodine  form  only  one  compound^  namely, — 
Iodide  of  potamum  (KI).  Mydriodate  cjf  pouUh.  This  sdt  is  much 
used  in  medicine.  It  may  be  made  by  dissolving  iodine  in  caustic 
potash,  evaporating  to  dryness,  and  gently  igniting  uie  reddue  to  drive 
off  the  oxygen  from  the  iodate  of  potash  that  is  produced  at  the  &aiin; 

6K0       +       I,       =       5KI       -h       KO„IO, 


Potash. 


Iodise. 


Iodide  of 
potassium. 


Iodate  of 
potash. 


Or  it  may  be  formed  by  f udng  iodine  with  excess  of  iron,  deetim- 
posing  the  iodide  of  iron  solution  by  carbonate  of  potash,  filtering,  sod 
evaporating  to  the  crystallising  point. 


;7el       +       KO,  CO, 


yeo,  CO,     4-     KI 


Iodide  of 
iron. 


Carbonate  of 
potash. 


Carbonate  of 
iron. 


Iodide  of 
potasaiom* 


Iodide  of  potasdum  crystallises  in  white  cubes,  having  a  cooling 
somewhat  bitter  taste.  It  is  very  soluble  in  water,  and,  if  pure,  com- 
pletdy  dissolves  in  six  times  its  weight  of  alcohol.  It  readily  diadTes 
iodine,  forming  a  deep  brown  solution. 

Potamvim  and  hromint  form  bromide  qf  potassium  (KBr).  It  oiay  be 
prepared  by  the  same  methods  as  the  iodide,  substituting  bromiae  for 
iodm&    Its  ^pearance  is  also  similar. 

Potassium  and  cMonne  form— 

Chloride  of  potassium  (KCl).  Potasdum  bums  in  dJorine  with 
even  greater  brilliancy  than  in  oxygen;  the  product  is  chloride  of 
potasdum.  This  sdt  may  also  be  formed  by  dissdving  carbonate  d 
potash  in  hydrochloric  add,  and  evaporating  to  the  cryataUising  point 
Chloride  of  potassium  is  a  bye-product  in  many  pharmaoeatiod  and 
chemical  operations,  and,  from  the  facility  with  whidi  it  may  be 
decomposed,  is  useful  as  a  source  of  other  potash  salts. 

Potassium  decomposes  hydrofiuorie  acid,  and  lonns  jtuaride  of 
potamum  (KF).    It  crystallises  in  cubes. 

SiUethJktoritie  of  potassium  (KF,  SiF,)  falls  as  a  tnuuparent  gela- 
tinous predpitate  on  adding  hydrofluosuidc  acid  to  a  ^t  of  potash.  Ita 
formation  is  sometimes  used  as  a  test  for  potash. 

Carbonate  of  potash  (KO,  CO  J.  This  salt  is  imported  in  Istge  quan- 
tities from  Rusda  and  America.  It  is  procured  from  plants,  whidL  for 
tllis  purpose  are  burned  in  dry  pits  three  or  four  feet  deep,  the  a«htf 
dissolved  in  water,  evaporated  until  the  phosphates,  aulphates,  cUo- 
rides,  &c,  crystallise  out,  and  the  mother  liquor  then  boiled  to  dry- 
ness. Such  is  the  crude  potash  or  peariaA  of  commerce ;  it  varies 
vety  much  in  qiuJity,  but  its  vdue  is  slways  deteniUned  by  the 
process  of  Alkalihstrt.  After  recrystalliBation  till  pure^  it  is  sent 
into  the  market  as  sails  of  tairiar,  or  purified  pearlashes. 

Chemically  pure  carbonate  of  potash  may  be  obtained  by  heating 
the  bicarbonate  to  a  little  bdow  redness,  or  by  deflagrating  a  mixtoie 
of  equal  parts  of  nitrate  and  bitartarate  of  potash :  dther  product  ii 
digested  in  water,  filtered,  and  evaporated  to  &e  crystallising  points 

Carbonate  of  potash  cxystaUises  in  deliquesoent,  oblique,  rhombic 
octohedra,  containing  two  equivalents  of  water  of  crystaUisation  (KO 
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CO,  +  2Aq.).  It  has  an  acrid,  soapy  taste,  is  strongly  alkaline  to  test- 
paper,  is  soluble  in  rath^  more  tluui  its  own  weight  of  cold  water,  and 
in  rather  less  thsA  half  its  weight  of  hot  water.  The  strength  of  its 
sohition  may  be  ascertained  by  its  specific  gravity  according  to  Tunner^ 
xnaa's  table :— 


apedfle  grsTity. 

Per  Qcnt 

Bpedfie  gravity. 

Peroent. 

1*4812 

40*504 

1*2293 

19590 

1*47  SO 

40-189 

1-3150 

18*601 

1"46S6 

99*160 

1-3030 

17-623 

1*4504 

S9*181 

1*1893 

16-648 

1*4384 

87-202 

1*1766 

15*664 

1*4265 

86-223 

1*1642 

14*685 

1-4147 

35*244 

1*1520 

18*706 

1*4030 

34*265 

1*1400 

13-727 

1*8919 

83*280 

1-1283 

11*749 

1*8808 

82-307 

1-1166 

10*769 

1-969S 

81-829 

1-1053 

9*790 

1*S5S5 

90*849 

1*0940 

9-911 

1*9480 

'90*360 

1-0839 

7*833 

1*9879 

29-991 

1*0719 

9*858 

1*9277 

27*412 

1*0611 

,  5*874 

1-3177 

26-483 

1-0505 

4-895 

1-3078 

25-4«4 

1-0401 

8-916 

1-2980 

24*475 

1*0299 

2*934 

1*38S6 

23-496 

1*0108 

1'958 

l*i0M 

22*517 

1-0098 

0*970 

1«9554 

1-4417 

21-599 
30-599 

1-0048 

0-499 

Carbonate  of  potash  is  insoluble  in  alcohol.  It  fuses  at  a  red  heat, 
and  slowly  volatilises  at  a  stiU  higher  temperature. 

Carbonate  of  potash  is  largely  used  in  the  manufecture  of  soap  and 
of  glass,  and  is  a  convenient  salt  for  the  preparation  of  other  potash 
compounds. 

bicarbonate  of  potash.  (K0,H0,2C0,)  is  formed  when  moist  car- 
bonate of  potash  is  exposed  to  the  influence  of  a  current  of  carbonic 
acid.  It  forms  permanent  right-rhombic  prisms.  Its  solution  i^ 
neutral  to  test-paper,  and  by  long  exposure  to  air  or  a  boiling  tempe- 
rature is  gradually  reduced  to  the  state  of  solution  of  sesqmcarbonate, 

borates  of  potash.  There  are  several  of  these.  The  biborate 
crystallises  in  six-sided  prisms,  and  resembles  borax.    fBoBACiC  Acid.] 

Phosphates  of  potash.  The  different  varieties  of  phosphoric  acid 
rPnosPHORUs]  form  salts  with  potash,  but  the  resulting  compounds 
nave  no  particular  interest. 

SidpTiite  of  potash  (KO,  SO,)  and  hlsulpldte  of  potash  (KO,  HO,  2S0,) 
may  readily  be  obtained,  but  the  corresponding  soda-salts  [Sodium] 
are  nearly  always  used  in  their  place. 

Sulphate  of  potash  (KO,  SO  J.  Sal  pdychrest,  Bisulphate  of  potash 
is  neutralised  with  carbonate,  and  evaporated ;  the  resulting  sulphate 
oi  potash  much  resembles  quartz  in  appearance.  It  requires  16  parts 
of  cold  water  for  solution,  but  is  much  more  soluble  in  hot  water.  It 
Is  very  hard,  and  forms  double  salts  with  many  other  protosulphates, 
and  with  those  sesquisulphates  that  are  isomorphoua  with  sesquisul- 
phate  of  alumina.    [Alums.] 

Bundphaie  of  potash  (KO,  HO,  2S0  J.  Sal  enixum,  A  bye-uroduct 
in  the  distiUaUon  of  hydrochloric  or  nitric  acids.  It  is  mucn  more 
soluble  in  water  than  the  neutral  sulphate,  and  crystallises  in  prisms  or 
plates. 

A  ses^[msulpha(e  of  potash  (2(K0,  SOJ + HO,  SO  J  also  exists. 

Hypochlorite  of  potash,  chloride  of  potash,  or  chZmnaied  solution  of 
potash  (KO,  CIO  +  K,  CI  for  2(K0,  CI)  =  KGl + KO,  CIO).  Obtained  on 
passing  chlorine  into  solution  of  potash.  It  is  a  diainfectt^t ;  but  the 
corresponding  soda-salt  is  more  generally  used. 

Chlorate  of  potash  (KO,  CIO,),  oxymuruUe  of  pokuh,  is  formed  on 
pasAing  chlorine  gas  into  a  mixture  of  69  parts  of  carbonate  of  potash 
with  the  slaked  lime  that  is  obtained  from  168  parts  of  quick  lime. 
The  resulting  mass  is  lixiviated  with  water,  and  evaporated  till  the 
chlorate  crys&lises  out.    The  decomposition  is  thus  expsreaied : — 

KO,  CO,  -f  fl(CaO,  HO)  -♦-  CI,  =  KO,  CK>,   -f  5CaCT  -f  5H0  -^    CO, 

CwlMmate  Hydrate     Chlorta*.     Cihloiate       Chlerld»    Water.  CarlKmle 

oflNJlash*  of  lime.  ef  potash,    ofaalchias.  add. 

Chlorato  of  potash  is  soluble  in  16  paiti  of  cold  water,  bat  in  lew 
than  twice  its  weight  of  boiling  water.  It  has  a  cooling  saline  tastei, 
WhflB  hcoited,  it  parts  wHh  the  whole  o|  its  oxygen.  [OxTOSBr.]  It  is 
a  powerfoi  oxidiacng  agea^  and  is  uasd  m  certain  operations  eoniieoted 
yAk  calieo^printing  aoA  m  the  m«nii£aAtura  o£  hacifiBr  matches. 

PerMnt^  of  potash  (KO,G107)  is  obtained,  w  already  described 
[GHLOBiNS^i'freft/oric  Add],  in  aBiaU  crystals  derived  from  the  ooko- 
hedron. 

Nitrite cfpokuk{KO,'^0^).    [Nintoaiv.] 

Nitmts  <rf  potash  (KO,  NO^).  Nitre.  Saltpetre.  This  in^Mrtsnt 
salt  oocurs  native,  as  already  described.  Nearly  all  the  nitre  used  in 
this  country  comes  from  the  Gast  Indies.  The  soil  in  the  neighboiur- 
hood  of  TirhCit,  one  of  the  most  productive  districts,  contains  on.  the 
average  about  7  parts  ol  nitrate  of  potash  and  rather  more  nitrate  of 
lime  in  1000  parts.  The  solution  o£  theea  salts,  brought  to  the  mniue  ol 


the  ground  by  capillary  action,  is  rapidly  dried  by  the  wind  and  sun,  and 
the  salts  remain  behind  as  a  frost-like  efflorescence.  The  natives  scrape 
up  the  deposit  from  time  to  time,  mix  it  with  carbonate  of  potash  m 
the  shape  of  solution  of  wood-as|ies,  and  evaporate  the  solution  to  dry- 
ness. The  use  of  the  carbonate  of  potash  is  to  decompose  the  nitrate 
of  lime,  carbonate  of  lime  being  precipitated  and  nitrate  of  potash 
remaining  in  solution  along  with  that  originally  present.  After  a  second 
solution  and  crystallisation,  it  is  sent  into  commerce,  though  sUU 
impure. 

The  analysis  of  crade  nitrate  of  potash,  or  the  estimation  of  the 
amoimt  of  real  salt  contained  in  it,  is  technically  termed  the  refraetioi^ 
of  nitre,  Maay  processes  have  been  devised  for  the  accomplishment  of 
this  object,  but  each  requires  modification  according  to  the  variety  and 
apparent  amount  of  the  impurities.  They  are  all  more  or  less  baaed 
upon  the  ordinary  method  adopted  in  general  chemical  analysis. 
Frequently,  the  only  required  information  is  the  amount  of  nitric  acid 
contained  in  a  sample.  To  this  end,  about  10  grains  are  weighed  into 
a  porcelain  crucible,  then  fused  to  drive  off  water,  cooled,  a  weighed 
quantity  of  sulphate  of  lead  added,  the  whole  re-ignited  till  no  more 
fumes  are  evolved,  and  again  weighed.  The  loss  sustained  daring  the 
second  heating  is  due  to  nitric  acid;  for  nitrate  of  potash — and  ii^eed 
other  nitrates — are  decomposed  when  heated  with  sulphate  of  lead, 
sulphate  of  potash  and  oxide  of  lead  remaining,  while  the  whole  of  the 
nitric  acid  is  given  off  as  peroxide  of  nitrogen  and  oxygen. 

In  many  parts  of  the  continent  of  Europe,  the  nitrogen  in  every  de- 
scription of  refuse  animal  and  vegetable  matter  is  converted  into 
the  form  of  nitric  acid,  and  thence  into  nitrate  of  potash,  by  expoe- 
ing  heaps  of  ofial,  mixed  with  old  mor^,  slaked  Ume,  chalk, 
and  earth,  to  the  free  action  of  the  air,  bat  protected  from  the 
rain;  the  whole  being  occasionally  watered  with  stale  urine,  stable 
runnings,  &o.  Gresit  care  and  skill  is  often  bestowed  upon  thaw 
saltpetre  beds  or  nitre  plantations,  as  they  are  called,  and  after  two 
or  three  years'  exposuie,  the  end  first  formed  is  lixiviated  with 
water  and  treated  as  before  described  for  obtaining  nitrate  of 
potash.  In  the  aboye  putrefactive  process  of  nitrification,  the  nitrogen, 
as  usual,  fint  takes  the  form  of  ammonia,  and  this  in  the  presence 
of  the  lime  is  gradually  oxidised  by  the  air  to  nitrio  acid :  a  tempera- 
ture below  60°  Fahr.  prevents  this  action. 

The  chief  use  of  nitre  is  in  the  manufacture  of  Quntowdkr.  It  is 
to  some  extent  employed  in  medicine,  and  when  f\tsed  and  oast  hito 
cakes  or  bullets  is  frequently  called  Sal  Prunella. 

Chromaiee  of  poCcuA.  The  neutral  salt  (KO,  CrO,)  is  formed  on 
neutealising  the  bichromate  with  carbonate  of  potash.  By  evaporating 
the  solution  it  may  be  obtained  in  transparent  yellow  prisms.  The 
bichromate  (KO,  2  OrO,)  is  obtained  directly  from  ground  chrome  iron 
ore,  by  fusion  with  carbonate  of  potash  and  nitre.  The  resulting  man 
is  digested  in  water,  the  liquid  saturated  with  nitrio  add  and  evapo- 
rated to  the  crystaUising  point.  Bichromate  of  potash  ciystallises  in 
large  ruby  red  four-iicted  tables.  Its  chief  value  depends  upon  the 
chromio  add  it  contains.  See  Chromium,  and  Lead,  Ckromates  of.  A 
terdsromate  ofpotaA  (KO,  SCrOJ  also  exists. 

Acetates  cf  potash,    [Acttatb.} 

Tairtrate$  of  potash.    FTartario  Aoid.] 

Oxalates  ^potash,    [Oxalio  Aom.] 

Cyanide  of  paleusismi  (KCy).  Formed  by  fusing  together  eight  parts 
of  anhydioas  ferrooyaaule  of  potassium,  three  of  dried  carbonate  of 
potash,  and  one  and  a  half  of  chorooaL  The  resulting  mass  is  digested 
in  water,  fllteied  or  decanted,  and  evaporated  to  dryness.  From  solu- 
tion in  alcohol  it  crystallises  in  oolourkis  cubes.  It  is  used  for  f orm- 
mg  and  dissolving  uie  cyanides  of  gold  and  silver  in  eleetaro-gilding  and 
plating,  and  hi  photography.  It  is  a  powerful  reducing  agent,  and  is 
exceedy^ly  poisonousi  It  forms  double  salts  with  other  cyanides. 
[Otanooen.] 

Perroeyanide  ofpotamium,  (K^Fcy  +  2  Aq.)  Tdlow  prusstate  of  potash. 
This  salt  is  prepared  by  heatmg  together,  in  a  covered  iron  pot,  .a 
mixture  of  about  five  parts  of  hom  parings,  hide  dippings,  horse's 
hoofs  or  other  similar  refuse  animal  matter,  with  about  two  parts  of 
pearlash,  and  a  quantity  of^scrap  iron.  At  the  high  temperature 
employed  the  nitrogen  and  carbon  combine  to  form  cyanogen,  and 
this,  with  the  iron  and  potassium  of  the  pearlash,  forms  ferrocyanide  of 
potassium.  On  digesting  the  cooled  mass  in  water  and  evaporating 
the  solution,  the  s^t  aystdUises  out  in  large  yellow  crystals  derived 
from  the  octohedron. 

Ferridcifanide  of  potassium  (K,Fdcy).  Sed  prusstate  of  potash.  This 
salt  is  formed  on  pasung  chlorine  through  a  dilute  solution  of  the 
lorrooyanide,  till  ue  latter  ceases  to  give  a  blue  predpttate  with  a 
persaH  of  iron.  On  evaporation  and  recrystallisation  magnificent  ruby 
red  prisms  are  obtained.  For  the  relative  composition,  probable  con- 
stitutton,  and  uses  of  ferrocyanide  and  ferridcyanide  of  potassiun^ 
see  CrAXoa&;  FMBBmoTAino  Aoro;  Ferroctakio  Acid;  Mktals, 
Iron,  fsrroeifemogen  siadferridcyanogen  ;  Blub,  prussian  Hue. 

SutpkoegaaUde  of  potassium.    See  CrAiroasir. 

Pdawitwi  amide  I  H  >  N  j  is  a  primary  inoiganic  monamide,  formed 

on  gently  heating  potassium  in  a  current  of  diy  ammoniacal  gas; 
hydrogen  is  at  the  iiame  time  evolved.  It  is  a  fusible,  semi-crystalline, 
ouT^green  compomad.    Heated  to  redness  it  is  decomposed,  a  greenish- 
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black  infiuible  body  reooAming,  which  is  the  corresponding  tertiary 
monamide,  or  nitride  ofpotaaiium 
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JkUctum  of  pokunum.  The  salts  of  potassium  are  characterised, 
finti  by  communicating  a  purple  colour  to  the  blowpipe  flame ;  second, 
by  affording  a  crystalline  precipitate  on  being  mixed  with  excess  of  a 
saturated  solution  of  bituirate  ol  soda — ^this  test  may  not  succeed 
if  the  potassium  be  present  only  in  small  quantity;  third,  by 
giving  a  yellow  granular  precipitate  on  the  addition  of  bichloride  of 
platinum. 

EstimaHon  qf  poUunum.  This  is  usually  effected  in  the  state  of  tW 
double  chloride  of  potassium  and  platinum  just  mentioned  (KCl, 
PtCl,).  The  substance — from  which  all  other  metals  hare  been 
separated  by  the  ordinair  system  of  analysis — is  acidulated  with 
hydrochloric  acid,  the  bichloride  of  platinum  added,  and  the  whole 
evaporated  to  dryness.  The  residue  is  then  washed  with  a  mixture  of 
alcohol  and  ether,  and  weighed  on  a  tared  filter  j  100  parts  are  equiva* 
lent  to  15-98  of  potassium,  or  19*26  of  potash  (KO). 

POTASSIUM,  OXIDE  OF,  POTASSA  or  POTASH,  Medical  Pro- 
perHet  of.  The  preparations  of  potash  which  are  used  in  medicine  are 
▼ery  numerous ;  but  they  may  be  reduced  and  spoken  of  under  a  very 
few  heads :— First,  those  which  are  employed  from  their  causticity  to 
produce  counter-irritation,  or  to  open  abeoessee :  these  are  hydrate  of 
potash  (potassa  fusa)  and  potash  with  lime  (potassa  cimi  calce),  which 
haye  been  already  treated  of.  [Esoharoticb.]  Second,  those  which 
are  employed  to  counteract  acidity,  namely,  uquor  potassn,  carbonate 
and  bicarbonate  of  potash,  the  alkalinity  of  which  last  two  is  dimi- 
nished in  proportion  to  the  increase  of  the  carbonic  add  combined 
with  the  alkaU.  Thirdly,  those  which  possess  a  purgative  property, 
such  as  the  sulphate  and  bisulphate  of  potash,  the  tartrate  and  oitar- 
trate.  Fourthly,  those  possessed  of  a  diuretic  property,  such  as  the 
acetate,  and,  when  in  small  doses,  the  tartrate,  bitartrate,  the  nitrate 
and  chlorate  of  potash.  Besides  these,  there  are  tiie  sulphide  of 
potassium,  the  bromide  of  potassium,  fand  iodide  of  potassium,  which 
possess  special  and  characteristic  qualities,  which  prevent  their  being 
classed  with  any  of  the  preceding.  Chbrate  of  potash  is  of  great  utility 
in  the  treatment  of  diphtheria. 

The  various  uses  of  which  these  numerous  preparations  are  sus- 
ceptible can  only  be  explained  in  medical  treatises :  all  that  is  proper 
here  is  to  caution  individuals  against  the  employment  of  those  which 
counteract  acidity.  These  are  extensively  had  recourse  to,  either  in  a 
simple  state  or  as  ingredients  in  effervescing  mixtures,  for  the  cooling 
effect  they  produce,  or  designedly  to  remove  superfluous  add  in  the 
stomach.  Where  much  debility  exists,  and  more  particularly  if  the 
phoephatic  diathesis,  or  disposition  to  the  deposit  of  the  phosphates 
from  the  urine,  be  present,  a  single  dose  of  such  artides  may  do  much 
injury,  and  their  frequent  or  prolonged  use  creates  a  worse  condition 
than  that  which  they  were  intended  to  remedy.  But  this  does  not 
predude  the  employment  of  a  solution  of  carbonate  of  potadi  to  induce 
a  coating  of  phosphates  over  the  sharp  angles  of  the  mulberry  or  oxalate 
of  lime  calculus.  [Oxalic  Aoid.]  An  intelligent  medical  attendant 
can  alone  dedde  on  their  propriety.  *'  If  I  were  required,"  says  Dr. 
Prout,  "  to  name  the  medidne  calculated  to  do  the  most  misdiief,  I 
should  name  the  common  saline  draught  formed  of  potash  or  soda  and 
some  vegetable  acid."  ('  Treatise  on  Diseases  of  the  Urinaiy  Organs,' 
2nd  edition,  p.  145.)  [Cabbovio  Aom.]  This  remark  equally  applies 
to  many  of  the  popular  svunmer  beverages,  such  as  imperial ;  and  many 
effervescing  drinks  prepared  with  lemon  and  kalL 

The  property  assigned  to  bromide  of  potassium,  of  removing  enlaige- 
ments  of  the  spleen,  is  by  no  means  clearly  proved.  The  powers  of 
iodide  of  potassium  have  been  noticed  under  lODiRB,  and  those  of  the 
sulphide  of  potassium  are  treated  of  under  Sulfbxtb.  In  case  of  poison- 
tng  by  liquor  potaase  or  the  carbonates,  vegetable  adds  or  oils  should 
be  instantly  administered. 

POTASSIUMAMIDE.    rPoTASSiuM.] 

POTASSIUMETHYL.    [Oboano-mktalijo  Boras.] 

POTATO  {Soianum  tuberonan,  Lin.).  The  drcumstanoes  whidi  led 
to  the  introduction  of  this  valuable  vegetable  into  the  system  of  British 
husbandry  may  be  thus  succinctly  sta^ : — 

Queen  Elizabeth,  in  1584,  granted  a  patent  "for  discovering  and 
planting  new  countries  not  possessed  by  Christians ; "  and  under  this 
sanction  some  ships,  prindpsOly  equipped  by  Sir  Walter  Baleigh,  sailed 
with  him  to  America.  Thomas  Harriott  (afterward  known  as  a 
mathematician),  who  accompanied  the  adventurous  squadron,  trans- 
mitted to  England  the  description  of  a  plant  caUed  ^enawk  hj  the 
natives  of  that  part  of  North  America  which  the  oourtier-l&egaUantry 
of  Baleigh  had  named  Yirgmia. 

Harriott  described  the  Openawk  as  having  the  roote  round,  and 
"hanging  together  as  if  fixed  on  ropes,  and  good  for  food,  dther  boUed 
or  roasted."  Gerarde,  in  his  '  Herbal/  a  few  years  subsequently,  dis- 
tinguished the  plant  by  a  plate ;  and  not  only  confirmed  the  assertion 
that  it  was  an  mdigenous  production  of  Virginia,  whence  he  himself 


had  obtained  it,  but  supplied  some  curious  detaila  of  its  qualities,  and 
of  the  various  modes  in  which  it  may  be  dreised  for  the  table.  He 
especially  recommended  it  as  the  basis  of  <'  delicate  conserves  and  xeeto- 
rativo  sweetmeats,"  with  the  assurance  that  its  flatulent  effects  may  be 
infallibly  corrected  by  having  the  roots  *' eaten  sopped  in  wine;" 


adding,  "to  give  them  the  greater  grace  in  eating,  they  should  be 
boiled  with  prunes." 

The  honour  of  first  cultivating  the  potato  in  Ireland,  where  it  has  so 
long  constituted  the  prindpal  food  of  the  peasantry,  has  been  attributed 
to  the  grandfather  of  Sir  Robert  Southwell,  president  of  the  Royal 
Sodety  of  London,  towards  the  dose  of  the  1 7th  century.  Sir  Boberfd 
statement  was  to  the  effect  that  his  ancestor  had  obtahied  aome  rooto 
from  Sir  Walter  RalddL 

But  the  potato  had  been  known  in  Spain  and  Portugal  at  an  earher 
period,  and  it  is  from  the  latter  countxy  that  we  most  directly  derrm 
the  name  by  which  we  know  it :  this  is  easily  shown.  AHhoiigfa  the 
natives  of  North  America  called  our  plant  openawk,  those  of  the  south, 
more  particularly  the  ix^bitants  of  the  mountains  of  Quito,  called  it 
papas,  which  the  Spaniards  corrupted  into  battata :  tliis  again  thdr 
no^bours  in  Portugal  softened  into  ba-ta-ta  (da  terra),  to  whi^ 
po-ta-to  is  a  very  close  approximation. 

The  potato  was  cultivated  in  Ireland  long  before  its  introdnetian 
into  Lancashire,  whidi  was  owing  to  a  shipwredL,  it  is  said,  at  North 
Meols,  at  tiie  mouth  of  the  Ribble,  where  the  mode  of  propagatioa 
still  ynMTitAJny  pre-eminence,  and  whence  the  culture  of  this  importut 
plant  hasi»gradually  spr^  through  every  portion  of  Great  Britain. 

It  was  not,  however,  until  after  a  considerable  time  that  it  becvne 
palatable,  productive,  and  ^rinaceous,  or  admitteSl  into  the  course  of 
field  husbandry.  It  was  limited  to  ihe  garden  for  at  least  a  oentuxy 
and  a  half  after  it  was  first  planted  at  Toughal,  and  it  was  not  mitfl 
17S2  cultivated  as  a  field  crop  in  Scotiand.  It  appears  (6tun  the 
'  General  Report  of  Scotiand ')  that  in  the  yesr  1726-6  the  ieiw  potato 
plants  then  A'n'if-iwg  in  gaxdeoB  about  Edinburgh  were  left  in  the  same 
spot  of  ground  from  year  to  vear,  as  recommended  by  Evelyn :  a  few 
tubers  were  perhaps  removed  for  use  in  the  autumn,  and  the  parent 
plants  were  wdl  covered  with  litter,  to  save  them  hom  the  winter's 
frost. 

Though  the  plant  may  be  propagated  both  by  its  seed  and  tabers, 
practicel  management  has  confined  the  cultivation  to  the  latter  mode, 
except  for  the  purpose  of  raising  new  varieties  or  renewing  old  onea 
Those  who  are  curious  about  varieties  (which  are  now  innumenhle), 
can  almost  indefinitely  pursue  thdr  object ;  for  the  seed  of  a  speciee, 
the  red  apple  for  example,  will  sport,  and  this  too  without  hybridismg 
(tiiat  is,  without  ihe  admixture  of  its  seed  with  that  of  any  other 
spedes,  the  f  jwoduce  of  whidi  would  be  hvbrids),  into  numherieai 
varieties  of  form  and  colour — round,  flat,  oblong;  red,  pink,  black, 
white,  mixed,  and  purple,  of  every  shade  and  colour.  These,  whether 
hybrids  or  not,  are  reproduced  throu^  successive  seasons  by  the 
tubers  alone,  if  they  possess  those  qualities  which  render  them  deniable 
for  continued  cultivation,  on  account  of  peculiar  adaptation  to  eiriy  or 
late  seasons,  size,  predominance  of  faiina,  kc* 

This  mode  of  propagation  by  tubers  dther  improves  those  qualities, 
or  gradually  developes  objectionable  properties.  Some  varieties  an 
therefore  permanently  established,  while  the  culture  of  others  is  dther 
abandoned,  or,  if  continued,  it  is  known  that  those  varieties  revert  in 
the  course  of  a  few  generations  to  the  nature  of  their  parent  kind,  a&d 
therefore  cease  to  constitute  a  variety. 

In  the  vegetable  kingdom,  hybrid  plants  have  not  the  power  of  pro- 
pagation by  seed ;  but  they  can  be  rendered  reproductive  by  budding 
and  grafting,  or  by  means  of  cuttings,  slips,  and  tubers,  and  an  origiDal 
stock  comparativdy  worthless  may  be  highly  improved  by  such  imideB 
of  multiphcation.  But  when  a  fryrmer  poosesses  two  or  three  kinds  of 
dedded  exedlence,  he  will  act  wisdy  by  not  encumbering  his  storeB 
with  too  many  varieties,  which  always  occadon  trouble  and  confusion 
in  the  fidd  management. 

In  order  to  obtain  seed,  properly  so  called,  the  potato^pple,  when 
perfectly  ripe,  diould  be  dried,  and  then  disengaged  from  its  seed  by 
rubbing  wim  the  hand.  The  seed  diould  be  preeerved  in  a  dry  place, 
in  paper  or  doth  bags,  until  the  beginning  of  March  or  middle  of  April, 
when  it  may  be  sown  in  wooden  boxes  or  earthen  pans,  with  a  ooveriog 
of  less  than  half  an  inch  of  well  pulverised  earth.  The  vessels  ought 
then  to  be  placed  in  hotbeds  of  mild  heat,  such  as  is  suited  to  the 
raising  of  haU-hardy  snnuals.  The  plants,  when  an  inch  high,  should 
be  pricked  out  into  other  vessels,  and  placed  in  a  temperature  some- 
what lower  than  before,  to  inure  them  to  the  external  air,  to  wbieh 
they  should  be  exposed  after  frosts  have  ceased.  These  jdants  shodd 
be  put  out  in  drills  sixteen  inches  apart,  and  with  the  interval  d  ax 
inches  between  the  plants  in  the  rows.  They  will  produce  tuben  in 
the  first  year,  and  these  may  be  planted  in  the  following  season  in  the 
ordinary  vTay. 

For  vety  early  crops,  such  as  those  which  the  ash-leaved  and  walnut- 
leaved  kinds  in  particularyidd,  the  most  successful  treatment  was  that 
practised  by  the  late  Mr.  Knight,  prendent  of  the  London  Horticnltard 
Sodety,  from  the  course  of  whose  practice  we  give  the  following 
detaiU  of  instruction : — ^Drills  may  be  formed  in  a  wann  and  shdtered 
dtuation  (and  in  the  direction  of  north  and  south)  during  any  of  the 
winter  months,  two  feet  apart,  and  seven  or  eight  inches  deep.  Stable 
dung,  half  decomposed,  diould  be  laid  in  the  £ills  and  commned  with 

*  M.  Sargeret,  a  dietingQiahed  and  aeonrats  Frenoh  experimentalist  referred 
to  in  the  '  Dietionnaire  d'Agriedtore,'  foond  that  oat  of  300  varieties  be  bad 
only  one  exactly  like  the  original  firom  which  they  were  raised ;  and  oat  of  thia 
great  nnmber  he  only  fonnd  thms  worth  perpetoatlng. 
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the  earth  four  inches  downwards,  and  covered  with  some  of  the  mouldy 
which  had  been  thrown  out  in  forming  the  drills,  by  the  rake,  to  within 
four  inches  of  the  surface.  The  sets  uncut  are  then  to  be  placed,  with 
the  crown  eye  uppermost,  in  the  centre  of  the  furrow,  four  inches  from 
each  other,  and  to  be  covered  with  only  an  inch  of  mould  at  first,  and 
afterwards  with  an  occasional  quantity  of  sifted  ashes,  until  the  plants 
are  so  vigorous  and  advanced  as  to  require  the  \isual  earthing,  of 
which,  however,  veiy  little  is  necessaiy.  Mr.  Knight  used  leaves  as  a 
lining  at  the  sides  of  the  drills  in  the  early  periods,  to  preserve  as  much 
warmth  sa  possible,  and  better  to  guard  ag^nst  the  effects  of  frost. 

This  management  alone  wiU  be  found  successful,  except  perhaps  in^ 
very  tenacious  clay  soil,  in  which  the  rains  of  winter  may  lodge  so 
near  the  fibres  of  the  plants  as  to  destroy  them  altogether ;  but  de- 
struction from  this  cause  may  easily  be  avoided  by  increasing  the 
original  depth  of  the  furrows  and  loosening  the  bed  of  clay  below  with 
the  spade  to  such  a  depth  as  will  allow  the  water  to  descend  from  the 
surface,  with  a  drain  to  carry  it  off  altogether ;  or  by  laying  below 
some  absorbent  matter,  such  as  ashes,  chalk,  or  calcareous  gravel 

The  germination  of  the  sets  may  be  accelerated  by  a  little  manage- 
ment previously  to  their  being  planted,  by  laving  them  on  a  floor, 
sprinkling  them  with  water  until  they  bud,  and  then  covering  them 
with  finely-flifted  mould.  If  this  be  done  in  December  or  early  in 
January,  the  sets,  with  strong  shoots,  may  be  taken  up  in  Februaiy 
(with  as  much  earth  as  possible  adhering  to  them),  and  carefully  placed 
in  the  drills  prepared  aa  directed,  and  covered  with  well-rotted  leaves 
or  earth  in  the  same  way. 

To  market-gardeners  it  is  a  great  object  to  raise  the  earliest  potatoes, 
considering  the  high  price  which  they  obtain  for  them,  though  in  their 
waxy  state  they  are  neither  wholesome  nor  palatable.  Next  in  early 
maturity  to  the  ash-leaved  and  walnut-leaved  are  the  early  Manly  and 
early  Champion  and  Fox's  seedling. 

The  best  soil  for  potatoes  genenlly  is  that  which  is  altogether  fresh 
from  the  state  of  lea,  or  which  has  not  long  been  broken  up :  land 
which  has  been  in  gnus  for  only  two  or  three  years  is  easily  prepared 
for  the  principal  crop.  It  should  be  as  deeply  ploughed  as  possible 
before  winter,  and  early  in  March  harrowed,  and  thoroughly  cross- 
ploughed.  After  lying  in  this  state  for  two  or  three  weeks,  it  should 
again  be  well  harrowed  and  very  deeply  ploughed  twice,  without 
bringing  up  any  bad  substratum^  and  it  will  then  be  fit  for  the  recep- 
tion of  the  crop. 

Thd  most  approved  modes  of  setting  are  as  follows : — Dnlls  should 
be  formed  in  the  well-pulveiised  field  with  double  boutings  of  the 
plough,  in  order  to  have  the  shoulders  uniform,  which  is  essential  to 
the  correctness  of  succeeding  operations.  The  dung  is  then  to  be 
carted  out,  and  divided  by  the  carter  with  a  drag-fork  as  his  horse  and 
cart  move  forwards  (the  horse  walking  in  the  centre  of  three  drills 
while  the  wheels  move  in  the  other  two),  in  such  quantities  as  can  be 
most  conveniently  shaken  out  into  the  driUsby  the  labourers  employed 
to  spread  it.  In  dry  weather  the  carting  does  no  injury,  and  this 
method  is  xmiversal  in  Scotland.  The  other  principal  mode,  more 
generally  pursued  in  Ireland  by  some  of  the  best  cultivators  of  the 
potato,  is  to  cart  out  the  manure  before  the  drills  are  formed,  in  rows 
seven  or  eight  yards  apart,  and  to  supply  the  drills  from  the  heaps  as 
the  plough  advances  in  its  work,  reserving  just  as  much  as  is  supposed 
sufficient  for  the  concluding  driUs,  which  are  to  be  made  in  the  sections 
of  the  fi.eld  previously  occupied  by  the  rows  of  manure.  By  the  latter 
treatment  the  manure  may  be  laid  over  the  sets — ^which  cannot  be 
done  in  the  former  case — and  this  will  preserve  them  from  being 
displaced  or  crushed  by  the  feet  of  the  horses  during  the  process  of 
covering  the  seed.  But  against  this  advantage — which  is  not  incon- 
siderable— there  is  the  inconvenience  of  calculating  with  precision  and 
laying  aside  as  the  plough  advances  to  draw  the  last  drills — ^where  the 
rows  had  stood — the  precise  complement  of  manure,  and  the  difficulty 
to  the  ploughman  of  preserving  uie  exact  breadth  in  those  drills. 

Some  avoid  any  perplexities  in  those  respecto  by  ploughing  in  the 
manure  thoroughly  b<^ore  drilling,  and  either  dropping  the  set  in  every 
third  furrow,  or  rolling  the  whole  manured  and  ploughed  surface,  and 
then  making  drills.  Our  own  experience  is  greatly  in  favour  of  this 
latter  mode,  when  the  fertilising  matter  is  abundant  and  of  the  short 
description  which  freely  combines  with  the  soil,  and  does  not  obstruct 
the  plough  in  the  subsequent  drilling.  The  lazy-^jed  method  is  so 
generally  condemned,  that  any  explanation  of  it  here  would  be  super- 
fluous, yet  in  undrained  bog-land,  or  under  any  drcunuStances  in  which 
a  redundancy  of  wetoess  is  probable  in  the  autunm,  as  on  low  marshy 
lands,  or  stiff  day  sdls  which  have  no  sufficient  inclination  to  carry  off 
the  wator,  and  are  likely  to  be  saturated  with  moisture  in  winter  from 
want  of  drainage,  the  la^-bed  system  is  by  far  the  safest.  The  deep 
wide  furrows  at  each  side  carry  off  the  water,  or  at  least  remove  it 
from  the  potato.  Thousands  of  tons  of  potatoes  in  the  year  1839  were 
utterly  lost  in  Ireland,  being  drilled  in  flat  and  tenacious  lands,  which 
would  have  escaped  destruction  from  the  continued  rains  of  that 
season  if  drained  by  the  furrow  of  the  lazy-bed.  Besides,  where  cir- 
cumstances preclude  the  practicability  of  deep  ploughing,  the  lazy-bed 
practice  repeated  for  three  years  will  completely  spade-trencn  the 
entire  land,  and  thus  effect  an  important  benefit  not  otherwise  attain- 
able by  the  humble  tiller  of  the  soil  who  has  no  teams  for  ploughing 
it  effectually.  Thus  local  or  national  modes,  though  apparently 
defective  to  the  superficial  observer,  are  sometimes  founded  upon  sound 
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principles,  and  though  we  feel  disposed  to  exclude  the  minute  details 
of  what  is  only  defensible  under  peculiar  circumstances  from  an  essay 
on  potato  culture  ulider  our  modem  system,  we  protest  against  the 
unqualified  condemnation  of  a  method  which  is  still  pursued  through- 
out a  great  part  of  Ireland. 

The  sets  (uncut,  for  reasons  to  be  yet  assigned)  are  next  to  be  laid 
down,  either  imder  or  over  the  manure,  at  the  average  distance  of 
sixteen  inches,  by  the  setters,  who  move  in  a  retrograde  direction,  and 
are  provided  with  aprons  to  contain  the  sets.  A  sufficient  number  of 
men  are  in  attendance  to  divide  the  manure  evenly  in  the  drills ;  the 
plough  also  is  in  the  field  in  order  that  there  may  be  the  least  possible 
exposure  of  the  manure  and  sets  to  the  sun  or  to  parching  wind,  but 
theplough  should  cover  the  sete  rather  lightly  in  cUy  soil. 

The  roller  is  next  used  to  lay  an  even  surface  to  the  brairding* 
plants,  and  to  facilitate  the  ftubsequent  progress  of  the  paring  plough, 
which  is  to  be  set  to  work  when  the  stems  are  six  or  seven  inches 
high,  and  should  move  as  close  to  the  plants  as  is  practicable  without 
injuring  their  tender  fibres.  The  weeders  should  then  hoe  the  plante 
carefully,  and  immediately  afterwards  (for  the  influence  of  wind  or 
hot  air  on  the  roote  is  pernicious)  the  scuffler  or  drill-harrow  is  to 
follow,  in  order  to  clean  and  level  the  intervals,  before  the  earthing 
plough,  with  either  double  or  single  mould-board,  is  introduced  to 
apply  fresh  earth  to  the  stems. 

Such  is  the  method  of  earthing  universally  pursued  by  the  dinner 
in  Ireland  and  Scotland,  but  in  England  the  hand-hoe  is  principally 
used  for  destroying  weeds,  loosening  the  earth,  and  moulding  the 
plante;  for  the  two  first  of  these  operations  the  bean-hoe  (which  cute 
about  six  inches  deep)  is  used,  and  the  turnip-hoe  for  drawing  the 
earth  to  the  stems.  One  man  will  hoe  out  the  weeds  and  loosen  the 
soil  of  half  an  acre  per  day,  and  the  subsequent  earthing  of  the  same 
quantity  is  also  executed  by  one  man.  This  is  &r  cheaper  than  horse- 
work,  and  it  does  no  injury  to  any  of  the  steins,  and  makes  no  waste 
land  at  the  headriggs ;  and  where  the  earth  has  been  perfectly  well 
prepared  at  the  commencement,  this  manual  husbandry  is  the  best. 

As  to  the  distance  between  the  drills,  due  regaid  must  be  had  to  the 
natiiral  quality  of  the  soil  and  the  quantity  and  description  of  manure 
available,  or  in  other  words,  to  the  probable  luxuriance  of  foliage. 
Mr.  Knight,  aware  of  the  necessi^  of  allowing  room  in  proportion  to 
the  vigour  suid  height  of  the  plante,  has  laid  down  an  exact  rule  thus : 
— *'  The  height  of  the  stems  being  three  feet,  the  rows  ought  to  be 
four  feet  apart : "  but  for  a  general  average,  thirty  inches  is  the  best 
distance.  As  to  excess  of  foliage,  we  are  certain  that  it  is  not  desi- 
rable, for  the  produce  of  tubers  is  not  always  in  proportion  to  the 
degree  of  foliage ;  under  high  and  rank  stems  there  is  often  a  very 
scanty  crop,  and  Mr.  Knight  is  justified  by  experience  in  his  obser- 
vation that  **  the  lai^gest  produce  will  be  obtained  from  varieties  of 
rather  early  habite  and  rather  low  stature,  there  being  in  very  tall 
plante  much  time  lost  in  conveying  the  nutriment  from  the  soil  to  the 
leaves,"  and  consequently  strong  and  upright  stems,  which  do  not 
fall  down  and  shade  the  others,  are  those  whidi  are  desirable. 

Two  more  earthings  are  usually  given,  but  it  is  questionable  whether 
even  one  be  necessary  in  soil  of  average  depth,  unless  there  be  a  very 
wide  interval  between  the  drills,  and  it  is  certain  tiiat  much  earthing 
in  dry  and  shallow  soil  is  injurious ;  for  by  withdrawing  the  earth 
from  contiguity  to  the  fibres  which  ramify  and  penetrate  far  in  loose 
soil,  and  laying  it  on  the  head  of  the  drill,  and  in  the  high  ridgelet 
form,  it  is  applied  where  it  is  tiseless  for  the  nourishment  of  the 
tubers,  and  in  a  position  that  favours  the  rapid  escape  of  moisture, 
which  in  such  soil  it  ought  to  be  an  object  to  retain.  In  deep  land, 
more  particularly  if  it  be  of  tenacious  quality,  the  furrows  at  each  side 
of  the  drill  will  be  in  general  seasons  most  serviceable  as  drains,  as 
well  as  for  furnishing  earth  to  support  the  stems,  while  the  moisture 
will  be  sufficiently  retained  for  the  roots. 

Experimentef  have  led  to  the  inferen9e  that  in  soil  of  a  loose 
porous  quality  there  is  probably  a  greater  produce  by  not  affording 
any  (or  a  very  slight)  moulding,  but  b^  digging  instead  between  the 
rows;  for  deep  and  perfect  pulverisation,  next  to  an  adequate  allow- 
ance of  rich  manure,  is  the  main  cause  of  a  large  produce.  In  propor- 
tion to  the  deficiency  of  manure  will  be  the  necessity  for  opemng  the 
soil  beneath,  to  allow  the  fibres,  which  may  be  distinctly  traced  to  a 
depth  incredible  to  those  who  have  not  followed  their  ramifications,  to 
extract  all  the  nourishment  which  the  subsoil  may  afford.  If  there  be 
an  abundance  of  nutriment  above,  neither  the  necessity  nor  perhaps 
the  inclination  for  penetrating  deeply  can  exist,  and  in  such  cases  ^e 
operation  of  earthing  by  the  plough,  as  long  as  it  can  be  introduced 
without  injury  to  the  stems,  may  be  usefid  in  many  ways,  but  un- 
questionably by  guarding  them  from  the  effecte  of  storm  m  exposed, 
and  from  excessive  wetness  in  low  situations.  Besides,  in  regulating 
this  point,  regard  should  always  be  had  to  the  quality  of  the  pototo, 
for  ^e  tubers  of  some  varieties  have  a  tendency  to  push  to  the  surface, 
while  others  tend  into  the  earth,  and  theremre  require  a  different 
treatment. 

But  in  all  cases  the  earth  should  be  rendered  as  loose  and  friable  as 
possible,  by  spade,  hoe,:2^  or  plough ;  and  where  labour  is  easily  com- 

*  A  Scotch  term  signifying  '*  shooting  out*" 

t  See  Martin  Doyle's  '  Cyclopiedia  of  Practical  Husbandry,'  p.  97S. 

X  That  kind  called  the  bcan-hoe,  shaped  like  an  adse. 
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nuHBded,  tha  qpade  will  be  foond  to  be  the  more  <Aeeck>ae  impfement 
ia  the  fiorst  couzse  of  treatuMot  after  the  plantB  are  w^  up^ 

SoBe  plant  one  or  two  sets  in  the  centre  of  every  aquore  jard,  but 
ia  auoh  caooo  graai  and  continued  earthing,  until  each  square  presents 
the  form  of  a  pyramidy  ia  contemplated ;  and,  il  our  preceding  remorlB 
be  conreot,  this  treatmieQt  is  only  applicable  to  deep  and  retentive  soils. 
Qreat  refcuros  have  no  doubt  been  thus  obtained,  but  by  this  mode 
there  is  the  least  possible  incorporation  of  the  manure  with  the  soil 

In  minute  husbandry,  such  as  that  exemi^ed  in  labourers'  allot- 
ments,  whidi  exoludee  the  plough  altogether,  the  ordinary  and  best 
piactice  is  to  hiy  the  sets  in  rows,  after  a  Tery  deep  winter  digsing, 
marked  with  a  garden-lineb  Hie  workman  digs  precisely  as  m  a 
garden-plot  for  cabbages :  he  elears  a  little  drill,  lays  the  sets  straight, 
puts  a  suffidfincy  of  manure  over  them,  and  then  covers  from  the  next 
spit,  which  he  digs  with  Sk  spade  or  a  three-pronged  fork  flattened  at 
the  ends,  leveUatog  and  pulverising  as  he  advances  to  the  distance  at 
which  he  again  puts  down  hie  bne  and  forma  a  new  drilL  Thus  the 
enhire  ^iece  i»  thoroug^y  loosened,  the  manure  perfectly  covered,  and 
eveiT  ftkcility  given  for  the  hand-hoeing  in  doe  course. 

The  next  stage  ol  the  potato  is  that  in  which  it  blossoms.  It  has 
been  rseommeiidsd  to  pluck  off  the  flowers.  EaEcessive  blossoming  is 
no  doubt  in jurioue,  but  experience  has  generally  proved  that  the  extra 
cost  is  hardly  defrayed  by  the  additional  produce  obtained.  II  the 
jSowers  are  plucked  off,  they  should  be  nipped  in  the  early  bud. 

When  the  crop  is  frilly  ripe,  whick  is  indtcated  by  the  withering  of 
the  stalks,  and  when  the  land  is  free  from  stones,  labourers,  in  the 
proportion  of  about  twenty  to  one  plough  (half  of  these  being  usually 
nen,  and  the  renattider  women  (v  young  persons),  diould  be  set  to 
puM  up  the  stalks,  and  carefully  collect  me  tub<»8  which,  may  be 
attadied  to  them,  before  the  plough  proceeds  in  its  operation.  When 
it  is  pkepaied  lor  work,  the  men,  with  prongs  flattened  at  the  extremity, 
see  placed  at  such  distaaoes  from  each  other  as  will  give  them  fwoper 
time  to  lorik  out  the  potatoes  elteanly  for  the  pickers,  who  are  also 
stationed  at  exact  (fistanees  with  a  basket  between  every,  pair,  into 
which  they  gath^  the  potatoes. 

The  eoffiBBott  swnlg^pfough  may  be  employed  in  three  ways : — First, 
ia  taking  off  a  sliee  from  each  aide  of  every  drill,  and  leaving  it  to  the 
workmen  to  open  out  the  centre  with  their  prongs ;  or  in  its  third 
movement  it  mav  turn  up  this  centre,  under  wMch  the  main  body  of 
the  tubers  lie,  which  is  more  expeditiously  and  easily  done  if  the  earth 
be  in  fit  condition.  Second,  a  double  mould-board  plough  with  a  long 
sack,  and  divested  of  its  coulter,  may  be  dta^vm  by  two  strong  horses 
tk?ough  the  centEe  o^  the  drills,  and  completely  under  the  level  of  the 
tohera,  so  ae  to  avoid  injuring  them,  by  which  means  the  work-people 
will  be  kept  exceedingly  busy ;  and  if  the  land  be  in  good  friable  order, 
this  is  the  most  expeditious  mode,  and-,  provicfing  theie  is  a  perfect 
harrowing  afterwards,  the  crop  will  be  taken  outmth  sufficient  clean- 
Bness.  Third',  the  crop  may  be  taken  up  by  prongs  or  long  narrow 
spades  without  the  plou^  In  wet  weather  tiiia  more  tedious  but  bir 
safer  method  ie  frequently  adopted,  and  if  the  drills  be  short  and  the 
headriggs  under  crop  also,  it  is  the  most  desirable,  efifectual,  and 
eoonomical  mode,  hi  removing  the  produce  ia  this  manner,  it  is 
obvious  that  the  number  of  gatherers  should  be  much  lees  in  propor- 
tioa  t»  the  men  than  under  the  other  eircumstanoes.  The  headnggn 
should  evidently  be  the  first  parts  of  the  field  cleared,  to  make  a  free 
space  lor  the  ploughs  in  the  boutings,  and  for  the  carts. 

One  horse  will  answer  for  three  carts  if  the  distanee  of  draught  to 
the  pits*  be  short,  by  changing  him  altemat^y  from  an  empty  to  a  full 
one ;  but  this  only  applies  to  the  Scotch  and  Irish  system  of  draught 
by  single  carts  and  horses.  The  general  mode  of  securing  the  crops  in 
pits  in  the  field  is  the  safest.  In  making  the  pits— improperly  so 
termed,  for  the  base  is  only  sunk  a  few  inches,  and  the  potatoes  are 
raised  considerably  in  the  heaps — ^the  only  caution  to  be  observed  is 
that  furrows  should  be  cut  on  all  sides  to  prevent  water  from  lodging 
or  penetrating  inwards,  and  that  the  earth  thrown  up  aad  over  them, 
to  the  depth  ot  four  or  five  inches,  should  be  well  beaten  with  spade 
or  shovel  to  exclude  moisture  and  frost.  The  potato-stalks,  however 
apparently  dry,  should  never  be  laid  between  the  potatoes  and  the 
earth  in  these  accumulations,  for  they  soon  ferment  and  rot,  and  injure 
all  the  potatoes  in  contact  with  them.  Straw  is  at  least  useless.  The 
length  of  the  ^it  depends  on  circumstances,  but  the  breadth  should 
not  eaoeed  four  feet,  as  large  accumulations  are  most  liable  to  fer- 
mantatjona 

Of  bte  years  the  potato  has  been  extremely  subject  to  disease, 
which  first  became  apparent  ffenecaUy  in  1846-6;  when  the  whole  crop 
m  Ireland,  the  mainstay  of  the  people's  food,  was  kwt,  and  a  fiunine 
eoauedi  Sinoe  that,  the  same  disease  has  annually  reappess^,  blackening 
the  lea.vea  before  they  become  naturally  ripe,  and  rotting  the  tubers 
ttthsr  in  the  ground  or  ib  the  heap :  so  that  one-tenth  to  one-hall  the 
crop  is  lost.  The  only  apparent  means  of  remedying  this  attack,  or 
dtmmishing  its  virulence,  is  by  early  planting  early  sorts  in  early 
places,  so  as  to  obtam  a  ripe  crop  before  the  time  (July  and  August) 
when  Hie  disease  generally  shows  itself.  It  is  also  said  to  be  a  palliative 
of  t^iia  disease,  if  not  a  remedy  for  it,  when,  by  earthing  up  the 
nearly  ripened  crop,  the  tubers  are  covered  with  at  least  three  inches 
deep  of  earth,  before  the  period  of  attack.  Besides  this  disease,  there 
18  *  the  curli"  which  is  an  imperfect  formation,  and  was  first  generally 
observed  m  17G1,  when  it  gave  rise  to  various  conjectures  and  un- 


pvofitabledlBeusatone:  the  cause  is.  yet  unknown.  Oae  thang  bowever 
is  ctear,  that  from  a  crop  of  which  any  part  is  m^tfndwd  for  oeed,  all 
the  plants  affected  with  curl  sheuldb  be  carefuflv  separated  before  the 
general  removal  commences.  The  dry  rot,  or  decay  of  the  set,  which 
during  recent  years  so  fearfully  prevailed  in  many  parte  of  the  Unilad 
Kingdom,  i»  also  still  unexplained  as  to  ita  real  caaasy  though  the 
presa  hae  teemed  with  essays  and  very  pSauabte  theoriea  respectiag  it 
The  set,  though  apparently  sound  when  planted,  has  eitlMr  foiled  to 
germinate  at  all  and  rotted  away,  or  has  feebly  and  partsaDy  throws 
out  its  sickly  shoots.  The  most  contradictory  caaisse  have  baea 
assigned :  over-r^>eBikig  in  the  preceding  year;  under-ripening;  Cer- 
mentation  in  the  pits;  fermentation  of  the  set  in  the 
placed  in  contact  w^  hot  dung  (which  is  utterly  abenid,  lor 
in  the  ground  no  injurious  fermentation  can  arise);  very  hot 
great  ohought,  hot  sun,  eold  parching  wind,  dry  aad  heating 
sea-ware,  which  is  always  damp ;  exhaustion  of  the  kind  IroBk  a  keg 
course  of  culture,  contradicted  by  many  inetaacea  ia  whi^  it  appwTi 
that  the  produce  of  the  same  variety— for  ^astanoe  the  apple^— has  beta 
successfully  cultivated  during  sixty-fitve  years  wifehoot  any  frihne;  or 
the  loss  of  vitality  from  prematurely  shooiiD^ 

If  potatoes  have  fermoited  in  their  accumiilbted  stated  th^  woaU 
bear  obvious  evidence  of  it,  and  therefore  be  rejected  Fenaeatalka 
cannot  be  the  true  cause  in  every  or  even  the  majott^  el  cases^  aor 
does  the  failure  probably  proceed  from  iaaeets  m  the  eyee^  ae  has  beaa 
suggested,  for  if  so,  it  is  (&£Beult  te  account  for  the  faet  that  sets  Iroai 
the  same  heap  planted  at  one  part  of  the  day  have  tota^y  feiled,  whik 
others  put  into  the  ground  at  another  haws  pushed  fwth  healthy 
shoots.  As  to  decay  in  the  hud  from  the  eoatignity  ei  ftnacntzog 
manure,  **  How  is  it  to  be  proved  that  the  ^;iiaea  evolved  fey  frnaeatiug 
manure  can  injure  the  sets?  FermMriang  aiaauBreB  woaU  rather 
stimulate  by  their  warmth,  and  eseUe  their  growth  bf  theahment 
which  their  essential  qualitiea,  carbon  and  aauaonia,  sufifly  te  phats. 
Why  do  not  the  gaseous  exhalations  from  ruak  aad  laraMDAig  hot^ 
beds  destroy  the  tender  phints  which  are  laised  ia  then?**  (Doyle's 
^Cydopeedia  of  Pttietical  Husbttiiifry.') 

A  partial  remedy  for  dry  rot  is  to  be  found  iki  the^phmthig  of  entBe 
tubers.  When  the  cut  sets  have  feiled,  the  entire  tubera  have  ranted 
premature  decay;  whether  it  arises  from  atmospheric  iiAuene^  or 
debility  of  constitution,  or  from  any  of  the  oonjectuved  eaasea,  the 
entire  tubers  resist  these  noxious  influences,  and  gemriaatehealthilj 
and  freely.  All  repprts  agree  on  this  p<Hnt :  there  is  no  risk  ia  Has 
case,  if  the  tubers  be  sound  when  planted ;  and  it  may  beadM.tfeat 
ia  all  stages  of  their  growth,  the  uncut  tubera  metkfcaiw  a  decided 
superiority,  aad  yiekL  a  corresponcKng  producer 

The  ferma  <A.  the  potato,  peogeriy  mnuhkted  aad  dried,  is  aolcl  ia 
our  shops  as  arrowroot,  or  mixed  with  gum  as  tapk>ea,  to  whii^  it 
bears  the  closest  resemblaace,  both  ia  appearaace  aad  eiwfintift^  jto- 
perties;  Fbr  confectionary  the  Hour  k  so  deficately  vAite,  and  it  is  lo 
digestible  aad  nutritious,  that  it  ought  to  be  hi  naore  geaefal  use, 
among  the  children  of  the  poor  especially,  in  the  winter  aeainn,  when 
they  so  rarely  enjoy  the  luxury  of  milk ;  and  the  cost  is  net  more  thaa 
a  sixth  or  serenth  of  the  price  of  tapioca  or  arrowroot,  if  it  be  made 
at  home.  Few  housewives  are  ignorant  of  the  awthod  of  ebtamiBg  it 
hf  the  use  of  a  common  hand-grater  and  aieve ;  but  for  yieUiqg  luffx 
supplies  some  machinexy  is  necessary. 

POTIN,  a  name  given  by  numisinatists  to  am  aOoj  of  bnaaand  other 
metals,  fh>m  a  EVench  woxd  sonifying  pot-metaL  The  term  is  gene- 
rally applied  to  a  base  metal  substituted  in  the  aaeteat  evrency  for 
silver,  consisting  of  brass,  lead,  and  tin,  with  aa  admixture  ef  a  fifth 
part  of  sflver ;  the  presence  of  tin  constitutes  potia,  as  without  this 
metal  tB»  alloy  is  oilled  MUon,  The  coins  of  the  Soann  emperors 
minted  in  Egypt,  some  of  the  early  coins  of  Qaul  aad  Brftain,  and  of 
the  later  dbys  of  the  Roman  Empire,  are  in  this  metaL  [NmnsKATics.] 

POTTERT.  The  word  pottery,  derived  from  the  flench  potaie, 
the  Latin  potennun,  and  the  Qreek  potSfion,  or  driakuag^veaael,  has  been 
applied  to  all  descriptions  of  dried  or  baked  ela^fi;  The  worker  or 
manufacturer  ia  stylled  potter,  and  the  place  or  estabKahment  where 
made,  pottery ;  beaidea  which,  ibe  term  ceramic,  from  the  Cheek  woid 
rignifymg  earthenware,  and  fictile  from  the  Latin,  hae  been  aippJkA  to 
objects  produced  in  baked  or  dried  clay.  The  art  of  working  in  ehj  » 
of  such  high  antiqui^  that  it  appears  long  prior  to  the  htstorie  period 
of  the  hiunan  race>.  and  woe  attributed  by  aU  naticme  to  goih  or 
mythical  personages.  In  Egypt,  the  cradle  of  the  earliest  aits  and 
sciences,  this  art  is  attributed  to  god  Chnum,  aad  its  early  htveetion  is 
proved  by  the  bricks  of  sun-dried  chiy,  of  which  some  of  the  oldest 
pyramids  were  built  [Ptsahid]  ;  the  vases  of  red  earthenware  fouod 


in  oontemporszy  sepulchrea  of  the  4th  or  5th  dynastnr,  aad  the  repre- 
sentation of  potters  engaged  at  their  occuMtion  on  the  waH  paintiiig!: 
of  tombs  of  the  4th  and  t2th  dynastieB.  The  brick,  the  okLest  of  all 
pottery,  called  by  the  Egyptiana  ^,  or  ^bos,"  anid  at  the  earfi«t 
period  made  ot  sun-dried  chiy  mixed  with  straw,  fngmeots  of  red 
pottery,  and  other  materialh,  was  of  the  shape  of  those  at  present,  hat 
of  huger  proportions,  about  5  inches  thick,  8  mches  wide,  and  19  incfees 
long,  stamped  out  of  a  mould,  and  impressed,  from  the  commencemest 
of  the  IStik.  dynasty,  with  the  names  of  monarchs,  constructioDs,  aod 
other  inscriptions^  made  by  a  wooden  block  on  its  upper  soz£k».  Such 
bricks  were  extensively  used  for  p3^mid8»  walls,  tombs,  and  other 
coiL^ti  uctious.    The  early  invention  of  the  wheel,  and  the  manuf&ctore 
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«€  vasesy  Wckfl,  and  other  ob j«oto  of  led  euthenware  in  £^pty  are 
proved  hy  ike  TCmains  and  wall  paiatingB.  Tbe  wheel  was  a  fioujl 
circular  tobfe  placed  horicontaUj,  vHbkh  tbe  potter  turned  with  his 
hands,  not  ieet,  at  the  earlier  period,  and  {voouoed  vases  «f  daik-red 
emtbenware,  either  polidked  or  dvfl,  ii  various  and  flonple  ahapeB,  and 
BometimeB  at  large  i^iim^TiBi^nB^  applicable  for  all  purpoeea^  and  often 
.gaily  painted  aU  over  with  a  ooatiiig  ai.  day^  or  Uae  te  imitate  valuable 
stooes,  or  onMrnented  with  cones  or  wreaths  and  other  plain  onia- 
ments,  or  iaseribed  with  aames  and  other  inscriptioas^  Besides  this 
prooeas  the  Egyptians  moiddad  vases  oC  red  ware  in  the  idiape  o£  men 
and  animals,  and  mod^ed  coffins  and  other  laige  objects^  Under  the 
Roman  empire  figuiw  of  gods  and  lain|»  were  moulded  in  ESgjrpt^  and 
fi^agmentaof  pottexy  were  used  for  receipts  and  inscriptions  till  tbe  6th 
or  7th  oeabuyy  jlD.  But  the  most  reaaarlEable  Egyptian  potteiy  was 
the  poroelam^  or  rather  lay«noe,  the  body  composed  of  a  white  or  grav 
sancC  and  the  surface  covered  withaBUioeo«sglaBe,olten^,thof  aninen 
thick,  coloured  with  the  oxides  of  oopper,  manfflnesfv,  sUver,  and  tin. 
The  objects  of  this  matenal  were  of  souH  mt»  and  generaiQy  moulded, 
and  ooMiited  of  small  tiles,  and  portioas  used  for  inlaying  vases,  beads, 
bugioa,  little  figures  of  deities,  and  sepuldinl  figures  [Mummt],  prut* 
cipally  m  a  blue  cl  different  siiades»  but  of  remaricabfe  beauty.  Under 
the  19th  and  subeequient  dynaaties,  tbe  blue  ^va  place  to  a  green 
poTodain  of  inCnior  quality.  At  the  eailier  pMiod  tae  art  of  gracing 
steatite  with  this  glase  was  in^H^duced.  The  Egyptians  a»pear  to  have 
invented  this  poroekin  and  retained  tbe  secret,  smab  objects  in 
these  BBsterials  having  been  found  in  Qreece^  tbe  Zaks  of  the  Archi- 
pelago, and  Italy,  appuvntly  exported  from  the  porfcs  of  Egypt  The 
manufiMture  was  continued  under  tbe  Gredcs  and  Romans,  but  gnkdu- 
ally  disappeared  at  the  beginning  of  the  Empire,  a  f e#  vasea  and 
lamps  of  it  having  been  found  in  italv  of  Greek  fonn,  and  with  Greek 
Bubjeots  in  relief,  probably  made  at  Alexandria;  it  seems  to  have  bean 
superseded  by  metallac  and  ghna  wock. 

The  Assyrians  like  the  EgyptianB  made  oxtensive  use  of  ««n  and 
kiln-dried  bricks,  e^wcially  £or  the  aufastnieture  of  their  edifioes,  walls, 
houses,  and  tombs ;  their  bckka  were  of  snother  siae,  about  14  inches 
squBi«  by  4  inches  thick.  Lake  the  Egypthn  their  upper  suifaoe  is 
often  stamped  with  the  nanMB  and  titles  of  their  king  in  Asaytian 
cuneifann.  Tbe  An^^iian  potter  was  abo  exteoKvely  engaged  in  pro- 
ducing in  ofaty  faistones,  title-deeds,  reiigious  dedicitioas  and  ouier 
documents  on  hexagonal  priams,  cylindrical  roUs,  and  email  square 
slaba  oon^UK  on  both  sides.  On  tbeaa  tbe  inacribed  letters  were  im- 
pressed from  a  small  punch.  Jfany  of  these  wars  impresMd  with 
seals,  and  even  seals  of  baked  oky  added  to  deeds.  About  10,000 
fragments  of  an  anciient  tecra  ootta  libmry  w«re  found  in  the  archive 
room  of  tbe  palace  at  Kouyunjik,  and  the  prasarvataon  of  the  histoty 
of  Sftnnarherib  and  his  campaign  against  Judna^  as  recorded  in  tbe 
Asayxian  annals,  is  owing  to  tius  indestruetible  method  of  preserving 
public  reoordSk  Like  the  Egyptians  the  Assyrians,  in  the  8th  or  9th 
oentuiy,  B.a,  were  acquainted  with  the  art  of  making  a  fayanoa  or 
enamelled  wam  with  mdtallie  oxides  and  tin  and  lead  fluxes;  and  the 
story  of  Semiiamk  and  her  constructions  with  gkaed  brides,  repre- 
senting subjects,  k  by  no  means  fabulooa.  'The  vases  and  other 
objects  of  thk  material  differ  oonadembly  in  their  body,  which  k  of  a 
yellow  pasta,  from  the  Bgyptkn,  and  the  ware  k  inferior  to  it  in 
colour  and  ^egance.  The  potter^a  art  seems  to  have  been  in  full 
activity  till  the  fail  of  Nineveh,  and  to  have  been  kept  up  till  a  kte 
period  tn  the  plains  of  Assyria. 

The  arts  of  the  Babylonians,  who  were  contempoiaiy  with  or  sue- 
eeeded  tbe  Assyrians,  aro  so  like  that  the  differenoe  k  hardly  per- 
oeptibla.  Sun-dried  brioks  of  nesrly  the  mme  dimensions  m  the 
Asiyrkn,  found  in  all  the  ruins  of  the  pkins  of  Shittar,  Were  propared 
by  the  same  prooesa,  and  generally  had  straw.  The  kiln-dried  bricks, 
mentioned  in  Genesk  as  in  use  after  the  Flood,  hay«  also  straw  lor  the 
ntke  of  heating  them  mora  thoroughly,  and  vary  in  quality  and  colour. 
Tiiey  are  also  stamped  with  the  names  of  Babylonian  monarehs. 
Some  buildingB,  as  me  Bira  Ninmid,  now  known  to  be  a  temple 
dedicated  by  Nebuchadneasar  to  the  seven  pkneto,  wera  made  of 
■tagee  of  diiferently  coloured  bricks,  each  the  appropriate  cokmr  of  the 
plmet.  Mortar  of  lime  and  bitumen  for  the  foundationB,  as  mentioned 
in  the  description  of  the  Tower  of  Babel,  k  found  to  have  been  uaad  for 
cementing  the  brick-work  together.  Small  cones  wei«  also  used  for  mak- 
iog  an  ornamental  brick-work.  The  public  and  private  recordb  were  pre- 
served in  baked  cky  like  the  Anyi^,  and  baa-reliefB  and  small  votive 
figures  of  baked  and  sun-dried  oky,  made  by  a  mould,  were  uaad  for 
'eligious  purposes,  and  portions  of  the  ooloeaal  statuee  of  the  gods  appear 
to  have  been  made  of  clay,  pUted  externally  with  braai,  or  ckv  formed 
put  of  the  figure  with  other  metak.  The  glased  ware  of  the  Baby- 
loniana  waa  of  the  same  character  as  the  As^rian.  The  potteries  of 
^Ayria  and  Mesopotamk  appear  to  have  continued  In  activity  under 
the  foreign  rulers  of  that  country,  and  tilie  remains  show  load  wares 
iQAnukotured  under  Greek  and  Roman  influence,  while  the  use  of  the 
iayenoe  under  the  Sassankn  monarehs  took  an  extraordinary  develop- 
nient,  an  immense  number  of  glazed  coffins  of  that  period  having  been 
found  at  Warka  and  Mugeyer,  with  other  fictalo  remains  of  a  late 
epoch.  The  Persians,  who  succeeded  to  the  en^>ire  of  the  Assyrians, 
^^  only  knf%D  to  have  u]»ed  pottery,  and  the  art  of  potteiv  must  be 
considered  at  thk  period  to  have  been  chiefly  exercised  by  the  Fhcsni- 
<^ttQfl  and  Greeks.  The  fint  of  these  people,  the  great  traders  of  antiquily 


seem  to  have  made  plain  ui^g^aced  terra  ootta  and  glased  wkrt  like 
the  Egyptians,  snd  to  have  traded  in  them  with  the  Greek  isknders 
and  the  Etruscans  at  about  the  7th  centuty,  B.C.  The  Hobraws 
do  not  ai^war  to  have  exeroked  the  art  till  after  the  Exodus,  and  pro- 
bably brought  it  with  them  from  £gypt,  havii^  before  that  period 
used  other  substances  for  drinking  purposes,  or  acquired  them  from 
other  pec^le ;  and  the  very  few  JewLah  vaaee  as  yet  found  do  not  seem 
older  than  the  Maccabees,  although  the  art  of  glaring  by  hthacge  was 
known  in  the  days  of  Solomon.  At  the  tame  of  the  Captivity  the 
prophets  often  used  metaphors  derived  from  the  potter's  art,  and  some 
bowk  aai^posed  to  have  been.nsed  by  the  captive  Jewa  of  Assyria  are 
evidently  of  a  comparatively  recent  opoch.  FVagments  found  in  Moab 
have  revealed  a  ware  like  the  earlier  glased  Greek;  but  the  greatest 
advance  in  tbe  fictile  ait  was  made  by  the  Greeks. 

F^romethous,  aocoxdisi^  to  their  legends,  had  modeUed  Pand^ 
SInopk  day,  snd  brioks,  statues,  and  other  objects  of  sun-dried  cky  vrero 
made  by  some  <^  the  earliest  potters.  Kilns  were,  however,  in  use  at  the 
oarliest  age,  and  the  pakoee  of  Ooemis,  Hausdus,  and  Attalw  dww 
th«ir  extensive  use  in  Ask  llinor,  while  constructions  of  brick  have  been 
lonnd  at  Athens  and  in  Sicily.  They  were  made  as  the  Egyptian  by 
wooden  moulds,  plciria,  and  named  after  the  dimenrions  :  didora  I  foot 
long  and  2  pahns  or  half  a  foot  broad;  ieCmctom,  4  palms  squsre, 
chiefly  in  use  for  private  buildii^ ;  and  pentetiera,  or  5  palma  square, 
used  in  publk  edifices;  and  Lydia,  or  1  foot  6  inches  long  1  loot  broad, 
probably  those  of  the  palace  of  CrcoBos.  Besides  vriudi  a  vety  light 
kind  was  made  at  Pitane  in  Kysla.  Bridos  of  dimenrions  not  described 
by  ancient  anthers  have  been  idso  found,  and  all  are  distinguished 
w  their  plater  thimMSs  than  the  £;gyptian  or  Aasyiian  ^resembling 
tiles,  and  made  of  a  fine  red  or  ydlow  cky.  Till  about  B.C.  680  the 
temj^  of  Greece  vrare  roofed  with  tena  ootta  tiles  beramoi,  which 
were  «ud  to  have  been  invented  in  Cypraa,  and  are  isnged  at  both 
sides  like  the  Roman,  the  joint  being  oovmd  with  a  aemicircukr 
tile,  and  the  lower  semidrde  of  the  series  having  an  upright  semi- 
oval  pert  oaOed  the  ante&x,  on  vdiidi  oniaments  were  impressed  in 
a  bas-rdief ,  the  front  of  the  antefiz  being  faced  with  a  finer  oky 
for  tbe  isapreasion;  all  these  tiles  have  oocarionally  «fc*«^p*i<  upon 
them,  in  reliel^  tin  name  of  the  dty,  the  potter,  and  year  of  the 
magktnte  vk  Vfhioh  they  were  imuK  Tthe  ofmuoes  of  tombs  and 
noetor  shrinea  of  the  Doric  order  were  ornamented  vrith  gargoile 
heads  of  lions,  and  the  intention  of  antefixea  waa  attributed  to  the 
Corinthian  potter  Dibutadea,  who  flourished  at  a  mythic  period. 
.  Frieses  and  other  arohiteotuxal  members,  and  cytindricsl  pipes  of  teria 
ootta  for  draining  or  conveying  vrater  were  also  used  by  the  Greclos. 
One  krge  Inandi  of  the  manufacture  oonskted  in  small  figures 
cslkd  pdrna  ckys,  or  n^mmUi  cttvxskum  earthenware,  used  for 
penates  or  votive  oflferings ;  tiuey  were  mnde  in  a  mouM  of  two  pieces 
of  a  harder  snd  more  compact  terra  cotta,  into  which  a  crust  of  day 
about  l-8th  inch  thick  was  pressed  so  as  to  kave  the  centre  and 
base  of  tbe  little  fig;ure  hollow,  the  heads  and  arms  were  solid,  and 
aometimes  produced  from  separate  mouhk  and  attached  while  the  day 
was  moist.  At  the  back  thm  k  usually  a  kkge  hok  to  dlow  the  day 
to  eoqnnd  or  to  attach  the  figure  to  a  walL  After  eoming  ftrm.  the 
furnace  these  figures  were  oovered  with  a  coating  of  whitewash  kukoma, 
and  then  painted  and  sometimes  partially  g^ed.  Some  of  these  figu- 
rines are  aa  old  aa  the  Deedalids,  and  they  continue  till  the  dose  of 
the  Roman  Empire^  Lwger  figures  of  deities  are  of  rarer  occur- 
rence, and  existed  in  Greece  in  tbe  days  of  Pausaniss,  and  others,  are 
menttoned  as  extant  in  Constantinople.  Thk  art  vras  first  applied  to 
producing  casts  of  statues  in  other  materiak  by  Lyristratus,  the 
brother  of  Lyrippus,  and  by  oth<^  artists,  such  as  the  celebrated 
Eeuxk,  who  floorkhed  B.a  400,  to  model  tiie  subject  of  hk  pictures, 
and  Pariteles,  a  Greek  artkt,  living  at  Rome,  in  tbe  let  century,  b.o., 
ttKidelled  hk  statues  first  in  terra  ootta.  Terra  cotta  was  also  used  for 
portioas  of  statues  in  toreutic  work  and  for  the  moulds  of  objects  In 
bronns.  Reliefii  or  frienes  of  dififerecit  sises,  ttiMtmaia  for  applying  to 
other  works  of  art,  vrere  abn  made  from  moulds  and  painted  in  the 
same  way :  cones  uaad  for  the  loom,  or  as  wdig^ts  for  nets  or  draperv, 
doUs  oilled  hora,  nympha,  or  nentrtsptata,  but  with  moveable  haxtds 
and  arms,  and  kinps,  Ifckm,  were  made  of  terra  cotta,  vrith  retiels  on 
the  upper  surface,  and  the  maker's  name  on  the  base  below. 

The  invention  of  the  potter's  wheel  at  the  earliest  period  of  Greek 
history  described  in  Homer,  obdmed  by  Athens  for  Corosbus,  by  Corinth 
for  Hyberbius,  and  for  Dsedalus  or  Talus  by  the  Cretans,  probably 
came  nom  the  East.  The  wheel  was  a  low  horisontal  table  turning  on 
a  pivot  on  a  central  foot ;  it  was  made  to  revolve  by  a  boy  or  assktant, 
aiRi  extensivdy  used  in  the  production  of  vases  of  various  shapes 
and  all  dimensions,  such  ss  saucera,  phiake ;  plates,  pinahet ;  jugs, 
anoekoce;  pots,  difftrcB;  hoxeB,  pyxides ;  and  even  jars,  amphonr,  in 
great  numbers ;  and  all  vases  except  huge  casks,  pilhoi,  which  were 
moulded  on  a  firame.  The  feet  and  handles  of  vases  were  stamped  or 
moulded,  snd  fixed  while  wet  to  the  body  of  the  vase.  The  amphora) 
of  sevoal  states,  about  the  2nd  to  Ist  century  B.C.,  are  stamped  with  the 
name  and  emblem  of  the  magistrates  on  tiie  handle  to  indicate  the 
state  from  which  they  came,  and  the  date  when  Uiey  were  made,  but 
they  are  otherwise  not  ornamented.  [Vases.]  Some  of  the  sepulchral 
vases  vrere  covered  with  a  leukoma,  painted  in  colours  and  gilded,  but 
these  belong  generally  to  the  class  of  eUsed  vases.  These  vases  were 
made  of  a  &ely  levigated  cky,  such  as  has  recently  been  found  at  Mon 
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Reale  in  Sicily,  in  the  viciniiy  of  Naples,  and  elsewhere ;  and  the  most 
celebrated  clays  were  those  of  Mount  Colias  near  Athens,  Corinth, 
Cnidus,  Samos,  and  Coptos.    The  yases  were  made  by  the  same  pro- 
cess as  those  of  terra  cotta,  but  are  of  a  redder  or  paler  clay.    After 
they  had  been  sufficiently  dried  in  the  sun  they  were  painted,  and  the 
upper  surface,  to  about  ^rd  the  thickness  of  the  Tase,  was  faced  with  a 
finer  clay  to  receive  the  colour.    The  figures  intended  to  be  painted 
were  first  traced  on  the  wet  clay  with  a  tool  in  a  slight  outline,  or  in  a 
dotted  line,  and  the  colours  laid  on  with  a  reed  formed  like  a  brush. 
Some  of  the  colours  were  glazed  and  others  flatw    The  principal  colours 
were  &wn,  maroon  colour,  and  black,  which  varies  from  a  deep  jet  to 
a  deep  green  or  leaden  hue.    This  was  made  of  mangtoese,  oxide  of 
iron,  or  carbonaceous  substances.      The  other  colours  used,  flat  and 
not  glazed,  were  white  made  of  a  fine  pipe-clay  or  alumina,  crimson 
produced  by  an  oxide  of  iron,  yellow  ochre,  blue  and  green  oxides  of 
copper,  a  light  brown  ochre,  light  red  made  of  ground  terra  ootta,  and 
a  bright  scarlet  produced  from  an  iron  oxide.    Gilding  was  occasionally 
employed,  especially  on  the  later  vases.    The  glazed  colours  were  mixed 
or  covered  with  a  siliceous  or  thin  alkaline  glaze,  and  the  vases  were 
sent  to  the  furnace  and  baked  at  a  low  temperature,  apparently  with- 
out saggers.    Glazed  vases  of  this  kind  were  manufturtured  in  Greece, 
from  the  8th  or  9th  century  till  the  1st  century  B.a,  but  very  different 
in  paste,  stvle,  shape,  and  colouring.     The  earliest  vases  contempo- 
raneous with  the  heroic  age  of  Greece,  and  found  at  the  oldest  sites, 
are  of  a  pale  day,  clumsy  shape,  generally  of  large  size,  and  painted  in 
light  red,  brown,  or  dark  coloiu«d  ornaments  of  large  proportions. 
With  these  are  occasionally  very  small  figures  of  animals,  which  by 
degrees  are  drawn  of  larger  size,  but  still  of  the  same  thin  proportions. 
These  vases,  which  have  no  inscription,  and  were  succeeded  by  others 
of  Corinthian  fabric  with  a  pale  day,  the  body  covered  with  a  siliceous 
ooating  of  a  qream  or  lemon  colour,  the  figures  and  ornaments  painted 
in  a  dark  brown,  maroon,  or  black  colour,  the  subjects  of  which  were 
at  first  friezes  of  animals,  zoidia  of  larger  size  and  fuller  proportions, 
with  backgrounds  strown  with  flowers.    After  they  returned  from  the 
kiln,  the  potter  cut  with  a  sharp  tool  incised  lines  in  the  dark  figures 
and  ornaments  to  mark  out  the  details  and  relieve  the  monotony  of  the 
figures,  and  touched  up  parts  with  a  flat  crimson  colour.     The  later 
vases  of  this  style  have  numan  figures  introduced  with  animals,  and 
Doric  inscriptions  as  old  as  the  6th  century  B.a,  and  subjects  derived 
from  Asiatic  sources,  or  the  oldest  legends :  some  of  these  vases  are 
supposed  to  be  late  imitations,  and  great  difference  is  observable  in  the 
local  fabrics  of  Corinth,  the  Isles,  and  Italy.    By  degrees  the  potter 
changed  the  tone  of  the  day,  introducing  a  pale  ssJmon-coloured  earth, 
and  ceased  to  use  animal  friezes  except  in  a  subordinate  maimer;  the 
art  also  improved,  although  resembling  the  Aeginsean  and  Selinuntine 
remains.    By  degrees  this  style  attamed  its  full  devdopment  by  the 
employment  of  a  rich  orange  red  clay,  and  of  a  dark  black  for  figures 
and  backgrounds,  a  freer  use  of  wmte  and  red  flat  colours,  a  more 
finished  style  of  art,  with  figures  of  better  proportions,  and  the  abundant 
use  of  inscriptions,  giving  the  names  of  the  figures  represented,  of  the 
artiBts,  pott^,  the  cdebrated  beauties  of  the  day,  speech^,  and  ex- 
clamations.   The  attitudes  are  still,  rigid,  the  eyes  seen  in  profile,  the 
forms  full  and  muscular ;  the  accessories,  parts  of  the  form,  and  of  the 
draperies,  are  coloiued  in  crimson,  and  the  flesh  of  females  white.    There 
are  dearly  traces  of  two  or  three  fabrics  in  these  vases— of  earlier  ones, 
the  most  remarkable  is  that  at  Florence,  the  work  of  the  potter  Her^- 
timos  and  the  arlist  Glaucythes,  representing  in  several  friezes  the 
arguments  of  an  epic  poem,  redtiiig  the  adventures  of  Achilles.  Several 
artists  of  this  style,  such  as  Amasis,  Exedas,  and  Hieron  painted  with 
great  vigour;  the  nrindpal  shapes  are  ffydrUg,  or  water  vases  with 
three  handles,  amphora)  with  two ;  (gnochocB,  or  wine  jugs ;  and  q/Uces, 
or  cups ;  other  shapes  called  eyathi  and  masUd  are  of  rarer  occurrence. 
The  subjects  are  chiefly  taken  from  the  adventures  of  Bacchus,  the  ex- 
ploits of  Hercules,  and  the  war  of  Troy,  the  contest  of  the  gods  and 
giants,  and^  of  the  Greeks  and  Amazons.    These  vases  seem  to  have  con- 
tinued until  the  5th  century,  B.O.,  when  a  new  daas  of  painted  vases  were 
invented ;  the  figures  were  traced  out  as  in  the  old  style,  but  the  back 
ground  was  filled  in  with  black  colour,  and  the  figures  left  the  rich 
warm  red  colour  of  the  clay ;  the  irmer  details  of  the  form  were  traced 
with  fine  black  lines  of  the  same  glaze,  to  which  finer  lines  in  a  brown 
glaze  indicating  those  portions  less  distinctly  seen  were  added ;  the 
accessories  are  at  lirst  coloured  in  crimson,  but  white  was  subsequently 
introduced.    The  art  at  first  resembles  that  of  the  black  figures,  and 
some  painters  used  both  s^les  on  the  same  vases ;  but  by  degrees, 
especially  after  the  age  of  Phidias,  B.C.  460,  the  art  rapidly  improved ; 
the  eyes  are  no  longer  oblique  but  represented  as  in  modem  drawing, 
and  lashes  are  introduced;  full  faces  appear,  the  drapery  of  the 
figures  alter,  the  flesh  of  the  female  figujrae  is  the  same  colour  as  the 
mal&    Inscriptions  are  rare,  but  the  letters  of  the  later  and  completed 
alphabet  are   found.    The  principal  shapes  are  amphora,  knUeres, 
osnochoa:,  and  cylices,  and  some  varieties  of  cups;  the  hydria  disappear 
for  the  smaller  kalpide$,  and  the  amphoras  are  of  smaller  proportions. 
These  vases  appear  to  have  been  made  from  480  to  about  860  b.o. 
Their  subjects  are  taken  from  the  same  sources,  with  the  addition  of 
others  from  the  Nosioi,  or  return  of  the  Greeks,  the  Odyssey,  the 
Orestdd,  Perseid,  and  the  Gymnasium.    Many  of  the  paintings  seem 
to  bo  copies  from  memory  of  the  pictures  of  Polygnotus,  Parrhaaius, 
and  Zeuxis.    As  the  style  continued  to  improve  the  figures  became 


larger  and  more  grandiose ;  and  finally,  of  more  dender  and  elegant 
proportions,  with  elaborate  dresses  and  minute  and  finished  lines 
resembling  those  of  the  coins  of  Magna  Grsecia  and  Sicily.  In  the  days  U 
Pyrrhus,  an  attempt  is  made  at  a^ial  perspective  by  groups  introdu«d 
at  different  heights,  and  the  introduction  of  undulating  lines,  stones, 
and  other  objects ;  while  interiors  are  represented,  and  uie  pictures,  aa 
in  modem  aft,  crowded  with  aooesaories  or  minted  with  arabesqaea 
Some  of  these  vases  exhibit  local  costumes;  the  size  of  the  eraten, 
amphor89,  and  larger  vases  transcends  that  of  the  last  style;  the  subjects 
are  prindpally  those  of  the  later  myths  of  the  Tragedians.  Neari^ 
contemporary  with  these  vases  are  those  having  th&  body  covend 
with  a  leuhma,  or  coating  of  white,  on  which  figures  have  beoi  tzaoed 
in  red  outline  and  then  painted  with  polychrome  flat  oolouis.  They 
are  principally  lecythi,  and  used  for  the  dead.  Other  vaaes  of  this 
class,  of  small  size,  are  moulded  in  shape  of  gods  or  animaJsb  lite 
dose  of  the  vase  art  in  Greece  and  Italy  appears  to  be  about  the  Sad 
century  b.o.  The  florid  style  had  then  d^enerated  into  a  ooaise 
scrawl,  with  subjects  taken  from  the  comic  stage;  and  at  last  the 
potters  substituted  moulded  vases  entirdy  coloured  black  with  twhU- 
mata  stamped  at  the  handles,  or  painteii  with  opaque  flat  ooloais, 
masks,  arabesques,  doves,  and  heads  on  the  black  ^asse  of  the  vases ; 
some  are  accompanied  with  archaic  Latin  inscriptions,  evidently  after 
the  conquest  of  Campmia  by  the  Romans.  At  all  periods  there  were 
numerous  vases  entirely  painted  black,  called  Iwifa,  of  less  valoe 
than  the  vases  painted  with  figures,  but  distinguished  by  the  lustre  of 
their  glaze,  that  of  Kola  being  remarkably  black  and  bright,  and  at  the 
later  period  in  S.  Italy  of  a  leaden  hue.  In  imitation  of  tiie  metallic 
vases,  which  superseded  those  of  clay,  the  later  ones  have  embiemala 
or  bas-reliefis  stamped  in  separate  pieces  and  affixed  while  the  day  was 
moist,  or  even  stamped  with  figures  in  intaglio  to  imitate  cups  of 
predous  stone  which  were  engraved  like  gems.  During  the  most 
flourishing  period  of  the  art  the  names  of  about  fifty  potters  and  thirty 
vase  painters  are  known  as  exercising  the  art  The  trade  was  lucrative, 
the  prices  on  the  whole  being  about  the  same  as  modem  earthenware. 
These  vases  have  been  found  in  Italy  as  far  north  as  ifiie  andent  Hadrk, 
throughout  Greece  proper,  and  Asia  Minor,  to  the  Taurus,  in  the  lales 
of  the  Archipelago,  and  as  far  east  as  Panticapaaimo. 

The  pottery  of  the  Greeks  did  not,  however,  enjoy  the  entire  mono- 
poly of  the  Italian  market,  for  various  kinds  of  wares  were  made  in  the 
peninsula ;  in  the  north,  the  Etruscans  manufactured  a  red  gritty 
ware  distinguished  by  the  presence  of  micaceous  partides  of  a  Td<aoie 
sand,  and  tma  cotta  of  a  red  colour,  into  tiles,  busts,  statues,  relie&» 
and  architectural  mouldings.  Etruscan  statues  in  day,  called  ^na 
TuBcamca,  were  supposed  to  be  of  the  hi^est  antiquity,  sod  decorated 
the  early  temples  at  Rome.  The  most  cdebrated  were  the  statue  of 
Ju|iter  Capitolinus,  made  by  Yulcanius  or  Turianus  of  FVegeUae,  or 
Yeii,  the  quadriga  on  the  aoroterium  of  the  temple,  tiie  Henmles  of 
the  Forum  Boarium,  and  a  Janus.  Bas-relief  friezes,  made  fnm 
moulds,  have  been  found  at  Ydletri  and  other  Etruscan  sites;  and 
numerous  sarcophagi  of  terra  cotta;,  generally  small,  but  sometimes  of 
life  size,  destined  to  hold  the  ashes  of  the  dead,  and  gaudi^  painted  in 
tempera,  and  dther  modelled  or  moulded,  have  been  discovered  in  the 
Etruscan  territory.  Yases  of  many  shapes  i|i  imitation  of  the  Greek, 
both  of  glazed  and  plain  wares,  were  made  by  the  Etruscan  potters. 
The  glazed  vases,  called  by  the  Italian,  antiquaries  national,  are  of  a 
paler  clay,  andghused  with  a  black  colour  of  an  ashen  or  leaden  hue, 
with  subjects  derived  from  the  Etruscan  mythology,  aooompanied  with 
Etruscan  inscriptions. 

Besides  these  vases,  the  Etruscan  and  Sabine  of  the  earliest 
period  resemble  in  paste  and  texture  tiie  Scandinavian  and  Celtic  found 
distributed  over  the  surface  of  the  European  continent,  diBtinguiahed 
by  rude  forms,  apparentiy  borrowed  from  works  in  wood  or  metal, 
and  ornamented  with  studs,  knobs,  engraved  or  punctured  omaments. 
The  most  remarkable  of  these  vases  were  those  found  near  the  Alban 
Lake,  resembling  the  ancient  tif^uriawith  their  pent  roofs,  and  contain- 
ing the  ashes  of  the  dead ;  they  were  found  in  1817,  surroimded  with 
sinaller  vases,  and  placed  inside  large  two-handled  vases  for  protection, 
und^r  beds  of  lava,  and  were  referred  to  the  most  remote  age. 
These  vases  were  baked  at  a  low  temperature,  and  modelled  as  well  as 
turned  on  the  lathe.  The  black  ware  of  the  Etruscans  was  made  of  a  day 
mixed  throughout  with  oxide  of  iron  and  manganese,  and  breaking 
with  a  black  fracture ;  polished  externally.  The  walls  of  the  vases  arw 
thidL  in  some  localities  and  thin  in  others ;  they  are  ornamented  with 
indsed  or  punctured  lines,  or  omaments  disposed  in  friezes  er  bas- 
reliefis  round  the  body.  Beddes  the  omaments  on  tiie  body  of  the 
vase,  the  handles,  lips,  and  other  parts  are  fantastically  decorated 
with  relief  omaments,  representing  men  and  animals,  in  a  style  more 
ornamental  than  convenient,  and  attempting  in  clay  to  imitate  the 
metallic  work  of  Asia  and  Greece;  the  subjects  being  chosoi  from 
the  oldest  myths  of  Greece  or  Asiatic  ddties.  £my  vases  are 
ornamented  with  friezes  of  small  figures  about  one  inch  hig^  made 
from  a  cylindrical  stamp  revolving  on  the  day.  This  ware  appears 
to  have  continued  from  B.o.  660  to  895,  the  fall  of  the  Etruscan 
power.  Some  examples  have  Etruscan  inscriptions  indsed  upon  them, 
but  only  the  names  of  possessors.  Works  of  terra  ootta  have  been 
discovered  in  other  Italian  sites,  as  at  Ardea,  amidst  the  Sanmitea, 
and  at  Capua,  but  there  is  nothing  to  distinguish  them  in  type  or 
design  from  tJie  HeUenic  art  of  Ma^ia  Grsecia. 
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The  pottery  of  Rome  was  probably  imported  from  Etruria,  and  the 
earliest  ware  was  the  black  Etruscan.  Numa,  indeed,  is  said  to  have 
founded  a  guild  of  potters,  B.C.  700,  but  the  oldest  known  Roman  vases 
are  saucers  or  phialse  of  red  day,  coloured  with  a  leaden  black  glaze, 
ornamented  with  white  figures  and  inscribed  in  painted  white  letters 
Volcani  pocolom,  Lavamai  pocolom,  the  cup  of  Vulcan,  the  cup  of 
Lavema,  &c.  These  were  probably  made  in  Campania,  about  B.o.  200, 
after  the  conquest  of  Southern  Italy  by  their  arms.  The  old  potteries 
of  Rome  are  by  no  means  distinguishable  from  their  neighbours,  and 
they  probably  imported  Greek,  Etruscan,  Campanian,  and  other  wares 
for  all  but  the  commonest  and  roughest  usages  of  life.  Old  Rome, 
before  the  rebuilding  of  the  city  by  Augustus,  who  boasted  that  he 
had  found  it  of  brick  and  left  it  of  stone,  was  built  of  brick  houses. 
The  Roman  brick  was  made  of  the  same  shape  and  dimensions,  and  in 
the  same  manner  as  the  Qreek,  and  Yitnivius  calls  them  Lydia,  penUi- 
dora,  and  tetradorcu  The  usual  dimensions  are  15x4  inches  superficial, 
and  2  inches  thick,  and  they  rather  resemble  tiles  than  bricks ;  but 
some,  in  dimensions  like  the  modem  bricks,  are  seen  in  the  Meta  Sudans 
at  Rom&  The  paste  of  the  Roman  bricks  is  of  a  close,  compact*  and 
fine  texture,  remarkably  hard  and  sonorous  when  struck,  and  is  of 
a  dark  red  or  straw  colour.  They  often  bear  traces  of  the  feet  of 
boys  in  hob-nailed  sandals,  goats,  dogs,  and  other  ftnimnlft  which  have 
walked  over  them  while  diying  in  the  kiln,  and  have  insoriptionB 
incised  upon  them«  sometimes  alphabets  traced  by  boys,  poetic 
effusions,  the  dates  when  prepared,  and  the  jmrpose  for  which  made. 
Tiles,  teffulcB,  are  distinguished  from  the  bricks  by  their  flanged  edges, 
hamat(g,taid  were  made  by  the  same  process ;  they|were  covered  at  the 
joint  by  a  semicircular  tile,  imbtex,  Uie  end  imbrex  of  the  series  ter- 
minating over  a  semi-oval  upright,  called  the  anUjixum,  on  which  was 
impressed  in  bas-relief  an  architectural  ornament  or  figure  of  a  deity ; 
the  cornices  also  of  terra  cotta  had  gargoiles  in  shape  of  the  head  or 
forepart  of  a  lion.  The  paste  of  the  tiles  is  similar  to  that  of  bricks, 
but  their  dimensions  differ ;  they  are  1  foot  S^  inches  in  length  by 
1  foot  wide,  and  2^  inches  in  height  in  the  flange,  and  are  named 
according  to  their  sizes  bipedcUes,  or  two  foot;  or  teaqidpedcUes,  or 
14  foot  tiles;  some  are  slightly  convex,  and  sometimes  more  convex, 
and  at  the  Byzantine  period,  some  of  the  roofs  seem  to  have  been 
gilded.  Besides  for  roofing  they  were  used  for  the  floors  of  the 
hypocausts,  suspevuoria,  or  low  storied  houses,  cUtegia,  teffuUcia,  and 
graves ;  flue  tiles  or  pipes,  tubi,  scored  at  the  sides  with  a  hackle  or 
comb,  fixed  with  a  sinall  nail  of  lead,  clavU  muscaria,  were  used  for 
heating  winter  apartments  or  conveying  the  smoke  from  the  furnaces 
of  the  hypocausts;  wall  tiles,  bipedaUs,  with  various  ornaments; 
cylindrical  drain  tiles,  tubuli,  sometimes  hemispherical  and  open,  above 
8  inches  diameter.  Fragments  of  bricks  and  tiles  were  used  for  the 
ruderatio,  or  understrata  of  roads,  and  for  the  red  ieftera  of  mosaic 
pavements.  The  brick  and  tile  makers,  teguU  ah  imbricibut,  tegularU, 
stamped  on  'the  tiles  inscriptions  in  bas-rdief  letters.  Those  on  the 
Roman  tiles  often  are  circular  medallions  with  a  device,  the  name  of 
the  fabric,  opua  doUare,  or  "  pot  work,"  the  oonsuls  when  made,  the 
farms,  potteries,  offitdnai,  fylince,  doUcures  ojficinoB,  These  inscriptions 
commence  about  a.d.  100,  and  end  a.d.  222.  When  the  tiles  were 
made  by  the  military,  the  decwio  of  the  workmen  stamped  on  them 
the  name  and  titles  of  the  legion,  cohort,  or  other  military  division  by 
whom  they  were  made,  in  an  abridged  form.  Other  portions  of  architeq- 
tore,  especially  friezes  with  mythical  and  other  subjects  in  flat  bas- 
relief,  affixed  by  leaden  plugs  or  nails  to  the  impluvium,  and  painted 
in  gay  colours  in  teTopera,  were  also  made  of  a  terra  cotta  Hke  ^e 
bricks.  Much  care  was  bestowed  on  this  branch  of  the  fictile  art,  and 
tha  times  specified  for  their  fabric  in  spring  and  autumn,  and 
HostiUus  Sasema  the  elder  and  younger,  two  writers  on  agriculture, 
bad,  according  to  Yarro,  written  on  the  subject  of  the  potteries. 
Although  the  Romans  imported  under  the  republic  statues  from 
Etruria,  at  a  later  period  they  were  made  in  the  Roman  territories ;  the 
principal  statues  of  this  material  at  Rome  were  a  Felidtas,  made  by 
order  of  Lucullus,  and  a  Yenus  Oenetrix  for  Julius  Caesar;  in  later 
times  terra  cotta  statues  were  gilded.  Few  figures  of  laige  size  have  heea 
found  at  Pompeii,  Pozzuoli,  near  the  Porta  Latina  at  Rome,  and  at 
other  places. 

Throu(i;hout,  however,  the  Roman  empure,  small  figures  of  terra  cotta 
called  sigtlia  or  aigiUaria,  used  for  votive  or  religious  purposes,  for 
presents  on  the  festival  of  Saturnalia,  some  representing  deities,  others 
personages  of  common  life,  or  grotesque  figures  like  modem  toys, 
which  were  also  called  crepundia,  were  sometimes  made  of  terra  cotta,  by 
particular  potters,  siffiUaria  or  sigjiariL  A  pottery  for  the  manu£u!ture 
of  these  figures  with  moulds  has  been  lately  found  at  Moulins,  and  in 
the  valley  of  Allier ;  others  of  the  Gaulish  goddess  Nehallenia  have 
been  found  at  Autun,*  Dijon,  and  a  few  in  England.  They  aie 
generally  of  a  white  or  pipeclay,  and  rarely  have  a  potter's  name. 
Terra  cotta  was  also  employed  for  miscell^eous  uses,  such  as  the 
crucibles  and  moulds  of  the  false  coiner,  and  great  quantities  of  lamps, 
lucemcB,  were  made  of  this  materisd.  These  "were  stamped  out  of 
moulds, /omue,  by  potters  called  lueernarii  ;  the  body  is  generally  of  a 
circular  shape,  with  one  or  more  projecting  nozzles,  and  the  handles  in 
shape  of  lunes,  busts  of  Serapis,  antefixal  ornaments  or  plain  rings. 
They  are  generally  only  a  few  inches  long,  and  sUghtly  concave  on  the 
upper  suiface,  on  which  are  stamped,  in  bas-relief,  deities,  animals, 
fables,  subjects  taken  from  the  poets,  the  games  of  the  circus,  and 


amusements  of  the  streets.  At  a  later  period  in  the  empire,  the  Jews 
or  Christians  used  as  a  devicovthe  golden  candlestick,  the  monogram  of 
Christ,  and  other  religious  devices.  These  lamps  have  generally  on 
their  base  letters  stamped  in,  either  the  name  of  the  potter,  and 
potteries,  or  the  place  and  date.  The  principal  lamp-makers  lived  at 
the  Porta  Trigemina,  situated  at  the  foot  of  the  Aventine,  and  towards 
the  Tiber,  where  Cacus  the  robber  giant  had  dwelt,  close  to  the  Salt 
Springs  or  Salt  Pans,  and  on  the  Yatican.  The  trade  was  active,  and 
the  lamps  appear  to  have  been  imported  throughout  the  empire. 
Besides  the  normal  type,  some  fancy  shapes  occur,  such  as  a  pair  of  feet 
and  a  gladiator^s  helmet.  Lamps  were  in  great  use  for  household 
purposes,  illuminations,  funerals,  and  votive  offerings.  Notwithstanding 
the  introduction  of  metallic  vases  in  the  latter  days  of  the  Republic, 
the  Romans,  especially  the  poorer  classes,  made  various  kinds  of 
earthenware  vases  for  all  household  and  some  religious  purposes 
even  during  the  Empire.  Large  casks,  cio^,  made  of  a  coaree  red, 
white,  or  ydlow  61ay,  and  7  or  8  feet  high,  hooped  with  lead,  were  made 
by  particular  makers  called  doZtom,  and  used  as  vats  for  holding  wine ; 
they  were  made  in  the  same  manner  as  the  pithoi,  and  they  gave  the 
name  of  opus  dohare  to  earthenware.  The  Roman  potters  used  the 
wheel  and  moulds  for  the  production  of  other  vases,  and  kilniy  of 
potters  have  been  discovered  in  Germany,  France,  and  Britain  with 
vases,  remains  of  materials,  and  tools.  T^e  prindpal  vases  are  the 
unghused  vellow  used  for  amphoroo,  lagsenas,  bottles,  a  flat  vase  with  a 
spout  called  the  mortarium,  and  many  small  patersB ;  ■  cups  and  bowls, 
bottles,  cadi,  gutti,  oUas  or  jars,  cups,  calices,  mortars,  and  sometimes 
amphoro9  were  often  made  of  a  pale  red  ware,  the  paste  mixed  with 
a  small  quartz  pebble ;  a  kind  of  gray  ware  made  of  a  sandy  loam, 
resembling  stone  ware,  was  used  for  mortaria  and  amphorss ;  small 
]fi&tBB,patelkB,ca^,pocula,  or  eiboria,  stands  for  vases,  or  candlesticks, 
cenUce,  were  often  made  of  unglazed  black,  ornamented  with  engine- 
turned,  or  thorny,  or  scaly  ornaments ;  this  ware  is  of  late  period,  and 
probably  succeeded  the  other  ware  about  the  8rd  century  a.d.  ;  a  few 
vases  of  small  size  for  the  table  have  been  found  of  a  brown  ware,  and 
a  class  of  small  vases  with  egg-shaped  bodies  and  tall  necks— the 
ancient  phials. 

At  the  dose  of  the  Gredc  vase  art,  the  paintings  had  entlrdy 
disappeared;    the  vases  entirely  coloured  blade,  beimg  ornamented 
with  subjects  on  relief  in  imitation  of  relief  ornaments,  criMtce  or 
emUemcUa,  of  metallic  vases,  and  vases  of  this  dass  appear  to  have 
been   made  in   black  and  red  glazed  ware  at  Cuma,  0»pua,  and 
Aretium.    This  ware,  the  finest  produced  by  the  Roman  potteries, 
and  apparentiy  commencing  about  the  Ist  century  b.o.,  was  called 
Samian  by  Plautus,  and  the  writers  of  the  dose  of  the  Republic,  but 
Campanian  by  Horace  and  writers  of  the  Empire.    Yases  of  this  dass 
have  indeed  been  found  in  the  Greek  islands,  and  may  have  thence 
been  imported  originally  to  Rome,  but  the  chief  site  of  the  fabric  was 
in  Aretium,  whence  it  is  frequentiy  called  Aretine  ware.    It  is  dis- 
tingmshed  by  its  dose  compact  jpaste  of  a  bright  red  coralline  cdour, 
breaking  with  a  fracture  like  sealing  wax,  and  glazed  externally  with  a 
mere  polish  or  very  thin  siliceous  glaze.    The  vases  are  of  small  size 
chiefly  bowls,  tndUe,  cups,  caUces,  botties,  gutH,  flat,  circular,  or  oval 
dishes,  tureens,  either  plun  and  turned  on  tiie  wheel,  or  elm  ornamented 
externally  with  subjects  in  bas-relief  and  made  from  moulds.     These 
moulds^were  made  of  a  hard  compact  and  pale  red  day,  and  the  subjects 
were  produced  from  moveable  types  of  hard  clay  set  up  into  composi- 
tions and  stamped  on  the  moulds.    The  subjects  are  taken  from  Roman 
works  of  art  and  mythology,  the  principal  buildings  and  statues  of 
Rome,  gladiators,  amusements  of  the  circus,  and  erotic  scenes,  or 
arabesque  and  floral  ornaments.    Th^  subjects  are  arranged  in  one  or 
more  friezes  round  the  vase,  and  fill  up  the  external  surface.   These  vases 
are  impressed  with  the  names  of  above  500  potters,  some  of  Gaulish 
origin,  showing  that  the  red  ware  was  manufactured  in  France  and 
Germany.    In  the  plain  vases  the  names  are  stamped  on  the  inside  of 
the  bottom,  while  on  the  vases  with  bas-reliefs  on  tesserro  with  letters 
in  rdief ;  the  names  of  the  potters  are  preceded  or  followed  by  the 
expressions  u  (anu)  by  the  hand,  of  (ficina)  the  establishment,  f  (edt) 
he  made.     The  majority  are  slaves  distinguished  by  their  single 
names,  but  the  single  names  of  freedmen  or  free  proprietors  appear  on 
some  specimens.    The  potters  were  called  fyuU  or  JigulinarU,  as  makers 
of  vases  JlctiUarU,  and  vtuaUarii  and  ampuilarU  or  pot  makers.    The 
merchants  who  dealt  in  the  ware  were  caMednegoHatores  artia cretarite : 
traces  of  their  manufactories  and  shops  have  been  found  at  Nancy, 
Paris,  Nismes,    Lyons,    Clermont,    near  Bourdeaux,   Rheinzabera, 
Heiligenbei^,  and  Mayence ;  while  the  ware  has  been  found  as  far  east  as 
the  Crimea,  and  west,  as  the  W.  coast  of  England,  and  distributed 
throughout  Italy,  Greece,  Asia  Minor,  the  Islands  of  the  .^Jgean  and 
Archipelago,  and  the  confines  of  the  Roman  empire.    There  is  a  great 
difference  in  the  ware ;  that  of  the  1st  century  B.O.  from  the  potteries 
of  Campania  being  of  finer  earth  and  glaze,  ornamented  with  relief 
sometimes  delicately  executed.     In  Northem  Europe,  that  iSEiade 
under   tiie   first   Caesars  is  of   the   finest  colour,    brightest    glaze, 
hardest  paste,  and  best  executed  ornaments.    Under  Yespasian  and 
his  sons  the  paste  is  good,  but  no  longer  fine,  and  the  vases  resemble 
imitations  of  the  earUer  ware.    At  the  time  of  the  Antonines,  a.d.  120, 
true  Samian  is  no  longer  found,  the  shapes  are  still  good,  but  the 
fracture  and  glaze  are  coarse,  and  coloured  with  red  lead,  or  sulphate 
of  iron,  and  an  inferior  glaze.    After  the  age  of  the  Antonines,  the 
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decadence  la  still  greater,  the  colour  and  glaze  of  the  false  Samitoi  much 
worse.  From  some  of  the  figures  the  art  appears  to  have  been  con- 
tinued to  the  4th  century  a.d.  Some  of  the  later  vases  are  decorated 
with  relief  ornaments  d  bcuifotiHe,  produced  by  squeesing  the  day 
when  moist  out  of  a  pipe  or  spoon,  and  modelling  it  into  the  required 
shape  with  a  tooL  Vases  of  this  ware  have  also  patterns  cut  with  a 
sharp  tool  out  of  the  bodv  of  the  vase,  In  imitation  of  the  diafaretum  or 
engraving  on  glass.  The  principal  sites  in  Italy  for  celebrated  vases 
under  the  Empire  were  Aretium,  AlUfsQ  in  Samnium,  celebrated  for 
its  cups,  PoUentia,  Surrentumi  Modena  and  Bhegium,  besides  those 
already  mentioned.  A  few  vases  of  lustrous  blaek  ware  were  made  by 
the  Romans,  but  the  red  Samian  or  Roman  ware  seems  to  have  been 
succeeded  by  a  glared  black  ware,  probably  as  early  as  the  Srd  century 
in  Qaul  and  Britain,  made  by  the  native  potters.  These  vases  are  of 
various  pastes,  made  by  the  wheel,  but  often  decorated  with  subjects 
d  barboUne,  consisting  of  gladiators  or  hunting  scenes  and  ornaments 
punctured  in  or  incised.  The  principal  sites  of  the  fabric  were  at 
Castor  and  the  Upchurch  mardies  near  Sheemess,  and  at  Crookhill 
in  the  New  Forest ;  the  paste  of  tlus  Isst  is  made  of  a  dark  gray  clay, 
and  the  siurfsce  covered  with  an  alkaline  maroon  glase ;  the  Castor  ware 
was  made  of  a  gray  clay,  and  the  external  colour  is  supposed  to  have  been 
produced  by  condensing  the  smoke  of  the  kiln  on  the  vases  whUe  baking; 
the  Upchurch  ware  is  made  of  the  London  clay  with  an  external  bla& 
glase  or  polish,  that  found  at  Crockhill  was  made  of  a  local  blue  day 
covered  with  an  alkaline  maroon  glaze.  Small  vases,  principally 
drinking  cups,  with  corrugated  sides,  were  made  of  this  ware.  Sftnilar 
wares,  but  occasionally  impressed  with  the  names  of  potters  in  relief, 
have  been  found  in  France  and  Germany ;  and  a  black  glased  ware  with 
a  red  paste,  having  in  slip  of  pipe  clay  such  expressions  as  aye 
hail,  BIBK  drink,  da  vintx  give  wine,  in  the  shape  of  jugs  and  bottles, 
and  perhaps  as  late  as  the  4th  and  6th  centuries  a.d.  Besides  these 
imperfectly  glazed  vases  of  a  tender  lustrous  potteiT,  the  fabtio  of 
an  enamelled  or  glazed  terra  ootta,  covered  with  a  thick  siliceous  glaze, 
in  some  instances  produced  by  hand,  seems  to  have  been  handed  down 
in  Rgypt,  and  the  products  in  the  shape  of  lamps  and  jugs  imported 
from  Alexandria  throughout  the  Roman  world,  a  fact  important  to  be 
rememb««d  in  the  history  of  the  revival  of  g^ed  ware  in  modem 
Europe. 

The  aboriginal  natives  of  northern  Europe,  the  Cdtic,  and  Teutonic, 
and  Scandinavian  races,  had  from  the  earliest  period  a  rude  pottery, 
consisting  of  coarse  vessels  of  day,  of  rude  construction,  with  open 
mouths,  thick  walls,  made  of  a  paste  of  clay  mingled  with  small  pebbles, 
and  imperfectly  baked  in  rude  furnaces  by  means  of  wood,  straw, 
or  weeds.  This  ware,  more  or  less  brown  or  gray,  is  found  in  the 
lowest  stratas  of  human  remains,  the  tumuli  of  the  races  which  used 
stone  and  bronze  weapons,  and  in  the  oldest  cromlechs.  It  was  not 
made  on  the  whed,  but  &shioned  by  the  hand;  and  the.  ornaments 
imitate  the  rude  tattooing  of  the  natives,  and  the  decorations  of  their 
jewels,  consisting  of  hatched  bands,  chevrons,  zones,  and  other  designs, 
either  impressed  by  twigs  or  rushes.  These  vases,  known  to  the 
Romans  as  baacctuda,  or  baskets,  and  imported  to  Rome,  hold  the  ashes 
of  the  dead ;  some  few  are  of  small  size,  and  all  appear  to  have  been 
employed  for  household  purposes.  They  exhibit  great  local  diiFerences> 
and  some  of  the  most  remarkable  are  those  in  shape  of  andent  houses 
found  at  Chemnitz  in  Thiiringen,  at  Roenfie,  in  the  ule  of  Bonholm, 
and  at  Parohim.  These  native  wares  appear  to  have  never  been 
entirely  superseded  by  the  Roman  wares  amongst  the  Northern  races ; 
and  the  Germans  and  Anglo-Saxons,  Scandinavians  and  Gauls,  under 
the  first  dynasty,  manufactured  a  kind  of  ware  of  a  dark  paste,  imper- 
fectly baked,  or  even  sim-dried,  and  in  the  shape  of  jars,  ornamented 
with  impressions  from  bone  or  wooden  stamps,  representing  fleurettes, 
crosses,  triangles,  and  other  ornaments,  disposed  in  bands  or  rows 
round  the  neck  of  the  vases.  The  use  of  glass,  horns,  wooden  cups, 
and  jugs  of  perishable  materials,  caused,  however,  the  disuse  of  smaller 
vessels  of  earthenware.  After  the  fall  of  the  Roman  empire,  the 
working  of  terra  cotta  disappeared  with  tiie  decline  of  the  uts,  and 
only  reappeared  with  their  revival.  Large  and  remarkable  i»ecee,  as 
that  of  S.  Antony,  were  executed,  however,  by  Nicdo  of  Arezzo,  in  the 
14th  century, for  his  native  town;  and  in  the  16th, Simon  made  a 
Magdalen  of  heroic  size  for  Florence.  Cdebrated  works  of  ICaaEoni 
Guido  Paganino  of  Modena,  and  Belsa  of  Florence,  are  still  seen  in  that 
town,  Venice,  Ferrara,  and  Naples;  and  in  Spain,  in  the  16Ui  century, 
Migud  made  coloesal  statues  of  St.  Pkul  and  St  Peter,  for  the  cathedx^ 
of  Seville;  and  Germain  Pillon,  in  France,  at  the  close  of  the  same 
century,  executed  colossal  religious  works.  During  the  18th  oentuiy, 
however,  only  coarse  figures  for  gardens  seem  to  have  been  made  of 
this  material  At  the  dose,  however,  of  the  last  century,  the  art  had 
considerablv  revived,  both  for  sculpture  and  architecture;  and  in 
France,  both  Clodion  and  Mdne  executed  works  of  merit  m  this  material. 
The  application  of  terra  cotta  to  buildings  and  sepulchres  has  had, 
however,  a  greater  extension,  and  the  buildings  of  Toulouse,  Dresden, 
Berlin,  and  Munich,  the  churches  and  other  edifices,  are  often  enriched 
with  terra  cotta  reUefs  and  other  ornaments.  The  use  of  bricks,  which 
it  is  scarcely  possible  to  concdve  can  have  been  entirely  lost,  is  said  to 
have  been  re-introduced  into  England  by  Alfred  in  the  9th  century, 
but  according  to  the  best  authorities  does  not  date  earlier  <^|tn  the 
14th  century. 

The  manufacture  of  a  soft  fine  pottery,  and  of  a  ooane  pottery  un- 


glazed  by  plumbif erous  or  stannifinoas  glazes,  seems  to  have  prevailed 
all  over  the  habitable  globe.  Great  jarsy  imitated  from  the  anciient  ddia, 
are  still  made  in  the  Puy  de  Dome,  in  France ;  near  florenoe ;  in 
Spain,  where  they  are  called  Umai<u;  in  Armenia,  named  hompakiMa; 
by  the  Bushmen  of  Africa ;  the  Javanese ;  the  Guaytokaros,  or  old 
Indian  tribe  of  the  Corroados,  on  the  banks  of  the  IVhraiba,  in  BrHal, 
where  they  were  employed  to  hold  the  bodies  of  the  dead.    ScasUer 
vesselB  of  unglaced  earthenware,  for  common  purpoMS,  are  now  nude 
all  ovw  Europe.  One  of  the  most  extensive  rlswes  are  the  water  ooolen, 
a  kind  of  bottle  of  porous  day,  called  aloaraoA  in  Spaoiah,  aloamdas 
in  Portuguese.    S^piain  is  particnlaiiy  celebrated  for  their  xnanufiMtore, 
which  is  said  to  have  flourished  as  early  as  A.D.  304,  and  they  are  still 
made  in  Valencia  and  Andahisia.    The  principal  Adatic  potteiy  of  Uoi 
class  is  stated  to  be  the  fine  red  ware  of  Anatolia,  that  iH  Brouaa,  th« 
yellowish  white  of  Meoca^  the  red  coffee-pots  of  Has  in  Yemen,  the  red 
day  ^pe  bowls  of  Sana,  the  water  bottles  of  white  ware  of  Con  in 
Persia.    In  India  the  chanutter  of  the  ware  rssembles  in  its  ^jpe  tlat 
of  Cluna;  Chandranagore,  Pondichory,  and  Kanial  maanCwimre  red 
and  brownish  lamps  for  pagodas;  at  Calcutta  the  ware  is  reddish  brown 
and  micaceous.    The  pottery  of  Cochin  China  is  fine^  hard,  light,  sad 
turned ;  of  Manilla,  white  and  turned,  with  another  fabric  introduced 
by  the  Spaniards.    Ceylon  produces  spheroidal  vaaes*  ol  a  red  paste; 
Java,  red  turned  pottery ;  Suma^  at  Palembang,  water  coden  d  » 
pale  reddish-brown  ware.    ManMoot^  in  figypt,  makes  great  jan  of 
yellow  clay  for  hdding  indigo,  and  mlah  magrabbff,  or  white  wster 
coolers  of  Marocco,  the  i^  or  common  jars,  and  at  Kheniiahin  Upper 
Egypt  bardachM  or  water  coders,  ol  a  thlti  yellowish  ware,  s»  raads  in 
such  abundance  and  so  che^>  as  to  be  addom  used  twice.    A%ien  and 
Tunis  produce  a  whitish  pottery,  thin  and  turned;  aod  that  of  the 
Nigritic  tribes,  in  the  oentre  of  Africa,  chiefly  from  KsBa^is  either  of 
a  pale  reddish-brown  with  coatings  of  red  or  white  coJoor, crabs  oi  a 
black  colour,  feebly  baked.    At  Madagascar  th«  pottery  is  of  an  adsen 
grav  and  micaceous  paste,  sometimes  with  black  aathrMtte  banda 

The  aborigioal  pottery  of  America  rssembles  in  itegeaerddMraffhwn, 
the  rudeness  6t  its  type,  ornamentation^  and  baking,  that  foond  in 
other  parts  of  the  world.  That  found  in  the  northern  states,  in  the 
tumuli  at  St.  Louis,  near  the  river  Merrimac,  in  Ohio^  in  Lodaians, 
Virginia,  and  Tenneaaee,  has  its-iiaBte  often  mixed  with  the  shells  d  the 
Myas  aaodonta,  and  is  ornamented  with  lines  and  batdied  marfa. 
These  potteries  are  of  the  rudest  kind;  those  of  the  Tdtao  sad  Aztec 
nations,  which  are  found  in  Mexico,  diow  greater  artistic  oisrit,  and 
are  prindpally  of  red  ware,  ornamented  witL  natire  patterns  ia  white 
pipe-day,  sometimes  modelled  in  various  shapes,  and  deoocated  with 
modelled  ornaments  of  figures  of  deities  and  other  objects,  oooaaon- 
ally  oovered  with  a  siliceous  glaee.  In  tevia-cotta  figurssof  deitifla  the 
natives  particularly  exodled,  and  have  retained  the  art,  modified  fay 
Spanish  influences,  to  the  present  day.  In  Mitla^  RUenque,  and  Oopan, 
many  objects  of  various  kuds,  in  terra  cotta  and  soft  potteiT,  have  been 
discovered.  The  pottery  of  Mexico  at  the  present  day  is  dasonbed  as 
peculiar,  of  a  dir^  white,  pearl  gray,  reddish  ydlow,  or  bbck  cobor, 
lights  and  sometimes  reddened  with  ochre,  never  made  by  the  whed, 
but  decorated  with  ornaments  of  a  black  colour,  and  similar  to  that 
of  the  Antilles  and  Martinique.  The  andent  pottwias  of  Soudi 
America  resemble  in  their  general  charaotaristioa  thoaa  of  Mezieo ;  in 
the  kmMu,  or  tombs  of  the  andent  inhabitants  ol  Pern,  espeeially  those 
near  the  Lake  Titicaoa^  vases,  prindpally  water  bottles,  of  a  fine  red 
clay  like  the  Greek,  or  a  dark  day  like  the  Etruscan  wise,  are  found 
in  numbers ;  they  are  light,  dways  made  by  the  hand,  never  by  moukb 
or  the  wheel,  but  often  are  modelled  with  oonddermble  akiH  and  taste 
in  shape  of  human  heads,  men,  and  animals,  and  decorated  with  oma- 
mento  resembling  the  Gkeek  meanders,  or  with  *niTnft%  on  the  body, 
and  handles.  Some  resemble  the  Chinese,  espedal^  oertein  vases 
with  a  gourd-shaped  body  and  bifurcated  necks ;  and  mao^  with  double 
mouths,  when  blown  into  by  the  mouth,  give  forth  a  wfaatling  sound. 
The  potter's  art  was  exercised  by  all  tribes  of  the  cootinsnt  exsapt  the 
natives  of  the  Pampsa.  In  Brazil  the  ware  is  of  a  red  or  black  odour, 
meddled  in  shape  of  fruit  or  animals,  and  coated  with  an  uBetnooa 
varnish.  The  modem  ware  of  Peru  differs  from  the  andent,  but  still 
retains  a  local  character.  At  Lima  and  Callao  a  red  potteiy,  covared 
with  an  ochrsous  coating,  and  a  blackish  ware,  all  hand-made  and  feebly 
baked,  is  manufactured,  along  with  a  coarse  red  pottery  at  Itaty.  North 
of  Corrientes  coarse  blsck  Imm^'m,  in  iinitati<m  ol  the  Spanish,  are  made. 
Thewareof  Chili  resembles  that  of  Peru;  that  ol  Pan^y  is  Uack. 

The  Moors  are  supposed,  on  the  conquest  of  Spain,  ▲.!>.  Tilt  to 
have  introduced  into  Europe  the  use  of  glazed  tiles  from  Asia,  similar 
tilea  having  been  found  in  the  mosque  at  Medina,  jud.  707,  and  in  the 
early  ehuKhes  of  Pisa,  Pavia,  and  Sicily;  but  none  of  these  tUee 
awl^,  foimd  in  the  Alhambra,  appear  to  be  earlier  than  A.D.  1300, 
and  are  made  of  a  pde  day  covered  with  a  white  enamel,  on  wliich  a 
pattern  has  been  stamped  or  painted  in  blue  and  brown,  and  cover«d 
with  a  Btamuferous  due.  Three  daasss  of  plates  and  othar  vcaseln  of 
a  f ayenoe  enamelleowith  white  or  ydlow  ground,  on  which  are  shields 
of  the  kings  of  Spain,  cyphers,  arabesques,  and  ornaments,  are  eupposd 
to  have  been  made  by  Moorish  potters  from  the  18th  to  the  16th  oentuiy. 
They  are  distinguished  by  the  cupreous  iridiscenoe  of  the  glaae.  Bat 
enamdled  vessds,  of  a  date  even  earlier,  have  been  found  in  Ktighnd, 
dther  the  woriu  of  English  or  foreign  potters.  The  prindpal  dtss  d 
Spanish  potteiy  were  ^Tdavera,  Talsnda,  and  TreAa  in  Aaduacia. 


POTTBaY. 


POTTERV. 


Tlie  «tistom  oi  bringfaig  home  eniunelled  platee,  haeimf  by  the 
Crusaden,  and  the  oonqueat  of  Majorca  by  the  PiBans  in  a.d.  1115^ 
introduoed  the  tm  glasee  into  Italy,  whi^  are  su^*  posed  to  have 
been  firat  used  by  Lueoa  della  Bobbia,  a.d.  1415-1420,  who  made 
soriptoral  tubjeets  in  high  relief;  and  tilee  of  glazed  ware,  pxin- 
cipadly  white,  although  other  ooloun,  as  yellow,  blue,  green,  and 
violet^  were  oJao  used  by  him  and  hia  family  till  ▲.!>.  1660.  The 
name  of  Majoliea,  from  the  island  whence  it  had  first  come,  and 
of  Bd^aeiU,  from  the  great  artist  who  supplied  some  of  the  deeigns, 
has  been  gi^en  to  this  ware.  The  earl^  kind  from  a.d.  1540  to  1560, 
called  mem$  mtufcUea,  ornamented  with  arabesques,  coats  of  arms, 
busts,  and  portraits,  k  distinguished  for  the  briUianoy  of  its  colour 
and  the  iridescence  ol  its  madreperla  glaae,  the  ruby  tint  being  peculiar 
to  the  products  of  Pesaro  and  Qubbio,  and  supposed  to  have  been 
invented  by  Maestro  Giorgio.  The  porceUana  or  finer  ware  subse- 
quently introduoed  is  remarkable  for  the  excellence  of  its  paintings 
made  from  the  designs  by  Rafikelle,  Maro  Antonio,  and  others,  of 
Mriptond  and  daasical  subjects.  In  light  but  harmonious  colours.  The 
ware  de^ttned  from  1560,  and  in  1574  the  ducal  establishment  of 
TJrbino  was  suppreaBed,  the  art  having  been  up  to  that  period  fostered 
by  the  .dukes  of  Urli^o.  This  ware  was  introduced  into  Eaenca, 
fVirli,  and  Rimini  The  principal  shapes  are  the  piatH  di  pompa  or 
plates,  but  flaa^  and  bottles  for  the  ducal  spezieria,  and  pilgrims' 
bottles  were  also  made.  The  subjects  are  often  accompanied  by 
explanatoiy  insoripkionB,  the  objects,  date  of  vase,  and  initial  of  the 
potter,  being  generally  placed  on  the  back.  The  principal  artists  were 
Maestro  Cendo  and  Onizio  Fontana.  The  ware  continued  to  be  pro- 
duced in  Italy  at  Naples,  Castelli  in  the  16-17th  centuiy,  and  at 
Siena,  Savona,  and  Urbania,  till  the  ISUi  century. 

The  manufacture  of  l^jolica  was  introduced  into  France  by 
Catherine  de  Medici,  a.d.  1590,  and  floturiahed  at  Ayignon,  Nevers, 
St.  dond,  and  Bouen  till  the  dose  of  the  17th  centurf ;  but  the  ware 
peculiar  to  France  was  that  of  Palissy,  invented  by  the  cdebrated 
potter  of  that  name  at  Saintes,  A.1X  1555,  who  from  beholding  an 
enamelled  cup  ol  Majolica  or  Nuremberg,  after  many  years  of  laborious 
and  unsuccessful  experiments,  made  vases  of  a  gray  paste  covered 
iwHh  a  hard  enamel  and  painted  with  bright  and  varied  colours,  chiefly 
cold  in  tone,  and  ornamented  with  fish,  reptiles,  flowers,  and  other 
objects,  moulded  from  nature,  found  in  the  vidnijy  of  Paris,  fi^ 
principal  works  were  dishes,  pitees  rustiques,  thus  ornamented  for 
sideboards,  stands  or  baains,  tiles,  dishes,  and  jugs  ornamented  with 
religious  and  other  subjects  in  relief.  The  art  was  continued  by  his 
fanuly,  but  with  less  taste  and  excellence.  Besides  the  Palissy  warea 
peculiar  favence  called  that  of  Henry  II.,  consisting  of  a  glazed  hard 
paste  of  pipe  clay  covered  with  a  transparent  g^ase,  appears  to  have 
been  made  about  that  period  in  France.  It  is  pecuhar  for  sten- 
cilled patterns  of  mixed  colours,  with  a  predominance  of  yellow 
ochre,  often  with  moulded  figures,  while  encaustic  tiles  similar  to  those 
made  in  England  were  manufactured  in  fVanoe  in  the  18th  century, 
and  a  glazed  ware  is  supposed  to  have  been  made  at  Beauvais  in  the 
14th  century. 

In  AaD.  1278  a  glazed  ware  is  said  to  have  been  made  in  Alsace ;  and 
hi  the  15th  century  Batisbon,  Landshutt,  and  Nuremberg  produced 
vessels  with  a  green  glaze.  In  a.d.  1508  Majdioa  ware  was  introduced 
into  Nurembe^,  and  flourished  chiefly  in  Franconia  till  the  16th 
century^  Tike  of  this  ware  were  made  till  the  middle  of  the 
17th  century ;  the  same  kind  of  ware  of  coarse  and  bad  paste  was 
made  ait  Strasbourg  and  Frankenthal,  and  a  very  fine  ware  of  this  kind 
was  produced  at  Hochst,  but  the  style  was  abandoned  in  the  middle  of 
the  18th  century  for  porcelain.  At  Cologne  and  Msmafield  a  fine  clear 
paste  with  thin  alamel,  and  at  Wagram,  and  in  Hungary,  majolica,  was 
manufactured.  A  fine  enamelled  ware  is  still  said  to  be  made  at  Pop- 
plesheim.  Hie  Qerman  ware  is  very  different  from  the  French  and 
liahan  in  style  and  colour  and  shape,  which  are  quaint  and  peculiar, 
chiefly  of  floral  designs :  animals  were  often  moulded  for  drinking 
cups.  In  A.D.  1810,  Delft  in  Holland  is  said  to  have  manufactured 
pottery,  and  during  the  14th  and  15th  centuries  produced  vessels  and 
enamelled  tiles.  After  the  separation  of  Holland  from  Spain  towards 
the  close  of  the  16th  centuiy,  a.d.  1579,  the  potters  copied  with  great 
success  the  shapes,  drawiogs,  and  glaze  of  Japanese  porcelain,  and  pro- 
duced an  imitation  of  oriental,  which  from  its  thinness,  lightness,  and 
cheapness  commanded  the  Bhiropean  market  till  the  beginning  of  the 
18th  century,  but  rapidly  declined  in  the  19th,  having  been  superseded 
by  the  EngUah.  Ounese  porcelain  was  also  imported  into  Holhmd  and 
England.  Like  the  French  and  Italian  wares  the  Delft  has  the 
initials  or  monogram  of  the  potters  placed  on  it  In  Holland  and 
Glanders  also  were  manufactured  in  the  16th  century  jugs  of  stone 
We  with  a  bearded  head  in  relief  on  the  neck  and  coats  of  arms  on 
the  belly,  nicknamed  gray-beards  or  Bellarmines,  in  derision  of  the 
Cardinal,  and  of  a  gray  or  mottled  brown  colour ;  and  were  made  in 
Holland  and  at  Cologne,  and  a  fine  kind  of  taukard  called  Jacobus 
Kaonetje,  of  an  imgh^ed  yellowish  paste,  stamped  with  reliefs  from 
copper  mouldS;i  were  &brica(ed  on  the  lower  Rhine  and  in  Holland  by 
the  celebrated  Jacqueline,  Countess  of  Hainault,  a.d.  1438.  This 
"tone  ware  was  glazed  hv  salt,  and  some  of  the  blue  vases  are  the 
finest  products  of  the  German  potteries,  which  flourished  till  the 

^i^sMaig  of  the  17th  century,  axid  are  known  as  tho  Flemish  stono 
Ware. 


The  earlier  Anglo-Roman  and  Saxon  vases  of  England  appear  to 
have  ceased  prior  to  the  Norman  invasion,  the  Saxons  having  exten- 
sively used  horns,  leather  bottles,  glass  vases,  and  other  materials; 
but  the  manufacture  perhaps  revived  under  tiie  Plantagenets.  The 
earlier  English  pottery  consists  of  encaustic  tiles  of  red  brick,  with 
relief,  sunk  or  inlaid  or  laid  on  patterns,  used  only  for  religious  edifices, 
in  the  latter  part  or  the  12th  or  beginning  of  the  13th  century ;  the 
oldest  ornamented  with  heraldic  bearings  or  badges,  those  of  ldth-15th, 
with  elogant  foliage,  and  arranged  in  sets  of  single  tiles  of  4,  9,  or  16 
to  the  set,  with  heraldic  bearings,  mounted  knights,  grotesques,  and 
inscriptions,  till  they  were  superseded  in  the  16th  century  by  Flanders 
or  gaily  tiles  of  foreign  manufacture.  Tiles  of  all  these  claaaes  have 
been  found  in  the  principal  old  religious  edifices  of  England,  and 
appear  to  have  been  made  in  potteries  attached  to  the  monasteries, 
kUns  having  been  discovered  at  Bawsey  near  Lynn,  Droitwich,  Malvern, 
and  Saredon,  some  built  of  semicircular  arches  separated  from  each 
other  by  a  massive  pier. 

In  manuscripts  of  the  Norman  period  earthen  vessels  are  represented, 
and  the  cnukyn  or  eru^  is  mentioned  as  early  as  a.d.  1324,  and 
in  works  of  the  14th  century,  the  godet  or  goaette  about  the  some 
period,  the  eottrd  or  flask,  hung  by  a  strap  to  the  side,  and  tygg  or  cups. 
The  accounts  of  the  executors  of  Eleanor,  wife  of  Edward  I.,  mention 
a  pavment  for  pitchers  to  Juliana  the  potter ;  but  her  name  appears  to 
be  foreign,  and  it  is  uncertain  whether  they  were  not  Flemish ;  in 
A.D.  1446,  the  accounts  of  Sir  T.  Howard  contain  orders  for  payment 
to  the  potters  of  Horpesley  for  earthenware  jugs,  and  so  do  those  of 
Edward  lY.,  and  in  1512  they  were  in  use  in  the  household  of  the 
Earl  of  Northumberland,  and  continue  to  be  mentioned  till  the 
dose  of  the  16th  centiur. 

The  existence  of  early  English  potteries  has  been  proved  by  the 
discoveries  of  moulds  as  old  as  Edward  III.,  and  of  jugs,  pitchers, 
costrils,  and  other  vessels  at  a  depth,  and  under  circumstances  showing 
that  some  must  have  existed  as  early  as  the  11th  century.  They 
are  made  of  a  coarse  brittle  brown  paste,  covered  with  a  black  or  green 
plumbif  erous,  or  leaden  glaze ;  some  of  the  most  remarkable  are  wine 
or  water  pitchers,  moulded  in  the  form  of  Norman  knights  of  the  time 
of  Hemy  II.,  or  with  heads  of  that  of  Edward  II,  This  ware  was 
continued  till  the  commencement  of  the  18th  century,  and  often  has 
dates  in  the  17th  centunr ;  a  late  pottery  of  it  was  at  Wrotham.  As 
early  as  the  beginning  of  the  17th  century  Dutch  potters  are  said  to 
have  established  potteries  of  Delft  ware  at  Fulham  and  LambeUi,  and 
wine  pots  dated  1642  and  the  following  years,  and  other  vessels  of  this 
ware,  are  known  till  the  dose  of  the  17th  centuxy.  Ddft  was  made  at 
Liverpool  about  the  same  period,  and  at  Lambeth  till  a  late  period, 
but  during  these  centuries,  stone  pots  or  Bellarmines,  from  Flanders, 
were  extenffiively  imported,  although  this  ware  appears  to  have  been 
made  in  England  at  the  time,  while  porcelain,  mentioned  aa  early  in 
France  as  1870,  in  the  reign  of  Charles  le  Bel,  began  to  be  imported 
into  England  in  the  rdgn  of  Henry  YIII.  and  Elizabeth,  in  1687,  and 
was  later  called  China,  and  came  from  Venice;  a  heavy  duty  was 
laid  upon  it  by  Cromwell.  But  the  chief  seat  of  the  English  potteries 
was  in  Staffordshire,  at  Burslem,  where  coarse  culinary  vessels  of  red, 
brown,  and  mottled  pottery  were  made.  It  is  here  that  in  1670  were 
made  the  butter-pots  of  cylindrical  shape,  and  of  sufficient  capadty  to 
hold  14  lbs.  of  butter,  the  size  and  quality  of  which  was  regulated  by 
an  act  of  parliament  The  vicinity  supplied  various  days  suited  for  the 
different  wares,  and  a  lead  glaze  was  obtained  by  the  use  of  galena,  or 
sulphate  of  lead.  In  1680,  ssJt  glazing  was  accidentally  discovered.  In 
1685,  white  and  brown  stone  ware  was  made  from  local  days,  and 
Crouch  ware  in  1690,  glazed  by  salt  and  red  lead.  In  the  same  year 
the  Elers,  brothers,  of  Nuremberg,  established  themsdves  at  Bradwell, 
and  attempted  to  produce  an  imitation  of  thq  red  Japanese  ware;  but 
their  secret  having  been  discovered  by  Astbury,  they  removed  to 
Lambeth  or  Chelsea  in  1710.  Astbury,  who  at  first  produced  red 
ware,  afterwards  made  a  white  dipped,  or  white  stone  ware  of  Bide- 
ford  pipeclay  and  Shdton  marl,  and  in  1720,  the  use  of  flint  was 
discovered,  and  slip  kilus  for  boiling  the  days ;  and  pJaster  of  Paris 
moulds  were  subsequently  introduced.  Improvements  in  the  working 
of  the  day  were  made  by  Booth  about  1750,  but  the  great  stride  in  the 
potteries  was  made  by  Wedgwood,  who  piHKiuced  an  improved  cream  ware 
m  1759,  which  was  named  QuecM  ware,  after  Queen  Charlotte.  From 
1760-62,  he  invented  six  different  kinds  of  ware ;  he  was  the  first  to 
introduce  a  daaaical  style  and  fine  modelliiig,  by  the  aid  of  Flaxman, 
into  the  art,  and  showed  aa  much  taste  in  &e  moulding  of  his  pieces 
aa  excellence  in  the  ware,  which,  made  of  the  fine  grey  marl  from 
imder  the  coal  strata,  produced  a  material  uninjured  by  the  vicissitudes 
of  temperature,  of  a  cane  colour,  and  at  first  ornamented  by  a  rude 
border,  was  subsequently  covered  with  a  pattern ;  he  also  made  terra 
cottas,  basalt,  jasper,  granite,  and  onyx  wares,  especially  plaques, 
medallions,  and  works  of  taste  and  vertu  of  a  blue  jasper  ware,  with 
white  figures  in  relief,  which  obtained  a  great  European  reputation. 
As  early  as  1767  the  discovery  was  made  of  applying  printed  designs 
from  copper-plates  to  pottery,  which  was  thus  decorated  at  Liverpool 
by  Carver  and  returned  to  Burslem.  Sarah  Klkin,  a  servant  of  Wedg- 
wood, first  discovered  a  successful  method  of  gilding  earthenware, 
and  J.  Hancock,  about  1800,  used  a  prooasB  roMmbling  water-gildiog 
for  the  same  purpose. 

Although  Uomish  day  was  introduced  into  the  Staffordshire  pot- 
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teriea,  the  manufacture  of  hard  porcelain  is  said  to  have  been  restricted 
to  Plymouth  and  Bristol,  and  only  flourished  there  for  a  short  period. 
Towards  the  close  of  the  last  centuiy,  felspar  was  first  introduced  into 
the  Staffordshire  ware  by  Spode.  Bones  or  phosphate  of  lime  were 
first  used  about  1800,  and  niade  an  important  change  in  the  manufac- 
ture of  soft  porcelain. 

At  Lambeth,  the  site  of  early  pottery,  delftware  continued  to  be 
made  till  recently,  and  stoneware  is  still  made  at  Liambeth  and  Vaux- 
hall ;  potteries  also  existed  at  Fulham,  Bristol,  and  Leeds,  in  the  18th 
century,  and  at  Liverpool  from  1674  chiefly  of  delftware,  where,  in 
175S,  Sadler  and  Green  first  employed  printing  upon  pottery;  and 
CSiaffers  here  established  a  manufactory  of  white  earthenware ;  and 
another  potter,  Pennington,  in  1760,  produced  a  very  successful  blue 
colour,  and  imitations  of  oriental  vases.  The  principal  pottery  here  in 
later  times  was  the  Herculaneum,  established  in  1794,  and  continued 
xmtil  1841,  which  produced  China  of  a  peculiar  character,  and  stamped 
with  the  name  of  the  manufactory.  At  Lowestoff  a  pottery  was  com- 
menced in  1757,  but  abandoned  forty  years  afterwards;  and  another 
existed  at  Nottingham  in  1641 ;  and  at  Sackfield  a  pottery  was  esta- 
blished for  stoneware  in  1718,  but  ceased  about  1800 ;  and  an  obscure 
pottery  was  set  up  by  one  Place,  at  York. 

Similar  to  pottery,  but  technically  distinguished  ^from  it  by  its  un- 
changeability  under  extreme  temperatures,  its  truislucency,  and  its 
superior  hardness,  is  the  material  called  Porcelain,  The  term  is  of 
uncertain  derivation.  The  material,  invented  by  the  Chinese,  consists 
of  kaolin  or  alumina,  and  pih-tun-tze  or  silex,  which  according  to 
the  proportion  in  which  they  are  mixed  form  a  hard  or  soft  porcelain. 
It  was  invented  at  Sinping  in  China,  in  the  tin^e  of  the  Han  dynasty, 
between  B.C.  185-88,  made  considerable  progress  in  the  drd  century, 
A.D.  under  the  Wei,  and  a  blue  kind  was  made  at  Tunggaon  in  the 
province  of  Chekeang,  under  the  Tsin,  who  commenced  a.d.  265,  and 
continued  till  a.d.  419 ;  subsequently  imder  the  Chin,  a.d.  583,  the 
celebrated  potteries  of  Kingtechin  made  porcelain  for  the  imperial 
court.  The  colour  varied  according  to  the  dynasties,  blue,  green,  and 
white  in  turns  prevailing.  Porcelain  was  also  manufactured  in  a.d. 
954  in  Honan,  in  a.d.  960-1279  in  Soochow,  and  in  tbe  city  of  Tingchow 
in  Plhchele.  Crackle  porcelain  was  first  made  at  Soochow,  and  the 
other  localities  produced  different  colours  and  patterns ;  but  the  prin- 
cipal site  was  Kingtechin,  which,  commencing  in  a.d.  581,  has  continued 
till  the  present  day.  In  a.d.  1506,  foreign  cobalt  was  introduced,  and 
about  1573,  the  delicate  eggshell-ware  was  invented. 

Marks  are  found  upon  Chinese  pottery,  sometimes  aiiiTpalg  or  objects, 
at  others  inscriptions,  prindpallv  imitations  of  seals  stamped  upon 
books  in  vermilion  or  blue  wiui  seal  characters.  The  oldest  date 
known  is  that  of  Hungwoo,  A.D.  1368,  and  the  practice  has  continued 
till  the  present  time.  The  principal  varieties  of  Chinese  porcelain 
known  to  Euro\pe  are  the  pure  white,  the  blue  and  white,  or  Nankin, 
the  Soumali  blue,  the  Celadon  green,  the  marbled  or  shot,  the 
citron  or  imperial  ware,  the  ruby  blue  or  brown.  Besides  poicelain, 
the  Chinese  extensively  manufacture  and  use  a  terra-cotta,  and 
unglazed  and  enamelled  earthenware.  The  manufacture  of  porcelain 
was  introduced  into  Japan,  b.o.  27,  and  the  potteries  are  situated 
at  Imari  in  Fizen,  and  at  Firose.  The  porcelain  is  whiter,  of  better 
quality  and  style  than  the  Chinese :  but  in  other  oriental  countries  it 
appears  doubtful  whether  hard  porcelain  was  known.  As  early  as  the 
8th  century,  the  Chinese  earned  their  wares  to  the  coast  of  Arabia, 
and  in  a.d.  1154,  porcelain  is  mentioned  by  EdrisL  In  the  13th  century, 
Marco  Polo  describes  the  manufacture,  and  in  the  subsequent  centuries 
it  was  exportisd  to  Barbary  and  Florence,  but  the  first  regular  importa- 
tion was  by  the  Portuguese  in  1518,  and  an  extensive  trade  was  carried 
on  by  the  Venetians,  Dutch,  and  English.  Its  first  appeanmce  in  this 
country  was  A.D.  1504.  The  passion  for  collecting  China  appeared  in 
Europe  at  an  early  period  of  the  16th  and  18th  centuries  :  Charles  V. 
in  1541,  presentmg  a  set  to  Maurice  of  Saxony;  Louis  XIV.  ordering 
services  of  porcelain  from  China ;  Maiy  the  wife  of  William  III.  of 
England  collecting  China ;  and  Frederick  Augustus  of  Saxony  in  1717 
founding  the  collection  of  the  Qriine  G«wolbe  at  Dresden.  In  England 
the  passion  still  continues,  inuuense  prices  being  given  for  fine  speci- 
mens of  ancient  Chinese  porcelain.  Two  hundred  years  after  the 
importation  of  porcelain,  Bottcher  of  Berlin,  in  1715,  produced  a  per- 
fect white  porcelain  at  Meissen,  near  Dresden,  in  the  reign  of  Augustus 
II. ;  his  first  attempts  produced  a  red  stoneware  like  jasper,  or  with  a 
glazing  of  brilliant  colours,  and  Chinese  patterns;  but  under  sub- 
sequent management,  Horoldt  in  1720,  and  Handler,  a  sculptor,  in 
1731-56,  improved  the  paintings  and  shapes;  grotesque  modelled 
figures  and  ornaments  in  the  floral  and  rococo  style  were  extensively 
manufactiired.  The  art,  although  guarded  with  jealous  care,  was  soon 
carried  over  Germany ;  Stobzel,  a  foreman  of  the  Meissen  establishment, 
fled  with  his  secret  to  Vienna  in  1720,  and  established  a  fabric  which 
differs  in  glaze  and  thickness  from  Dresden.  Other  manu&ctures  were 
set  up  in  Bohemia,  and  in  Himgary;  Ringler,  a  workman  of  the 
Vienna  factory,  carried  the  secret  in  1740  to  Hochst,  near  Mayence; 
and  the  establishment  rose  to  repute  under  Melchior,  a  modeller. 
Busch,  a  Saxon,  established  it  at  Keltersbach;  in  1760  Bengraf,  a 
Hochst  workman,  worked  for  the  Duke  of  Brunswick  at  Fiirsten- 
burg;  Ringler  also  set  up  a  manufactory  in  1755,  at  Frankenthal, 
which  continued  until  1800;  and  lesser  establishments  arose  at 
Nymphenbui^g,  and  Baden,  and  Ludwigsburg.     At  Berlin  a  private 


establishment,  set  up  in  1751,  was  subsequently  purchaaed  hj 
Frederick  the  Great,  and  attained  an  excellence  and  eminence  which 
it  still  retains.  Other  porcelain  manufactories  also  flourished  in  Hesse 
and  Thuringia ;  and  were  also  introduced  into  Russia  by  the  Empr^^ 
Elizabeth,  in  1751,  at  Twer  and  Korsec.  In  Holland,  at  Amsterdam  and 
the  Hague,  and  at  Amheim,  unsuccessful  attempts  to  manufactore 
porcelain  profitably  were  made ;  and  at  Copenhagen,  at  Zurich,  and  at 
Nyon  on  the  Lake  of  Gen/eva,  with  better  success. 

The  introduction  of  porcelain  into  England  created  tlie  soft  poroelain. 
The  history  of  the  earliest  manufacture  is  involved  in  much  obscurity.  A 
manufactory  established  at  Stratford-le-Bow  was  abandoned  in  the  early 
part  of  the  18th  century,having  been  probably  established  in  an  early  part 
of  the  17th  century.  The  specimens  were  pamted  and  modelled  by  Fiye, 
Moser,  Bacon,  &c.  At  Chelsea,  the  porcelain  or  gcmrwm  ware,  as  it  was 
then  called,  was  made  earlier  than  1695.    At  first  it  imitated,  in  its 
blue  and  white  patterns,  the  Chinese  or  French  models ;  but  George  IL, 
the  Di:Jce  of  Cumberland,  and  others,  procured  superior  meaos  of 
manufacture  from  G^ermany,  and  under  the  management  of  Spremoot 
it  attained  great  excellence ;  but  the  potteries  were  abandoned  in  176ji 
The   vases   were  modelled  by  foreign  artists  in  forma  resembling 
Dresden,  and  painted  by  first-rate  painters,  while  a  fine  claret  colour  ia 
said  to  be  peculiar  to  this  fabric.    Many  of  the  drawings  are  venr 
beautiful,  and  the  vases  realise  immense  prices.     On  the  abaadoninent 
of  the  Chelsea  works  a  factory  was  subsequently  set  up  at  Derby, 
where  the  moulds,  workmen,  &c,  had  been  transferred,  but  has  since 
been   discontinued.      Those  of  Worcester,  founded  by  Dr.  Wall  in 
1751,  who  is  said  to  have  invented  the  art  of  printing  upon  porodaio, 
not  only  attuned,  but   maintain    great   excellence.      At  first  they 
imitated  the  Chinese,  then  the  Sevres  and  Dresden  ware  and  £u3cy 
ornaments.    Rockingham,  established  in  1757,  is  best  koown  for  its 
brown  or  chocolate  ware.     At  Colebrooke  Dale  in  1756,  at  Kantgarrow 
in  1813,  and  at  Leek  in  Staffordshire,  minor  establishments  o!  porcelain 
have  flourished.    The  manufacture  of  hard  poroelain  in  En^^uid,  com- 
menced by  Cooksworthy  at  Plymouth  in  1705,  and  subsequently 
transferred  to  Bristol  in  1776,  was  abandoned  since  that  period,  till 
revived  by  Uie  late  Mr.  Minton  in  1850. 

The  soft  porcelain  of  France  was  manufactured  at  St.  Cloud  as  eariy 
as  1695,  and  was  succeeded  by  that  of  Vincennes  in  1740,  which 
attained  great  perfection  and  modelled  bouquets  of  great  beauty  about 
1754;  but  two  years  afterwards  it  was  removed  to  Sevres,  under  the 
patronage  of  Madame  de  Pompadour.  In  1768  the  accidental  dis- 
coveiy  of  kaolin  and  pihtunse  led  Macquer,  the  superintendent  of  tiie 
establishment,  to  the  production  of  hard  poroekun;  but  the  manu- 
facture of  soft  porcelain  was  not  entirely  abandoned  till  1804.  Tlds 
manufactory  has  produced  the  most  beskutiful  examples  of  European 
porcelain,  distinguished  by  the  beauty  and  brilliancy  of  its  colours, 
the  dark  and  light  blue,  y^ow,  green,  and  Dubarry,  or  rose-piiik,  and 
the  elegance  of  its  paintings,  after  Watteau  and  other  artists,  although 
the  forms  till  1785,  when  classical  shapes  were  introduced,  by  no  meuu 
equalled  its  rivals  of  Dresden.  The  high  prices  and  demand  for  this 
elegant  article  of  vertu  have  led  to  various  counterfeitB,  the  doctoring 
of  old  specimens,  and  the  fabrication  of  modem  imitations,  so  that  it  ii 
as  difficult  to  detect  spurious  Sevres  porcelain  as  false  coin.  Other 
places,  as  Chantilly  in  1785,  Orleans  in  1753,  Arraa  in  1782,  Toumaj 
in  1750,  and  Paris  in  1773,  manufiictured  soft  or  hard  porcelain;  and 
in  1735,  at  La  Docda,  near  Florence,  a  hard  and  a  hybrid  porcelain 
was  manu^tured  in  imitation  of  oriental,  Sevres,  and  Capo  di  Monte, 
distinguished  by  its  modelled  forms.  At  Venice  the  manufactore 
ceased  in  1812.  At  La  Novo,  near  Bassano,  in  Lombordy,  at  Turin  in 
the  end  of  the  18th  century,  and  at  Capo  di  Monte,  near  Naples,  a  porce- 
lain, finely  i>ainted  and  moulded  in  high  relief  with  shells  and  figures, 
is  said  to  have  flourished  from  1736  to  1821,  an  ofi^oot  of  which 
was  established  at  El  Buen  Retiro,  near  Madrid,  about  1759,  but  was 
completely  destroyed  in  1812 ;  but  another  fobric  was  subsequently 
establidied  near  Madrid  in  1827.  A  fabric  of  hard  porcelain  flourishes 
at  Vista  Alegre,  near  Oporto. 

Although  the  use  of  vessels  with  plumbiferous  glases  has  been  in 
great  part  superseded  by  other  wares,  yet  it  is  still  extensively  mann- 
factui«d  in  England,  ^^ce,  Qermany,  Portugal,  and  in  Switzerland, 
different  localities  using  different  processes,  as  the  actual  metaUic  lead 
in  Fimsterre,  and  the  galena  in  other  places,  as  in  Sardinia.  The 
manufacture  of  majolica  has  in  fact  never  quite  disappeared  in  Europe ; 
into  Naples  it  was  introduced  at  the  close  of  the  18th  century,  and 
pieces  of  a  peculiar  kind  were  made ;  the  recent  majolica  of  Venice  is 
thin,  with  bluish- white  enamel  and  ornaments  in  repQva$i  work.  In 
Holland,  a  manufactory,  the  survivor  of  the  delftware,  still  remains 
Glazed  wares  of  a  green  colour  are  made  at  Smyrna ;  in  India,  and  at 
Pegu.  The  use  of  stanniferous  glazes  in  the  East  has  been  continued 
till  the  present  day,  since  an  early  period  :  they  are  still  used  in  Turkey, 
Asia  Minor,  and  Marocco,  with  red  ornaments  on  a  white  ground,  and 
oriental  patterns.  At  Shershel,  in  Algeria,  lamps  are  made.  In 
Persia,  as  early  as  1146,  fayences  of  deep  blue,  with  white  ornaments, 
&nd  of  a  golden  colour  at  a  later  period,  have  been  made.  In  Arabia, 
the  use  of  enamelled  wares,  especially 'for  tiles  and  other  architectuni 
ornaments,  dates  from  the  10th  or  11th  centuries. 

The  modem  potters,  like  the  ancients,  often  placed  on  their  ware 
inscriptions  givmg  the  name  of  the  place  of  manufacture  or  of  the 
maker.    Those  on  the  early  French  and  Italian  majolica  are  initial 
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letters,  monogranui,  dates,  and  coats  of  arms.  Thus,  Savona  has  the 
arms  of  the  town ;  Nevers,  N. ;  Rouen,  a  fleur-de-lis ;  B.  stands  for 
Bernard  Palissy;  Hochst  has  a  wheel;  Cologne,  an  anchor;  Delft, 
occasionally  a  sword ;  Wedgwood  and  his  successors  stamped  their 
names ;  old  Dresdeniias  the  monogram  A.  R.,  King  Augustus,  K.  P.  M.> 
"  the  Royal  Porcelain  Manufactory,"  and  crossed  swords ;  Venice,  the 
imperial  arms ;  Fiirstenbuxg,  an  F. ;  Frankenthal,  the  lion  and  crown ; 
Nymphenbuig,  the  arms  of  Bavaria ;  Ludwigsbui^,  a  ducal  crown  and 
0.  C. ;  Berlin,  a  globe  and  cpss ;  Fulda,  F.  crown^ ;  St.  Petersburg,  a 
K.  crowned;  the  Hague,  a  stork;  Copenhagen,  waves ;  Nyon,  trouts; 
Chelsea,  anchors ;  Derby,  a  crowned  D ;  Plymouth,  the  as^ological 
sign  for  Jupiter ;  Worcester,  W.  and  other  marks ;  Swansea,  a  trident. 
Sevres  has  several  marks, — a  sun  under  Louis  XIY.,  a  crowned  eagle 
under  Napoleon,  a  comet ;  the  other  French  potteries  have  monograms 
and  marks.  The  Chinese  marks  have  the  name  of  the  maker,  or  date 
when  made,  generally  in  red  or  blue,  in  a  square  label  in  the  seal  or 
court  characters,  imitating  the  impression  of  the  seals  or  stamps  they 
affix  to  their  documents  and  books. 

The  application  of  the  fine  arts  to  the  embellishment  of  porcelain, 
and  the  refinements  of  luxury,  have  vastly  increased  the  value  of  modem 
porcelain.  For  a  long  time  modi  porcelain  was  the  monopoly  of  princes, 
and  the  expense  of  producing  specimens  with  charming  colours  and 
elegant  designs  was  very  great ;  but  the  desire  of  possessing  beautiful 
and  rare  specimens  by  the  rich  has  greatly  increased  their  value :  for 
example,  die  majolica  salt^sellars  have  realised  at  public  sales  from  10 
guineas  to  64^ ;  the  Qubbio  plates  from  112.  to  212. ;  those  of  the  artist 
Xanto  802.,  and  vases  of  larger  size  2202. ;  a  Palissy  candlestick,  842.  The 
ware  of  La  Doccia  has  augmented  its  price  2000  per  cent.,  and  a  small 
cup  of  this  ware  is  worth  from  802.  to  402.  Chelsea  vases  of  any  size, 
pamted  with  religious  or  historical  subjects,  obtain  from  1002.  to  1502., 
and  small  cups  of  this  ware  252.  to  302.  Nor  has  the  reputation  of 
CSiinese  crackle  declined,  and  even  mandarins  might  pause  at  the 
prices  given;  602.  and  702.  being  paid  for  sea-green  or  turquoise 
blue  vases.  Qreen  crackle  has  found  amateurs  to  purchase  at  1312. ; 
and  a  few  flat  jars,  surmounted  by  kelins,  or  mystical  stags,  235 
guineas.  Last,  wough  not  least,  two  jars  have  been  the  subject  of 
a  suit  in  Chancery.  Under  such  circumstances,  the  acquisition  of 
instructive  collections  transcends  the  power  of  princes  or  the  prudence 
of  governments. 

(Brongniart,  TrcaU  de$  Arts  CSramiques,  8vo,  Paris,  1844;  Birch, 
History  of  Ancient  Pottery,  8vo,  Lond.,  1858 ;  Manyat,  History  of 
Pottery  and  Porcelain,  8vo,  Lond.,  1857.) 

POTTERY  AND  PORCELAIN,  MANUFACTURE  OF.  The  object 
of  the  present  article  is  to  add  a  fdw  further  observations  to  the  manu- 
facturing details  given  imder  Eabtheitware  ;  and  to  apply  those 
details  to  the  two  kinds  of  ware  which  form  the  extremes  of  the 
series,  namely,  fine  or  porcelain,  and  coarse  or  pottery :  earthenware 
occupying  a  medium  position  between  the  two. 

In  the  beginning  of  the  last  century,  it  was  ascertained  by  experi- 
ment that  the  earths  alone  are  infusible,  but  that  when  silex  is  com- 
bined vrith  aluminous  earth,  and  subjected  to  a  strong  fire,  it  unites 
chemically  with  the  clay,  as  an  acid  unites  with  a  base ;  and  that  when 
a  third  earth,  having  alkaline  properties,  as  lime,  magnesia,  or  baiytes, 
is  added,  a  more  complete  change  ia  effected,  and  a  vitrified  body  is  pro- 
duced, resembling  in  density  and  fracture  many  natural  gems.  Wlien 
the  earthy  materials  are  free  from  metallic  matter,  a  perfect  porcdain 
is  thus  produced.  It  was  found  that  seven  parts  of  nlex,  six  parts  of 
aluminous  earth,  and  two  parts  of  an  alkaUne  earth,  would  produce 
such  a  body.  On  this  principle  the  Germans  and  French  founded  their 
porcelain  manufactiures.  In  England  the  enterprising  spirit  of  Wedgwood 
wrought  a  complete  revolution  in  the  art ;  and  by  bold  experiments, 
guided  by  his  knowledge  of  mineralogy  and  chemis&y,  he  laid  the  sure 
foundation  for  all  those  improvements  which  have  nused  the  fictile 
manufactures  of  this  country  to  so  high  a  leveL 

The  materials  are  reduced  to  the  consistence  of  cream,  in  which  state 
they  are  called  slips  (slops) ;  this  fluidity  is  necessary  to  ensure  the 
perfect  mixture  of  all  the  ingredients,  and  their  mutual  chemical  action 
in  the  fire.  The  basis  of  the  composition  ia  a  clay  from  the  plastic-day 
formation  in  Devonshire  or  Dorsetshin,  to  which  is  added  groimd  flint, 
which  gives  whiteness  and  solidity  to  the  goods.  For  the  better  kinds, 
a  portion  of  China-clay,  or  decomposed  felspar  from  Cornwall,  is  added, 
together  with  a  small  quantity  of  ground  white  granite.  The  pro- 
oeeses  are  conducted  as  described  in  Earthsnwabb,  until  a  smootii 
and  homogeneous  mass  of  plastic  clay  is  produced. 

It  may  be  well  here  to  give  the  proportions  of  ingredients  for  various 
kinds  of  ware  or  bodies,  derived  from  the  actual  practice  in  Stafford- 
shire :— « 


Crean^<alour  or  Printed  Ware, — 
Dorset  day  .        • 
China  day    .        »        • 
FHnt     .        .        .       . 
Comiah  granite     .        • 


•    56  or  60  or  66 
.    27        18        17 


14 
8 


20 
2 


17 


Drab-coioured  Ware  is  made  of  the  fine  gray  marl  found  between  the 
coal  strata,  which  bums  to  a  cane-colour  in  the  oven ;  or  a  white  body, 
as  above,  is  stained  with  oxide  of  nickel,  which  gives  it  a  greenish  drab 
tint ;  or  with  oxide  of  manganese. 
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Drab  body, — Cane  marl    .  •    32  or  —  or  56  or  26 

Dorset  clay  .  .22        43  20        46 

Cornish  granite  .    45        50  24        25 

Oxide  of  nickel  .17  —        — 

Manganese  .  .    —        —  —          3 

The  granite  in  the  above  bodies  gives  great  density  and  a  very  dose 
flinty  fracture. 

Brown  or  Chocolate  bodies  are  made  with  a  basis  of  the  red  ochreous 
day,  obtained  from  tiie  red-marl  formation  above  the  coal  strata.  A 
great  variety  of  tints  may  be  obtained  by  judidous  combinations  of 
oxides  of  iron,  as  imiber,  calcined  copperas,  bole,  &o. 


Brown, — ^Red  day 

Dorset  clay 
Flint      . 
Manganese 


•  88  or  60 

•  18  80 
.  2  10 
.  2 


Es^yptian  Blach,  for  tea-^ts,  ink-stands,  &c,  is  made  in  the  same 
way,  but  with  a  larger  portion  of  the  oxides  of  iron  and  manganese. 


Black.'—ILeA  clay 

Dorset  day    . 
Manganese 
Protoxide  of  iron 


45  or  34 

36        42 

18        12 

6        12 


Blue  bodies  are  produced  by  the  mixture  of  a  small  quantity  of  oxide 
of  cobalt  with  a  fine  white  body ;  when  made  of  vitrescent  materials, 
so  as  to  give  a  gem^ike  surface  without  glazing,  it  is  termed  jasper. 
This  beautiful  artide  is  weU  known  by  the  splendid  productions  of 
Mr.  Wedgwood. 

Jasper  bodies* — 

Sulphate  of  barytes 

China  day 

Dorset  day        • 

Flint 

Gypsum     •        . 


48  or  Carbonate  of  barytes 
16        China  clay  . 
24        Dorset  day  • 
10        Cornish  granite   . 
2        White  lead  . 


34 
15 
15 
88 
8 


These  mixtures  give  a  fine  white  body  for  ornaments,  which  may  be 
stained  blue  by  the  addition  of  one  per  cent,  or  less  of  oxide  of  cobalt, 
according  to  the  strength  of  tint  required ;  or  a  green  jasper  may  be 
produced  by  staining  with  protoxide  of  chrome. 

Turqwoise  bodies, — ^A  body  eiUed  turquoise  has  been  manufactured 
to  a  great  extent.  It  is  nothing  more  than  a  good  white  body,  stained 
with  a  mixture  of  oxide  of  cobalt,  combined  with  a  large  proportion  of 
oxide  of  zinc ;  when  glased,  it  has  the  peculiar  milky  tint  of  ^e  gem 
after  which  it  has  bera  named. 

In  this  manner,  by  a  proper  combination  of  metallic  oxides,  either 
as  existing^  in  earthy  materials,  or  prepared  from  their  metals,  an 
infinite  variety  of  coloured  bodies  may  be  produced.  They  are  usually 
prepared  on  slip-kilns  of  small  dimensions,  the  bottoms  of  which  are 
covered  with  a  layer  of  plaster  of  paris,  if  used  for  Uie  finer  colours. 

Referring  to  Eabthsnwabe  for  an  account  of  the  manner  of  fashion- 
ing drcular  vessels  on  the  potter^s  or  throwing  whed ;  turning  them 
to  the  proper  thickness,  and  working  mouldings,  &c. ;  fixing  on  handles 
and  spouts;  and  making  the  peculiar  variety  called  dipped  wart:  we 
shall  add  a  little  to  the  details  tha«  given  oonooning  ornamented  ware 
and  .^  ware. 

Thrown  and  turned  goods  are  sometimes  ornamented  with  figores  in 
relief,  which  are  made  out  of  flat  moulds  by  chUdren,  and  fixed  upon 
the  ware  by  workmen,  who,  having  carefully  adjusted  eadi  figure  to 
its  place,  run  a  little  water  under  it  with  a  camel-hair  pencil,  which 
unites  it  to  the  sur&ce.  Gkx)ds  of  an  oval  or  angular  shape,  which 
cannot  be  turned,  are  made  by  pressing  clay  into  plaster  moulds,  which 
give  the  outside  form  to  the  vessels.  For  this  purpose  the  mould  is 
made  in  two  parts,  and  each  is  separately  filled  by  laying  in  a  cake  of 
clay  that  has  been  beaten  out  to  the  proper  tliip-lmiwa  on  a  wet 
plauBter-block ;  it  is  pressed  into  the  mould  by  repeated  blows  from  a 
ball  of  wet  sponge,  then  squeezed  into  all  the  ftngiiUr  ports  with  the 
fingers,  and  smoothed  with  sponge,  wet  leather,  and  horn.  When  both 
sides  of  the  moulds  are  thus  lined  with  day,  they  are  joined  together ; 
and  the  workman  lays  a  roll  of  clay  along  the  inside  of  the  joining, 
which  he  works  down  until  the  whole  is  smooth  and  solid.  The  mould 
is  then  carried  into  a  stove-room;  and  when  it  has  absorbed  the 
moisture,  so  as  to  rdease  the  clay,  the  work  is  carefully  taken  oui^ 
and  the  empty  mould  returned  to  the  stove  previous  to  being  filled 
again.  The  seam  which  remains  on  the  outside  of  the  vessd  is 
removed  by  scraping  and  burnishing  with  wet  horn ;  the  handles  and 
other  appendages  are  then  attached.  This  *branch  of  the  trade  is 
called  hoUow-ware  pressing  or  squeezing.  Flat-ware  pressing  is  per- 
formed by  giving  the  shape  to  the  goods  by  moulds  which  fit  the 
inside  of  the  vessel ;  plates,  dishes,  saucers,  cups,  and  hand-basins  are 
made  on  this  principle  by  iJie  English  potter,  with  a  dexterity  which 
must  be  seen  to  be  understood,  and  which  exdtes  the  surprise  of 
foreigners  more  than  any  other  branch.  The  workman  stands  at  a 
bench  provided  with  a  whirling-table  similar  to  the  thrower's,  but 
which  has  its  motion  given  by  a  horizontal  pulley  or  jigger,  turned 
by  his  young  assistant.  Close  to  his  left  hand  is  a  baiting-Uock 
of  wet  plaster,  and  the  mass  of  well-beaten  clay  from  which  he  ia 
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working;  immediately  bdhind  him  is  the  stoye'roomy  in  which  the 
moulds  axe  rapged  on  ehdves.  All  being  ready,  the  plate-maker  cuts 
his  clay  into  lengths  with  a  wire,  and  tears  off  a  piece  which  he  haU 
out  thtn  upon  lus  block  by  a  stroke  or  two  of  his  batter,  or  plaster- 
mallet,  and  {wlishes  the  surface  by  pressing  the  side  of  a  long  smooth 
knife  across  it.  During  this  process,  which  occupies  but  a  few  seconds, 
the  boy  has  brought  a  mould,  placed  it  upon  we  whirler,  and  taken 
his  place  at  the  handle  of  the  jigger.  The  man  places  the  day  upon 
the  mould,  and  as  it  whirls,  presses  it  down  dose  with  his  hand ;  a 
profile,  or  earthenware  tool  whidi  gives  the  form  to  the  bottom  of  the 
plate,  is  pressed  upon  it  as  it  reyolvee,  the  superfluous  day  being  cut 
off  by  a  wire ;  tiie  boy  instantly  catches  hold  of  the  mould  thus  coyered 
with  a  coating  of  day,  runs  with  it  to  the  stove,  places  it  on  a  shdf  to 
dry,  and  returns  with  an  empty  mould ;  W^which  time  his  master  has 
his  day  prepared  for  another  plate.  When  suffidently  hardened, 
the  bottom  of  the  plate  is  polished;  and  when  taken  off  the 
mould,  the  edges  are  smoothed  and  polished  with  moist  leather. 
Cups,  saucers,  and  hand-basins  are  now  made  by  this  process,  instead 
of  being  thrown  and  turned  as  formerly.  By  this  means  they  are 
suppliea  at  a  cheaper  rate ;  one  man  and  a  boy  being  able  to  manu- 
fiicture  the  articles  which  by  the  old  mode  requires  the  work  of  three 
men  and  three  females. 

Casting  is  resorted  to  when  a  mould  is  so  intricate  as  to  be  difficult 
for  the  workmen  to  fill  by  pressing.  Slip  day  is  poured  into  the 
mould,  which  rapidly  absorbs  the  water,  and  a  coating  of  day  is  dc 
posited  upon  the  inside ;  the  remaining  fluid  is  then  poured  out  or 
drawn  wiUi  a  syringe,  and  a  thicker  mixture  ifl  put  in,  and  left  rather 
longer  than  the  first  before  it  is  withdrawn.  Tne  mould  is  then  put 
into  a  stove  to  dry.    Gbods  thus  made  are  very  light. 

When  completed  by  the  workman,  the  goods  are  placed  on  boards  to 
dry,  before  going  to  the  biscuit-oven,  in  which  they  receive  the  first 
fire.  The  details  of  the  process  are  described  in  the  artide  already 
dted ;  and  the  ware,  now  in  the  state  of  bUcuU,  is  ready  for  the  blue- 
printer  or  for  the  artist,  according  to  its  quality  and  intended 
appearance. 

In  the  old  days,  before  the  expeditious  and  cheapening  process  of 
dectrotyping  was  known,  a  set  of  engraved  plates  for  a  table-service 
commonly  cost  1302.  or  1502.  f  and  would,  with  proper  care,  print  2000 
dozen  services  before  it  wanted  recutting.  The  ink  used  in  printing  is 
made  of  linseed-oil,  boiled  with  litharge,  rosin,  balsam  of  sulphur,  or 
BarbadooB  tar ;  almost  every  printer  has  his  fiivourite  redpe  for  maldng 
this  tenadous  oil,  which  is  the  vehicle  of  the  colour  to  be  used.  JBlue 
colour  is  made  of  oxide  of  cobalt,  mingled  with  flint  or  carbonate  of 
lime  so  as  to  dilute  it  to  the  proper  tint.  Lilac,  of  smalts  'Si  parts,  man- 
ganese 1.  Brown,  mSre  2,  lithaige  2,  antimony  1,  manganese  1.  Bed- 
brown,  manganese  12,  litharge  2,  flint  2,  glass  1,  borax  1.  Orange, 
litharge  6,  antimony  4,  oxide  of  tin  1,  oxide  of  iron  2.  Pink,  sub- 
chromate  of  tin  and  carbonate  of  lime,  equal  parts.  Oreen,  oxide  of 
chromium,  the  tints  varied  with  cobalt  or  tin.  Black,  red-lead  60, 
antimony  25,  manganese  15,  fritted  together;  then  add  oxide  of  cobalt 
40,  oxide  of  tin  5. 

Some  patterns  are  executed  on  biscuit  by  painters,  who  lay  on  the 
colours  in  gum-water,  in  which  case  the  firing  in  the  muffle  is  not 
required;  but  the  choice  of  colours  in  this  kipA  of  painting  is  rather 
limited,  as  the  heat  of  the  glazing-oven  and  the  chemical  action 
of  the  materials  of  the  glaze  would  be  destructive  to  many  colours 
which  are  used  by  the  enamdler  upon  the  glaze.  For  a  descrip- 
tion of  the  modes  of  printing  and  glazing,  see  Eabthenwarb. 
The  following  glazes  are  excdlent,  and  have  been  successfully 
used  in  ihe  Siaflbrdshire  potteries ;  ^ey  must  be  ground  very  fine  at 
the  mill.  Oream-coUmr  glaze. — White-lead  60,  Cornish  granite  22, 
flint  12.  PrwUedrware  t/loze.— White-lead  45,  Cornish  granite  28,  flint 
18,  flint-glass  14.  In  these  forms,  the  ingredients  are  simply  ground 
together,  and  are  therefore  called  raw  glazes,  in  distinction  from 
such  as  have  a  portion  of  the  materials  fljrst  united  by  calcination  into 
a  frit,  or  indpient  glass ;  by  this  practice,  a  more  complete  combination 
is  eflbcted,  a  thinner  coating  of  glaze  wUl  suffice,  and  the  ware  in  con- 
sequence is  less  liable  to  cnize  with  change  of  temperature.  Fritted 
grJoze.— Cornish  granite  80,  flint  16,  red-lead  25,  soda  13,  borax  17 ; 
mix  and  calcine  in  the  easiest  part  of  the  gloss-oven,  la  saggers  lined 
with  flint;  then  take  of  the  frit  26,  Cornish  granite  15,  flint-glass  10, 
flmt  9,  white-lead  40 ;  grind  the  whole  with  a  little  oxide  of  cobalt,  to 
increase  the  whiteness.  Drnft-wore  glaze. — Lithaige  56,  Cornish  granite 
20,  flint  24.  Blue  glazc—VHixit  40,  boxax  24,  red-lead  16,  Cornish 
granite  7,  soda  5,  oxide  of  tin  5,  oxide  of  cobalt  5 ;  caldne,  then  grind 
with  the  addition  of  a  little  pearl-ash.  Qrwn  glaze, — Dissolve  six 
pounds  of  sulphate  of  copper,  and  predpitate  it  with  a  solution  of 
borax;  to  which  add  10  quarts  of  wmte  glaze.  TtXUyw glaze.— XUAwa 
a  white  glaze  with  king%  yellow,  to  the  depth  of  tint  desired;  or  ohro- 
mate  of  lead.  Black  ^2a2A— Red-lead  74,  flint  14,  manganese  10,  pro- 
toxide of  iron  2. 

We  proceed  to  point  out  the  chief  differences  between  eaiiheMoan 
and  poredaan. 

Porcelain  is  a  finer  spedes  of  ware,  in  which  the  ingredients  are  so 
selected  that  they  act  diemically  upon  each  other,  and  are  brought  to 
a  st  ate  of  vilification.  The  fracture  has  a  dense  or  greasy  surface, 
like  that  of  a  flint  stone,  and  is  not  liable  to  be  acted  upon  by 
adds.    When  the  porcelain  is  coloured  by  metallic  matter,  it  is  called 


stonc-mire ;  jasper  and  some  drab-ware  are  of  this  description  ;  but 
when  it  is  perfectly  free  from  colouring  matter,  and  is  trans1wowvt» 
it  is  called  China:  of  which  there  are  two  spedes,  kard  and.  »ofi. 
It  is  necessary  to  bear  in  mind,  however,  to  prevent  oonfusioii,  tkat 
many  writers  treat /)orce2am  and  china  as  oonviirtible  tenna,  applying 
the  former  name  as  well  as  the  latter  to  translucent  ware  only. 

Hard  china  is  xpade  of  silex,  generally  ^  fine  sea-sand,  V»^iH  <a 
china-day,  and  felspar ;  sometimes  the  felspar  is  omitted,  and  a  asoaQ 
quantity  pf  sdenite,  or  carbonate  of  barytes,  or  strontian,  is  used  in  iti 
place. 

Hard  Ohina  body  is  made  of  kaolin  70,  felspar  14,  sand  12,  aelenifte 
4.    The  mixture  is  sometimes  made  id  lime-water,  an4  naust  be 
ground  yeiy  fine  at  a  mill.    When  the  paste  is  moulded  into  thd 
desired  forms,  it  is^  fired  in  the   biscuit^yen  at  a  mndfinit^  heat ; 
when  taken  out,  it  is  very  bibulous,  and  opaque.    In  this  state  it  u 
dipped  in  the  glaze,  which  is  felspar*  ground  fine,  with  the  additioii  of 
a  little  alkalL    Some  prefer  a  mixture  of  felspar  and  broken  china 
ground  together.    It  is  then  submitted  to  a  second  fire   of  grau 
intensify  which  not  only  mdts  the  ^laze  on  the  sur^^oe,  bat  yitrifes 
the  entire  mass,  which  tnus  unites  with  the  softer  matter  on  the  sur- 
face so  completely,  that  the  glaze  does  not  form  a  coating  of  glaa 
upon  the  body,  but  appears  like  the  sur&ce  of  a  stone  ooliwed  by  a 
lapidary.    This  homogendty  prevents  any  crazing ;  but  tne  prooeai  if 
one  of  mudi  hazard,  for  if  the  fire  is  prolonged  beyond  the  critioJ 
moment  when  the  vitrification  is  eflSsctea,  and  the  suiiace  has  becoiitf 
bright,  the  goods  will  mdt,  and  sink  in  the  saggers.    Oriental,  French, 
and  German  china  are  made  on  tlus  prindple ;  but  the  Ifn^Vl*  have 
followed  the  safer  practice  which  we  shall  next  describe,  and  which  the 
]Prench  manufacturers,  aware  of  its  advantages,  now  adopt     Sqft  or 
Tender  China  is  made  by  firing  the  biscuit  to  its  full  yitresoenee  in  the 
first  oven,  the  shape  of  the  artides  being  preserved,  during  their  yitres- 
cence,  by  being  imbedded  in  flin^powder,  Ac. ;  and  then  gazing  in 
the  second  oven  at  a  lower  degree  of  heat,  so  as  not  to  endanger  the 
xndting  of  the  goods.    The  union  between  the  body  and  the  glaze  is 
however  more  complete  than  in  earthenware,  the  gladng-fire  being 
much  more  intense.    Bones  caldned  and  ground  are  laigdy  used  is 
the  manufacture  of  English  china,  combined  with  aluminous  and 
silidous  earths  in  such  proportions  that  they  will  vitrify  togetlier. 
This  effect  is  promoted  by  the  phosphoric  acid  of  the  bones,  which  tt 
a   high  heat  difiusee  iiedf  through  all  the  materials,  Mid  unites 
them  into  a  translucent  enamel,  less  i^t  to  sink  and  lose  lis  form 
.than  the  hard  porcelain ;  it  therefore  idaj  be  made  in  larger  ovcna, 
and  with  less  risk  of  loss  to  the  potter.    ingUsh  China  hodg  eonsists  of 
bone  46,  china  day  31,  Cornish  granite  23.    For  large  pieces,  such  as 
dishes,  &c.,  a  little  Dorset  clay  is  added,  to  give  more  ductility  in 
working  and  knore  stability  in  the  fire;  but  when  grest  purity  of 
whiteness  and  transparency  are  wanted,  a  higher  degree  of  vitreaceoee 
is  obtained  by  fritting  silex  and  bone  together  as  the  baab  of  the  body. 
Fritted  China  body  comprises  bone  55,  Lynn  sand  %7,  potash  2,  cal- 
dned together ;  then  ground  fine,  with  China  clay  18.    Glaze  for  China 
is    harder  than    for   earthenware.      The  following  is  excdleot:— 
Comish  granite  25,  soda  6,  borax  3,  nitre  1 ;  mix,  and  firit  in  gloa»- 
oven ;  then  take  frit  26,  Comish  granite  26,  white-lead  SI,  flint  7, 
carbonate  of  lime  7,  oxide  of  tin  3.    The  whiteness  is  increased  by 
the  addition  of  a  little  oxide  of  cobalt.    Another  China  i^ase  conaiskft 
of  teVspar  38,  Lynn  sand  24,  carbonate  of  lime  11,  borax  27 :  to  be 
fritted ;  then  take  frit  60,  Comish  granite  20,  white-lead  20. 

The  application  of  the  glaze  and  mode  of  firing  are  the  same  as 
already  described. 

The  decoration  of  china  by  enamel  edoun  and  gold  aifi>rds 
employment  to  a  great  numb^  of  persons,  some  of  whom  attain 
great  excellence  in  their  art.  Tlie  colours  oaod  are  all  prepared 
from  metallic  oxides,  which  are  ground  with  fluxes,  or  fusible  glaaaes, 
of  various  degrees  of  softness,  suited  to  the  peculiar  oolooim  with 
which  they  are  used.  The  flux  of  most  general  appHcaJtion  is  made  of 
red-lead  6,  borax  4,  flint  2.  When  painted,  the  goods  are  placed  in 
the  enamd-kiln,  where  the  fluxed  colours  melt,  and  fasten  to*  the 
glazed  surface.  The  judidous  management  of  these  mixtures 
requires  much  study,  and  is  •  still  susceptible  of  improvement  by 
the  aid  of  chemical  science.  Biuet  are  made  from  cobalt^  varied 
iyf  the  addition  of  the  oxides  of  zino  or  tin.  Pho^horio  add 
ffives  it  a  rich  purple  tint;  alumina  also  varies  its  hue.  Oreen  'u 
from  oxide  of  copper,  melted  with  a  soft  flux,  and  ground ;  its  tints 
are  varied  by  adding  blue  or  yellow  or  white  enameL  Fine  greens, 
which  bear  a  fire  that  destroys  a  copper-green,  are  made  from  pro- 
toxide of  chrome,  varied  with  the  addition  of  cobalt,  lead,  tin,  or 
alumina.  Bed  consists  of  nitrate  of  iron,  dlohromate  of  lead,  or 
muriate  of  manganese.  Pink,  of  subchromate  of  tin.  Boee-eolmur,  of 
gold  and  tin  (predpitate  of  cassius)  vrith  a  little  diver.  Bnwn^  of 
chroinate  of  iron  or  antimony,  lead,  and  manganese^  Orm^,  of  anti- 
mony, tin,  and  iron.  YdUnOt  of  antimony,  tin,  and  lead;  also 
chromate  of  lead.  Black,  of  oxide  of  platinum  or  iron,  cobalt,  nickel, 
and  antimony.  1C%ite,  of  arsenic  and  tin.  An  infinite  yariety  of  tints 
may  be  obtamed  by  a  skilful  combination  of  the  above  with  suitable 
fiuxes,  the  description  of  which  in  detail  would  exceed  our  limits. 
Few  potters  prepare  their  own  colouis;  they  are  supplied  by  persona 
who  devote  themselves  to  that  art. 

Gold  is  applied  to  china  in  the  state  of  smdgam  ground  fine  in  tar> 
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pontine  with  a  meiallio  flux.  .  Thus,  gold  oxldlBed  by  being  thrown  in 
a  melted  state  into  aquafortifly  1  ounce ;  quickailyer  14  pennyweight 
oxide  of  ^bismuth  1  pennyweight,  chloride  of  silyer  2  pennyweighta. 
In  the  enamel-kiln,  the  bunnuw  and  silyer  melt,  and  nz  the  gold  to 
the  china,  without  dissolving  it  so  as  to  prevent  its  being  bumiuied. 

TherQ  has  been  some  dispute  (into  whicb  it  is  unnecessary  to  enter) 
as  to  the  invention  of  parian,  the  beautiful  biscuit-ware  adopted  for 
statuettes.  The  substance  itself  came  into  use  about  the  year 
1842,  and  is  difficult  to  manufacture;  the  articles  are  moulded  in 
many  pieces,  and  shrink  much  dx^ng  several  successive  firings. 

PoUtry. — This  name  is  often  given  to  the  coarser  kinds  of  red, 
yellow,  and  brown  ware,  such  as  that  of  which  large  vessels  are  made ; 
but  the  word,  like  porcdcan,  is  used  in  a  very  indeterminate  way.  Be 
the  name  what  it  may,  however,  the  substance  itseH  has  become  com- 
mercially of  much  importance.  Lambeth  is  the  head-quarters  of  this 
manufacture.  What  is  called  Lamheih  $Umeware  is  a  vitrified  body, 
having  its  sur&ce  coated  with  a  glaze  made  at  a  very  high  heat  by 
throwing  salt  into  a  ^hot  oven ;  or  with  a  glaee  of  silicate  of  soda. 
According  to  a  paper  read  by  Mr.  Goddard,  before  the  Society  of  Arts, 
in  1860,  there  were  in  Lambeth,  about  the  year  1820,  aiz  or  seven 
potters,  having  sixteen  small  kilns  of  8  feet  diameter,  making  about 
20{.  worth  per  kiln-full  of  blacking-bottles,  ginger-beer  bottles,  pickle- 
jars,  and  lurticles  of  a  like  Idnd ;  and  for  some  years  afterwards  the 
trade  did  not  materially  change  its  character.  At  a  later  date,  how- 
ever, when  sanitary  measures  began  to  be  adopted  in  the  metropolis 
and  other  towns,  a  demand  for  stoiiewire  drain-pipes  gave  a  new 
impetus  to  the  Lambeth  potters,  who  have  ever  since  made  rapid 
advances  in  the  scale  of  their  manufactures.  Casting  in  moulds  and 
turning  in  the  lathe  are  processes  now  much  more  adopted  than 
formeriy  in  the  production  of  this  kind  of  ware ;  as  a  consequence,  the 
quality  and  finish  of  the  articles  are  greatly  imtn-oved.  The  Lambeth 
potters  used  to  content  themselves  with  any  kind  of  clay  that  came 
to  hand ;  but  now  the  higher  kind  of  ware  demands  the  days  of  Devon 
and  Dorset,  and  a  peculmr  variety  found  near  Fareham.  Vessels  are 
now  made  of  Lambeth  stoneware  ^capable  of  containing  800  gallons; 
they  are  formed  of  layer  upon  layer  of  day,  successively  and  carefully 
applied,  and  each  is  hardened  before  the  next  is  added.  Filters  for 
domestio  use  now  constitute  a  hug?  and  important  department  of 
Lambeth  manufactures.  Drain  and  other  pipes,  condensers  and  worms 
for  distilling,  pumps,  jugs,  ladles,  funnels,  pans,  baths,  jars,  druggists' 
pota,  tobacco  lars,  tel^raph-insulators — ^these  are  among  tiie  large 
number  of  artldes  made  of  Lambeth  stoneware.  There  are  now  in 
this  district  seventy  kilns,  with  an  average  capadly  of  501,  worth  of 
ware  per  kUn.  One  firm  alone,  that  of  Messrs.  Doulton,  consume  about 
8000  tons  of  coal  and  8000  tons  of  clay  annually;  for  it  appears 
that,  taking  one  kind  with  another,  the  stoneware  requires  about  as 
much  coal  to  bake  it  as  day  to  make  it 

Of  the  commonest  kinds  of  pottery,  such  as  flower-pots,  ftc.,  nothing 
need  be  said;  the  cheapest  day  and  the  quickest  work  sufiioe  for 
their  production. 

POTTINa  OF  PLANTS.  When  plants  are  placed  to  grow  in  a 
small  earthen  vessel,  like  a  garden  pot,  their  oondUion  is  very  different 
from  that  to  which  they  are  naturally  exposed.  The  roots  have  not 
liberty  to  extend  themsdves  ai  they  choose,  and  they  are  dther  obliged 
to  grow  back  upon  themsdves  or  round  the  vessd  in  which  they  are 
confined;  they  are  likewise  exposed  to  great  varieties  of  temperature 
and  dep^id  on  an  imcertam  supply  of  moisture.  It  Is  therefore  the 
object  of  the  careful  gardener  to  obviate  as  mudi  as  possible  these 
evUs,  and  at  the  same  tinie  to  secure  the  advantages  derived  from  the 
operation  itsell  These  advantages  consist  mainly  in  the  facility  with 
which  it  enables  the  gardener  to  change  the  arrangement  and  position 
of  his  plants ;  it  also,  by  cramping  the  roots,  diminishes  the  tenden<7 
to  form  leaves,  and  hioreases  the  disposition  to  flower.  It  secures  a 
constant  and  effective  drainage  from  the  roots,  and  renders  it  more 
easy  to  expose  them  to  a  favourable  an^unt  of  bottom  heat  For  the 
rainng  and  nourishment  of  young  seedlings  it  is  also  an  advantageous 
process.  Exhaustion  of  the  soil  is  one  of  the  inconvemences  which 
result  from  this  system.  In  order  to  remedy  it  liquid  manure  should 
be  applied ;  or  the  plants  placed  in  pan-feeden,  shallow  earthen  vessels 
containing  manure,  to  which  the  roots  have  access  through  holes  in 
the  bottom  of  the  pot.  It  is  however  to  akifting  more  particularly 
that  recourse  should  be  had  for  renovating  the  soil;  and  this,  rE 
skilfully  performed  without  injuring  the  plant,  is  most  successful.  It 
js  not  alone  for  the  purpose  of  improving  the  soil  that  shifting  is 
desiiable ;  the  roots  If  allowed  to  remain  long  in  a  confined  space  form 
a  hard  knotted  mass,  which  is  very  unfavourable  to  the  retention  of 
moisture  and  the  growth  of  the  plant.  All  the  earth  therefore  which 
clings  to  the  roots  should  be  carefully  separated  before  the  plant  is 
pla<»d  in  the  fresh  soil  The  roots  of  a  plant  are  always  found  to  be 
in  contact  with  the  sides  of  the  pot,  and  this  being  generally  composed 
of  a  highly  absorbent  substance,  is  subject  to  great  variations  of 
temperature.  The  practice  dt  plunging  greenhouse  plants  into  the 
earth  during  the  summer  to  obviate  this  is  very  undesirable,  as  when 
they  are  again  taken  up  the  roots  are  generally  found  to  have  taken 
advantage  of  the  earth  around  them  and  to  have  ^stoned  themsdves 
in  it.  The  drainage  of  potted  plants  is  of  great  importance,  and  in  all 
cases  a  quantity  of  broken  pieces  of  tiles  and  eartiienware  should  be 
placed  at  the  bottom  of  the  pots  to  prevent  the  stagnation  of  water 


about  the  roots.  To  be  managed  perfectly  a  young  plant  should  be 
placed  in  as  small  a  pot  as  it  will  grow  in,  and  gradually  and  successivdy 
transferred  to  large  pots  as  it  advances.  Dr.  Lindley  ('Theory  of 
Horticulture ')  says,  "  It  Is  by  paying  constant  attention  to  the  shifting 
of ^  the  growing  plant,  bv  the  employment  of  a  very  rich  stimulating 
soU,  and  by  a  thorough  knowledge  Of  the  kind  of  atmosphere  which 
suits  them  best,  that  have  been  obtained  those  magnificent  pelar- 
goniums, cockscombs,  and  balsams,  &c.,  that  have  so  oft^  and  so  justiy 
exdted  the  admiration  of  even  th^most  experienced  gardeners." 

POULTRT,  from  the  French  pouUt.  The  term  indudes  all  the 
domesticated  birds  reared  for  the  table;  fowls,  turkeys,  geese,  ducks, 
and  Guinea  fowls. 

-Poioi*.— "The  strong  and  ambulatorial  feet  of  the  gallinaceous  birds 
adapted  to  the  region  where  they  chiefly  resort  for  their  food  and  the 
purposes  of  incubation;  their  toes  and  nails  peculiarly  formed  for 
scrs^diing  up  the  grains  and  seeds  which  constitute  tiie  main  part  of 
their  subaisteuce ;  their  short  wings  and  the  wealmess  of  their  pectoral 
muscles,  which  cause  the  heaviness  of  their  flight,  a  deflden^  which  is 
counterbalanced  bv  the  strength  of  those  muscles  of  the  wighs  and 
legs  that  contribute  to  their  powers  of  running ;  their  gregarious,  and, 
generally  speakihg,  polygamous  habits :  the  ease  with  which  they  are 
domesticated;  their  wholesome  flesh;  together  with  many  striking 
peculiarities  in  their  anatomy,  serve  equally  to  distinguidi  theuL" 
(YigoiB, '  Linnean  Transactions,'  p.  402.) 

»ome  foreign  varieties  have  not  even  the  rudiment  of  a  tail,  while 
others  are  distinguished  by  it.  The  game  cook,  which  is  probably  a 
native  of  India,  tiiough  for  many  centuries  established  in  England,  has 
an  unusual  length  of  spur,  his  natural  weapon  of  combat  The  flesh  of 
this  variety  is  delicately  white  and  of  the  finest  flavour,  the  plumage 
brilliant,  and  the  form  symmetrical ;  but  from  their  pugnadous  temper 
there  is  great  difficulty  in  rearing  even  those  of  the  same  brood ;  and 
for  companionship  with  the  general  inmates  of  the  fowl-yard  they  are 
very  exceptionable  for  the  same  cause.  So  pugnadous  howeVerare 
the  males  of  almost  every  variety,  that  they  will  spur  even  before  their 
spurs  are  ^wn.  For  the  natural  history  and  peculiarities  of  the 
various  varieties,  we  refer  to  Fhabiaiodjb,  OaUus,  in  Kat.  Hist.  Dnr. : 
we  shall  merely  notice  in  this  place  the  kinds  suited  to  the  purposes 
of  the  farmer. 

The  best  breed  of  the  gallinaceous  fowls  is  the  produce  of  the 
Dorking  (Surrey)  cock  and  the  common  dunghill  fowl.  This  cross  is 
larger  and  plumper,  and  more  hardy  than  the  pure  Dorking,  without 
losing  delicacy  of  flavour  or  whiteness  of  flesh. 

The  characteristics  of  the  pure  Dorking  are,  that  It  is  white-f  eathei«d, 
short-lcttged,  large-bodied,  and  a  ftur  layer.  The  peculiarity  of  this 
established  varie^,  which  has  frequentiy  five  daws  perf ectiy  articulated 
(with  sometimes  a  sixth  springing  laterally  from  the  fifth,  but  always 
imperfect),  is  well  known.  The  crossing  with  the  Sussex  fowl  has 
however  greatly  diminished  the  monstrodty  in  the  Surrey  pentadactylus 
variety.  But  though  the  true  Dorking,  which  is  wUte,  is  much 
esteemed,  that  colour  is  rare,  and  prized  for  the  ornament  of  the 
try-yaid:  speckled  colonn  are  most  generally  seen  with  the 
ier. 

he  Poland  breed,  whidi  is  black-feathered,  with  white  topknots, 
li^  well,  and  is  highly  desirable  where  the  production  of  eggs  for  the 
table  is  the  prindpal  object;  but  they  sddom  sit,  though  they  cannot 
be  considered  long-legged. 

The  Chittagong,  or  Malay,  which  is  a  veiy  large  Indian  varie^,  is 
generally  long-legged,  with  yellow  body  and  coarse  yellow  flesh. 
Fanders  used  to  like  them  for  their  fine  appearance  and  thdr  laige 
eggs ;  but  as  theur  long  legs  incapadtate  them  from  steady  sitting,  they 
are  not  general  favourites.  One  of  our  practical  acquaintances  recom- 
mends t^e  male  produce  of  the  Poland  and  Chittagong  as  a  good  cross 
with  the  common  dunghill  hen,  as  thdr  progeny  will  sit. 

The  Cochin  China  fowl,  brown  or  buff  coloured,  is  a  large  shorter- 
lagged  bird,  a  constant  layer,  and  brought  largely  into  use  of  late  years : 
its  eggs  are  small.  The  Spanish  or  black  fowl  is  also  atonstant  layer 
of  large  eggiB.  The  following  on  the  characteristics  of  poultry  is  from 
the  pen  ofa  writer  in  a  journal  whidi  has  now  ceased  to  exist,  the 
'  Poultry  Chronicle  : ' — 

1.  Oame  Fowk. — ^Elegant  and  eompact  in  appearance,  hardy  in  con- 
stitution, excellent  caterers  for  themselves,  good  layers  of  delicious 
eggs,  excMsUent  mothers  and  rearers  of  progeny,  chickens  unsurpassed 
.in  flavour  when  dressed.  Hie  sole  drawback  to  this  prince  of  breeds  is 
their  dispodtion  to  flght ;  but  I  cannot  say  that  this  amounts  to  mudi, 
as  during  the  time  I  kept  them,  I  lost  bat  four  or  five  chickens  from 
this  cause. 

2.  SpatU^ — ^Noble  birds,  abundant  layers  of  very  laige  eggs,  may 
be  keti  in  confined  spaces  more  readily  thian  other  breeds,  no  mothers, 
but  the  chickens  hardy,  only  wanting  extra  attention  at  about  a  month 
to  six  weeks  old  when  feathering,  good  table-bird — should  be  wdl  kept 

3.  Dwidng, — Genuine  old  English  fowl,  somewhat  delicate  in  con- 
stitution, and  seems  to  thrive  most  on  warm  and  dry  soils ;  eggs  huge 
and  well-flavoured,  but  not  abundant,  fair  mothers,  chickens  not  so 
easy  to  rear  as  other  breeds,  splendid  table-fowl  where  a  laige  plump 
bird  is  preferred,  wants  liberal  keep  and  warm  housing. 

4.  QM  and  Bihar  PenciOed  JIamburgs. — Extremdy  degant  in  arp- 

f'  pearanoe,  forage  well  iar  their  Uving,  but  require  more  feeding  thsm 
the  game  fowl    lay abundantiy,  but  small  eggs;  never  incubate, or 
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but  very  larely)  chiokens  Bomewhat  difficult  to  rear,  unless  in  Tory 
favoured  spots;  nice  birds  for  eating,  but  small;  must  have  a  good 
range  to^  keep  tliem  in  kealth. 

5.  Spangled  Hamhurgs, — ^Vejy  handsome,  abundant  layers,  chickens 
tolerably  hardy,  and  a  very  good  bird  for  the  table;  their  incubating 
qualities  are  seldom  manifested ;  require  a  good  run. 

6.  PoUtH. — Gk)od  layers,  very  elegant  in  form,  rare  incubators,  chickens 
very  d^oftte  at  first,  warm  housing  indispensable. 

7.  Codiim* — ^Varied  plumage,  hardy,  excellent  eggs  and  more  abun- 
dant than  any  other  breed,  good  mothers,  chickens  strong,  and  grow 
rapidly  under  good  feeding ;  good  for  table  at  four  months  old,  but 
not  after ;  require  very  liberal  feeding ;  feathers  valuable. 

Those  who  intend  to  rear  fowls  or  any  kind  of  poultry  on  a  large 
scale,  should  have  a  distinct  yard,  perfectly  sheltered,  and  with  a  warm 
aspect,  well  fenced,  secure  £rom  thieves  and  vermin,  and  sufficiently 
inclined  to  be  always  dry,  and  supplied  with  sand  or  ashes  for  the 
cocks  and  hens  to  roll  in,  an  operation  necessary  to  disengage  their 
feathers  from  vermin  :  running  water  should  be  especially  provided ; 
for  the  want  of  water,  of  which  all  poultry  are  fond,  produces  consti- 
pation of  the  bowels  and  inflammatory  diseases ;  and  for  geese  and  1 
ducks,  bathing  is  an  indispensable  luxury.  A  contiguous  field  is  also  | 
necessary  for  free  exercise,  as  well  as  for  the  supply  of  grubs  and  grass 
to  the  geese.  The  fowl-house  should  be  dry,  wdl-roofed,  and  fronting 
the  east  or  south,  and,  if  practicable,  at  the  back  of  a  stove  or  stables ; 
warmth  being  conducive  to  health  and  laying,  though  extreme  heat  has 
the  contrary  effect.  It  should  be  furnished,  with  two  small  lattice 
windows,  that  can  be  opened  or  shut  at  pleasure,  at  opposite  ends,  for 
ventilation,  which  is  frequently  necessary;  and  ^e  perches  should  be 
so  arranged,  that  one  row  of  roosting  fowls  should  not  be  directly  above 
another. 

M.  Parmentier  has  shown  (' Dictionnaire  d'Agriculture')  by  what 
arrangement  a  house  twenty  feet  long  and  twelve  feet  wide  may  be 
made  to  accommodate  150  hens  at  roost    The  plan  is  this : — the  first 
roosting-perch  (rounded  a  little  at  the  upper  angles  only,  for  gallinaceous 
fowls  cannot  keep  a  firm  hold  on  perfectly  cylindrical  supporters)  should 
be  placed  lengthways,  and  rest  on  tressels  in  each  end  wall,  six  f eeit  from 
the  front  wal^  and  at  a  convenient  height,  which  must  depend  on  the 
elevation  of  the  house  from  the  floor,  which  should  be  formed  of  some 
well  consolidated  material  that  can  be  easily  swept.    Another  perch 
should  be  fixed  ladder-ways  {en  Sehdon)  above  this,  but  ten  inches  nearer 
to  the  back  wall,  and  so  on,  until  there  are  four  of  these  perches,  like  the 
steps  of  a  ladder  when  properly  incUned,  but  with  a  sufficient  distance 
between  the  wall  and  ^e  upper  one  to  aUow  the  poultrv-maid  to  stand 
conveniently  upon  when  i^e  has  occasion  to  examine  the  neste,  which 
it  is  her  duty  to  do  every  day  at  least  once,  and  in  the  forenoon.    The 
highest  of  tnese  she  can  reach  by  standing  on  a  stool  or  step-ladder. 
By  this  contrivance  the  hens,  when  desirous  of  reaching  the  nests,  have 
no  occasion  to  fly,  but  merely  to  pass  from  one  stick  to  another.    If 
the  size  and  form  of  the  house  permit,  a  similar  construction  may  be 
made  on  the  opposite  side,  care  being  taken  to  leave  an  open  space  in 
the  middle  of  the  room,  and  a  sufficiently  wide  passage  for  the  atten- 
dant to  pass  along  the  waJls.    It  is  not  at  aU  required  to  have  as  many 
nesto  as  nens,  because  they  have  not  aU  occasion  to  occupy  them  at 
tlie  same  time ;  and  besides,  they  are  so  far  from  having  a  repugnance 
to  lay  in  a  common  receptacle,  that  the  sight  of  an  egg  stimulates  them 
to  lay.    It  is  however  true  that  the  most  secluded  and  darkest  nesto 
are  tiiose  which  the  hens  prefer. 

.  The  nests,  if  built  into  the  wall,  ore  in  tiers  from  the  bottom  to  the 
top,  the  lowest  being  about  three  feet  from  the  ground,  and  a  foot 
square.  If  the  laying-chambers  consist  of  wooden  boxes,  they  are 
usually  fumiahed  with  a  ledge,  which  is  very  convenient  for  the  hens 
when  rising. 

But  the  best  receptacles  for  the  eggs  are  those  of  basket-work,  as 
they  are  cool  in  summer,  and  can  easily  be  removed  and  washed.  They 
ought  to  be  fastened  not  directly  to  the  wall,  as  is  generally  the  case, 
but  to  boards  fixed  in  it  by  hooks,  well  clinched,  and  with  a  little  roof 
to  cover  Uie  rows  of  baskets.  Thev  will  thus  be  isolated,  to  the  great 
satisfaction  of  the  hen,  which  delighto  in  the  absence  of  all  disturbing 
influences  when  laying.  All  the  ranges  of  nests  should  be  placed 
cheque-wise,  in  order  that  the  inmates,  when  coming  out,  may  not 
startle  those  immediately  under :  those  designed  for  hatohing  should 
be  near  the  ground  (where  instinct  teachbs  the  hen  to  choose  her  seat), 
and  so  arranged  that  the  hens  can  easily  enter  them  without  disturbixig 
the  eggs. 

Wheaten  or  rye  straw  is  the  most  approved  material  for  the  bedding, 
being  cooler  tlum  hay  :  the  hens  are  sometimes  so  tortured  by  lice  as 
to  forsake  their  neste  altogether,  In  an  agony  of  reetlessneas.  A 
Dorking  housewife  has  assm^  us  that  she  once  lost  an  entire  clutch, 
from  having,  as  she  believes,  given  a  bed  of  hay-seeds  to  her  sitting 
hen.  The  chicks  were  all  ^ued  to  the  shells,  and  thus  destroyed, 
owing,  as  she  thinks,  to  the  high  temperature  occasioned  by  the  fer- 
menUng  seeds. 

For  all  purposes  two  cocks  in  a  good  run  are  considered  in  the 
poultry  counties  contiguous  to  London  as  sufficient  for  twelve  or 
fourteen  hens,  but  in  France  they  allow  twenty  mistresses  to  each 
oock,  which  no  doubt  is  on  account  of  the  higher  temperature  there. 
In  a  confined  yard,  five  hens  are  sufficient  for  one  cock  in  our  cold 
country,  and  a  double  set  will  not  answer  in  very  Umited  space. 


When  there  are  two  or  more  cocks,  care  should  be  taken  not  to  have 
them  of  equal  age  or  size,  for  in  this  case  they  are  always  jealous  and 
quarrelsome ;  if  one  is  decidedly  ascendant,  the  other  will  never  pre- 
sume to  disputo  with  him.  It  will  be  judicious  also  to  avoid  the 
introduction  or  changing  of  cocks  in  the  breeding  season,  for  the  hesu 
require  constant  intercourse  with  them,  and  several  days  frequeotJj 
elapse  before  they  become  familiarised  with  a  stranger.  The  best 
way  is  to  bring  in  the  new  cock  in  the  summer,  either  as  a  chick,  or 
late  in  the  year  in  the  moulting  season,  when  he  will  not  take  too 
much  notice  of  the  hens.  As  a  general  rule  it  would  be  weQ  to  hsTe 
one  a  yearling,  and  the  other  a  year  older.  In  the  third  year,  the 
cock,  who  then  becomes  lazy  and  excessively  jealous,  should  be  killed. 
In  order  to  have  the  earliest  chickens,  hens  should  be  induced  to  ait 
in  October,  which  they  may  do  if  they  have  moulted  early.  By  aUok- 
tion  in  this  particular,  chickens  can  be  brought  to  the  market  at 
Christmas.  But  the  object  should  be  in  general  to  set  the  eggi  aa 
soon  as  possible  after  Christmas,  in  order  to  have  chickens  with  the 
forced  asparagus  in  March,  when  they  are  worth  in  London  from  7fc 
to  lOf.  a  couple. 

In  selecting  eggs  for  hatohing,  care  should  be  taken  that  thej  are 
not  at  the  utmost  more  than  a  month  old,  but  th^  oondition  for 
hatching  will  greatly  depend  upon  the  temperature  of  the  weather: 
vitality  continues  longest  when  the  air  is  oooL 

It  has  becoi  asserted  that  the  future  sex  of  the  bird  is  indicated  bj 
the  shape  of  the  egg;  the  round  producing  the  female, and  the  oUoog 
the  male.  But  this  is  contradicted,  and,  we  believe,  with  soffident 
reason ;  and  it  is  impossible  not  only  to  foretell  the  sex,  but  even  to 
ascertain  whether  the  egg  be  fecundated.  This  however  is  certain, 
that  if  the  air-bag  (at  the  obtuse  end),  which  has  been  miataken  for 
the  germ,  and  the  purpose  of  which  is  to  oxygenate  the  blood  of  the 
chick,  be  perforated  even  in  the  least  conceivable  dogree,  the  gene- 
rating power  is  lost  altogether.  Those  eggs  only  whidi  have  been 
fecundated  by  the  male  are  possessed  of  the  vital  principle.  The 
number  of  eggs  for  a  hen  should  not  exceed  sixteen,  as  die  cannot 
impart  the  neoessary  warmth  to  more.  It  is  by  no  means  uncommon 
with  experienced  breeders  to  place  two  hens  on  the  same  day  on  their 
respective  eggs,  and  Ihen  on  the  twenty-first  day,  when  the  broods  are 
out,  to  give  me  maternal  charge  of  both  to  one  of  the  hens,  remoriqg 
the  other  to  another  set  of  eggs,  which,  if  she  be  a  steady  sitter,  ahe 
will  hatoh  as  in  the  first  instance.  This  however  must  be  deemed  a 
cruelty,  though  some  hens  -^ould  instinctively  oontinae  to  sit  ootil 
death.  They  would  however  become  so  attenuated  by  ooostaot 
sitting,  as  to  lose  the  power  of  communicating  to  the  eggs  the  neoes- 
sary degree  of  warmth.  The  practice  of  the  Surrey  breeders  ii  to 
feed  tixe  hen  on  oate  while  sitting,  as  less  stimulating  than  baricy, 
which  they  give  to  the  laying  hens  on  account  of  this  very  quality. 

Some  fanden  use  artificial  mothers,  which  effect  the  porpoae  of 
imparting  tiie  necessary  heat  to  the  young  chicks  after  birth,  when 
there  is  no  natoral  mother  nor  a  trained  capon  to  brood  theuL  Theaa 
artffidal  mothers — as  tued  by  Mr.  Moubray,  and  described  by  him— 
are  boxes  lined  throughout  with  wooL  He  reoommends  that  a  curtain 
of  flannel  should  be  suspended  over  the  oi>ening  of  the  box  for  the 
exclusion  of  cold  air. 
Mr.  Young  states  that "  five  broods  may  at  once  be  cherished  under 
artificial  mother.    This  mother  may  be  framed  of  a  board  ten 
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inches  broad  and  fifteen  inches  long,  resting  on  two  legs  in  boat,  two 
inches  in  height,  and  on  two  props  behind,  two  inches  also  in  hoght 
The  board  must  be  perforated  with  many  small  gimlet-hoIeB,  for  the 
escape  of  the  heated  air,  and  lined  with  lamb's  slon  dresaed  with  the 
wool  on,  and  the  woolly  side  is  to  come  in  contact  with  the  chickens. 
Over  three  of  these  mothers  a  wicker  basket  is  to  be  placed  for  the 
protection  of  the  chickens,  four  feet  long,  two  feet  broad,  snd  fourteen 
inches  high,  with  a  lid  open,  a  wooden  sliding  bottom  to  draw  out  for 
cleaning,  and  a  long  narrow  trough  along  the  front,  resting  on  two 
very  low  stoola,  for  holding  their  food  Perches  are  to  be  fixed  in  the 
basket  for  the  more  advaoused  to  roost  on.  A  flannel  curtain  is  to  be 
placed  in  front,  and  at  both  ends  of  the  mothers,  for  the  chickena  to 
run  under,  from  which  they  soon  leam  to  push  outwards  and  inwards. 
These  moUiers,  with  the  wicker  baskete  over  them,  are  to  be  placed 
against  a  hot  wall,  at  the  back  of  the  kitchen  fire,  or  in  any  other  warm 
situation  where  the  heat  shall  not  exceed  80  degrees  of  Fahrenheil 

'*  When  the  chickens  are  a  week  old,  they  are  to  be  carried  with  the 
mother  to  a  grass-plat  for  feeding,  and  kept  warm  by  a  tin  tuba  filled 
wiUi  hot  water,  which  wiU  continue  sufficiently  warm  for  about  three 
hours,  when  the  hot  water  is  to  be  renewed  Towards  the  eveniog 
the  mothers  are  to  be  again  placed  against  the  hot  walL" 

The  artUioial  mother,  however,  is  only  a  mechanical  house  for  chieka 
already  hatched ;  but  the  process  of  bringing  the  embryo  of  orgaiuaed 
life  in  the  egg  through  all  the  stages  of  the  vital  prindple  until  it 
becomes  matured,  by  means  of  heated  ovens,  has  been  long  and  suoceas- 
fuHy  practised  in  Egjrpt. 

These  ovens,  which  are  constructed  with  bricks,  are  about  nine  feet 
high,  with  galleries  extending  through  the  whole  length,  and  contaxoing 
chambers  into  which  a  man  can  creep  through  a  very  contracted 
orifice  for  the  purpose  of  depositing  the  eggB*  which  are  laid,  to  the 
amount  of  several  thousands,  on  mate  or  beds  of  flax  over  the  bride 
floors.  The  heat  is  conveyed  through  flre-plaoes,  and  the  material  of 
the  slow  fires,  which  are  most  effective,  is  the  dung  of  oows  or  cam^ 
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combined  with  straw.  The  fires  are  kept  up  for  as  many  days 
(according  to  the  temperature  of  the  weather)  as  are  sufficient  to 
impart  such  a  degree  of  heat  as  will  continue  to  the  expiration  of  the 
twenty-one  days  required  for  the  hatching  of  chickens,  care  being 
taken  to  confine  the  warmth  by  dosing  up  all  the  orifices  communi* 
eating  with  the  external  air.  One  hundred  millions  of  chickens  are 
said  to  be  thus  annually  produced  in  Egypt.  For  the  detaUs  and 
statistica  on  this  interesting  subject,  see  the  Domestic  Habits  of  Birds, 
'  Library  of  Entertaining  Knowledge/  p.  138. 

M.  R&umur.  made  various  experiments  in  hatching  with  fermenting 
dung  in  hotbeds,  but  unsuccessfully;  life  was  developed,  but  never 
matured;  the  chicks  were  in  some  cases  even  feathered,  but  long 
before  the  full  time  they  lost  vitality.  He  succeeded  at  length,  "after 
trialfl  enough  to  wear  out  ihe  most  enduring  patience,"  with  an  oven 
free  from  &»  influence  of  the  vapour  exhaled  from  the  dung,  which  in 
the  previous  experiments  had  been  destructive  of  the  embryo.  He 
afterwards  succeeded  to  a  great  degree  by  using  a  box  or  shelves  over 
an  oven,  with  due  regard  to  uniformity  of  temperature.  Several  of 
the  eggs  in  this  latter  case  were  hatched  on  the  twentieth  day,  by 
which  the  usual  course  of  nature  was  anticipated  by  one  day.  But 
though  artificial  hatching  has  long  been  practised  with  success  in 
Egypt,  it  has  not  been  found  worth  the  expense  and  trouble  in  France, 
from  the  variableness  of  temperature  there  compared  with  that  in  the 
Delta;  where,  in  the  autumnal  season,  when  the  mamals  (hatching- 
ovens)  are  used,  it  is  remarkably  steady  and  extremely  warm. 

As  the  attempt  to  pursue  the  Oriental  system  has  failed  in  France, 
there  is  no  probability  of  its  succeeding  in  the  climate  of  Qreat 
Britain ;  but  it  by  no  means  follows  that  success  may  not  attend  such 
management  as  will  obviate  the  obstructions  which  arise  from  irregu- 
larities of  temperikture.  The  object  was  indeed  attained  some  years 
ago  by  means  of  the  application  of  the  Eccaleobion  (from  'EkkoX/w,  "  I 
call  forth,"  and  Bios,  ''life")  machinery  exhibited  in  London  by 
Mr.  Buclmell,  the  inventor  and  proprietor.  According  to  Mr. 
Bucknell,  his  eccaleobion  possessed  a  perfect  and  absolute  command 
over  temperature  ^m  800  degrees  of  Fahrenheit  to  that  of  cold  water ; 
BO  that  any  substance  submitted  to  its  influence  would  be  unifoimly 
acted  upon  over  its  whole  surface  at  any  required  intermediate 
degree  within  the  above  range,  and  such  heat  maintained  unaltered, 
without  trouble  or  difficulty,  for  any  length  of  time :  and  "  by 
means  of  this  absolute  and  complete  command  over  the  temperature 
obtained  by  this  machine,  the  impregnated  egg  of  any  bird,  not  stale, 
placed  within  its  influence  at  the  proper  degree  of  warmth,  is,  at  the 
expiration  of  its  natural  time,  elicited  into  life,  without  the  possibility 
of  faUure,  which  is  sometimes  the  case  with  eggs  subjected  to  the 
caprice  of  their  natural  parent" 

That  chickens  were  thus  hatched  in  considerable  numbers  is 
unquestionable,  many  thousands  having  been  brought  into  exist- 
ence by  this  single  eccaleobion  machine;  nor  was  any  difficulty 
found  in  the  subsequent  rearing  of  those  chickens  wnen  proper 
yards  and  suitable  temperature  were  provided,  more  than  in  the 
natural  way ;  indeed  in  some  respects  less  so,  as  the  losses  sustained  in 
poultry  by  the  sudden  changes  of  the  weather,  and  the  influence  of 
dampness  in  particular,  and  accidents  &t>m  various  causes,  are  very 
considerabl&  But  probably,  from  not  proving  sufficiently  economical 
for  commerdal  purposes,  the  machine  does  not  appear  to  have  come 
intense. 

The  eccaleobion  machine,  capable  of  containing  2000  eggs,  resembles 
an  oblong  box,  nine  feet  in  length,  three  feet  in  breadth,  and  the  same 
in  height.  It  has  no  connection  with  the  walls,  against  which  it  is 
phtoed  on  the  table  on  which  it  stands ;  its  regulating  power  is  within.* 
The  contemplation  of  the  progressive  stages  through  which  life  is 
developed  and  matured  in  the  egg,  is  highly  interesting.  ^  The  contents 
of  the  shells,  of  the  species  under  immediate  consideration,  taken  out 
and  placed  on  a  plate  or  a  saucer  on  Mr.  Bucknell's  table,  present  the 
following  appearances,  according  to  ihe  respective  periods : —  ^ 

On  the  third  day,  the  embryo  orgamsation  of  the  skull,  brain,  heart, 
and  blood  is  perceptible  by  the  aid  of  a  magnifying  glass. 

Four^  day.    The  pulsation  of  the  heart  is  distinguishable  by  the 
naked  eye. 

Sixth  day.    The  chief  vessels  and  oigana  rudimentally  formed ;  the 
pulsation  and  circulation  of  blood  apparent. 

Ninth  day.  Intestines  and  veins  formed,  and  the  deposition  of  flesh 
and  bony  substance  commenced ;  the  beak  for  the  first  time  open. 

Twelfth  day.  The  feathers  have  protruded^  the  skull  has  become 
cutilaginous,  and  Uie  first  voluntary  movement  of  the  chick  is  made. 

Fifteenth  day.  Organs,  vessels,  bones,  feathers,  closely  approaching 
in  appearance  to  the  natural  state. 

EighteenUi  day.  Vital  mechanism  nearly  developed,  and  the  first 
sign  of  life  heard  from  the  piping  chick. 

Twenty-first  day.  The  chick  breaks  the  shell,  and  in  two  or  three 
hours  is  quite  active  and  lively. 

The  exit  of  the  chick  from  the  shell  is  aSsuredly  one  of  the  most 
interesting  processes  of  animated  nature  ever  investigated  by  naturalists. 
It  was  supposed  that  the  mother  bird  broke  the  sheU ;  but  M.  lUaumur 
luiB  long  since  detailed  the  processes,  and  we  ourselves  have  witnessed 
the  evolution  of  the  chick  in  the  eccaleobion  by  its  own  imassisted 
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efforts.  The  French  naturalist  to  whom  we  have  just  now  referred 
thus  explains  some  interesting  facts  : — "  I  have  seen  chicks  continue 
at  work  for  two  days  together.  Some  again  work  incessantly;  others 
take  rest  at  intervals,  according  to  their  physical  strength.  I  have 
observed  some,  in  consequence  of  their  impatience  to  see  the  light, 
begin  to  break  the  shell  a  great  deal  too  soon ;  for  they  ought,  before 
they  make  their  exit,  to  have  within  them  provision  enou^  to  serve 
for  twenty-four  hours  without  taking  food,  and  for  this  purpose  the  un- 
consumed  portion  of  the  yolk  enters  through  the  naveL  The  chick, 
indeed,  which  comes  out  of  the  shell  before  taking  up  aJl  the  yolk  ii 
certain  to  droop  and  die  a  few  days  after  it  is  hatched.  The  help 
which  I  have  occasionally  tried  to  give  to  several  of  them  towards  their 
deliverance  has  afforded  me  an  opportunity  of  observing  those  which 
had  begun  to  break  their  shells  before  this  was  accomplished ;  and  I 
have  opened  many  eggs  much  fractured,  in  each  of  which  the  chick 
had  as  yet  much  of  the  yolk  not  absorbed.  Besides,  some  chicks  have 
greater  obstacles  to  overcome  than  others,  since  all  shells  are  not  of  an 
equal  thickness  nor  of  an  equal  consistence ;  and  I  think  it  probable 
that  the  same  inequality  takes  place  in  the  lining  membratie.  The 
shells  of  the  eggs  of  birds  of  various  species  are  of  a  thickness 
proportional  to  the  strength  of  the  chick  that  is  obliged  to  break 
through  them.'  (Domestic  Habits  of  Birds, '  Library  of  Entertaining 
Knowledge.') 

There  is  a  caution  to  be  observed  in  all  cases  regarding  the  eggs 
when  the  dhicks  are  on  the  verge  of  maturity :  they  should  not  be 
stirred  when  within  two  days  of  the  evolvement  of  the  chicks.  If  any 
circumstances  render  it  absolutely  necessary  to  do  so,  care  should 
be  taken  to  place  them  with  the  broad  end  inclining  upwards,  as  the 
beak  of  the  chick  is  then  in  its  proper  position ;  and  if  thjs  be  reversed, 
the  chick  becomes  tmable  to  chip  the  iSiell,  and  must  therefore  die. 

Chickens  should  be  fed  the  day  after  their  birth  with  crumbs  of 
bread  soaked  in  milk,  or  with  the  yolk  of  an  egg  boiled  hard ;  and  they 
will  quickly  leani  to  eat  curds,  grits,  and  biuley-meal  and  milk.  If 
not  designed  for  immediate  use,  they  should  soon  get  raw  com,  and 
occasionsJly  alteratives  of  green  food,  such  as  bruised  leeks,  nettles, 
lettuces,  &C.  For  the  first  week  they  should  be  confined  to  the  house 
altogether :  after  that  time  they  may  be  let  out  for  a  short  time  in  the 
sun,  and  gradually  habituated  to  the  weather.  To  render  the  hen, 
which  has  already  discharged  her  duty,  still  more  productive  to  her 
owner,  she  is  frequently  confined  to  a  coop,  called  ui  Surrey  a  rip,  for 
some  weeks  after  the  chicks  have  seen  the  light  Her  o&pring  during 
this  time  pass  freely  through  the  prison  ban,  returning  at  her  call,  or 
on  occasions  of  alarm,  to  the  maternal  wings,  and  then  hopping  out 
again,  to  the  inexpressible  misery  of  their  imprisoned  mother,  who  is 
kept  in  this  state  of  confinement  until  she  becomes  indifferent  to  the 
chickens  and  disposed  to  lay  again. 

The  courage  of  the  hen  ui  ddence  of  her  offiq[>ring  has  been  a  common 
theme  of  admiration ;  the  force  of  her  maternal  solicitude  effects  the 
most  surprising  change  in  her  disposition  and  temper.  Before  she 
attained  her  matronly  character,  she  was  greedy,  and  always  searching 
for  food,  fond  of  gadding  about,  and  timid  in  the  extreme  Now  she 
becomes  generous,  self-denying,  and  intrepid ;  she  assumes  the  fisty 
temper  of  the  cock,  and  becomes  a  virago  in  defence  of  her  helpless 
bro<xL  An  anecdote  is  told  b^  White,  ui  his  'Natural  History  of 
Selbome/  of  the  punishment  mflioted  by  some  hens  upon  a  hawk 
which  had  at  different  times  killed  their  chickens.  By  some  means 
this  hawk  was  caught,  and  the  owner  gave  him  up  to  the  tender 
mercies  of  the  bereaved  mothers.  In  his  own  words, "  Resentment 
suggested  the  laws  of  retaliation.  He  clipped  the  hawk*s  wings,  cut 
off  his  talons,  and  fixing  a  cork  on  his  bill,  threw  him  down  among  the 
brood  hens.  Imagination  cannot  paint  the  scene  that  ensued;  the 
expressions  that  fear,  rage,  and  revenge  inspired  were  new,  or  at  least 
such  as  had  been  unnoticed  before.  The  exasperated  matrons  up- 
braidedythey  execrated,  they  insulted,  they  triumphed.  In  a  woid, 
they  never  desisted  from  buffeting  their  adversary  till  they  had  torn 
him  in  a  hundred  piecesL** 

Poultry  are  the  better  for  high  feeding  from  the  Tenr  shell,  and  on 
this  account  the  heaviest  com  is  often  far  cheaper  for  them  in  the  end 
than  tailings,  as  regards  the  flesh,  or  the  size  and  substantial  goodness 
of  the  eggs.  Young  chickens  may  be  put  up  for  feeding  as  soon  as  the 
hen  has  ceased  to  regard  them,  and  before  they  lose  their  first  good 
condition.  When  chickens  are  wanted  for  domestic  purposes,  they  are 
often  left  at  liberty  in  the  farm-vard,  and  if  th^  have  plenty  of  good 
food,  they  will  be  in  the  most  healthful  state  for  the  table,  and  rich 
and  juicy  in  flavour.  Mr.  Moubray  ascertained  that  pullets  hatched  in 
March,  if  constantly  high  fed,  laid  eggs  abundantly  in  the  autumn ; 
and  if  killed  in  the  February  or  Marvdi  following,  were  so  excessively 
fat  from  the  nm  of  the  yard  as  to  open  more  like  Michaelmas  geese 
than  chickens.  Experienised  poulterers  wiU  fatten  fowls  in  two  or 
three  weeks  with  the  aid  of  grease,  which  gives  a  luscious,  but,  in  our 
judgment,  a  very  disagreeabfo  flavour  to  the  flesh,  which,  though  not 
actually  diseasea,  is  very  inferior  to  that  of  the  fowl  fed  at  laige  in  the 
common  way  at  the  bam  door. 

The  practice  of  cramming  poultry  by  the  hand  is  quite  common.*  A 
machine  for  this  purpose  is  used  in  France,  by  which  one  man  can 
cram  fifty  birds  in  half  an  hour.  It  is  somewhat  on  the  principle  of  a 
forcing-pump.  The  throats  of  the  birds  are  held  open  by  the  operator 
until  they  are  gorged  through  a  pipe,  which  conveys  the  food  from  a 
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reservoir  beloW  placed  <m  a  stool.  In  fifteen  days,  fowls  are  said  to 
attain  the  hightest  state  of  fatness  and  flavour  by  this  feeding.  In 
addition  to  the  ordinary  paste  of  barley-meal,  or  meal  made  itito  little 
balls  with  milk,  the  dried  seeds  and  leaves  of  nettles  have  been  recom- 
mended by  the  continental  poulterers,  some  of  j  whom  give  a  little 
henbane-seed  to  induce  sleep,  while  others  put  out  the  eyes  of  the 
prisonert  as  the  most  effectual  way  of  keeping  them  in  a  state  of  dark- 
ness, which  is  considered  essential  to  their  becoming  rapidly  fat;  and 
under  the  pretext  of  relieving  them  from  the  irritation  of  vermin,  they 
pluck  the  feathers  from  their  heads,  bellies,  and  wings.  While  fowls 
are  thus  preparing  for  the  knife,  though  their  bodies  are  closely  con- 
fined, their  hinder  parts  are  free  for  evacuation  and  cleanliness,  and 
their  heads  are  at  liberty  to  take  in  fresh  supplies  of  nutriment. 

The  practice  of  making  capons  (emasculating  the  males)  is  practised 
a  little  in  some  of  the  English  coimties,  and  very  much  in  France, 
where  the  females  are  also  rendered  incapable  of  breeding,  and  termed 
in.  their  unsexed.  condition  pauktrdei,  in  order  to  give  them  the  tendency 
to  fatten.  An  indsion  is  made  near  the  parts,  and  through  this  the 
finger  is  introduced  to  take  hold  of  and  bring  away  the  gemtals,  but  so 
carefully  as  not  to  injure  the  intestines  :  the  wound  is  then  stitched 
up  and  rubbed  with  oil  or  grease ;  and  the  comb  (which  appears  to  be 
an  imnecessary  and  gmtuitous  pain  and  insult  to  the  sufferer)  is  often 
cut  off.  The  females  are  treated  much  in  the  same  way,  when  they 
do  not  promise  well  for  laying,  or  when  they  have  ceased  to  be  fertile ; 
they  are. deprived  of  the  ovarium.  The  subsequent  treatment  is 
similar  to  that  in  the  former  case.  Care  is  taken  to  nve  them  ^ood 
food  for  three  or  four  days,  and  during  that  time  to  keep  them  m  a 
plaoe  of  moderate  temperature,  to  avoid  the  danger  of  gangrene,  which, 
considering  the  time  of  the  year — midsummer,  when  the  operation  is 
usually  performed — ^is  a  veiy  probable  consequenoe.  Pulleta  of  the 
largest  breed  are  selected  for  tlie  purpose,  aa  they  yield  the  greatest 
weight  to  the  poulterer;  and  if  employed  in  hatching>  cover  the 
greatest  number  of  eggs. 

Cuvier  states  that  the  capon  may  be  taught  to  hatch  eggs  and  to  act 
the  part  of  a  gnod  nurse,  with  a  little  bell  round  his  neck  to  supply  the 
want  of  a  good  voice.  He  asserts  that  the  natural  courage  and  energy 
of  this  bird  are  not  abated  by  the  alteration  of  lus  condition,  in  whicn 
his  audacity  enables  him  to  unpose  on  the  cocks  and  hens,  so  that  they 
allow  him  to  strut  about  with  his  former  gait  of  consequential  import- 
ance, and  to  fulfil  his  duties  without  interference  or  molestation. 
This  seems  incredible,  as  a  bold  and  haughty  spirit  under  such  dr- 
oumstancesis  unnatural  in  the  extreme.  The  pallidness  of  bis  head 
and  the  dimlnutivenees  of  his  comb  and  gills  indicate  the  contrary  dis- 
position, and  he  is  so  despised  by  the  other  fowls  that  they  will  hardly 
condescend  to  roost  with  him. 

Mr.  Young,  in  his '  Report  of  the  County  of  Sussex,'  says  that  much 
art  and  attention  are  requisite  to  make  capons,  and  that  the  Sussex 
breed  are  too  long  in  the  bpdy  for  success  in  the  (n)eration,  by  ^riiich 
many  are  lost  A  perfectly  lat  capon  will  weigh  from  seven  to  ten 
pounds. 

As  soon  as  the  fowls  are  rendered  suffidentlv  fat,  they  should  be 
killed,  or  they  will  lose  flesh  and  become  unhealthv.  The  most 
humane  and  expeditious  mode  of  putting  them  to  death  is  by  a  smart 
blow  with  a  blunt-edged  stick,  sucn  as  a  child's  bat,  at  the  back  of  the 
neck.  Higglers  break  the  vertebras  of  the  neck  by  a  sudden  twist,  and 
never  bleed  fowls,  as  this  mode  of  dispatching  them  dries  up  the  juices 
of  the  flesh.  They  bleed  turkeys  and  geese  however,  after  a  stunning 
blow  in  the  neck,  not -by  cutting  the  throat,  but  by  an  incision  in  the 
upper  part  of  the  month. 

Store  fowls  will  feed  well  upon  the  tailings  of  com,  potatoes^  and 
insects,  and  require  little  attention  except  when  laying,  during  which 
time  Uie  food  for  the  hens  should  be  abundant,  and  their  roosting- 
places  dry  and  warm. 

The  diseases  of  all  poultry  principally  arise  from  cold  and  moisture. 
BheumatLsm  decidedly  arises  from  tiiis  cause.  During  or  after  moulting 
in  a  wet  season,  fowls  frequently  become  diseased,  as  is  evident  f r6m 
their  drooping  appearance,  swelled  and  watery  eyes,  and  the  dropsical 
affections  of  the  legs.  Severe  laying  also  sometimes  causes  emaciation 
and  illness,  which  give  way  to  k  more  healthy  condition  after  the 
moulting  season,  if  wey  have  good  food  and  drv  weather. 

Chickens  are  very  subject,  in  wet  or  variable  weather,  to  a  disease 
called  the  chip,  which  appears  in  about  a  fortnight  after  their  birth, 
when  they  are  p-V»»ig?ng  their  feathers.  Warmth  and  sunshine  are  the 
only  restoratives  within  our  knowledge. 

The  roup  is  properly  an  impoethunie  upon  the  rump,  which  is  cured 
or  relieved  by  opening,  squeezing,  and  bathing  with  warm  water.  Mr. 
Moubiay,  however,  who  is  a  good  practical  authority,  states  that  the 
roup  Ib  a  general  term  for  all  diseases,  though  it  is  generally  implied  to 
caturh,  which  is  indicated  by  watery  eyes  and  running  at  the  nostrils. 
This  last  disease  resembles  glanders  in  horses,  and  is  infectious,  and 
generally  fatal  As  all  these  diseases  originate  in  moisture,  dryness 
and  warmth  are  the  best  counteracting  influences.  The  nostrils  should 
be  washed  with  soap  and  water,  and  the  eyes  with  milk  and  water. 
Mr.  Moubray  recommends  a  pepper-corn  in  doug^  at  first  to  impart 
warmth,  and  afterwards  calomel  thme  times  a  week  as  a  finish  to 
the  cure. 

We  have  had  the  trachea  of  a  chicken  dying  of  the  gapes  (which  is 
the  incipient  stage  of  roup   cut  and  opened,  and  lukve  taken  out 


narrow  worms,  about  half  an  inch  in  length,  whicih  lay  imbedded  in  a 
serous  flui^.  We  have  known  fowls  to  be  cured  of  the  aame  disease 
by  putting  the  upper  part  of  a  feather,  stripped  for  the  purpose,  down 
the  trachea,  turning  it  round,  ai)d  thus  bringing  up  the  worm. 

The  pip,  which  is  probably  a  modification  of  roup,  has  b^i  cured 
by  an  application  of  powdered  borax  dissolved  in  tincture  of  myrrh 
and  water,  and  rubbed  on  the  tongue  with  a  camel-hair  bniah  two  or 
three  times  a  day.  This  at  the  same  time  assists  the  bowels.  The 
flux  Ib  not  imcommon.  SoUd  com  is  the  most  certain  remedy  for  tbis 
disease.  Taken  at  the  commencement,  it  is  rarely  serious,  but  if  cmee 
established  in  the  constitution  it  becomes  incurable,  and,  accoidiog 
to  some,  contagious.  For  constipation,  bran  or  pollard,  with  milk,  be^ 
leaves,  and  lettuces,  afibrd  a  certain  cure. 

Much  of  the  foregoing  matter  applies  to  the  rearing  and  management 
of  all  poultry.    The  succeeding  observations  will  be  brief. 

Turkeys. — The  greatest  weight  to  which  our  domesticated  poulixy 
can  be  xnade  to  attain  is  SOlbs.,  and  a  turkey  of  even  half  this  wekiit 
is'^adahitydish." 

"  The  varied  plumage  of  the  bird  in  the  domesticated  state  is  wdl 
known  to  eatery  one ;  and  in  no  species  is  that  sure  mark  of  subjecikn 
to  man  more  strongly  seen.  Every  gradation  of  colour,  frt>m  ii» 
original  bronze,  passmg  into  buff,  and  in  many  instances  into  pure 
white,  may  be  observed  in  these  strutting  denizens  of  otir  &rmjanla.' 
(Brqderip, '  Recreations  in  Natural  History.*)  The  bronze  or  coppw- 
coloured  is  not  considered  hardy,  nor  is  It  often  reared,  and  the 
varieties  may  be  stated  to  be  only  twofold,  the  dark-coloured  and 
the  light. 

The  dark-colotired  birds  are  most  prized  for  idse  and  haidzhood. 
Kotwithstanding  the  great  price  which  may  be  obtained  for  tiuken  in 
London  'tv'hen  fat,  the  finest  young  birds  may  be  purchased  in  Ireland, 
fit  for  cramming,  in  September  and  October,  from  4«.  to  fit.  a  couple, 
and  the  light-coloured  and  smaller  ones  frequently  from  2s.  61^.  to  S&  6d. 
a  couple. 

Turkeys,  though  extremelv  delicate  in  their  infancy,  become  Teiy 
hardy,  and,  if  permitted,  will  roost  on  the  highest  trees,  in  the  cold 
dry  nights  of  winter,  without  suffering  injury.  The  hen,  which  lajs 
many  eggs  earh^  in  spring,  sits  thirty  days,  and  covers  from  twelve  to 
fifteen  eggs.  It  is  unnecessary  for  the  turkey  cock,  as  is  the  case  with 
gallinaceous  fowl,  to  be  in  constant  intercourse  with  the  hen  doriog 
her  period  of  laying.  Two  visits  from  him  in  that  season  are  sufficient 
to  impregnate  iQl  the  eggs.  She  is  a  very  steady  sitter,  and  most  be 
removed  to  her  food  and  supplied  with  water,  for  she  would  never 
leave  her  nest.  She  wants  the  alertness  and  courage  and  eagadtj  of 
the  common  hen,  and  might  be  called  a  fool  with  much  more  propriety 
than  the  goose,  which  is  an  intelligent  bird.  The  turkey  hen  is  in- 
capable of  tea<shing  her  yoimg  ones  how  to  pick  up  their  food,  on 
which  account  a  poultiy-maid  should  always  attend  them  untiQ  they 
are  reared. 

On  accouilt  of  the  constitutional  delicacy  of  this  bird,  the  hatching 
should  not  be  commenced  too  early  in  the  spring,  and  when  the  chicks 
are  hatched  they  should  be  guarded  from  the  extremes  of  heat  and 
cold  for  some  weeks.  Rain  Is  almost  always  fii^  to  them  in  their 
early  stage.  Curd,  boiled  eggs,  and  barley  or  oatmeal,  kneaded  irith 
milk  (or  water,  in  case  milk  should  produce  looseness),  potatoes,  nettles, 
parsley,  Swedish  turnips,  with  chopped  beet-leaves,  aner  a  little  time, 
is  their  proper  food.  As  thOT*  retain  so  much  of  their  original  wild 
nature  as  to  stray  a  considerable  distance,  if  permitted,  the  hen  diould 
be  tied  or  cooped  for  at  least  six  weeks,  iriien  the  chicks  will  be  hardy 
enough  to  follow  her  about^  imder  the  vigilant  eye  however  of  the 
poultry-maid,  who  should  beware  of  their  being  caught  by  a  alunfer. 

They  are  soon  familiarised  to  the  society  of  fowls  in  the 
poultry  or  form-yard.  Without  the  advantage  of  the  laHter,  it  is 
an  improfitable  speculation  to  rear  any  description  of  poultry 
on  a  large  scale ;  but  where  a  farmer's  yard  presents  fodlities,  the 
economy  of  having  all  those  kinds  to  which  the  soil  and  climate  are 
suitable,  is  considerable.  The  only  caution  with  regard  to  turkeys, 
where  gallinaceous  birds  are  numerous,  is  to  have  separate  houses  for 
them  at  night.  These  should  be  very  lofty  and  well  ventilated.  They 
may  be  altogether  open  to  the  air  in  front,  the  doors  being  of  treliid- 
work.  Fowls  (which  are  equally  unsocial  with  tbe  capons  of  their  01m 
kind)  have  a  strong  disinclination  to  roost  with  them. 

Wlien  well-grown,  turkeys  supply  themselves  in  their  rambliogB  so 
far  as  to  require  food  only  when  leaving  their  house  in  the  monung 
and  returning  at  nights  The  chances  of  rearing  a  second  brood  are  not 
so  great  as  to  render  it  expedient  to  make  the  trial. 

After  six  months  turkeys  may  be  crammed  like  fowls,  but  they 
require  a  much  longer  period  to  render  them  fully  fat.  Those  great 
binls  which  are  sent  to  the  London  market  about  ChrisiamaB,  principally 
from  Norfolk,  frequently  weighing  from  twenty  to  twenty-five  pounds, 
are  usually  codu  from  the  preceding  year.  Qreat  numbers  of  turkeys 
are  reared  in  Ireland,  where  the  climate  is  congenial  to  tiieir  nature.  . 

Chtinea  FowL — This  bird,  which  is  not  much  laigerthan  the  common 
bam-door  fowl,  is  of  beautiful  form  and  plumage,  and  though  not  • 
source  of  profit  to  the  peasant  who  rears  poultry  for  immediate  sale,  is 
usually  kept  where  there  is  proper  accommodation,  as  much  on  account 
of  the  excellence  and  abundance  of  the  eggs  (whidi,  though  small,  arc 
well-fiavoured)  as  for  the  sake  of  the  flesh,  which  is  priced  in  the 
London  markets  when  the  season  of  pheasant-eating  oaases.     Th( 
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number  of  henB  allowed  to  the  male  Is  about  the  same  as  among  the 
gaUinaceouB  family.  The  cock,  little  distinguished  in  appearance  from 
the  female,  is  an  attentive  and  affectionate  mate,  and  even  obtruaively 
80  to  his  favourites,  whom  he  will  attend  to  the  nest,  and  remain  with 
until  they  have  laid  their  eggs. 

Retaining  some  of  their  original  wildness,  Guinea  fowl  dislike  the 
confinement  of  a  house.  For  the  purpose  of  laying,  they  prefer 
shrubberies,  cloTer-meadows,  or  oorn-fields,  in  which  they  will  deposit 
their  eggs,  unless  closely  watched.  The  Guinea  hen  is  fruitful  during 
the  entire  summer,  but  not  earlier  than  Hay.  On  this  account,  and 
the  difficulty  of  rearing  a  late  brood,  it  is  more  benefidal  to  keep  her 
entirely  for  laying,  and  to  put  the  earlier  eggs  under  a  common  hen  or 
capon,  which  will  cover  from  twenty  to  twenty-five,  than  to  encourage 
the  incubation  of  the  natural  parent,  which  is  moreover  indisposed  to 
it,  especially  if  under  cover.  If  left  to  her  instinct,  this  bird  would  at 
a  l^te  season,  in  the  open  air,  sit  for  the  natural  period,  which  is 
twenty-eight  or  twenty-nine  days. 

The  code,  having  the  same  dulike  to  incubation  which  charaoterisee 
the  male  of  pea-fowl,  will  destroy  the  eggs  if  he  can  discover  them. 
Though  the  shell  is  remarkably  bard,  the  chicks  break  through  it  at 
Uie  proper  moment,  and  are  soon  after  as  vigorous  and  ready  to  eat  as 
the  young  of  any  other  tribe  of  poultry. 

The  loud  017  of  these  birds  is  not  agreeable,  but,  like  the  scream  of 
the  pea-fowl,  it  announces  with  certainty  an  approaching  change  of 
weather.  The  hen  utters  a  cry  when  she  desires  to  roost,  to  call  in  her 
companions,  to  summon  assistance,  or  to  give  notice  of  any  of  those 
alarms  which  her  sensibilities  cause  her  to  express  with  such  energy  of 
voice,  and  in  all  which  cases  she  is  sure  of  receiving  a  ready  sympathy. 

The  same  food  which  is  suited  to  the  young  of  gallinaceous  fowls 
and  turkeys  is  good  for  the  chicks  of  this  kind ;  but  as  they  are  not 
often  destined  to  the  coops  for  fattoning,  a  good  deal  of  garden  or  field 
green-food  may  be  combined  with  their  grits,  &c.,  after  the  first  month. 
They  have  a  great  relish  for  insects  of  every  kind,  and  thrive  upon 
them  as  well  as  lipon  hemp-seed.  When  designed  for  the  table,  tney 
ought  to  be  killed  at  an  early  age,  at  which  time  the  flesh  is  more 
juicy  than  that  of  other  poultry  of  the  same  age,  and  very  like  that  of 
the  pheasant,  though  when  old  it  becomes  exceedingly  tough. 

Jhicks. — ^The  white  duck,  being  the  largest  of  tl^  common  domesti- 
cated kinds,  is  perhaps  the  beet  for  the  poulterer,  though  it  is  not 
deemed  so  delieate  in  flavour  as  the  dark-ooloured,  such  as  that  bred 
from  intermixture  with  the  Rhone  duck,  which  is  also  large.  The 
Muscovy  variety  is  said  to  be  a  good  breeder.  One  drake  is  sufficient 
for  five  females.  It  is  generally  believed  that  the  duck  lays  no  more 
eggs  than  she  can  cover  (frojn  twelve  to  fifteen),  but  Mr.  Moubray 
states  that,  if  well  fed,  some  ducks  will  lay  a  great  number,  and  he 
gives  an  inistance  of  one  laying  an  egg  every  day  for  eighty-five  days. 

For  a  fortnight  after  their  birth  ducklings  should  be  kept  from 
rushing  into  water,  to  which  their  instinct  soon  leads  them ;  and  with 
this  view  the  mother  is  frequently  confined  (where  there  is  any  pond 
within  her  reach)  to  the  rip,  already  described,  which  should  be  placed 
on  a  field  of  shoxt  gras^  with  a  flat  dish  of  water  near  it.  The  duck- 
lings waddle  about  in  search  of  insecte,  and  at  the  maternal  call  return 
to  tile  coop.  This  restraint  upon  the  liberty  of  the  poor  mother 
should  be  avoided  if  circumstances  permit,  for  to  protract  her  close 
confinement  after  more  than  four  weeks'  sitting  is  a  cruel  restraint. 
It  is  very  common  to  place  duck-eggs  imder^a  hen,  on  account  of  her 
excellent  qualities  as  a  nurse. 

Any  kind  of  meal  is  good  for  ducklings  at  first,  and  this  may  soon 
be  mixed  with  potatoes.  The  refuse  of  the  kitehen  will  not  only 
support  but  fatten  them;  but  to  have  them  qufckly  and  highly 
fattened,  they  should  have  oatmeal  made  into  paste.  They  will  also 
devoiur  any  animal  offid,  and  have  no  fastidiousness  whatever.  If 
allowed  to  follow  a  plough  or  attend  on  the  gardener  when  his  spade 
is  at  work,  their  greediness  and  activity  in  picking  up  worms  are 
extreme ;  and  for  gobbling  up  snails  and  slugs  and  other  such  delicacies 
in  the  field  or  garden  they  are  most  useful,  while  they  are  at  the  same 
time  putting  themselves  mto  high  condition.  Having  no  fastidiousness 
of  appetite,  they  never  require  cramming,  indeed  they  act  as  though 
they  considered  it  their  duty  to  get  fat  as  quickly  as  possible,  and 
therefore  required  no  artificial  aid. 

In  a  poultry-yard  the  ducks  and  geese  are  frequently  lodged  on  the 
lower  floor  of  the  fowl-houses,  but  it  is  better,  if  the  locality  will 
permit,  to  give  them  distinct  chambers,  particularly  where  a  good 
pond  (free  from  eels)  is  available;  on  the  margin  of  this  their  hute 
may  be  placed  with  very  trifling  labotu*,  and  an  invisible  paling  all 
round  the  water,  constructed  at  bottom  on  the  principle  of  the  cage- 
trap,  so  as  to  prevent  the  ingress  of  rats  or  weaseLs,  while  it  affoids 
them  a  ready  outlet,  renders  this  department  of  the  poultry  estabUsh- 
ment  complete,  though  far  too  expensive  for  common  adoption. 

"  Many  families  in  Bucks  derive  a  comfortable  living  from  breeding 
and  rearing  ducks,  the  greater  part  of  which,  the  early  ones  ataU 
evente,  are  actually  brought  up  by  hand.  The  interior  of  the  cottages 
of  those  who  follow  the  occupation  presents  a  very  curious  appearance 
to  the  stranger,  being  furmshed  with  boxes,  pens,  ftc.,  arranged  round 
the  walls  for  the  protection  of  the  tender  charge  of  the  good  wife, 
whose  whole  time  and  attention  are  taken  up  with  this  branch  of 
domestic  economy."    (Moubray.) 

Geese, — ^The  proportion  of  females  to  the  males  is  the  same  as  in  the 


duck  tribe,  and  the  period  of  incubation  and  the  number  of  eggs  that 
may  be  set  correspond  exactly.  The  goose  lays  in  a  mild  spring  vezy 
early,  and  on  this  account  (but  only  with  high  corn-feeding  in'  the 
previous  winter,  and  stimulating  food  during  the  entire  breeding 
season)  two  broods  may  be  had  in  the  same  year.  Unlike  the  peacock 
and  the  Guinea  cock»  the  gander  is  not  only  indisposed  to  dp  &Qy 
nuschief  to  the  nests,  but  is  very  attentive  to  the  hatehing  birds,  whom 
he  vigilantly  protects  as  he  sits  patiently  by ;  nor  is  his  protection,  as 
he  accompanies  the  goslings  in  due  course,  leas  creditable  to  his  parental 
character.  The  goose  is  a  very  steady  sitter,  but  usually  rises  often 
enough  to  drink  and  take  sustenance,  without  ite  being  necessary  to 
remove  her  from  the  nest  for  the  purpose. 

The  early  treatment  of  the  goslings  is  similar  to  that  of  ducklings. 
The  mother  should  be  penned  up  for  some  days  upon  dry  grass,  but 
neither  too  early  nor  very  late  in  the  day ;  beet  leaves  or  other  green 
food  may  be  mixed  even  with  the  early  diet,  if  immediate  fattening  be 
not  the  object. 

Green  geese  are  brought  very  earlv  to  the  Jjondon  market,  and  are* 
worth  at  first  from  St,  to  12«.  each ;  they  can  be  made  quite  fat  with 
oatmeal  and  peas,  and  skimmed  milk  or  butter-milk;,  wnen  from  four 
to  six  months  old :  many  prefer  oate  alone. 

The  maiiagement  of  them  in  the  vicinity  of  London  is  thus  detailed 
in  a  communication  to  Mr.  Moubray : — 

'.'Cleanliness,  pimctuality,  and  regularity  prevail;  the  business  is 
conducted  as  it  were  by  machinery,  rivalling  the  vibrations  of  the  pen- 
dulum in  uniformity  of  movement.  The  grand  object  of  preparing, 
not  geese  only,  but  poultry  in  general,  for  market.  In  as  short  a  tinie 


as  possible,  is  effected  solely  by  paying  unreputting  attention  to  their 
wantjt;  in  keeping  them  thoroughly  clean;  in  supplying  them  wi£ 


They  are  fed  three  times  a  day ;'  and  it  is  tru^  astonishing  how  soon 
they  acquire  the  knowledge  01  the  precise  time ;  marclung  from  the 
exercise  ground  to  the  pens  like  soldiers  in  close  colunm.  Goslings,  or 
yoiing  geese,  come  to  hand  generally  about  tiie  month  of  Ifarch,  after 
which  a  regular  and  constant  supply  arrives  weekly  throughout  the 
season.  At  fint  they  are  fed  on  soft  meat,  consisting  of  prime 
barley  or  oat  meal,  afterwards  on  dry  com.  An  idea  prevails  with 
many  that  any  sort  of  com  will  do  for  poultry :  this  is  a  grand  mistake. 
Those  who  feed  largely  know  better,  and  invariably  make  it  a  rule  to 
buy  the  best  The  Messrs.  Boyoe,  of  Stratford,  whose  pens  are  capable 
of  holding  the  extraordinary  number  of  four  thousand  geese,  inde- 
pendent of  ducks,  turkeys,  &c.|  oonsume  twenty  coombs  of  oats  daily, 
exclusive  of  othe^  food." 

But  though  green  geese  bring  an  enormous  price  in  the  spring,  if 
thoroughly  fat,  farmers  generally  find  it  more  profitable  to  feed 
goslings  on  the  stubbles,  where  they  supply  themselves  with  the  best 
food  without  cost,  and  become  sufficiently  lat  at  Michaelmas,  when 
ancient  custom  renders  them  a  favourite  dish.  In  the  neighbourhood 
of  the  eztensive  conmions  in  England  great  numbers  of  geese  are 
kept. 

Though  young  geese  are  subject  to  a  disease  called  the  cramp,  the 
greater  number  of  those  which  die  in  summer  are  destroyed  by  .star- 
vation, and  the  change  frqm  com,  and  other  nutritive  food,  to  the 
miserable  herbage  which  the  fields  and  commons  yield ;  and  tUs  con- 
stitutes their  chief  diet  until  the  harvest  season.  Cold  and  wet  weather 
are  often  &tal  to  them  in  the  earlier  montiis,  it  they  be  neglected. 
Much  mortality  also  prevails  amongst  grown  geese,  wherever  the 
horrible  system  of  plucking  them  aHve  prevails,  as  in  Lincolnshire  and 
in  Ireland.  It  is  generally  urged  in  excuse  for  this  barbarity,  that 
feathers  are  most  Mastic  and  valuable  before  the  period  of  moulting, 
and  that  geese  have  been  thus  treated  ever  since  feather-beds  came 
into  ^tfhion.  The  offence  carries  some  punishment  with  it;  for  it 
renders  the  flesh  very  tou^,  and  in  many  respects  deteriorates  the 
value  of  a  bird,  if  it  does  not  destroy  it  altogether;  but  the  inunediato 
gain  from  the  feathers  ooimterbalances  tlus  and  every  humane  con- 
sideration. 

The  cramxning  system  is  practised  in  France,  when  the  object  is  to 
render  the  liver  unnaturally  enlarged  by  disease,  with  circumstances  of 
great  cruelty.  We  do  not  intend  to  give  any  information  upon  practices 
which  we  cannot  recommend,  and  which  we  strongly  condemn. 

.^«.— -The  most  certain  way  of  preserving  ^ggs  fresh  is  by  greasing 
them  with  some  unctu6us  matter,  or  immersing  them  in  a  strong 
solution  of  lime.  In  packing,  they  should  be  laid  on  end ;  for  other- 
wise the  yolks,  preserving  their  centre  of  gravity,  fall  to  the  lowest 
side,  and  by  adhesion  to  it  become  tainted  sooner  than  if  they  were 
suspended  in  the  centre.    [Eoo  Tbadb.] 

The  only  management,  besides  warmth  and  high  feeding,  by  which 
a  perpetual  succession  of  eggs  can  be  obtained  in  winter,  is  by  having 
pullets  and  hens  of  different  ages,  which,  moulting  at  different  periods, 
are  not  aU  incapacitated  from  laying  contemporaneously. 

POUND.    [Standard  op  Weighs] 

POUNDAGE.    [SuBsiDT.] 

POWER.  In  Factorials,  the  manner  in  which  the  term  2X»o^  wm 
introduced  into  arithmetic  is  seen.  By  definition,  the  fourth  power  of 
X  means  the  product  of  foiur  xes, or  xxxxxxx;  and  the  same  of 
other  powers.     But  it  is  far  mors  ifymmetrical  to  b0gin  from  unity ; 
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and  to  Bay  that  tlie  fourth  power  of  j;  is  the  reeolt  of  four  multi- 
plications by  X,  unity  being  understood  as  the  commencement.  Thus 
^e  succesnye  powers  of  x,  firsts  second^  third,  Ac.,  are  IxXfl^xxx, 
IxxyxxXf&ia,:  denoted  by  x^,  or,  a?,  &c.  And  the  tenn  root  is  the 
inyerse  of  power,  as  follows :  If  a  be  the  mth  power  of  b,  b  is  the  mth 
root  of  A,  denoted  by  ^a.  The  peculiar  algebraical  character  of  the 
roots  is  explained  in  Root. 
It  is  thus  eaaUy  proved  that  when  m  and  n  are  any  two  integers, 

that  when  m  Is  greater  than  n, 

Also  that  «"xy*=(a:y)". 


_M» 


andthat  V«"=a:*, 

whenever  m  is  divisible  by  n  without  remainder.  These  rules,  if 
applied  in  defiance  of  tilie  restrictionB  first  mentioned,  lead  to  such 
results 

as  afi,  a^,  ar^, «""»,  &c., 

which  are  unintelligible  so  &r  as  the  definitions  have  yet  been  stated* 
Their  proper  interpretations  [Interpretation]  are  as  follows  :  First, 
afi  must  be  iJlowed  to  stand  for  unity,  whatever  x  may  be ;  secondly, 

x"'  must  be  understood  to  be  l-i-x*;  thirdly,  a;",  m  and  n  being 

positive  integers,  must  stand  for  -V^*  ^^ci^  .these  new  definitions 
are  added,  aU  the  rules  remain:true,  whether  m  and  n  be  positive  or 
negative,  integral  or  fractional :  and  the  system  of  algebraic  powers  ia 
complete. 

Ak  algebraic  expression  is  said  to  be  arranged  in  powers  of  a  letter, 
say  X,  when  the  powers  of  that  letter  which  enter  are  made  to  enter 
in  ascending  or  descending  order  of  algebraic  magnitude.  Thus 
0**+ 6x-*— X*— a:~*  is  not  at  present  arranged  at  aU.  To  arrange  it  in 
ascendix^  or  descending  powers  of  x,  we  must  write  it  thus — 

6ar^  — ar"'  +  aafi — a?*,  ascending ; 
—X*  +  (ufi—x-^  +  ftx~',  descending. 

But  even  yet  it  is  incomplete  for  many  algebraical  purposes,  having  no 
written  indication  of  the  fact  that  the  ascent  or  descent  is  interrupted. 
Completely  written  in  ascending  powers,  it  should  be 

6ar»  +  Oar-'— ar-i  +fiafi  +  Ox»  +  (w*  +  Ox»— aj<. 

'Written  in  this  form,  which  may  remind  us  of  the  use  of  a  cipher  in 
writing  ordinary  numbers,  it  b  dear  that  we  hardly  read  the  expression 
less  efuaily,  and  write  it  much  more  briefly,  if  we  omit  x  and  its  powers 
altogether,  and  make  some  distinctive  mark,  analogous  to  the  (ucimal 
point,  between  the  parts  which  belong  to  the  positive  and  negative 
powers.    Thus  the  above  might  be  written — 

J+0— 1+  I  0  +  0  +  a+O-l, 
or    -l  +  0+o+O+O  I  — 1+0+J; 

the  mark  |  bnng  on  that  side  of  the  adjacent  +  or  —  which  belongs  to 
the  positive  powers.  This  mark  however  is  not  necessary  in  what 
follows. 

The  late  Mr.  Homer  [Involution,  Ac.]  was  the  first  who  suggested 
the  systematic  rejection  of  the  ascending  or  descending  powers.  An 
example  of  multiplication  and  division  will  sufficiently  explain  its  use. 
Suppose  it  required  to  multiply  Ta:'— 2a^— 3  and  2a^+a^— ix— 5 : 

2+0+1-4-6 
7-2+0-8 


14+0  +  7-28-86 
-4  +  0-  2+  8  +  10 

-  6+  0-  8  +  12+16 

14-4+7-36-27+  7  +  12  +  16 

Accordingly  the  answer  is  14a7 — 4a^ + 7x* — 36x*—  27a? + 7x' + 12x + 16; 
and  every  stroke  of  the  pen  which  tiie  usual  method  contains,  more 
than  is  in  the  preceding,  is  mere  waste,  and  risk  of  error  into  the 
bargain.  Now  let  it  be  proposed  to  divide  4a?— Sox* + 2a'a?'  - 1  lo*x  -  a* 
by  x" + 2(M?— a' : — 

4-  8+  2+  0+  0-11-1(1+2  +  0-1 
4+  8+  0-  4  4-11  +  24-44 

-11+  2+  4+  0 
-11-22+  0+11 

24+  4-11-11 
24  +  48+  0-24 


-44-11  +  13-  1 
•44—88+  0+44 

77+13-46 


Accordingly  the  quotient  is  4a?-llaa?+24a'x— 44a?yand  the  re- 
mainder is  77a?+13ax— 46a% 

Mr.  Homer  himself  did  not  live  to  print  this  suggestion,  which, 
simple  as  it  is,  seems  never  to  have  hden  made  before  him.  The 
possessor  of  his  papers,  Mr.  T.  S.  Davies,  of  Woolwich,  published  some 
extracts  from  those  papers  in  an  appendix  to  %  reprint  of  the  paper  on. 
the  solution  of  equations,  which  reprint  i^peared  in  the  '  Ladies'  Diary ' 
for  1838 ;  having  previously  introduced  the  simplification  into  the 
11th  edition  of  Button's  Course.  Since  that  tune  a  paper  on 
'  Algebraical  Transformation/  sent  by  Mr.  Homer  to  the  Royal  &>cietj, 
but  not  *  printed  in  the  '  Philosopmcal  Transactions,'  has  been  pab- 
lished  in  the  first  and  second  volume  of  the '  Mi^emaiician.'  Detsih 
and  examples  are  given  in  Mr.  Davies' '  Solutions  of  Questions  ccs- 
tained  in  Hutton's  Course/  1840,  and  in  the  12th  edition  of  that 
course,  1841. 

But  the  g^«atest  improvement  in  the  operation  of  division,  and  oi» 
which  contains  the  principle  of  a  class  of  improvements,  is  one  which 
Homer  called  the  synthetic  method,  which  amounts  to  deferring  the 
actual  steps  of  subtraction  until  they  are  wanted.  If  we  were  to 
proceed  one  step  farther  with  the  preceding  division,  —44  in  the 
quotient  would  be  followed  by  +  77.  This  +  77,  if  we  look  at  aU  its 
components  from  the  beginning,  arises  from  +0—11  —  0  +  88.  Inhke 
manner  —44  arises  from  +  04-4—0—48.  Now  arrange  the  process  ai 
f olloYTB :— 


1 

-2 

+  0 
+  1 

4-  8+  2+  0  +  0-11-  1 

-8+0+4  -11  +  24-44 

+  22+  0  +  0+0 

-48  +88 

4-11  +  24-44  1  +  77+13-45 

Write  the  coefficients  of  the  dividend  horizontally  a,,h,  e,  Ac,  and  of 
the  divisor  vertically  p,  q,  r,  &c.,  taking  care  to  change  the  sign  of  every 
term  of  the  divisor  except  the  first. 


P 

+r 

+« 
+  t 


a+6  +  c  +  d  +  «+/  +  jr  +  A 

+  vq+ur  +  uB  +fU  +  «<  +  irt  -^xt+yt 

+vq  +  vr  +  tw  +  tw+  xs+ys 

+IOJ  +  icr + xr +yr 

+xgr+yg 


«+  V  +  fo  +x  +  y|  +  i*'  +  f/  +  to'+x' 

Divide  a  by  p,  givingu,  and  then  write  uq,  ur,  ta,  and  «<  in  the  suc- 
cessive columns  which  follow  that  of  «.  Makeup  +  5 -i- n^,  the  seooad 
column,  and  divide  by  p,  giving  v :  write  vq,  vr,  v»,  vt,  in  the  saooeadTe 
columns  which  follow  that  of  v.  Make  up  c  +  ur  +  v^  and  divide  by  ;>, 
giving  to  :  write  wq,  wr,  ws,  tot,  in  the  oolunms  which  follow  that  ol «» 
and  so  on.  Then  u  +  v  +  i0  +  ,  &c.,  will  give  the  coefficients  of  the 
quotient,  and  u'  + 1/  + ,  &c.,  made  from  the  columns  which  have  not 
been  used  to  find  quotient  terms,  wiU  give  the  coefficients  of  the 
remainder.  For  example,  we  want  to  find  some  terms  of  the  qaotieot 
of  X*  + 1  divided  by  x»+x^— 3x : — 


__1 

-1 
+  8 
+  0 


1+0+0+0+  1 

—1  +  8  +  0+  0  +  0+  0+0 
+  1-8  +  12  -21+60 
-4+  7  -20 


1-1  +  4-7  +  201-41+60  +  0 

Hence  the  quotient  is  x— 1  +  4ar-i—  7^?-' + 20ar-',  and  the  remainder 
is  -41ar-i+60x-«. 

Wh^i  the  first  coefficient  is  anything  but  unity,  fractioDs  are  intro- 
duced into  the  quotient  To  avoid  this,  proceed  as  foUows :  Let  a  be 
the  coefficient  of  the  first  term  of  the  divisor.  Multiply  the  saocessive 
coefficients  of  the  dividend  by  1,  a,  a',  a^  &c. :  turn  the  first  coefficient 
of  the  divisor  into  1,  and  multiplv  the  second,  third,  fourth,  &&,  by 
1,  a,  €?,  Ac.  Proceed  as  above  with  the  coefficients  thus  altered,  and 
suppose  that  in  the  last  line  the  quotient  terms  become  » -i-  v + w + ,  ftc., 
and  those  for  the  remainder  »'+!;'+,  &c.  To  find  the  true  quotieDt 
coefficients  write 

a       a^       or 

*  The  Boyal  Soeiety  has  been  very  unfortunate  in  its  deeidons  aboat  pipers 
InToWing  Improrement  of  calculatioiu  Homer'e  paper  oa  equatUma  was  BCtflj 
rejected,  and  was  only  saved  by  the  earnest  remonstrance  of  Mr.  Daries  cabert. 
Barrett's  improrement  of  life  contingeney  calculations  was  rejected;  so  vai 
Weddle's  remarkable  paper  (afterwards  published  by  himaelO  on  the  scdutiaii  of 
equations  by  suocessiTe  factors.  Homer's  paper  on  transformation  was  icitt- 
drawny  not  rejected.  The  report  on  it  set  forth  that  Mr.  Homer  had  proved 
himself  the  most  able  and  the  most  dexterous  of  all  who  had  recently  inTesti«ated 
the  solution  of  equations ;  but  there  was  a  doubt  as  to  the  methods  of  the  paper 
beii^  so  much  better  than  others,  and  possessing  so  much  of  noTelty,  as  to  fit 
them  for  the  Transactions.  The  council  were  embarrassed :  they  could  neither 
reject  nor  accept  the  paper ;  so  they  suggested  that  it  should  be  withdrawn. 
It  seems  then  that  better  methods  than  any  in  use  were  not  fit  for  the  Phil. 
Trans.,  unless  the  superiority  was  very  decided.  Now,  first,  this  was  a  rerr 
unsound  principle,  and  very  unworthy  of  a  acientiflc  body;  aeoondly,  Mr. 
Homer's  methods  do  possess  a  very  decided  superiority,  as  all  who  haTc  usrd 
them  know. 
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and  for  the  true  remainder  coefficients  write 


+    &c.. 


where  a"*  is  the  last  power  used  in  the  quotient  termSi  reptai^, 
not  the  next  one  to  it.  Suppose,  for  example,  we  are  to  divide 
3?  +  m3^  +  if?x  +  fiin*  by  2jc*  +  m*as"—  Sw*.  Here,  since  x  descends  and 
xti  ascends  regularly,  we  throw  out  x  and  m,  and  the  abridged  dividend 
and  divisor  become 

1  +  1+1  +  5  and  2  +  0+1+0—3 
1248  1248 

underneath  which  we  have  written  the  multipliers.  '  Hence  we  begin 
with  1+2  + 4 +  40  and  1  +  0-2 +  0-24; 


1 

1  +  2  +  4  +  40 

+  0 

+  0-2  + 

0 

+ 

24  +  48  +  48  +  864 

-2 

+  0- 

4 

+ 

0+  0+  0 

+  0 

+ 

0 

— 

4-72 

+  24 

+ 

0 

1+2  +  2+36 1 +  20-24  +  48+804 
Hence  the  quotient  is 

^^+^^  +  ^—   +??^' 
254aj88a:"16«* 

and  ^e  remainder  is 

20  m^        24  m*  ^  48  m*  _^   864  vfO 
16  X         82  a?        64  x»        128  a:* 

One  of  the  easiest  modifications  of  this  rule  is  the  division  of 
oo:*  +  5j:"^*  +  ...  by  ar-j)  or  x-tjp,  as  explained  in  Fractions, 
Decomposition  of. 

POWER  (Mechanics).  The  present  article  is  not  intended  to  enter 
deeply  into  the  subject,  but  only  to  remove  various  fallacies  connected 
with  the  use  of  the  word  jooirer,  which  frequently  perplex  and  confuse 
those  who  attempt  to  study  mechanics  without  the  aid  of  mathe- 
matics. 

The  word  poiTfr  has  obtained  a  technical  meaning  which  seems  to  be 
almost  pecu&ar  to  popular  treatises.  fVom  among  the  numerous 
combinations  which  occur  in  machinery,  the  lever,  the  inclined  pbme, 
£he  wheel  and  axle,  the  pulley,  and  the  screw  have  been  selected,  and 
named  vMch4f,nical  poicera.  Some  have  treated  these  as  different  prin- 
ciples ;  some  have  asserted  that  they  are  reducible  to  the  lever  and  the 
inclined  plane,  others  to  the  lever  oply ;  but  it  is  generally  asserted 
that  all  mechanical  contrivance  is  reducible  .to  one  or  other  of  these. 
To  which  of  them  the  very  powerful  machine  (in  its  way)  which  men 
csl\1  a  canncn  is  to  be  ref en«d  we  do  not  know,  not  seeing  any  great 
likeness  in  it  either  to  a  lever,  an  inclined  plane,  a  wheel  and  axle,  a 
pulley,  or  a  screw.  Again,  the  notions  of  the  theories  of  these  powers 
are  as  various  as  those  of  their  arrangement :  some  say  that  all  are 
creators  of  power,  some  that  all  are  powers  except  the  simple  pulley, 
some  that  none  are  powers,  some  that  they  are  losses  of  power.  Those 
who  deny  that  any  of  the  adaptations  above  mentioned  give  power, 
look  for  their  meaning  of  the  word  in  the  action  of  what  are  thence 
called  events, BB  in  the  muscular  strength  of  men  and  animals,  the  force 
of  wind,  the  fall  of  water,  the  expansion  of  steam  or  explosive  gases, 
&c.  Admitting  that  all  these  agents  are  well  entitled  to  the  name  of 
powers,  it  is  nevertheless  difficult  to  refuse  that  name  to  a  machine. 
Watch  the  effect  of  a  lazge  crane  in  unloading  a  vessel,  compare  it  with 
what  the  same  men  could  do  by  their  tmaided  (or  rather,  unadapted) 
strength  in  the  same  time,  and  it  will  be  impopsible  to  deny  that  the 
machine  gives  power. 

The  cause  of  all  this  confusion  and  diversity  of  opinion  as  to  the 
way  of  stating  faxsta  which  every  one  knows,  arises  from  the  word 
power  being  taken  in  two  different  senses,  that  which  is  true  of  one  of 
its  meanings  being  untrue  of  another.  In  the  first  sense,  power  is 
gained  whenever  any  thing  is  done  quicker  or  better  at  the  same 
"  expense,  or  in  as  effective  a  manner  at  less  expense ;  whenever  the 
advantage  gained,  or  the  disadvantage  avoided,  is  worth  more  than 
the  trouble  and  cost  of  the  n^eans  employed.  In  the  second  sense, 
power  is  gained  when  a  new  adaptation  is  introduced,  by  which  an 
existing  agent  is  made  apparently  stronger.  To  find  different  phrases 
for  these  different  things,  let  us  say  that  power  in  the  first  sense  means 
that  which  produces  beneficial  effect,  and  that  power  in  the  second 
sense  means  that  which  produces  mechanical  advantage :  these  last 
words  have  been  often  used  by  writers  in  the  same  sense  as  the 
technical  word  power. 

Beneficial  effect  may  be  produced  in  various  ways,  without  mechan- 
ical advantage,  but  the  benefit,  as  far  as  it  is  of  a  physical  character, 
wUl  generally  be  f  oimd  to  consiBt  in  a  saving  of  useless  labour.  Thus, 
in  the  division  of  labour,  than  which  nothing  produces  more  of  beneficial 
effect,  there  is  not  only  the  moral  benefit,  namely,  the  making  the 
human  agent  fitter  for  his  work  by  giving  him  a  more  limited  range  of 
occupations,  but  the  actual  saving  of  the  labour  of  laying  down  one 
tool  and  talcing  up  another.    Again,  when  loaded  carriages  are  dlEh 
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missed  down  an  inclined  plane  and  made  to  draw  up  the  empty  ones, 
thereis  no  gain  in  a  mechaiiical  point  of  view,  for  the  momentum  which 
is  gained  by  the  empty  carriages  is  lost  by  the  loaded  ones;  but  the 
momentum  lost  by  the  loaded  carriages  is  no  loss,  since  there  is  no  use 
in  their  delivering  their  contents  with  a  great  velocity,  while  the 
momentum  abstracted  is  applied  to  a  beneficial  purpose.  Thirdly,  » 
simple  pulley  gives  no  mechanical  advantage  whatever,  since  the  weight 
on  one  side,  when  the  pulley  is  at  rest,  must  be  equal  to  that  on  the 
other.  If  however  we  compare  the  effect  of  this  machine  in  raising 
weights  with  the  carriage  of  them  up  a  ladder,  we  see  at  once  a  bene- 
ficiid  effect,  amounting  to  a  saving  of  the  greater  part  of  the  labour ; 
for  by  using  a  pulley,  the  labourer  has  not  to  carry  himself  up  to  the 
height  required  and  down  again.  Fourthly,  when  the  traces  by  which 
horses  draw  are  inclined  at  a  proper  angle,  a  part  of  the  drawing 
powet  is  taken  off,  and  applied  in  lifting  the  carriage  off  the  road  and 
lessening  the  friction,  so  that  the  diminished  drau^t  is  better  able  to 
do  the  remaining  work  than  if  the  whole  draught  were  applied  to  the 
whole  friction.  Here  is  no  gain  of  power  in  the  mechanical  sense, 
though  the  alteration  is  certainly  a  double  gain  (no  matter  how  slight 
a  one)  of  beneficial  effect,  for  the  carriage  is  more  easily  drawn  and  the 
road  is  less  worn.  Numberless  instances  might  be  cited  in  which  resl 
benefit  is  a  consequence  of  mere  adaptation,  even  without  the  pro- 
duction of  what  IB  called  power  in  treatises  on  mechanics. 

«In  treating  of  the  second  meaning  of  the  word  power,  or  its  synonyme, 
mechanical  advantage,  we  must  separately  consider  a  machine  just 
balanced,  and  one  in  which  an  additional  force  applied  gives  motion. 
Suppose  a  lever,  one  arm  of  which  o  a  is  ten  times  as  long  as  the  other 
o  B,  and  suppose  that  the  arms  balance  each  other.  A  pull  of  one  pound 
at  A  will  then  support  (so  it  seems)  ten  pounds  at  B,  for  the  fint  will 
certainly  equilibrate  the  second,  or  prevent  motion.  Nevertheless,  it 
is  not  true  that  one  pound  supports  ten  pounds ;  nor  can  one  pound, 
by  any  contrivance  whatsoever,  be  made  to  support  more  than  one 
pound.  In  tiie  case  before  us,  a  acts  against  one  pound,  but  not  one 
pound  of  B ;  it  is  a  and  b  together,  eleven  pounds  in  all,  which  oppose 
a  resistance  of  eleven  pounds  offered  by  the  support  or  pivot  o.    The 


weight  BIS  equivalent  to  two  pressures,  one  downwards,  at  o,  of 
eleven  pounds,  one  upwards  at  a,  of  one  pound.  The  frame  on  which 
the  pivot  rests  neutralises  the  first,  the  pull  at  a  neutralises  the  second. 
To  say  that  a  supports  B,  would  be  an  assertion  like  that  of  a  person 
who  should  say  that  he  had  pud  111.  with  IL,  and  should  forget  that 
he  had  borrowed  102.  elsewhere;  and  in  the  above'  system  there  is 
neither  gain  nor  loss  of  force  in  any  manner.  When  tiie  weight  B  is 
lifted  from  the  ground,  and  attached  to  the  end  of  the  lever,  and  when 
at  the  same  moment  the  hand  was  applied  at  a,  there  is  a  pressure  of 
eleven  pounds  applied  to  the  earth  at  o.  But  all  this  pressure  was 
first  taken  from  the  earth,  ten  pounds  of  it  by  the  removal  of  the 
weight  B,  and  the  remaining  pound  by  diminution  of  the  weight  of  the 
person  pulling ;  for  a  person  who  pulls  downwards  at  a  rope  in  such  a 
manner  as  to  supply  the  place  of  a  pound  weight  at  the  end  of  the 
rope,  lessens  his  weight  by  one  pound. 

In  the  preceding  manner  it  may  be  shown  that  every  machine  in 
which  A,  the  less,  balances  b,  the  greater,  is  a  case  of  the  following 
kind  : — ^B  is  equi\falent  to  certain  forces,  p,  9,  b,  &c.,  applied  at  various 
points  of  the  system,  and  to  0,  equal  and  opposite  to  a.  Imagine 
p,  Q,  R,  &o.  and  0  substituted  for  b,  then  F,  Q,  b,  &c.  are  counter- 
iMdanced  by  the  resistance  of  the  parts  of  the  xnachine,  and  0,  and  o 
only,  IB  counterbalanced  by  a.  It  may  also  be  shown  that  the  whole 
pressure  upon  the  earth  is  just  what  it  would  be  if  the  machine  were 
dismanUed,  and  its  parts,  together  with  the  weights,  laid  upon  the 
ground. 

Let  us  now  consider  the  machine  in  motion.  The  paLradox  about 
power  here  is,  that  the  smaller  weight  is  made  to  lift  the  greater ;  for 
example,  that  a  pressure,  say  of  one  pound,  applied  to  the  handle  of  a 
crane,  lifts  a  weight  say  of  twenty  poimds.  As  long  as  no  more  precise 
mode  of  expression  is  employed,  the  paradox  continues : — the  smaller 
weight  does  lift  the  greater.  To  take  the  simplest  case,  suppose 
that  the  descent  of  a  smaller  weight  causes  the  ascent  of  a  greater, 
as  in  an  inclined  plane  with  a  pulley.  It  is  now  obvious  thai 
before  the  lai^ger  weight  B  can  rise 
through  A  c,  the  smaller  weight  a  must 
fall  through  a  length  equal  to  B  c.  In 
any  machine  in  which  th  hand,  exerting 
a  pressure  of  one  pound,  balances  a 
weight  of  twenty  pounds,  the  hand 
when  put  in  motion  to  raise  the  weight,  will  move  twenty  times  as  fast 
as  tUe  weight.    It  is  then  one  pound  moved  through  twenty  feet* 
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\7bich  ia  mechanically  equivalent  to  twenty  pounds  moved  through  one 
foot,  and  the  paradox  disappears.  It  is  usual  to  express  this  by  saying 
that  what  is  gained  in  power  is  lost  in  time ;  but  instead  of  this  axiom, 
'which  only  indirectly  expresses  the  truth,  it  is  better  to  say  that  a 
Ion  weight  cannot  cause  the  ascent  of  a  greater  through  a  given  height, 
without  descending  through  a  height  greater  in  the  same  proportion  as 
that  by  which  the  greater  weight  exceeds  the  leas.  Perhaps  the 
easiest  m<^e  of  balancing  liie  power  applied  and  the  work  done  is  as 
follows  : — Suppose  one  pound  descending  through  four  feet  raises  four 
pounds  throu^  one  foot,  we  have  then  applieid  the  descent  of  one 
pound  through  one  foot  four  times,  and  produced  the  ascent  of  one 
pound  through  one  foot  four  times.  The  only  difference  is,  that  in 
the  applied  power  it  is  the  same  pound  which  moves  over  four  different 
feet,  while  in  the  produced  effect  there  are  four  different  pounds 
tnoving  over  the  same  foot.  The  machine  is  nothing  but  an  adapta- 
tion which  enables  the  agent  to  effect  the  exchange  just  mentioned. 
And  though  tbe  common  notion  that  a  machine  gives  power  usually 
has  reference  to  the  substitution  of  a  greater  weight  with  less  velocity 
for  a  smaller  weight  with  greater  velocity,  yet  it  frequently  happens 
that  the  apparent  power  is  gained  by  the  contrary  exchange,  as  in  the 
common  grinding-wheel  and  in  the  lathe.  Frequentlv  also  the  benefi- 
cial effect  arises  from  a  reservoir  of  power  which  is  given  out  in  small 
quantities,  as  in  a  clock  or  watch,  in  which  the  exertion  of  raising  a 
weight  or  coiling  a  spring  is  expended  in  minute  quantities  over  one 
or  more  days. 

Without  entering  further  into  Hie  preceding  principle  (for  which,  in 
its  mathematical  bearing,  see  Vibtual  Velocities),  we  will  now 
touch  upon  some  additional  circumstances  connected  with  the  use  of  a 
machine,  still  confining  ourselves  to  simple  exposition  of  these  circum- 
stances,  and  avoiding  mathematical  explanation.    Suppose  a  crane  by 
which  a  man,  with  a  certain  amount  of  labour,  nuses  five  hundred- 
weight through  a  height  of  ten  feet,  working  tJl  the  while  as  if  he 
Wdre  raising  half  a  hundredweight,  by  a  simp&  pulley,  from  the  deck 
of  a  vessel  to  the  wharf.    If  thu  five  hundredweight'  were  divided  into 
ten  portions  of  half  a  himdredweight  each,  and  if  each  of  these  portions 
had  a  rope  fastened  to  it,  it  would  matter  nothing,  the  manner  of 
working  being  equally  convenient  in  both  cases,  wheti^er  he  raised  the 
whole  at  once  bythe  crane,  or  the  ten  portions  in  succession  by  their 
several  ropes.    This  supposes  that  there  is  no  friction  in  the  parts  of 
the  cnme,  and  that  its  wheels  can  be  moved  without  any  exertion  when 
unloaded.    Neither  of  these  is  true,  for  the  friction  of  the  loaded 
machine  is  considerable,  and  even  the  unloaded  machine  costs  some 
exertion  to  set  it  and  keep  it  in  motion.    So  far  then  the  balance  is  in 
favour  of  raising  the  ten  subdivisions  of  the  five  hundredweight  in 
succession ;  and  we  now  see  what  those  persons  mean  who  say  that  a 
machine  is  a  loss  of  power.    But  if  we  introduce  the  beneficial  effect 
produced  by  the  machine,  we  see  that  the  subdivision  of  the  weij^t  is 
avoided,  and  that  the  labour  thereby  saved  may  be  thousands  or  even 
pnininna  of  times  that  caused   by  the  friction  of  the  machine  and 
the  necessity  of  moving  its  wheels,  ftc.     A  little  attention  to  such 
reasoning  as  the  preceding  will  prevent  the  reader,  however  unprac- 
tised in  mechanical  considerations,  from  being  led  away  by  acoounte  of 
perpetual  motion  [Motion]   and  of  machines  which  are  to  work 
without  power  applied. 

The  muscular  power  of  men  and  animals,  the  fotoe  of  win<l,  the 
foil  of  water,  the  expansive  power  of  steam,  &c,  are  real  powers,  tiie 
explanations  of  which  lie  in  the  secrets  of  the  laws  of  life,  gravitation, 
and  chemistry.  A  machine  is  an  adaptation  of  material  elements  to 
one  or  more  purposes,  the  life  of  which  is  one  or  other  of  the  powere 
just  mentioned.  But  nothing  is  more  common  than,  in  describing  the 
wonderful  effects  of  power  and  adaptation  united,  to  lay  the  wonder  on 
the  wrong  part.  Thua  we  can  imagine  a  person  describing  the  progress 
of  mechanics  in  the  lost  century,  by  saying  that  "  lace  is  made  by 
steam,  and  mines  which  would  be  covered  with  water  but  for  the 
application  of  science,  are  cleared  for  the  miners  by  machinery.'*  In 
the  first  instance  the  steam-power  is  but  subordinate;  horses  or  a 
water-mill  might  supply  its  place  without  any  diminution  of  the  extra- 
ordinary part,  which  is  the  adaptation  of  machinery  to  the  perform- 
ance of  that  which  required  so  many  and  varied  motions  of  iiie  fingers. 
In  the  second  instance,  common  pumps,  or  successions  of  them,  would 
do  as  well  as  the  machinery  employed,  if  hands  enough  could  be  found 
to  work  them :  the  wonder  is  Uie  introduction  of  labour  to  any 
amount  by  the  help  of  steam.  The  vulgar  notion  is  that  steam,  as 
steam,  can  adapt  Itself  to  anything,  and  that  machinery,  as  machinery, 
can  work. 
POWER  OF  ATTORNEY.  [Lbtteb  or  Attobnet.1 
POWER  (Law).    [Uses.] 

POZZUOLANO.  A  material  used  by  the  ancient  Roman,  and  even 
l>y  modem,  hydraulic  engineers  for  the  purpose  of  preparing  an  artificial 
cement  for  works  constructed  in  the  sea.  This  material  was  originally 
obtained  from  the  volcanic  f ormationa  of  the  Bay  of  Puteoli,  near 
Naples  (from  which  circumstance  Uie  name  itself  is  derived);  but 
aimUar  substances  have  been  discovered  in  different  parts  of  Italy  and 
itt  other  countries,  and  have  been  applied  in  the  arts  with  equal 
success.  In  fact  the  pozzuolano  is  a  dehydrized  silicate  criE  alumina,  in 
which  the  silica  exists  in  a  state  easily  attackable  by  caustic  alkalies, 
and  is  therefore  capable  at  once  of  entering  into  a  combination  with 
the  lime  presented  to  it  in  the  preparation  of  mortars,  forming  with  it 


^  double  silicate  of  lime  and  alumina  of  an  insoluble  character ;  and 
Substances  of  thia  description  are  very  commonly  met  with  in  volcanic 
districts,  wherein  lava  floods  of  a  basaltic  character  have  been  poured 
out  upon  argillaceous  beds.  Thus  in  the  environs  of  Rome  itselt 
the  celebrated  Catacombs  were  excavated  in  a  laige  deposit  of  this 
argillaceous  sand ;  in  the  island  of  Sardinia ;  in  the  south  a£ 
Prance ;  in  the  north  of  Germany^  near  Andernaeh ;  and  no  doubt 
in  countless  other  localities,  the  pozzuolano  has  been  found  unde 
favourable  economical  conditiooa.  The  Gennan  material  of  this 
description  is  Imown  in  commerce  under  the  name  of  troM,  or  IKuk 
temu. 

Both  the  trass  add  the  pozzuolano  are  used  with  tha  moat  £avounbk 
results  when  mixed  with  the  purest  and  richest  hydrates  of  lime ;  bob 
the  success  of  their  application  depends  entirely  upon  the  intinuia 
nature  of  the  mixture  of  the  various  ingredients,  and  upon  the  perfec- 
tion of  the  hydration.  These  conditions  can  only  be  secured  by  ib» 
most  perfect  manipulation ;  and  that  again  by  the  low  price  of  manaai 
labour ;  and  it  is  on  this  account  that  the  use  of  the  natural  oementi, 
or  of  the  artificial  hydraulic  cements,  has  been  latterly  introduced  in 
most  cases  instead  of  that  of  the  pozzuolano  mortars  which  Smeaton  and 
the  earlier  engineers  so  strongly  reoommended.  But  it  is  essential  to 
remark  (as  was  indeed  before  stated  under  Mobtabs)  that  ihcze  ire 
some  conditions  with  respect  to  the  state  of  the  silicates  of  alumina 
entering  into  the  composition  of  artificial  cements,  which  are  eaMntial 
for  Uieir  success ;  and,  as  far  as  our  present  means  of  analysis  allow  ui 
to  form  an  opinion  on  the  subject,  it  would  seem  that  these  conditions 
are  the  most  satisfactorily  fulfilled  when  the  combinations  between 
the  silica,  the  lime,  and  the  alumina,  are  effected  under  great  heat 
This  is  actually  the  case  with  the  Portland  cements ;  and  the  very 
different  results  obtained  by  the  mixture  of  the  volcanieally  dehydrized 
silicates  of  alumina  from  tiiose  obtained  by  the  mixture  of  underbumt 
brick  earthsy  their  chemical  equivalents  in  nearly  all  respects,  tend  to 
confirm  this  opinion.  It  may  be  added  that  m  Holland,  Noithern 
Germany, and  in  Italy,  the  pozzuolano  dass  of  materials  is  stall  used; 
but  that  in  England  they  have  so  entirely  been  laid  aside  of  late  yean 
as  not  easily  to  be  obtained  in  the  ordlnuy  market 

Berthier  gives  the  following  analysb  of  the  tran  of  Andenadi  and 
of  the  pozzuolano  of  Civita  Veochia : 


Bnbstanoes. 

SlUea 

Alumina       • 
Lime        •       • 


Trase. 

.  0-570 

,        .    .  0««0 

*        •        .  0*036 

Magneala 0*010 

Oxide  of  Iron    •       •       •       .       •  0*060 

Potash         ••••••  0*070 

8oda *  0-010 

Water  and  loss 0*144 


Total 


1*000 


0*449 
0*160 
0*068 
0*047 
0*120 
0-014 
0*040 
0*090 
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PRACTICE,  a  rule  of  arithmetic,  appropriately  so  termed  became  ii 
hardly  contains  any  new  principle,  but  depends  for  its  application  upoe 
the  memory  and  dexteri^  which  the  operator  acquires  from  pncUce. 
Thus,  in  the  following  simple  question,  "  How  much  do  40  yud*  ^oA 
at  18«{.  a  3rard/'  some  arithmeticians  (unpractised)  might  find  it  neoei- 
sary  to  multiply  40  by  18  and  divide  the  result  by  12,  for  the  number 
of  »liilling«  in  the  answer;  but  a  practised  arithmetidan  would  imme- 
diatdy  see  that  IM.  is  a  shilling  and  a  half,  so  that  40a  must  be 
allowed  for  the  ihUUng,  and  20a  for  the  half  ahiUing,  making  altogether 
60«.  More  eomplioated  examples  maj  require  greater  subdivision,  but 
the  method  of  proceeding  has  been  completely  described  in  the  pre- 
ceding. Suppose,  for  instance,  it  is  required  to  find  the  price  of  253} 
y aids  at  2{.  1 8«.  7  i(i.  a  yard.  The  application  of  the  ruls  of  practice  is 
as  follows ; — 


At  !/•  per  yard  S6ti  yards  scat  •       •  £35S    ff 
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At  it,  13«.  7{il.  per  yard  258}  yards  coat    679    6    9|  f 

The  process  hardly  needs  more  description  than  is  given  on  the  left: 
the  0^1^  difficulty  is  the  division  of  the  price  into  portions  each  ci 
which  is  a  simple  aliquot  part  of  one  of  the  preceding,  and  this  diffi- 
culty is  to  be  overcome  by  practice.  It  is  also  to  be  noticed  that  aur 
verifications  often  occur :  thus,  in  the  last  process  but  one,  it  can  easily 
be  verified  that  258^  fartlungs  is  5a  8}(l.  }. 

When  both  the  factors  which  are  to  be  multiplied  contain  complicated 
fractions,  this  nde  can  be  easily  apj^ed  by  turning  the  money  factor 
into  pounds  and  decimals  of  a  pound,  as  in  Ihtsrsst.  ThuR,  suppose 
it  is  required  to  find  the  price  of  22  tons  17  cwt.  1  qr.  19  lbs.,  at 
182.16s.  4<;.  a  ton,  or  13-81667/.    We  have  then 
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of  1  ton 
of  10  cwt. 
of  10  cwt. 

of  2  QWt. 

of  1  <^. 
of  1  qr.    • 
of  4  lb. 
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38  ton  17  owt.  1  %r.  19  lb.  oMt 


£816*00088 


So  that  the  proper  answer  ib  less  than  a  farthmg  abova  316L  The 
preceding  prooesa  is  much  shorter  than  the  (^^pUcation  of  the  rule  of 
three,  and  also  than  a  kind  of  double  rule  of  practioe  onoe  in  use,  which 
is  not  given  in  modem  works,  and  is  not  worth  reviyal. 

This  method  of  practioe  is  also  a  convenient  w^jF  of  reduciDg  fractions 
of  weights  or  measures  to  decunals.  Thus,  if  17  cwtb  1  q^,  19  lb.  is  to 
be  reduced  to  a  dediQal  fraction  of  a  ton^  we  have 


1  owt.  is  '05 


of  atom 


17  owt.  is  '95    > 

n 

1  qr.  ii    :  of  1  owt.  or  '0128 
14  lb.  is      of  1   qr.  or  '00625 

at 

M 

4  lb.  is      of  1    qr.  or  *0017,657 
1  lb.  is  1  of  4    lb.   or  -0004464 

M 

•t 

17  cwt.  1  qr.  19  lb.   is  *8709821  of  a  ton. 

PR^FEOTUS  IJRBI  (prefect  or  warden  of  the  city),  the  title  of  a 
Roman  magistrate,  said  to  have  been  instituted  by  Romulua  (Tadt, 
*  AnnaL/  vi  11)  to  supply  the  place  of  the  kings  in  their  absence  from 
the  city,  within  the  walls  of  which  he  was  for  a  time  invested  with 
kingly  power,  where  he  had  the  imperium  in  «r6e.    (Livy,  i.  69.)    He 
was  appointed  from  among  the  senators.    (Dionya.,  it  12.)    Duzing 
the  time  of  tho  republic  the  prafectus  urbi  was  appointed  by  the 
consuls,  or  by  the  senate  (Dionya.,  viii.  64)  when  the  consuls  were 
obliged  to  be  absent '  from  tne  city.    During  the  time  of  his  office  he 
exercised  in  Uie  city  the  power  of  the  consuls :  he  had  the  right  to 
oonvoke  the  senate  (Varro., '  Ap.  GtoU.,'  ziv.  7,  oomp.  with  zv.  8)  and 
to  hold  the  comitia  (Liv.,  i.  60).    But  in  the  course  of  time  the  prefect 
of  the  city  was  superseded  by  the  praetor  urbanus,  on  which  the  former 
magistrate  became  merely  a  shadow  of  what  he  had  been,  and  was 
appointed  while  the  consuls  were  absent  from  Rome  for  the  purpose  of 
celebrating  the  Feri^o  Latinse.    This  office^  being  of  no  importance,  was 
often  filled  by  young  men,  and  Julius  Ceesar  even  appointed  several 
youths  under  age  as  prefects  of  the  oii^,    (Tacit.,  1.  o.,  iv.  86 ;  Dion 
Cass.,  xliz.,  p.  476.)    This  shadow  of  a  magistrate  seems  to  have  con- 
tinued to  be  appointed  during  the  Feriss  Latiase,  even.after  Augustus 
had  made  a  permanent  prsofectua  urbL    (Suet.,  ^  Nero/  7.)    Augustus 
invested  this  new  prefect  with  oonsidemble  power,  gave  him  the  super- 
intendence of  public  works,  roads,  aqueducts,  IJm  navigation  of  the 
river,  and  the  com  to  be  distributed  among  the  people.  (Suet., '  Ootav.,' 
37 ;  Tacit.,  L  c. ;  Dion  Cass.,  lit,  p.  547.)    He  was  also  invested  with 
junadiction  over  slaves  and  turbulent  oitizenai    He  was  thus  some- 
thing like  a  chief  officer  of  the  police;  but  his  powers  beoama  graduaUy 
more  and  more  extensive,  so  that  almost  all  the  powara  formerly 
belonging  to  the  office  of  prsstor  urbanus  in  the  end  were  transferred 
to  the  prsefectua  urbi  ('  Dig./  i,  1. 12 ;  '  De  OS.  Prssf.  Urbi/  comp. 
ivith  Tacit.,  '  Annal./  xiv.  41) ;  and  from  the  begioning  of  the  Srd 
century  be  not  only  exercised  tiie  inferior  but  also  the  criminal  juris- 
diction, and  that  not  only  in  the  city,  but  at  the  distance  ol  one 
hundred  miles  from  it.    During  the  early  period  of  the  empire  the 
prefe<it  of  the  city  seems  always  to  have  held  his  office  for  a  number  of 
years;  but  from  the  time  of  Valerian  we  find  a  new  prefect  almost 
every  year.     Respecting  the  titles  by  which  he  was  addressed,  see 
Brisaon,  *  De  Form.,'  p.  296.    At  the  time  when  Constantinople  was 
laiaed  to  the  rank  of  second  capital,  it  received  a  prefect  of  uie  dty, 
who,  like  the  prefect  in  the  w^,  was  the  direct  representative  of  the 
emperor,  and  next  to  him  the  first  person  in  the  city.    The  idiole 
administration  of  the  dty,  all  ito  corporations  and  institutions,  were 
under  his  superintendence;  every  month  he  made  a  report  to  the 
emperor  of  the  transactions  of  the  senate  and  people  (Symmach., 
'  £pist,'  z.  44) ;  in  the  assemblies  of  the  senate  he  gave  his  vote  before 
the  consulars  (Casaiod., '  Variar./  vi  4),  and  was  the  medium  through 
which  the  emperors  communicated  with  the  city. 

PR^MUNrRE  (used  tor  pramona^, "  to  forewarn,"  Co.  Lit  120  b) 
tt  the  first  word  of  an  ancient  writ  by  which  a  party  was  summoned 
before  the  sovereign  to  answer  a  charge  of  contempt  against  him.  The 
commenoement  of  the  writ  was  as  f oUows : — "  Piwmimire  facias  A.  B. 
quod  sit  coram  nobis,"  &c.  The  contempt  consiert^d  in  the  doing  of 
some  act  in  derogation  of  his  allegiance ;  and  in  case  of  conviction,  the 
judgment  was,  that  the  defendant  should  be  thenceforth  out  of  the 
^u^B  protection,  and  his  lands  and  tenements,  goods  and  chattels, 
forfeited  to  the  king,  and  his  body  should  remain  in  prison  at  the 
'king's  pleasure.  The  word  prsemunire,  as  now  used,  has  two  meaoings 
-^ne  the  writ  itself,  the  otiier  the  ofifenoe  to  which  the  writ  ia 
applicable. 


In  late  times  it  seems  to  have  been  considered  that  the  ofianoe  wol* 
ref errible  only  to  attempts  to  introduce  the  papal  authority  into  this 
kingdom ;  but  it  would  appear  that  any  attempt  to  introduce  foreign 
jurisdiction  or  usurp  upon  the  ''kii\g]y  lawes  of  the  crown"  was  equally 
within  the  penalties  of  a  premunire.  Most  o£  these  attempts  did 
relate  to  the  papal  jurisdiction,  and  the  statute  of  pr»mumre  (16 
Bich.  II.,  c  5)  relates  only  to  such  attempts.  But  the  27  Kdw.  IIL, 
e.  1,  referred  to  by  that  Act,  visits  an  analogous  offence  with  the  same 
penalty  where  one  "  shall  draw  any  out  of  the  realm  in  plea  whereof 
the  cognizance  pertaineth  to  the  kixig's  courts,  or  whereof  judgment  is 
given  in  the  kin^s  courts,  or  which  do  sue  in  any  other  court  to  defeat 
or  impeach  the  judgment  given  in  the  king's  court,  &c" 

Numerous  statutes  have  defined  what  shall  be  such  a  contempt  as 
amounts  to  a  prsemunire^  Moat  ol  the  earlier  are  directed  a^uinst 
provUon,  as  they  were  called,  or  persons  who  purohased  from  Kome 
provisions  lor  holdiz^  abbeys  or  priories,  &c.,  before  those  benefices 
were  vacant  (25  £dw.  IIL,  staU  h,  o,  22,  stat.  6),  or  for  exemption 
from  obedience  to  their  proper  ordinary  (2  Hen.  IV.,  c  3),  or  bulls 
for  exemption  from  titiiea  (2  Hen.  lY.,  c.  4),  or  those  who  held  bene- 
fices in  favour  of  aliens,  &o.  (3  Rich,  IL,  c.  3;  7  Kich  IL«  c.  1^;  12 
Bich.  IL,  0,15;  13  Rich.  II.,  stat.  2,  c  2),  or  those  who  purchased 
(procured)  bulls,  sentences  of  exoonuaunioation,  ^.,  against  the  king 
(16  Bich.  IL,  a  5).  During  the  time  of  Hemr  YIIL,  aevend  statutes 
applied  the  penalties  of  a  prsBmunire  to  those  who  sued  for  or  attempted 
to  enforce  any  bull,  &c.>  from  Borne,  or  appealed  there  (23,  c.  2  ;  24,  o. 
12;  25,  c&  19,  21 ;  28,0. 16), or  re&ised  to  elect  a  bdahop  named  by  Uie 
king  (25,  c  20).  ^y  5  Ehs.  a  1,  13c.  2^27  o.  2,  it  was  applied  to 
thcee  who  refused  to  take  the  oath  of  twpienmijy  or  defended  the 
pope's  jurisdiction,  abetted  pobliiheni  of  bulUii,  &o.»  or  seotxeltel  to 
Jesuits  beyond  seas. 

About  tius  time  the  peniJties  of  a  prsemmure  ceased  to  be  eonfined 
to  the  dass  of  offences  above  referred  to.  The  18  Ch.  IIi.^  a.  1,  e.  1, 
made  persona  who  advisedly  assert  that  both  or  either  house  d  pariia- 
ment  nave  a  legislative  autiiority  without  the  king,  and  4  Jac.  L^c  4, 
1  W.  ft  M.,  s.  1, 0.  8,  those  who  refused  to  take  the  oath  of  allegisiice, 
guilty  of  a  prsdmuaire*  3y  7  ft  8  Will  IIL,  c.  4,  aerjeanta,  bamsters, 
attorneys,  ftc.,  are  subjected  to  the  same  penalties  if  they  practise 
without  taking  the  oatL  By  the  6  Anne,  c  7,  a  maJidous  or  ad^ed 
assertion  that  the  then  pretended  Prinoe  of  Wales  had  any  right  to 
the  throne,  or  that  the  king  and  parliament  cannot  make  laws  to  limit 
the  descent  of  the  orown,  amounts  to  the  same  offence.  And  12 
Qeo.  IIL,  c.  11,  attachea  the  same  penalties  to  all  such  as  willingly 
solemnise  or  assist,  ftc.,  at  any  forbidden  marriage  of  the  deaoendante 
of  Qeoxge  II.  Hie  penalties  of  a  premunire  have  also  been  attached 
to  perKms  guilty  of  offonetos  of  very  diffisrent  characters :  to  those  who 
molested  the  possessors  of  abbey  lands  granted  to  Heorr  VIII.  and 
Edward  YL ;  to  broken  la  any  usurious  contract^  by  13  Bua.,  o.  8 ;  to 
those  who  obtained  any  atn^  of  proceedingB  other  than  by  arrest  of 
judgment  or  writ  of  error  in  any  suit  lor  a  monopoly,  by  21  Jao.  L, 
0.  3,  s.  4 ;  and  to  those  who  obtained  an  exoLusive  patent  for  the  sole 
msldng  or  importation  of  gunpowder  or  arms,  or  hindered  othen  from 
importing  them,  by  16  Gh.  L,  o.  2L  By  the  Habeaa  Corpus  Act, 
31  Ch.  IL,  o.  2,  those  who  deprive  or  assist  in  depriving  a^y  suhjeot  of 
this  realm  of  his  liberty  contrary  to  that  Act,  ixiour  the  penalties  of 
prsemunire;  and  by  6  Anne,  c  23,  if  the  peers  of  Scotland  oonmned  to 
elect  their  representatives  treat  of  any  other  matter,  they  are  guilty  of 
a  pnemunire.  After  the  breaking  of  the  South  Sea  bubble,  thoaa  who 
thereafter  engaged  in  such  undertakingB  were>  by  6  Geo.  L,  o.  18  (now 
repealed),  made  liable  to  Uie  penalties  of  a  prsemunire. 

The  punishment  of  a  prsemunire  has  already  been  stated  After 
judgment,  the  defendant  might  formerly  have  been  killed  by  any  man. 
"  But  Queene  Elizabeth  and  her  parliament,  liking  not  the  extreme  and 
inhumane  rigor  of  the  law  in  that  point,"  made  it  unlawful  to  slay 
him.  (5  Eliz.,  c  1.)  Still,  being  out  of  the  protection  of  tiie  law,  he 
cannot  sue  in  any  action  (Co.  Lit.,  129  b),  and  he  forfeits  all  his  goods 
snd  chattels,  his  lands  and  tenements  in  fee,  and  his  life  interest  in 
lands  in  tail  (3 '  Inst./ 119,  <<  Of  Praemunire.")  Prosecutions  for  this 
offence  are  now  obsolete. 

PR£TOB»  a  word  which  apparently  contains  the  same  elements  as 
the  verb  prceire.  The  consuls  were  originally  called  praetors,  but  the 
name  preetor  was  specially  appropriated  to  a  magistrate  called  the 
praetor  urbanus,  who  was  first  appointed  B.O.  365.  He  was  called  a 
colleague  of  the  consuls^  and  was  created  with  the  same  auspices. 
(Liv.,  vii.  1.)  The  prsetor  was  at  first  only  chosen  from  the  patri- 
cians, as  a  Und  of  compensation  to  them  for  admittingthe  plebmans  to 
fill  one  of  the  consulships.  (liv.,  vi  42.)  In  the  year  B.O.  336  the 
first  plebeian  preetor  was  created. 

The  prsetor,  in  his  origin,  seems  to  have  been  a  kind  of  third  con- 
sul. While  the  consuls  were  at  the  head  of  the  armies  in  the  field, 
the  prsetor  exerdsed  the  consular  power  within  the  city,  in  the  senate, 
and  in  the  comitia.  He  also  administered  justice  ("  jus  in  urbe  dice- 
bat,"  Liv.,  vi  42).  On  some  occasions  the  prsetor  led  the  armies  of 
the  state.  (Liv.,  vii.  28,  ftc)  Yet  the  imperium  ol  the  prsetor  was 
less  than  that  of  the  consuls,  to  whom  he  owed  obedience.  There  wais 
also  a  distinction  in  his  insignia  of  office,  for  the  prsetor  had  only  six 
lictors,  from  which  circumstance  he  is  called  by  Polybius  "  the  general 
with  six  lictors"  (rrytfii^v  or  ffrpanjyhs  l^aWXcfci/r,  and  sometimes  simply 
i^aw4\€KU5,  ftc).     It  appears  from  Livy  that  the  pnstorship  was 
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bris^nally  given  to  »  consul  of  the  preceding  year;  and  after  the  ple- 
beiana  obtained  admiaaion  to  thia  magistracy,  it  was  ffiyen  alternately, 
at  least  for  a  time,  to  the  patrician  and  plebeian  consm  of  the  preceding 
year.  As  the  prsetor  waa  a  kind  of  substitute  for  the  consuls,  there 
waa  nothing  in  the  nature  of  the  office  which  limited  the  number :  and 
accordingly  in  B.C.  247,  another  praetor,  called  Prsetor  Peregiinus, 
waa  created,  who  administered  justice  in  matters  between  citizens  and 
foreigners,  and  in  matters  between  foreigners  only.  It  is  conjectured 
that  one  prstor  was  a  patrician  and  the  other  a  plebeian,  but  thia 
doea  nob  appear  certain.  If  one  of  the  praetors  left  the  city  to  com- 
mand the  army,  the  other  had  the  authority  of  both  within  the  city ; 
and  when  the  inilitary  service  required  it,  the  imperium  of  a  prsetor  | 
waa  prolonged  for  another  year  by  the  senate  or  tiie  comitia.  When 
conquests  were  made  beyond  the  limits  of  Italy,  and  foreign  countries 
were  reduced  to  the  form  of  provinces,  pnetors  were  sent  to  govern 
them.  Thus  two  new  praetors  were  appointed  for  Sicily  and  Sardinia 
(B.a  227)»  and  subsequently  two  more  when  the  two  provinces  of  Spain 
were  formed  B.a  197.  The  provinces  of  the  praetors  were  determined 
annually  bv  the  aenate,  and  distributed  among  them  bv  lot.  As  the 
judicial  laoours  of  the  praetors  increased,  they  generally  spent  their 
year  of  office  at  Rome,  and  then  took  the  charge  of  a  province  with 
the  title  of  propnetor.  Sylla  increased  the  number  of  praetors  to 
eight.  The  praetor  urbanus  had  the  highest  rank,  and  was  specially 
called  praetor :  the  duties  of  his  office  required  his  constant  attend- 
ance at  Rome,  and  he  could  not  leave  the  city  for  more  than  ten  days 
at  a  time.  He  had  the  troublesome  and  ezpenaive  duty  of  super- 
intending the  Ludi  Apollinares  and  giving  gladiatorial  shows  to  the 
people.  Julius  Oaesar  increased  the  number  of  praetors  to  ten,  then 
to  twelve,  fourteen,  and  sixteen ;  Augustus  reduced  the  number  to  ten, 
then  again  raised  it  to  sixteen,  and  finally  fixed  it  at  twelve.  Under 
TiberiuB  there  were  sixteen.  A  permanent  praetor  for  fidei  oommissa 
waa  aubsequently  appointed  ('  Dig.'  L,  tit.  2,  s.  3),  and  another  for 
matters  between  the  Fiscus  and  private  individuals;  and  a  pnotorwaa 
iq[>pointed  by  the  emperor  IL  Ajitoninus  (CapitoL  '  M.  Anton.,'  c.  10) 
solely  for  matters  relating  to  guardianahip  (tutela).  The  office  con- 
tinued  in  Rome  with  varying  numbers  and  powers  till  the  fsJl  of  the 
Western  empire.    At  Constantinople  it  endured  somewhat  longer. 

An  office  like  the  praetorship  in  some  respects  may  be  traced  far- 
ther back  than  the  first  election  of  a  praetor ;  and  the  vicarious  duties 
of  the  office  appear  clearly  in  the  functions  of  the  ancient  praefectus 
urbi  [PRJBFECTUS  Ubbi],  whose  office  became  of  less  importance  on  the 
appointment  of  the  praetor  urbanus.  As  late  as  the  time  of  Cicero 
(*  Ep.  Fam.,'  x.  12,  xii  28),  we  find  the  praetor  performing  the  duties 
of  tne  consuls  in  tiieir  absence. 

Under  the  republic  the  praetor  urbanus  became  the  chief  magistrate 
for  the  administration  of  justice,  and  in  thia  respect  his  office  waa  the 
most  important  in  the  state.  He  was  one  of  the  magistrates  who  had 
the  Jus  Edicendi  (Qaius,  L  2),  or  of  publiahing  edicta,  which  were  the 
foundation  of  a  body  of  law  known  under  the  names  of  Jus  Honora- 
rium or  Praetorium.  The  praetor  peregrinua  had  also  the  Jus  Edi- 
cendi :  and  the  edicta  of  these  two  praetors  formed  the  largest  body  of 
this  edictal  law.  The  ediota  of  the  praetor  urbanus  were  publiahed 
generally  on  entering  on  his  office,  and  occasionally  during  its  con- 
tinuance. It  ia  difficult  to  describe  the  edicta  in  exact  terms,  but 
they  had  reference  only  to  civil  actions,  and  their  object  waa  generally 
to  provide  for  cases  unprovided  for  by  the  existing  laws,  and  mainly  by 
inlxoducing  new  kinds  of  actiona  (actiones  utiles)  when  the  actions  of 
the  old  law  (actiones  directee)  did  not  apply,  and  fixing  the  mode  of 
procedure.  They  often  adapted  a  new  form  to  an  exirting  right,  and 
they  contrived  hy  various  legal  fictions  to  accommodate  the  limited 
provisions  of  the  old  laws  to  tiie  existing  wants  of  society ;  but  in  all 
these  proceedings  we  clearly  discern  a  rectitude  of  intention  and 
singleness  of  purpose  as  the  characteristic  of  the  edict.  The  praetor 
also  interfered  in  a  summary  way  by  hia  Interdict,  particularly  in 
matters  of  possession  [PossessionJ,  in  the  case  of  a  man  who  was  of 
unaound  mind  and  incompetent  to  manage  his  property,  or  a  prodigal 
who  was  wasting  his  substance ;  in  which  caaea  the  praetor  appelated 
a  curator,  when  the  laws  of  the  Twelve  Tables  had  not  provided  for 
one.  He  also  rave  relief  in  cases  of  fraud  whenever  the  law  had  made 
no  provision  ('Dig.'  f,  tit.  3),  and  generally  by  the  doll  exceptio  and 
the  in  integrum  restitutio,  in  the  case  of  minors,  he  set  aside  fraudu- 
lent transactions.  (Savigny, '  Von  dem  Sohute  der  MinderjiUirigen/ 
Zeitschrift  x.  261.)  It  is  stated  that  the  praetors  would  sometimes 
VBcy  their  edicte  in  the  course  of  the  year,  till  this  was  forbidden  by  a 
dea«e  of  the  senate,  and  finally  by  a  lex  Cornelia  (b.c.  67).  This  gave 
to  the  edict  a  character  of  greater  stability.  It  seems  that  the  e£cta 
of  his  predecessors,  though  not  absolutely  binding  on  an  actual  praetor, 
were  nrequently  adopted  by  him.  Indeed  we  cannot  conceive  that  Uie 
praetorium  jua  could  have  acquired  that  stability  and  consiBtency  which 
it  undoubtedly  had  acquired,  even  in  the  time  of  Cicero  ('  Leg.'  L  5),  if 
the  chief  rules  that  were  established  by  the  praetors  were  not  observed 
by  their  successors.  The  Roman  juristo  found  ample  matter  for 
comment  in  the  praetors'  edicte,  and  a  large  part  of  their  writings  had 
for  their  object  the  exposition  of  the  legal  principles  contained  in 
them.  Under  the  emperor  Hadrian  the  edicte  of  the  praetors  were 
collected  and  airanged  by  Salvius  Julianus,  a  distinguished  jurist, 
under  the  name  of  Edictum  Perpetuum,  and  from  this  time  the  pro- 
gresaiTe  deTelopment  of  the  Roman  law  by  the  prsetora^  edict  ceased. 


The  constitutions  and  rescripte  of  the  emperors  supplied  the  place  of 
the  edict ;  the  importance  of  the  functions  of  the  pnetora  was  gr»t]j 
diminished ;  but  they  still  presided  in  quaestioncui.  or  judicial  inquiries 
into  crimes,  or  that  class  of  offences  which  were  the  subject  of  judicb 
publica.  Sometimes  persons  (quaesitores  or  quaestores)  were  appointed 
on  special  occaaions  to  preside  at  such  trials.  After  the  number  of 
praetors  had  been  increaaed  to  six,  the  praetor  urbanus  and  peregriooi 
exercised  their  usual  jurisdiction,  and  the  other  four  presided  m 
quaeationea  aa  to  repetundsa,  peoulatus,  majestas,  and  ambitua.  Tbeae 
quaeationes  were  caued  perpetuae  (Cic, '  Brut/  102),apptfeQtlv  became 
the  praetors  exereised  the  functions  of  quaestores  during  the  whok 
year  of  office,  and  not,  aa  ^as  the  old  practice,  on  the  particular  occa- 
sion only  of  their  appointment  as  quaestores.  Still  extraordinarj 
quaestores  might  be  appointed.  Sulla,  by  various  l^gea,  added  to  iht 
niunber  of  quaeationes  perpetuse,  and  at  the  same  time  made  tvo 
additional  praetors,  and  when  their  criminal  jurisdiction  was  with- 
drawn, their  functions  were  little  more  than  formal 

PRiSTORIANS  was,  in  the  time  of  the  Roman  republic,  the  name 
of  a  select  cohort  which  attended  the  person  of  the  praetor  or  com- 
mander of  a  Roman  army.  Sallust  ('  Catilina,'  60)  aavs  that  Petrdoi. 
finding  that  Catilina  and  his  followers  defended  tnemaelves  men 
stoutly  than  he  expected,  ordered,  as  a  last  expedient,  the  pnetomn 
cohort  to  charge  Uie  insurgente,  and  thia  decided  the  faie  of  the  battle. 
In  the  time  of  the  triimivirate,  Octevian  and  Antony  greatly  incresMd 
the  number  of  the  praetorians.  Appianua  ('  BelL  Civ.')  says  that  after 
the  battle  of  PhUippi  they  dismissed  all  those  soldiers  who  had  aerred 
their  time,  except  8000  men  who  requested  to  remain  in  the  sendee, 
who  were  diatributed  in  praetorian  oohorta  attached  to  the  persons  of 
the  triumvirs.  After  the  final  overthrow  of  the  republican  party, 
Auguatus  formed  the  praetorians  into .  nine  cohorts,  and  Ilberiua  fixed 
their  ste^on  in  the  capital  aa  guai^  to  hia  person,  (^uetonius, 
'  August.,'  49.)  They  became  in  fact,  under  the  emperorB,  what  ihe 
regimente  of  guards  or  household  troops  are  in  the  actual  mooardiies 
of  Europe,  a  select  and  privileged  body  in  the  army.  But  besides  thdr 
ordinary  military  duties,  they  had  alao  the  chaige  of  sUte  priaonen, 
and  often  acted  aa  executioners.  The  prefect  of  the  praetorium  wax 
the  commander  of  the  whole  body  of  praetorians.  They  were  all  picked 
men,  chosen  from  Old  Latium,  Umbria,  Etruiia,  and  the  older  Roooaa 
colonies,  and  they  were  proud  of  their  origin.  (Tadtus, '  AnnaL/  ir. 
5.)  Under  Vitellius  the  praetorian  cohorto  were  increased  to  sixte<D. 
(Tacitua, '  Hist.,'  iL  98.)  In  the  frequent  revolutions  of  the  empire  the 
praetorians  acted  a  oonapicuous  part,  and  often  determined  the  fate  of 
an  emperor,  and  the  choice  of  another ;  aa  in  later  times  the  janiaaries 
did  with  regard  to  the  Turkish  sultana.  Diocletian  reduced  the 
number  of  the  praetorians,  and  Conatantine  entirely  diabanded  them. 

PRAGMATIC  SANCTION.  [Chables  VI.  of  OiRMiLirT,  and  House 
or  HABBBimo  in  Bioo.  Div. ;  and  TasATiKa,  Chbonolooical  Tabu  or.] 

PRAIRIES.    [Plains.] 

PRATER,  a  term  in  &eology,  used  to  designate  the  intercoone 
passing  between  human  minda  and  the  divine.  Language  appean«  not 
to  be  necessary  to  complete  the  idea  which  the  word  represents,  imoe 
we  apeak  of  mental  prayer,  which  ia  thought  directed  heaven-wiie  in 
adoration  or  in  entnaty  without  the  aentiment  of  the  mind  beiag 
embodied  in  worda  or  finding  expression  by  the  lips*  But  its  far  more 
common  use  is  to  express  this  kmd  of  intercourse  when  the  sentameat 
of  the  mind  is  embodied  in  language. 

It  is  a  derivative  of  the  verb  to  pray,  which  aignifiea  to  ask  for 
something,  and  the  intercourse  of  which  we  have  spoken  is  described 
by  a  word  which  etymologically  describes  only  one  part  or  sectioii  of 
the  whole  idea,  inaamuch  as  in  such  intercoiu«)  the  principal  object 
will  iJways  be  the  supplication  of  ^ose  rich  communications  of  good 
which  Qod  can  bestow  and  man  receive. 

Prayer  springs  immediately  out  of  the  persuasion  that  man  ia  not 
placed  on  tnia  globe  without  a  protecting  and  governing  power  over 
him,  which  power  is  conceived  to  belong  to  the  One  Oreat,  Qood,  and 
Wiae  Being,  who  waa  the  Creator  at  first  of  man  himael^  and  of  all  the 
things  by  which  he  is  surrounded,  or  which  touch  in  any  way  his  coo- 
dition.  Wherever  thia  idea  ia  fully  formed,  it  seems  that  the  mind 
muat,  occasionally  at  least,  fall  into  the  diaposition  to  entreat  that  the 
Power,  which  can  do  ao  much  for  it,  would  be  pleased  to  exot  xtaeH 
Whether  this  government  and  tins  ability  be  vested  in  some  one  being, 
or  be  supposed  to  be  distributed  among  many,  either  equal  in  power, 
or  supreme  and  subordinate,  the  case  is  the  same.  Circumitanoes 
arise  in  which  it  seems  that  it  would  be  impoaaible  to  withhold  the 
mind  from  aasuming  the  form  of  supplication  and  the  lips  from 
ezpresaing  the  deedrea  which  have  sprung  in  the  mind.  We  aocordiogly 
find  that  prayer  haa  existed  from  ihe  earlieat  timea  when  we  find  men 
raised  into  the  rank  of  religious  beings,  and  in  any  stete  of  religioua 
knowledge,  however  rude  and  mistaken  the  ideaa  may  have  been ;  in 
times  of  danger  and  calamity  at  leaat,  men  have  thrown  themsdra 
prostrate  before  a  superior  power,  and  intreated  ito  inteiposition. 

Sometimes  the  prayer  may  be  no  more  than  a  brief  ejaculation;  bat 
if  arising  in  the  sincerity  of  the  heart,  it  is  not  the  leas  prayer,  nor  the 
leas  regarded  by  Him  who  ia  described  in  the  Holy  Scriptures  as  the 
God  that  heareth  prayer. 

But  even  in  aome  of  the  earliest  monuments  of  human  thou^t  and 
feeling  we  have  prayer  that  has  not  been  mere  ejaculation,  or  even  the 
mere  expression  of  feeling  excited  by  temporary  emergencies:  and 
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there  are  come  down  to  us  varioua  prayers  used  by  good  men  in  ancient 
times  expressive  of  their  desires,  and  at  the  same  time  showing  how 
other  topics  may  properly  be  introduced  and  mingled  with  supplier* 
tion.  There  are  prayers  of  men  who  had  not  the  light  of  either  of  the 
divine  dispensations,  and  there  are  wise  directions  concerning  prayer  in 
the  writings  of  such  men;  but  the  Scriptures,  both  of  the  Old 
Testament  and  the  New,  contain  many  prayers,  and  many  hints  and 
observations  respecting  prayer,  all  of  which  are  very  instructive,  and 
held  in  devout  reverence  by  those  who  receive  the  persons  whose  words 
are  there  recorded  as  examples  and  authorities. 

From  these  examples,  and  from  the  instructions  incidentally  given, 
Christian  divines  have  deduced  certain  principles  respecting  prayer. 
They  have  in  fact  raised  a  kind  of  system  of  prayer :  dividing  and 
subdividing  the  several  branches  of  it.  Of  these  it  will  be  sufficient  to 
say  that  a  prayer,  or  a  body  of  words  expressive  of  the  interoourse, 
should  contain  (1)  ^expressions  of  adoration  and  admiration  of  the 
Mighty  Being  who  is  the  object  of  address,  by  which  the  mind  is 
brought  into  a  state  of  confidence  that  he  can  grant  that  which  we 
entr^t  of  him :  (2)  expressions  of  our  own  unworthiness  to  receive 
more  blessings  than  he  has  already  seen  proper  to  bestow  upon  us ; 
either  on  account  of  a  general  persuasion  of  demerit,  or  of  some 
particular  sin  of  which  we  have  been  guilty.  This  is  thought  to  be 
in  accordance  with  the  actual  state  of  every  one  who  thus  puts  himself 
as  it  were  more  immediately  in  the  awful  presence  of  his  governor  and 
judge,  and  to  be  also  salutary  to  the  suppliant  as  keeping  up  a  sense  of 
proper  humility,  and  a  disposition  to  acquiesce  in  whatever  may  be 
the  divine  will  (8)  Then  comes  the  supplicatory  part,  in  which 
general  or  particular  blessings  are  besought,  suitable  either  to  the 
general  condition  of  the  person  praying,  or  to  the  particular  circum- 
stances of  the  moment.  (4)  Interoeasion  for  others,  the  entreaty  of 
the  divine  &vour  for  the  whole  hiunan  race,  and  such  blessings  as 
particular  daases  of  persons  peculiarly  need.  This  is  thought  necessair 
as  cherishing  the  Idnd  and  charitable  feelings,  snd  leading  each 
individual  man  to  feel  himself  but  as  one  of  a  great  family  of  whom 
God  is  the  common  head  and  the  common  protector,  and  whose 
interests  are  not  to  be  disregarded  in  attention  to  the  wants  and  wishes 
of  an  individual  member  of  itb  (5)  Lastly  comes  thanksgiving,  a 
devout  acknowledgment  of  past  and  present  mercies,  the  good  which 
God  has  given  in  his  natural  providence  in  general,  or  any  special  good 
-which  he  may  have  granted.  Such,  according  to  Christian  divmes, 
ought  to  be  the  form  into  which  men's  thoughts  cast  themselves  when 
they  enter  into  communion  with  Ood :  and  the  various  prayers 
which  are  delivered  in  public  by  the  ministers  of  religion  in  behalf  of 
multitudes  praying  together,  are  for  the  most  part  constructed  in  this 
form,  the  differences  arising  (1)  from  the  selection  of  different  sub- 
sidiary topics  under  each,  and  (2)  from  the  greater  length  in  which 
each  of  these  subjects  is  entered  into,  according  to  the  feeling  or  the 
notions  concerning  prayer  of  the  individual  minister ;  and  such  also  are 
the  prayers  for  the  most  part  in  those  collections  of  prayers  many  of 
whidi  are  printed  for  the  use  of  persons,  either  in  their  private  or 
family  devotions,  who  find  a  difficulty  in  embodying  in  words  the 
sentiment  of  the  heart. 

Liturgies  are  of  the  nature  of  printed  collections  of  prayers.  They 
are  guides  to  the  mode  in  which  the  prayers  of  many  assembled  in 
Christian  congregations  shall  be  offered.  The  Book  of  Common 
Prayer  contains  the  Liturgy  of  the  English  Church  as  appointed  by 
authority.  The  effect  of  liturgies  in  public  worship  is  to  restrain  the 
manifestation  of  peculiarities  in  the  notions  of  particular  ministers 
respecting  the  nature  and  subjects  of  prayer :  to  keep  out  of  the  public 
assemblies  of  Christians  extravagancy  and  enthusiasm ;  to  bring  the 
will  of  the  commimity  at  large  to  bear  on  the  wills  of  single  ministers 
in  respeot  of  the  devotional  part  of  public  worship ;  and  to  make  known 
befordiand  to  the  people  what  sentiments  will  be  expressed,  and  in 
what  form  of  words,  in  the  service  in  which  they  are  about  to  engage. 
[LrruBOT.] 

PREBEND,  derived  from  the  Latin  word  pra^beo  (to  minister  to,  or 
yield),  is  an  endowment  in  land,  or  pension  in  mon^  given  to  a 
cathedral  or  conventual  church  tii  prcAendam,  that  is,  for  a  mainte- 
nance of  a  secular  priest  or  regular  canon,  who  was  a  prebendaiy  as 
supported  by  the  prebend.  It  is  named  from  the  land  or  other 
source  whence  the  profits  attached  to  it  are  derived. 

A  simple  prebend  was  one  which  had  only  its  revenue  for  its 
support;  a  prebend  with  dignity,  one  to  which  a  jurisdiction  was 
annexed ;  a  prebendary  holding  the  latter  was  styled  a  dignitary.  Some 
prebends  were  donative,  others  in  the  gift  of  laymen,  who,  in  case  of 
vacancy,  must  have  presented  the  future  prebendlaiy  to  the  bishop;  on 
this  the  bishop  instituted  him,  and  the  dean  and  chapter  then  inducted 
and  placed  him  in  a  stall  in  the  church.  If  a  'bishop  were  the  patroui 
he  collated.  At  Westminster  the  king  collated  by  patent,  by  virtue  of 
which  the  prebendary  took  possession  without  iiistitution  or  induction. 
A  mandamus  lies  to  compel  an  election  to  fill  a  vacancy.  During  a 
vacancy  the  profits  belonging  to  a  prebendary  as  sole  corporator  went 
to  his  successor ;  those  which  he  held  as  member  of  the  corporation 
aggregate  were  divided  among  the  dean  and  chapter.  A  prebend  being 
a  benefice  without  cure  of  souls,  was  not  formerly  incompatible  to  be 
held  with  a  parochial  benefice,  but  one  prebendary  could  not  possess 
two  prebends  in  the  same  church,  though  he  might  hold  a  second  in 
any  other*    But  now,  by  1  &  2  Vic.  o.  106,  no  spiritual  person  holding 


more  benefices  with  cure  of  souls  than  one  shall  hold  any  cathedral 
preferment ;  or,  holding  any  cathedral  preferment  and  also  any  bene- 
fice with  cure  of  souls,  shall  hold  any  oi^er  cathedral  preferment ;  or, 
holding  any  preferment  in  any  cathedral  or  collegiate  church,  shall 
hold  any  preferment  in  any  other.  (Comyns's  '  Digest,'  tit.  '  Eccl. 
Persons,'  iii.  600;  Bums,«E.  L.,'  88,  90;  Rogers, 'On  Ecclesiastical 
Law,  tit. '  Dean  and  Chapter.'     [Dean.] 

By  the  3  &  4  Via,  c.  118,  founded  on  the  Report  of  Commissioners 
appointed  to  consider  the  state  of  the  church  with  reference  to  its 
revenues,  very  important  changes  were  made  relative  to  cathedral 
preferment.  The  statute  does  not  affect  existing  interests.  Its  pro- 
visions, in  general  terms,  are  as  follows : — Henceforth  all  the  members 
of  chapters  are  to  be  styled  canons.  Provision  is  made  for  the  sup- 
pression of  many  existing  prebends,  the  creation  of  one  additional  for 
St  Paxil's,  and  ultimately  all  cathedral  and  collegiate  churches  as  to 
number  of  canons,  are  to  be  placed  upon  the  following  footing : — 
Canterbury,  Durhiun,  Ely  and  Westminster  6  each ;  Winchester  and 
Exeter  5 ;  Bristol,  Carlisle,  Chester,  Chichester,  Gloucester,  Hereford, 
Litchfield,  Lincoln,  Manchester,  Norwich,  St.  Paul's,  London,  Peter- 
borough, Ripon,  Rochester,  Salisbury,  Wells,  Windsor,  Worcea^,  and 
York,  i  each ;  and  St.  David's  and  Llandaff  2  each. 

All  bishops  are  authorised  to  confer  honorary  canonries,  without 
emolument,  to  the  number  of  twenty-four,  in  each  cathedral  church. 

No  canon  is,  by  virtue  of  his  canonry,  for  the  future  to  possess  any 
separate  estate  or  income,  all  of  which  are  to  vest  in  the  Ecclesiastical 
Commissioners  appointed  by  6  &  7  Wm.  IV.  c.  77.  The  profits  of  the 
suspended  canonries  are  to  be  paid  to  the  commissioners,  in  whom 
their  estates,  as  well  as  those  of  non-residentiary  prebendaries,  &c.,  are 
to  vest.  The  annual  incomes  are  also  fixed  by  this  statute.  The 
separate  patronage  of  members  of  chapters  is  to  be  vested  in  the 
respective  bishops.  Provisions  are  made  as  to  the  exercise  of  the 
patronage  of  chapters.  The  minor  cstaaaa  are  to  be  )ippointed  by  the 
chapter. 

PREBENDARY  ('Prebendarius'),  one  who  has  a  prebend  [Pre- 
bend],  a  canon  endowed  with  land  or  an  advowson  or  tithe.  In  right  of 
his  prebend,  he  possessed  an  estate.  He  was  bound  by  canon  42  to  resi- 
dence four  score  and  ten  days  during  each  year.  The  time  fixed  by 
8  ft  4  Vict.  c.  8,  is  three  months.  The  whole  body  attached  to  each 
cathedral  or  collegiate  church  forms,  with  the  dean,  a  corporation  aggre- 
gate, called  the  dean  and  chapter.  Each  prebendary,  having  a  distinct 
estate,  is,  by  virtue  of  that,  a  sole  corporator,  as  weU  as  member  of  the 
corporation  aggregate.  The  office  of  the  dean  and  chapter  is  to  consent 
to  the  grants,  leases,  &c.,  of  the  bishop.  Anciently  they  formed  his 
council,  as  they  still  do  nominally.  On  his  death  they  certify  the  king 
of  it  in  chancery,  upon  which  a  cong^  d'elire  is  issued.  During  the 
vacancy,  they  govern  the  diocese  and  guard  the  spiritualities  of  it, 
unless  where  the  archbishop  has  that  right  by  prescription.  Pre- 
bendaries were  bound  by  canon  48  to  preach  in  their  churches,  and  in 
other  churches  in  the  diocese,  especially  thos^  whence  their  profits  pro- 
ceeded, or  to  substitute  other  preachers  approved  by  the  bishop.  A 
prebendaiy  could  not  make  a  grant,  Ac.,  until  after  installation  and 
induction.  [Dean;  Chafteb.]  {Temui  de  la  Loy,  tit.  'Prebend,* 
' Chapter; '  Caa^.  ^^-t  titb '  Ecclesiastical  Persons.') 

PRECEDENCE,  one  of  the  artificial  distinctions  among  men  living 
in  a  state  of  political  society.  In  all  countries  the  great  mass  of 
mankind  will  be  of  one  level,  no  individual  possessing  political  privi- 
leges which  do  not  belong  to  the  rest,  except  as  pertaining  to  some 
particular  employment  in  the  various  ordinary  businesses  of  life  in 
which  each  individual  is  engaged.  But  these  give  no  precedence  of 
one  before  another ;  all  move  on  abreast.  But  above  these  are  certain 
persons,  such  as  the  members  of  the  liberal  professions,  persons  who 
hold  or  have  held  offices  in  the  state,  peers,  who  take  precedence  of 
the  rest,  and  who  are  allowed  to  do  so,  if  not  by  any  law  absolutely 
promulgated,  yet  by  the  constant  usages  of  society.  And  again,  the 
individuals,  who  may  form  perhaps  the  thousandth  part  of  the  whole 
community,  who  possess  this  privilege  of  precedence,  have  the  prece- 
dence amongst  each  other  regulated  according  to  usage,  or,  in  other 
words,  hy  the  precedents  established  in  records  of  former  arrange- 
ments. The  subject  is  one  to  which  a  good  deal  of  attention  has  bran 
paid,  and  it  is  now  only  as  an  incident  to  the  creation  of  new  courts  or 
officers,  or  in  singular  positions  of  the  royal  family,  that  difficulties 
arise.  The  members  of  the  College  of  Arms,  who  are  the  council  of 
the  earl-marshal  of  England,  are  usually  referred  to  in  questions  of 
precedency ;  and  to  them  is  assigned  the  arrangement  of  public  pro- 
cessions, as  at  royal  marriages,  f  imerals,  coronations,  and  the  like,  when 
it  is  that  questions  of  this  kind  come  to  be  considered. 

Tables  of  precedency  may  be  seen  in  many  books,  and  especially  in 
those  called  Peerages. 

Sometimes  the  question  arises  among  ambassadors  who  shall  enter 
a  room  or  depart  before  another,  and  great  tenacity  has  at  times  been 
manifested  in  supporting  the  claims  to  rank  of  the  state  or  kingdom 
represented.  In  the  'p£aloxenis'  of  Sir  John  Finet'  there  are  some 
almost  ridiculous  instances  of  the  struggles  made  for  precedence  by 
ambassadors  of  the  state  of  Venice  in  the  reign  of  James  L 

PRECESSION  AND  NUTATION,  the  abbreviated  way  of  ex 
pressing  the  precession  of  the  equinoxes  and  the  nutation  of  the  earth's 
axis. 

These  phenomena  should  always  be  considered  in  connection  with 
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the  rotation  of  the  eArth,  of  which  they  really  form  a  part ;  that  la  to 
say,  diurnal  rotation,  preceaaion,  and  nutation  are  the  motiona  of  the 
earth  about  ita  cental,  independentiy  of  the  motion  of  that  oentre 
along  ita  orbit  round  tiie  sun.  It  will  anist  our  oompreheonon  of 
the  Bubject  to  auppose  the  earth's  oentre  a  fixed  point,  the  relative 
motiona  of  the  heavenly  bodies  being  adjusted  aceoidingly.  [Mo- 
tion.] 

The  rotation  of  the  earth  round  its  axis  is  visible  from  hour  to 
hour  by  the  change  of  place  in  the  stars :  the  precession  and  nutation 
are  motions  of  too  slow  a  nature  to  be  rendered  visible,  and  indeed 
could  hardly  be  made  so  unless  the  ediptio  and  equator  wera  visible 
eiides.  If  sudi  were  the  case,  and  if  the  motiona  were  larspB  enough, 
the  equinoxes,  or  interMctions  of  the  equator  and  ediptio,  would 
appear  to  change  place,  the  equator  movipg  slowly  round  the  ediptio 
with  a  retrograde  motion,  that  is,  contrary  to  the  annual  course  of 
the  sun.  The  equinoxes  would  appear  to  move  with  a  vaziable 
motion,  sometimes  a  littie  faster  and  sometimea  a  littie  slower  than 
the  mean  motion.  At  the  same  time  the  equator  would  appear  to 
swing  backwards  and  f or?rarda  to  and  from  the  ediptio,  turning  upon 
the  equinoxes  as  pivots.  Of  these  motiona  the  average  motion  of  the 
equinoxes  upon  the  ediptio  is  the  preoession ;  the  uteroate  accdora- 
tion and reUurdation  is  one  part  of  the  nutation;  and  the  alternate 
increase  and  diminution  of  the  angle  oontained  between  the  two  is  the 
other  part.  It  is  however  common  to  call  the  accdeiation  and  re- 
tardation of  the  motion  of  the  equinoxes  by  the  name  of  the  equation 
oi  the  equinoxes,  and  to  reserve  the  name  of  nutation  to  the  notion 
of  the  pole  which  corresponds  to  it. 


Let  0  be  the  oentre  of  the  earth,  o  p  hall  its  voa,  p  the  north  pole, 
and  ABB  half  of  the  equator.  Let  m  n  be  part  of  the  plane  of  the 
ecliptic,  and  cq  a  line  perpendicular  to  it,  pointing  therefore  to  the 
pole  of  the  ecliptic  ui  tike  heavens :  and  let  the  direction  of  the  diurnal 
rotation  be  that  of  the  arrow  majrked  on  the  equator.  If  then  p  were 
carried  uniformly  round  a  drdiB  perpendiciUar  to  oq,  qo  that  op 
should  describe  a  conical  surface,  the  equinoxes  B  and  A  would  be 
carried  round  in  a  direction  contrary  to  that  of  the  diurnal  motion, 
and  w^  them  the  equator  b  s  a,  the  angle  which  the  equator  makes 
with  the  ediptio  remaining  unaltered.  This  motion  of  b  and  a  is  the 
nreoessioiL  But  suppose  that  instead  of  p  being  placed  on  the  cirole, 
it  IS  placed  on  the  drcumf erenoe  of  a  small  ovi^  which  has  its  centre 
<mihecirde.  While  the  oentre  of  the  oval  moves  forwaid  on  the 
oirde  with  the  motion  of  precession,  let  the  pole  p  move  round  the 
oval  with  a  motion  much  dower  than  that  of  the  precession.  It  will 
toen  trace  out  in  space  an  undukting  curve,  as  shown  in  the  prindpal 
diagram,  and  the  e£bct  will  be  an  alternate  retardation  and  accden[- 
tion  of  the  motion  of  the  eauinoxes  along  the  plane  of  the  ecliptic, 
together  with  a  vibration  of  the  plane  of  the  equator  to  and  from  the 
ecliptic;  which  are  the  motiona  described  as  constitutinir  the  nu- 
tation. ^ 

The  preceding  is  a  description  of  the  effect  of  sny  one  of  the 
heavenly  bodies,  theoretically  speaking,  upon  the  axis  of  the  earth. 
The  whole  preoession  and  nutation  is  the  united  eflect  of  the  sun 
moon,  and  planets.     The  effect  of  the  planets  however  is  insensible! 
except  m  a  alight  annual  alteration  of  the  plane  of  the  ediptio,  which 

n^ed^P  witii  the  preoession,  and  makes  it  appear  a  very  littie 
smaUer  1^  it  would  be  if  the  system  of  tiie  sun,  moon,  and  eartii 
w«j  undisturbed  by  the  planetary  attraction.  The  general  reader 
need  only  attend  to  the  main  phenomenon,  namdy,  that  the  equinox 
(the  pomt  of  the  heavens  at  which  the  sun  is  at  the  commencement  of 
i^nng)  moves  slowly  ♦  backward  along  the  ecUptic,  at  the  rate  of 
601  seconds  per  annum,  or  about  14**  in  one  thousand  years.  This 
rate  of  motion  is  subject  to  a  very  dow  increase,  which  is  not  perhaps 
sufficiently  weU  determined  to  make  it  wortii  while  to  compute  ex- 
actiy  the  tune  in  which  the  equinox  describes  the  whole  hivens,  a 
penod  of  between  twenty-five  and  twenty-six  thousand  years. 

A  good  notion  of  precession  maybe  got  from  observiiig  the  sphi- 
nmgofatop.    As  long  as  the  axis  of  the  top  is  not  vertical,  this  axis 

•  It  wUl  perhaps  be  mora  hitelligible  to  imagine  all  the  stars  inoTing  slowly 
fwwardt  in  paralleU  to  the  eellptle,  the  equinox  remaining  unchanged.  *^      ^ 


itMlf  rovolves,  but  much  mora  dowly  than  the  top  revolves  rovood  its 
axis.  Let  the  top  be  supposed  te  remain  with  its  axis  at  one  angle  to 
the  verticd,  except  only  a  slight  balancing  motion  to  and  from  Uie 
vertical,  and  let  the  conical  motion  of  the  axis  be  sli^^tiy  aooelenkd 
and  retarded;  this  will  give  a  complete  notion  of  the  phenomena  of 
precession  and  nutation. 

Before  proceeding  to  the  mathematical  and  physical  description  of 
thieee  phenomenl^  we  shall  show  the  manner  in  which  they  may  Imi e 
an  historical  and  chronological  importance.  Let  the  reader  take  a 
globe  or  a  map  of  the  stars,  he  will  see  that  the  ediptio  croaes  ths 
equator  under  th«  taU  ol  one  of  the  Fishes^  so  that  the  vernal  equinox 
if  nearly  in  a  line  with  the  stfuw  a  Andromedsa  and  y  Pegaai  (Alphe- 
rat  and  Algenib).  These  stars  then  are  invisible  at  tiie  beginning  d 
tine  qtriog,  being  in  the  region  of  the  heaveiw  nearest  to  the  sun.  Lit 
from  twdve  to  thiri>emi  thousand  years  elapse,  and  the  dow  pre- 
oesdonal  motion  of  the  equinoctial  points  wUl  reverse  the  podtioss  of 
the  equinoxes,  so  that  we  sibove-named  stars  will  be  i^oar  the  me- 
ridian at  midnight  at  the  commencement  of  spring,  as  the  stars  in  th« 
head  of  Virgo  are  now.  An  Antus  of  our  d^  would  celebrate  the 
brightness  of  Yiigo  in  the  nighte  of  ^priog,  while  one  of  thirteen 
thousand  yews  hence  must  choose  Pisces  for  that  purposeL  Tba 
seasons  of  the  year  at  which  di£SBrent  stars  begin  to  be  distant  ea»q^ 
from  the  sun  to  shine  brightiy  is  undergoing  «  gradual  atteratian. 
Hedod,  for  instance,  sra  that  in  his  time  and  oountiy  Arctuns 
rose  at  soiiset  in  sixty  c^ys  after  the  winter  solstice;  Kewtoo  cdca- 
lated  that  this  took  place  about  8.a  870,  which  is  one  of  his  reason 
for  supposing  that  the  poet  was  alive  about  that  time.  The  phe- 
nomenon however  is  itsdf  i;ather  vsgue^,  and  Hedod  may  be  sun^oied 
not  very  exact  in  his  description.  It  is  generally  oooikiered  that 
Newton  attached  too  much  importance  to  audi  data  in  settling  his 
system  of  ohrondogy. 

About  two  thousand  years  sgo  the  equinox  was  twenty-eight  degrees 
more  advanced  among  tiie  signs,  and  was  near  the  ^^fp^^^re  of  the 
oonstellation  Ariee.  It  was  about  this  time  that  the  preoesaioa  of  th? 
equinoxes  was  ^scovered  by  Hiiqaarchus  [Astbonomt  ;  Hifpabcbub, 
in  Bzoo.  Div.],  and  since  that  time  the  vernal  equinox  has  pneerved 
the  title  which  it  properly  hdd  at  the  tiaae  wnea  ite  moti<tt  ma 
discovered,  namdy»  tiie  first  point  of  Aries.  Certain  astronooueil 
fictitious  constdlations  have  been,  made  to  move  with  the  equinot,  st 
least  until  latdy ;  counting  from  the  equinox,  the  first  thirty  degrea 
of  the  ediptio  have  been  alwaya  calleii  Ariee,  the  second  thii^ 
Taurus,  and  so  on.  Thus  when  an  astronomer  of  the  middle  ages 
asserte'the  longitude  of  a  star  to  be  :Gfc  18**  22',  he  means  that  it  is  i» 
18**  22'  of  the  astronomicd  Libia,  a  conateUation  supposed  to  begin  at 
0  X  80*  or  180''  distance  from  the  vernal  equinox.  An  astranomw  of 
our  da^  would  say  the  star's  longitude  was  198*  22'. 

Taking  the  beginning  of  the  year  1750  as  the  aftutiiig  pdnt  (as  is 
generally  done  dnce  the  publication  of  the '  M^oanique  Cdeste'X  *a^ 
calling  It  the  number  of  yean  elapsed,  the  whole  motion  ol  the 
equinoxes  from  precession,  induding  the  effect  cl  the  pbaeUiy  action 
on  the  ecliptic,  is 

50''*176068  t+0''-000122148a  t^, 
while  the  preceanon  in  one  year  is 

50''-176068  +  0''-00024429aa  t. 

K.  Bessd  Bubstittttea  8O''-21120  for  BO^'V^OSS. 
The  obliquity  oftheediptic,  assumed  at  23*  28^  18'  m  l7M,b 

23*  28'  18*  -  0'''48868  t  —  0"-000002722P5 1»; 

ite  yearly  diminution,  arising  from  tiie  planetaiy  aotion^  iadepsatet^ 
of  nutetton,  heing 

0"*i8868  -1.  Q"-000005U69  t. 

M.  Bessd  takes  28*  28'  17'''as  for  the  obfiquity  hi  If  SO,  md  usee 
0"'457  instead  of  0"-48868. 

The  nutetion  affecte  both  the  place  of  the  equinoxes  and  the  ob- 
liquity of  the  ecliptic.  Let  A\  denote  the  nutetion  in  longitude,  ^c 
the  effect  upon  the  obliquity  of  the  ecliptic.  Then,  aocoiding  to  IVo- 
fessor  Peters  ('  Numerus  Constans  Vntetionis'), 

AA=  -X7"-2491  sin  gj  +  0"'2O78  sin 2  gi~0"-2041  sin  9 C  +0*.0677 
dn((l-»')-l"-2692Bin2O  +  O"-1277sin(0-ir)— O'*H)218sin(0+»). 
Ai=  +9''-2286  cos  a-0"-0897  cos  2  ft  -f  0"-0886  oob  8  ([  +0«'-3»8x 

cos  2  0  .f.  0*-0098  cos  (0  +»), 
in  which  expresuons  ft  denotes  the  longitude  of  the  moon's  asoeadiag 
node,  ^  the  longitude  of  the  moon,  0  the  longitude  of  the  sun, «-, 
the  longitude  of  the  perihelion  of  the  earth's  orbit,  and  v',  the  kogi- 
tude  of  the  moon's  ]>erigee. 

It  thus  appears  that  by  far  the  laigest  part  of  the  eflbct  of  the 
nutetion  arises  from  the  moon,  and  depends  not  upon  the  place  of  the 
planet,  but  upon  that  of  ite  node.  This  node  [Moon]  performs  a 
complete  regressive  rovolution  in  about  d^^teen  years  and  a  half,  in 
which  time  the  main  effect  of  nutetion  goes  through  all  ite  changoL 
Bradley,  the  discoverer  of  the  nutetion,  found  out  and  aasigned  the 
law  of  its  largest  term ;  the  romaining  ones  are  due  to  theuieoiy  of 
gravitetion.  It  took  him  twenty  years  of  observation,  somewhat  more 
than  the  whole  period  of  tiie  change,  to  detect  the  law  of  the  anomdy 
whose  existence  he  became  sensible  of  immediately  after  his  disooveiy 
of  aberration  had  cleared  away  the  largest  part  of  Hie  then  imexplaised 
motions  of  the  stars.    The  disooveiy  was  completed  and  published  at 
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the  end  of  1747.  In  1749  appeared  the '  Recherche«  but  la  Preceaslon; 
Ac.  of  D'Alembert,  in  whidi  the  phenomenon  was  shown  to  be  the 
neceesaiy  consequence  of  the  moon's  attraction  upon  the  earth.  Newton 
had  abeady,  in  the  *  Prindpia/  given  the  general  explanation  of  the 
subject,  and  had  even  foretold,  without  assigning  magnitudes,  the 
existence  of  those  tenns  of  nutation  which  depend  upon  twice  the 
true  longitudes  of  the  sun  and  moon ;  but  the  most  important  terms, 
those  depending  on  the  moon's  node,  appear  to  have  been  altogether 
unsuspected  by  him. 

We  now  come  to  such  a  physical  explanation  of  the  cause  of  pre- 
cession and  nutation  as  can  be  given  without  mathematical  analysis. 
On  looking  at  ^  motion  of  the  equatot  arising  from  precession  and 
nutation,  we  see  that  it  preciselr  resembles  in  character  some  of 
the  alteraiionfl  which  take  place  In  a  planet's  orbit,  the  precession 
answering  to  the  regression  of  the  nodes,  the  equation  of  the  equinoxea 
to  the  variation  of  that  regression,  and  the  remaining  part  of  the 
nutation,  or  the  variation  of  the  obliquity,  to  the  Yariation  of  the 
inclination  to  the  ecliptic.  It  was  soon  seen  by  Newton,  that  on  the 
supposition  of  the  mutueJ  attraction  of  all  the  particles  of  matter,  the 
action  of  the  heavenly  bodies  on  the  protuberant  parts  of  the  earth 
must  produce  exactly  that  sort  of  effect  on  the  motion  of  Uie  equatot 
which  the  disturbing  force  of  the  sun,  for  instance,  produces  on  the 
moon.  He  thus  explains,  firstly,  the  precession ;  secondly,  that  part 
of  the  nutation  of  the  mclination  which  depends  upon  twice  the 
longitude  of  the  disturbing  body.  This  explanation  (prop.  66,  corol- 
laries 18-22)  is  substantially  as  follows : — 

If  a  sphere  in  rotation  be  attracted  by  another  body,  the  axis  of 
rotation  must  remain  \inaltered :  for  since  a  plane  drawn  through  any 
attracting  point  and  the  centre  of  the  attracted  sphere  cuts  the  sphere 
into  two  perfectly  similar  halves,  there  is  no  efiiect  upon  the  rotation 
(or  tendency  to  an  effect)  arising  from  the  attraction  upon  one  half  of 
the  sphere  which  is  hot  destroyed  by  the  tendency  to  the  exaoUv 
opposite  effect  arising  from  the  attraction  upon  the  other  hall  ft 
then  the  earth  were  a  perfect  sphere,  whatever  motion  of  translation 
the  whole  sphere  might  receive,  the  axis  would  always  remain  parallel 
to  its  first  position,  and  there  would  be  neither  precession  nor  nutation. 
Again,  let  the  earth  be  a  solid  of  revolution,  protuberant  for  example 
at  the  equator,  as  is  the  case,  and  let  an  attiacting  point  be  situated  in 
the  plane  of  the  equator ;  the  symmetry  just  alluded  to  still  exists, 
and  the  result  is  the  same.  But  if  an  attractLog  point  be  not  situated 
in  the  plane  of  the  equator,  the  plane  passing  through  the  attracting 
point  and  tiie  centre  divides  the  spheroid  into  parts  which,  though 
equalj  are  no  longer  similarly  situated  with  respect  to  the  attracting 
point.  The  alteration  of  the  axis  which  would  take  place  if  one  half 
only  were  attracted,  is  no  longer  counterbalanced  by  the  attraction  on 
the  other  half :  the  direction  of  the  axis  is  therefore  continually 
changed. 


To  get  a  specific  idea  of  the  nature  of  the  change,  first  suppose  the 
spherical  purt  of  the  earth  only  to  exist>  the  protuberance  being 
removed;  and  the  solidity  of  the  sphere  still  remaining,  let  all  its 
matter  be  supposed  to  be  removed  to  the  centre  at  o  {Fig.  2).  The 
diagram  shows  the  spheroid  of  the  earth,  distinguishing  the  inscribed 
sphere  from  the  protuberant  part;  the  solidity  of  both  parts  is 
supposed  to  remain,  but  the  matter  of  the  internal  sphere  is  removed 
to  o,  that  of  the  protuberant  part  is  no^  yet  introduced :  u  is  the 
attracting  body,  and  the  plane  of  its  orbit  is  given,  while  the  directions 
of  the  earth's  rotation  and  of  it's  orbital  motion  are  denoted  by  arrows. 
At  present  M  produces  no  effect  on  the  rotation ;  now  let  a  small  mass 
of  matter  be  afi&xed  to  the  equator  at  z,  which  will  therefore  move 
round  the  mass  c  in  and  with  the  equator.  The  consequence  will  be 
[GBATiTATioir]^  that  the  node  of  this  orbit  (the  equinox  a)  wiH  regress, 
or  move  in  the  direction  opposite  to  that  of  the  arrows,  while  the 
inclination  of  the  orbit  will  alternately  increase  and  dimimsh,  being 
greatest  when  the  line  o  M  passes  through  one  of  the  equinoxes.  If 
we  put  such  satellites  all  round  the  equator,  the  effect  will  not  be 
altered  in  quality,  but  increased  in  magnitude ;  and  if  we  fill  up  all 
the  protuberant  port  of  the  spheroid,  the  effect  will  still  be  of  the  same 
sort,  though  further  increased  in  magnitude.  The  eflbct  of  the  parts 
of  the  protuberance  nearer  to  the  pole  is,  for  a  given  mass,  less  than 
that  oz  the  narts  near  the  equator.  Finally,  if  we  restore  the  mass  of 
the  internal  sphere  to  its  proper  place,  the  effect  Trill  be  less  than 
before ;  for  since  no  motion  of  the  protuberant  part  can  take  place 
without  one  of  the  whole  sphere^  and  since  rotation  is  more  diificult 
to  producoi  the  greater  the  distance  of  the  mnssos  moved  from  the 
axis,  the  distribution  of  the  mass  at  o  over  all  parts  of  the  sphere  will 
render  M  less  e£Elcient  in  the  alteration  of  the  direction  of  the  axis. 


Thus  it  appean  that  the  phenomena  of  precession  and  nutation  fnay 
arise  from  the  consideration  of  the  protuberant  part  of  the  spheroid  as 
a  fixed  satellite  to  the  internal  part ;  but  the  proof  that  the  precession 
and  nutation  do  so  arise  consists  hi  taking  a  strict  mathematioal 
process,  investigating  the  precession  and  nutation  in  quantity  as  well 
as  quality,  and  showing  that  the  results  agree  with  those  of  obser- 
vation. 

But,  as  before  noticed,  the  largest  part  of  the  nutation  depends,  not 
on  the  place  of  the  moon  in  its  orbit,  but  o&  the  position  of  the  orbit, 
that  is,  on  the  node  of  the  orbit.  Supposing  the  moon's  orbit  circular, 
imagine  the  mass  of  the  moon  to  be  distributed  in  a  ring  all  round  its 
orbit  If  this  ring  were  simply  to  revolve  in  its  own  plane,  the  pre- 
cession and  nutation  produced  by  it  in  the  earth,  though  materially 
altered  in  quantity,  would  be  of  the  same  sort  as  before,  and  in  botn 
cases  very  small.  But  suppose  the  ring  to  shift  Its  position,  as  does 
the  moon  s  orbit,  its  nodes  slowly  regressing  at  the  rate  of  A  rayolution 
in  eighteen  years.  Tins  shifting  of  the  position  of  the  ring  wUl  of 
course  produce  an  alteration  in  the  phenomena,  and  the  substitution 
of  the  moon  revolving  in  a  shifting  orbit  in  place  of  this  ring  must 
now  be  made.  That  the  effect  of  the  change  of  the  orbit  should  be 
greater  than  that  of  the  planet  itself  in  a  fixed  erbit  ought  not  to  be 
surprising,  since  there  is  no  d  priori  reason  why  it  should  be  ^ther 
greater  or  less. 

Throughout  the  solar  system  there  is  no  action  of  one  planet  upon 
a  second,  without  a  corresponding  action  of  the  second  upon  the  first. 
The  protuberance  of  the  earth,  by  which  the  planets  produce  preoas- 
sion  and  nutation,  attracts  those  planets,  and  slightly  varies  their 
motion.  In  the  case  of  the  moon,  sensible  irregularities,  both  in 
longitude  and  latitude,  amoimting  at  the  maiimtun  to  about  7*  in 
each,  were  found  by  Maver,  before  Laplace  showed  them  to  be  the 
consequences  of  the  earth's  protuberance.  These  inequalities  may  be 
made  the  means  of  calculating  the  amount  of  that  protuberance,  or, 
as  it  is  technically  called,  the  elliptlcity  of  the  earth  :  and  it  is  a  fact 
not  a  little  remarkable,  that  the  amount  of  this  ellipticity,  as  calculated 
from  its  effect  upon  the  moon's  longitude,  agrees  with  the  same,  as 
calculated  from  ns  latitude,  better  tnan  actiul  measurements  of  the 
earth  generally  agree  with  one  another,  while  both  agree  very  nearly 
with  ue  best  of  the  latter.  This  sort  of  result  had  be«ti  anticipated 
as  to  quality  by  Newton,  who  showed  that  the  motion  of  the  equi- 
noxes, being  retrograde,  proves  the  earth  to  be  protuberant  at  the 
eqwUor,  and  that  if  it  had  oeen  protuberant  at  the  poles  (as  many  then 
thought  was  the  case),  the  precession  would  have  be^  in  the  contrary 
direction« 

PRECIPITATE.  A  name  given  in  chemistry  to  any  comparatively 
insoluble  solid  or  liquid  matter  separated  from  a  liouid  by  chemical 
action.  It  is  also,  though  more  rarely,  applied  to  solid  or  liquid  matter 
deposited  from  a  gas ;  thus  snow  and  rain  may  be  termed  precipitates 
from  the  atmosphere. 

PREDESTINATION.  [Elkotion;  Frbb-Will;  and  Calvin,  In 
Bioo.  Biv.] 

PREDICABLES.  The  term  predicable  {iumrroptic6if,prcBdieaUle)  is 
applied  in  logic  to  general  names,  considered  as  capable  of  being  the 
predicates  of  propositions.  (On  Predication,  see  Oboavov.]  The 
dasses  of  predicables  usually  recognined  by  logicians  are  five,  namely, 
1,  Genus;  2,  Species;  8,  Differentia ;  4,  Proprium;  5,Accidens,which 
Latin  names  are  translated  from  the  Qreek,  1,  yiyot ;  2,  titles ;  8^  (10^0^; 
4,  ^toy ;  5,  avfi0€fifiK6t. 

The  five-fold  classification  of  the  predicables  does  not  occur  in 
Aristotie's  '  Oiganon,*  nor  in  any  other  of  his  extant  writings ;  and  it 
probably  did  not  occur  in  an^  of  his  lost  writings.  The  word  7^1  is 
often  used  by  Aristotle  to  signify  a  class  :  and  the  word  tVhs  in  the 
sense  of  a  logical  species.  The  word  ffviii$90n>As  (or  jcerA  evikfitfitiKht)  is 
often  used  by  Anstotle  to  signify  that  which  is  contingent  or  acci- 
dental, in  opposition  to  that  which  is  necessary  (dya^mubr). 

The  earliest  work  in  which  the  received  daMification  of  the  predi- 
cables occurs,  is  an  Introduction  to  Aristotle's  Categories^  written  by 
Porphyry  of  Tyre,  the  well-known  heathen  philosopher  of  the  8id 
centurv  (bom  283  a.d.)  and  the  author  of  other  extant  works.  (Printed 
in  Bekker*s  Aristotie,  voL  iv.,  p.  1-6).  Porphyry  states,  at  the  outset  of 
this  treatise,  that  a  knowledge  of  tne  five  predicables  is  necessary  for 
the  proper  explanation  of  Aristotie's  work  on  the  categories ;  and  he 
therefore  addresses  to  a  oertain  Clhrysaorius  a  popular  account  of  them, 
derived  from  the  ancient  philosophers,  especially  the  Peripatetics. 
The  five  predicables  (al  ircW«  ^veS,  as  they  were  originally  styled)  are 
not  however  mentioned  in  Aristotie's  work  on  the  categories,  as  is 
incorrectly  stated  in  Hermeias,  ib.,  p.  10,  b.  14 ;  and  it  is  probable  tiiat 
the  "ancient  philosophers"  alluded  to  by  Porphyry  were  of  con- 
siderably later  date  than  Aristotie.  An  abrid^ent  of  Porphyry's 
treatise  on  the  predicables,  by  Michael  PseUus,  of  Constantinople,  who 
lived  in  the  11th  century,  has  also  been  preserved ;  and  it  is  reprinted 
in  the  beginning  of  the  small  Oxford  edition  of  'Szoerpts  from 
Aristotie's  Oi^ganon '  (Clarendon  pressi  1802). 

From  tins  treatise  of  Porphyry  the  classification  and  explanation  of 
the  predicables  have  passed  into  the  various  treatises  of  the  Aristotelian 
logic,  and  have  been  repeated  in  them  with  some  variations  and  de- 
velopments, but  with  little  substantial  change  up  to  the  present  day 
(Whately's '  Logic,'  part  i) 

The  explanation  of  the  predicableB  which  is  usually  given  in  treatases 
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on  logic  is  somewhat  infected  with  realism ;  that  is  to  say,  it  implies 
that  there  is  something  in  nature,  besides  individual  things,  corre- 
sponding with  general  notions.  On  this  point  see  Mansel's  '  Aldrich ' 
(§  5  and  Appendix  A).  Or  if  not,  the  least  that  can  be  said  is  that 
these  definitions  have  an  eztralogi(»l  relation  to  metaphysics. 

The  name  of  any  proposed  claas  may  be  called  the  species;  for  ex- 
ample, man. 

The  name  of  any  class  including  this  class  is  called  a  ff^ua,  with 
reference  to  the  species ;  for  example,  animal,  with  reference  to  man. 

Differentia  is  the  name  of  any  attribute  which  belongs  universally  to 
the  species,  and  to  it  alone  in  the  genus.  For  example,  the  power  of 
ameliorating  his  condition  in  successive  generations,  and  the  power  of 
using  language,  as  belonging  to  man,  A  logical  definition  is  composed 
of  the  genus  and  the  d^erentia;  thus,  according  to  the  explanation  of 
differentia  which  has  bee^  just  given,  man  would  be  defined  logically 
by  saying  that  he  is  "an  animal  which  possesses  the  power  of  using 
language." 

Proprium  is  the  name  of  any  attribute  which  belongs  to  the  species, 
and  to  it  alone.  For  example  the  power  of  speech,  as  belonging  to 
man. 

Acddens  is  the  name  of  any  attribute  which  may  or  may  not  belong 
to  any  individual  of  the  species.  For  example,  the  colour  of  the  skin 
in  man. 

We  mig^t  fill  columns  with  the  views  which  have  been  taken  of  the 
oroprium  and  acddens. 

We  now  proceed  to  Consider  the  predicables,  or  substitutes  for  the 
predicables,  which  enter  into  a  purely  logical  system  in  which  contrary 
terms  are  admitted.  [Logic,  coL  354.]  The  predicables  which  Aristotle 
really  uses  are  genus,  species,  and  accident :  and  as  names  of  class,  the 
genus  and  species  have  terminal  precision.  The  genus  is  more  than 
the  species;  the  species  1^  than  the  genus.  The  accident,  which 
belongs  to  some  but  not  to  all,  has  a  definition  which  made  Aristotle 
confess  that  the  species  is  an  accident  of  the  genus ;  distinguished  of 
course  from  some  other  accidents  by  having  no  exience;  that  is,  by  not 
being  the  accident  of  anything  external  to  the  genus.  According  to 
Aristotle's  use  of  the  words  genus  and  species,  a  species  as  lai^  as  the 
genus  does  not  exist.  We  have  allowed  the  term  species  to  be  used 
where  the  genus  has  but  one  species :  and  we  must  accordingly  use 
other  terms.  Again,  the  retdly  metaphysical  character  of  the  old  terms 
can  only  be  represented  in  our  sjrstem  by  referring  the  predicables  to 
the  logico-metaphysical  side  of  logic.  Consequently,  our  predicables 
must  be  the  metaphysical  notions  attached  to  the  relations  of  terminal 
precision.  [Looic,  coL  350.]  Though  obliged  to  abandon  the  words 
genus  and  species,  we  find  use  for  the  adjectives  generic  and  specific, 
which  have  parted  from  their  substantives  in  common  language  quite 
enough  to  justify  the  use  we  make  of  them. 

Let  a  predicated  attribute,  considered  with  reference  to  a  class  or  to 
another  attribute,  be  inherent  when  the  predicate  always  belongs  to 
the  subject;  exdudent,  when  it  never  belongs  to  the  subject; 
accident  and  non-accident,  when  it  belongs  to  part  of  the  subjecti 
and  not  to  the  rest.  When  contrary  terms  are  introduced,  the 
definition  of  accident  is  also  that  of  non-a^xidcnt :  either  is  the  other, 
by  mere  force  of  definition.  The  inherent,  the  exdudent,  and  the 
accident  (non-accident),  are  then  the  three  predicables.  Each  of  these 
predicables  may  be  either  universal,  generic,  or  specific, 

A  predicable  is  universal,  with  reference  to  the  term  of  which  it  is 
predicated,  when  it  belongs,  in  the  same  sense,  to  both  the  classes  into 
which  the  term  divides  the  universe.  Thus  in  the  imiverse  animal, 
6iyideA  into  man  and  brute,  life  is  a  universal  tnA«ren/,  inherent  both 
of  man  and  brute  r  mineral  is  a  imiversal  excludent^  both  of  man  and 
brute ;  strength  is  a  xmiversal  accident  and  non-accident,  belonging  to 
some  both  of  men  and  brutes,  and  not  to  the  rest.  The  imiversal 
predicables  create  no  distinction^  and  are  therefore  of  little  or  no 
logical  force. 

A  predioable  is  generic  when  its  quantity  of  application  is  augmented 
by  taking  in  the  additional  extent  of  some  larger  genus,  in  which  the 
term  predicated  of  is  a  species :  specific,  when  this  is  not  the  case. 
Thus,  lawyer  is  a  specific  accident  of  man ;  accident,  some  are  and  some 
not ;  specific,  any  ki^ger  genus  of  animal  which  contains  man  has  no 
lawyer  in  the  additional  extent.  For  tiiese  reasons  it  is  also  a  generic 
non-accident.  The  following  table  will  now  be  easily  collected ;  and 
the  reader  of  the  article  Looic  will  see  that,  just  as  the  words  sub- 
identical,  superidentical,  &c.,  might  be  dispensed  with,  since  deficient 
species,  extent  genus,  &c,  might  supply  their  places,  so  the  extended 
system  of  predicables  might  be  replaced  in  terminology  by  one  derived 
from  compounding  the  metaphysical  relations  of  terminal  ambiguity. 
The  symbols  are  here  read  forwards : — 

)o)  Inessential  Dependent  .         J  Specific  Accident 

,    ,  ^  i  Generic  Non-accident 

I    I  Dependent  Essential      .        .    .    Specific  Inherent 

(o(  Independent  Essential  .        .    Generic  Inherent 

>o(  Inalternative  Repugnant        ,    .     Generic  Excludent 

I  •  I  Repugnant  Alternative  .        .    Specific  Excludent 

(o)    Irrepugnant  Alternative       .    .  j  2^^^^  Accident 

(  Specific  Non-accident 

The  old  predicables,  taken  together,  do  not  constitute  a  logical  list  of 
predicates.    Their  companions,  the  cateqoiiies,  are  now  almost  uni- 


versally declared  to  be  metaphyseal,  not  logical.  Sir  W.  Hamilton,  in 
the  recently  published  '  Lectures  *  on  Logic,'  does  not  mention  the 
word  predicable :  at  least  it  is  not  in  the  index,  and  we  cannot  find  it 
in  the  proper  places  of  the  work. 

PREDICAMENTS.    The  Latin  term  for  the  Cateoobies. 

PREDICATE.    [Oboanon.] 

PREFIX.    [Lanquaoe.] 

PRELATE  (etymologically  from  prce  and  lotus),  a  person  jarferred 
or  advanced  before  another;  but  it  is  confined  to  a  particular  speda 
of  preferment  or  advancement,  namely,  that  amongst  the  deigy,  and  it 
is  applied  to  those  only  among  them  who  have  attained  the  venr 
highest  dignity,  that  of  bishop  or  archbishop,  to  which  we  may  add 
patriarch,  in  such  churches  as  have  an  ofiScer  so  denominated.  Tbn 
word  prelate  has,  however,  in  ancient  times  been  applied  to  simpk 
priests  members  of  the  clerical  body  in  general 

PRELUDE  {Prcdudium,  a  preamble),  a  brief  introduction  to  a  pieoe 
of  (most  commonly)  pianoforte  music ;  a  few  chords  or  a  flouriui,  to 
prepare  the  hand  of  the  player,  and  draw  the  attention  of  the  auditon 
to  what  is  to  follow.  A  prelude  is,  or  is  supposed  to  be,  an  extem- 
poraneous effusion,  and  as  such  is  no  bad  test  of  the  musical  knowledge 
of  the  performer. 

PREMISES.    [Oroanon.] 

PREMIUM  (in  the  sense  in  which  it  is  used  in  the  article  Bovbtt) 
is  a  reward  given  out  of  the  public  revenue  to  encourage  manufactares 
or  other  branches  of  industry ;  but  prizes  given  by  agricultural  and 
other  societies  are  in  reality  the  same  thing  as  premiums.  PremiunB 
encourage  and  reward  competition ;  but  when  it  is  proposed  to  foster 
any  new  art  by  liberal  premiums,  there  is  less  certainty  of  an  interest 
thus  sustained  establislung  itself  upon  the  only  natural  foundation — 
that  which  arises  from  the  encouragement  of  the  public ;  and  premiums 
then  fall  under  the  same  objections  as  boimties.  These  objectioiiB  are 
inseparable  from  a  system  of  bounties,  but  the  judicious  distribution 
of  premiums  may  occasionally  be  attended  with,  advantage.  Adam 
Smith  says  of  premiums  that, "  by  encouraging  extraordinary  dexterity 
and  ingenuity,  they  serve  to  keep  up  the  emulation  of  the  workmen 
actually  employed  in  those  respective  occupations,  and  are  not  con- 
siderable enough  to  turn  towuds  any  one  of  them  a  greater  share  of 
the  capital  of  the  countzy  than  what  would  go  to  it  of  its  own  accord." 
A  patent  is  a  sort  of  premium  for  the  encouragement  of  useful  in- 
ventions ;  but  the  giving  of  money  to  support  an  otiierwiae  unprofitable 
manufacture  must  be  injurious  to  the  community. 

PREMONSTRATENSIAN  ORDER.  [Auqustins,  Cahovs  or  tek 
Order  of.] 

PREPOSITIONS  are  certain  words  which  express  a  rd^tion  between 
different  things.  AU  words  may  be  divided  into  notional  and  reUtionl. 
[Notion,  Notioital.]  Notional  words  are  those  which  express  notions, 
and  which  are  objects  of  the  understanding.  Relatioiial  words  are 
those  which  merely  express  a  relation  between  the  different  thingB 
which  are  expressed  by  notional  words.  Thus,  in  ''he  went  to  town,* 
"  he  walked  vfith  his  friend,"  the  words  to  and  with  are  relational  woids; 
that  is,  they  connect  the  notions  of  "he  went**  and  "he  walked" 
respectively  with  the  notions  of  "  town  **  and  "  friend." 

Prepositions  are  so  called  because  they  are  preposed  or  prefixed  to 
the  words  with  which  they  are  connected ;  but  the  name  is  an  unfor- 
tunate one,  since  they  are  sometimes  postponed  or  placed  after  sach 
words,  as  in  wherewith,  wherein,  wherefivm,  thereby,  &c.  In  languagea 
like  our  own,  which  have  hardly  any  inflections,  the  relation  whuh  one 
thing  bears  to  another  can  only  be  expressed  by  means  of  prepositiona ; 
but  in  languages  which  possess  inflections,  like  the  Latin  and  Greek, 
the  same  relation  may  frequentiy  be  expressed  by  means  of  caaes^  which 
are  in  fact  prepositions  placed  at  the  end  of  nouns.  Thus,  in  the 
expression  "  the  son  of  the  king,"  we  express  the  relation  between 
"  son  "  and ''  king  "  by  the  preposition  "  of  ** ;  while  in  Latin  the  same 
relation  is  expressed  by  u  placed  after  the  Latin  word  for  king,  fBvs 
reg-is.  But  as  the  meaning  of  these  case-endings  was  not  always  definite 
enough,  it  became  customary  to  mark  the  relation  more  precisely  bj 
prefixing  certain  words,  as  in  our  own  language.  The  case-endings 
however  were  not  dropped ;  so  that  in  such  expressions  as  ad  urb-emt 
cum  reg-e,  pro  reg-e,  the  noxm  may  be  said  to  have  two  words  to  maii 
relation,  one  placed  before  and  the  other  after  it. 

The  number   of  prepositions  differs,   as  might  be  expected,  in 

*  These  lectnrea  were  pnbliahed  a  few  days  after  oar  article  on  Loeie :  edited 
by  Mr.  Manael  and  Mr.  Veitch.  They  ftdly  confirm,  to  our  minda,  all  that  we 
said  both  for  and  against  Sir  W.  Hamilton.  Oar  idea  of  his  power  otct  every- 
thing bat  qoantity  is  enhanced :  and  so  is  oar  opinion  of  his  utter  incapadty  in 
all  that  is  mathematieal  in  notion.  The  editors  have  faithftilly  preserved  to  bs 
the  means  of  Judging:  of  this  difference.  We  hold  these  lectures  to  be  tin 
greatest  of  Hamilton's  works :  they  were  sabstantially  written  when  he  vss 
first  appointed  to  his  chair;  and  so  much  do  they  preserve  their  primttiTe 
character,  that,  though  read  year  after  year  for  twenty  yean»  the  Icctam 
always  read,  in  lecture  8,  the  following  words :  "I  would  int»polate  torn 
obserrations  which  I  onglit  in  my  last  lecture  to  have  made  ...•**  Tboe 
is,  aooordingly,  a  freshness  about  the  style  which  is  truly  pleasing ;  and  the 
worst  we  hare  to  say  about  the  non-quantitative  portions  is,  that  Hamilton  bu 
frequently  supplied,  by  translation  fh>m  Krug  and  Esacr,  what  he  would  hire 
done  much  better  with  his  own  pen.  His  own  system  does  not  form  a  part  of 
the  lectures ;  and  the  scraps  which  the  editors  have  been  able  to  find  do  not  add 
anything  material  to  what  was  known  of  it  before. 
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different  languages.  The  Qreek  grammarians  admit  only  eighteen,  the 
Latin  about  fifty.  In  Engliah,  the  following  words  are  usually  con- 
sidered as  prepositions: — ^Above;  about;  after;  against;  among, 
amongst ;  amid,  amidst ;  around,  round  ;  at ;  between,  betwixt ; 
beyond;  before;  behind;  beneath;  below;  btiSide;  by;  down;  for; 
from;  in,  into;  near,  nigh;  of;  off;  over;  on,  upon;  since;  through, 
throu^out ;  till,  until ;  to,  unto;  toward,  towards;  under,  underneath; 
up;  with;  within;  without. 

Besides  these  prepositions,  there  are  in  English,  Latin,  Greek,  and 
many  other  languages,  certain  particles  never  found  singly,  or  uncom- 
pounded,  and  whi(£  are  therefore  called  inseparable  prepositions,  as,  in 
English,  be,  for,  fore,  mis,  &c,  which  occur  in  sucn  words  as  he-^tir, 
Ite-tpeak  ;  fer-bid,  for-eake  ;  fore-tee,  fore-know  ;  mit4ake,  nUt-deed,  fta 

PREROGATIVE,  a  word  descended  to  us  from  the  times  of  the 
Ronutns,  or,  rather,  adopted  from  their  language,  to  denote  a  certain 
power  in  the  constitution  of  monarchical  states.  Its  etymology  is 
obvious,  though  the  formation  Ib  not  perhaps  quite  accordant  with  the 
analogies.  Prce  and  rogo  would  seem  to  give  we  sense  of  precedence 
in  a^ing,  while  prerogative  means  precedence  in  being  asked,  the 
right  of  having  the  consent  first  obtained  of  the  party  in  whom 
the  prerogative  is  vested,  before  any  change  shall  be  made  in  the 
matters  comprehended  within  the  prerogative.  The  term  is  confined 
to  cases  of  dignity,  to  things  indeed  which  affect  the  conunon 
interest  when  men  are  bound  together  in  a  political  state;  and 
though  we  might  speak,  as  indeed  men  sometimes  do,  of  the  preroga- 
tive of  the  House  of  Lords,  or  the  prerogative  of  the  House  of  Commons, 
or  even  of  the  prerogative  of  the  people,  it  is  more  usual  to  regard  the 
word  as  belonging  to  the  right  which  the  crown  possesses  of  being 
consulted,  and  its  consent  obtained,  m  whatever  concerns  the  business 
of  the  nation. 

Thus  the  consent  of  the  sovereign  must  be  first  obtained  before  any 
new  law  can  be  made,  or  any  change  effected  in  the  existing  laws ;  and 
this  appears  to  be  prerogative  in  its  purest  state,  and,  indeed,  in  its 
only  state  of  absolute  purity.  Other  things  which  are  now  understood 
to  be  comprehended  under  the  term  prerogative,  are  only  accretions 
to  this  the  true  prerogative,  or  things  which  have  naturally  shot  forth 
out  of  it :  unless  we  dioose  to  take  a  view  of  the  whole  subject  which 
shall  take  it  wholly  out  of  the  scope  of  the  etymological  sense,  and 
regard,  as  indeed  many  do,  the  word  prerogative  as  standing  to  indicate 
the  primordial  and  original  power  of  any  prince,  the  king  of  Eng^d 
for  instance,  which  has  been  from  time  to  time  reduced  and  confined 
by  the  resLstance,  passive  or  active,  of  the  subject.  However  the  term 
may  be  chosen  or  applied,  it  now  denotes  not  only  the  privilege  of 
being  consulted  in  any  intended  change  of  the  law,  and  the  consent 
obtained,  but  the  right  of  making  war  or  peace,  of  laying  embargoe, 
of  commissioning  officers  in  the  army  and  navy,  of  sending  and  receiv- 
ing ambassadors,  of  making  treaties,  of  bestowing  honours,  conferring 
rank,  and  creating  peers.  To  these  are  to  be  added  the  pardoning  of 
offenders,  which  is  sometimes  called  the  prerogative  of  mercy;  the 
calling,  proroguing,  and  dissolving  parliament,  in  which  however  the 
prerogaUve  has  been  restrained  by  positive  enactments;  and,  lastly, 
various  rights  which  the  sovereign  enjoys  as  head  of  the  churdi.  JUl 
these  things  the  crown  does  by  its  pr^rc^;aCtive,  without  any  application 
to  parliament,  or  to  any  court  or  council  whatever,  though  members 
of  the  Privy  Council,  those  particularly  who  form  what  is  called  the 
Cabinet  Council,  or  the  mimsters,  are  supposed  to  advise  the  sovereign 
in  the  exercise  of  the  prerogative,  and  are  sometimes  made  answerable 
by  parliament  for  the  injudicious  or  dangerous  exercise  of  it.  Theo- 
retically however  and  nominally,  these  are  prerogatives  of  the  sovereign 
himself — rights  inherent  in  him  in  virtue  of  his  office,  as  much  his  as 
the  subject  has  certain  rights  belonging  to  him,  either  as  a  member  of 
the  great  community  of  Englishmen,  or  as  belonging  to  some  par- 
ticular section  to  which  he  belongs,  or  to  some  particular  office  in 
which  he  is  placed.  In  the  mutual  respect  of  eaoi,  and  the  forbear- 
ance of  each  to  encroach  on  the  rights  or  prerogatives  belonging  to 
each  otheri  lies  the  balance  of  the  English  constitution ;  and  out  of  it 
arises  security  to  all,  and  the  enjoyment  of  the  blessings  whidi  belong 
to  a  weU-ordered  political  community.  When  evils  are  perceived, 
when  the  subject  claims  rights  which  are  incompatible  with  wholesome 
government^  or  when  the  crown  claims  rights  as  falling  within  the 
scope  of  any  part  of  the  prerogative  which  are  opposed  to  the  common 
good,  there  are  remedial  powers  in  the  constitution  which  bring  things 
right ;  and  it  is  one  of  the  most  important  functions  of  the  two  houses 
of  parliament  to  see  to  this. 

PREROGATIVE  COURT,  a  court  formerly  held  by  each  of  the 
archbishops  (or  their  officials)  of  England  and  Ireland,  lliis  court 
was  held  by  virtue  of  the  prerogative,  for  the  purpose  of  trying  the 
validity  of  wills,  registering  them,  and  granting  probate  or  admimstra- 
tion  (and  hence  its  title),  which  attadied  where  one  died  possessed 
€d  bona  notabilia,  that  is,  of  goods  to  the  value  of  U.  (except  in  the 
diocese  of  London,  where  it  is  102.)  in  one  diocese  or  peculiar,  and  also 
goods,  altogether  of.  the  same  amoimt,  in  some  other  diocese  or  dioceses, 
peculiar  or  peculiars,  within  the  same  provinces— or  where  one,  not 
being  on  a  journey,  died  in  one  diocese  or  peculiar,  possessed  of  goods 
of  that  amount  m  another  diocese  within  the  same  province.  One 
administration  thus  became  sufficient;  and  the  inconvenience  and 
uncertainty  of  taking  out  administration  in  various  dioceses,  &c.,  were 
avoided.    This  court  ceased  to  exist  on  the  transference  of  the  juria- 
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diction  of  the  spiritual  courts,  in  matters  testamentary,  to  the  crown 
by  statute  20  &  21  Vict  a  77. 

PRESBYTERIANS  (irpc<r/3<^cpot,  an  elder)  are  professora  of  the 
Christian  religion  who  believe  that  there  is  no  order  in  the  CSiurch,  as 
estabUshed  by  Christ  and  his  Apostles,  superior  to  that  of  Presbytos ; 
that  all  mixnstera,  being  ambassadon  of  Christ,  are  equal  by  com- 
mission; that  Presbyter  or  Elder,  and  Bishop,  are  only  different  names 
for  the  same  person ;  and  that  Deacons  are  laymen  whose  office  is 
cbiefiy  to  take  care  of  the  poor.  A  Presbytery  (vpco^/Sirr^ioy)  they 
regard  as  a  society  of  clerical  and  lay  Presbyters,  or,  as  thi^  usually 
ci£  them,  Ministera  and  lay  Elden.  In  support  of  these  opinions 
they  allege  several  passages  of  the  New  Testament.  They  affirm  that 
the  primitive  form  of  church  government  was  universally  Presbyterian, 
and  Uiat  this  form,  having,  alter  the  time  of  the  Apostles,  been  sup- 
planted b^  Episcopacy,  was  restored  in  some  parts  of  Europe  after  the 
Reformation  had  b^gun. 

The  most  noted  Presbyterian  Church  of  the  present  day  is  that  of 
Scotland,  called  the  Kirk.  Presbyterianism  was  introduced  into  Scot- 
land about  1560.  Under  Calvin's  direction  this  discipline  had  already 
been  put  into  operation  at  Geneva,  whence  it  was  brought  by  John 
Knox  into  lus  native  land.  King  James  I.,  who  had  been  a  Presby- 
terian in  Scotland,  and  who  embraced  Episcopacy  upon  coming  to  the 
English  throne,  made  Episcopacy,  nominally  at  least,  the  religion  of 
Scotland.  In  the  reign  of  Charles  I.,  Presbyterianism  regained  the 
ascendancy,  but  Episcopacy  was  once  more  declared  the  established 
religion  at  the  restoration  of  Charles  II.  At  the  Revolution  in  1688, 
Presbyterianism  was  re-estabUshed  in  Scotland  by  authority  of  Parlia- 
ment, and  thus  it  has  continued  to  the  present  time. 

The  constitution  of  Presbyterianism  in  the  established  Church  of 
Scotland  is  as  follows : — ^The  Elirk  Session,  consisting  of  the  minister 
and  lay  or  ruling  elden  of  a  parish  or  cozigregation,  is  the  lowest  court 
of  judicature,  the  minister  being,  ex  officio,  the  moderator  or  chairman. 
The  Presbvtery  is  next  in  authority,  and  consists  of  all  the  ministera 
of  a  certam  district,  and  one  ruling  elder  from  each  parish,  who  is 
chosen  half-yearly.  At  the  meeting  of  a  Presbytery,  a  moderator  is 
chosen  out  of  the  ministen.  There  are  84  Presbyteries,  each  con- 
sisting of  parishes  varying  in  number  from  3  to  82.  The  Provindal 
Synods,  of  which  there  are  16,  meet  twice  in  the  year,  and  are  com- 
posed of  the  Presbyteries  within  the  provinces  which  give  name  to 
the  Synods.  The  highest  authority  is  the  General  As^mbly,  whic^ 
meets  annually.  [General  Assbxblt  of  the  Chubch  of  Scotland.] 
Persons  are  appointed  ministera  by  the  laying  on  of  the  hands  of  the 
Presbytery.  The  maintenance  of  the  clergy  is  regulated  by  the  state, 
and  tiiey  are  nominated  to  livings  by  patrons.  The  Kirk  has  no 
Liturgy,  no  altar,  and  no  instrumental  music.  Its  doctrine  is  Cal- 
vinistic.  At  the  Revolution  the  Westminster  Confession  was  appointed 
the  standard  of  the  national  faith,  and  it  was  enacted  that  no  person 
should  be  admitted  or  continued  a  minister  or  preacher  in  this 
church,  without  subscribing  to  this  Confession  of  Faith  as  his  faith. 
Bv  the  Act  of  Union  in  1707>  the  same  subscription  was  required 
of  aU  professora,  principals,  regents,  mastera,  and  othera  bearing 
office  in  any  of  tiie  four  universities  of  Scotland;  but  this  has  been 
repealed. 

There  are  however  many  Presbyterians  in  Scotland  who  do  not 
belong  to  the  national  establishment,  although  theymaintain  the  same 
articles  of  fidth  as  the  membera  of  the  Khk.  [Dissenters.]  The 
most  important  is  the  IVee  Church,  which  separated  from  the  esta- 
blishment in  1843,  on  a  question  of  church  patronage.  [Free  Church 
OF  Scotland.]  The  other  sects  (United  Presbyterians,  Reformed 
Presbyterians,  Original  Seceden,  Ac.)  also  preserve  similar  forms,  and 
the  difierences  between  them  chiefly  relate  to  the  question  of  national 
religious  covenanting.  FCamerok,  Richard,  in  Bioo.  Div. ;  United 
Pbesbttebiak  Chxtrch.] 

The  first  Presbyterian  congregation  in  England  was  formed  at 
Wandsworth,  near  London,  in  1572.  In  t^e  reign  of  Charles  L,  1645, 
it  was  proposed,  in  the  treaty  of  Uxbridge,  to  make  the  Established 
Church  of  England  Presbyterian,  and  the  proposition  was  carried 
into  effbct  by  way  of  trial  in  1646.  In  1649  the  Presbyterian  dis- 
cipline was  sanctioned  by  parliament,  and  the  Established  church  was 
Presbyterian  till  Episcopacy  was  restored  with  the  restoration  of 
Charles  II.  in  1660.  [NoNgoNFORiOTT.]  The  sueoesson  of  the  old 
Presbyterian  congregations  in  England  have  in  general  befiome  either 
Unitarians  or  Independents  :  the  congregations  which  are  at  the 
present  day  adherents  of  the  Presbyterian  form  of  church  government 
belong  to,  or  maintain  friendly  relations  with,  the  Presbyterian 
churches  of  Scotland.  The  Synod  of  English  Presbyterians,  a  separate 
oiganisation  holding  the  principles  of  the  Free  Church  of  Scotland,  is 
composed  of  about  100  congregations,  forming  7  presbyteries ;  there 
are  about  70  United  Presbyterian  congregations  in.  England ;  and  there 
are  8  presbyteries,  comprising  17  congregations,  which  profess  the 
principles  of  the  Established  Church  of  Scotland.  In  the  north  of 
Ireland,  Presbyteriamsm  is  the  prevaihng  &uth,  and  there  it  is  regularly 
constituted,  though  Episcopacy  is  the  form  of  the  Established  Church. 
In  the  British  Ccolomes  thsro  are  numerous  congregations  of  Presby- 
terians. The  Presbyterians  of  the  United  States  of  America  number 
about  6000  congregations. 

PRESCRIPTION.  "  Ko  custom  is  to  be  allowed,  but  such  custom 
as  hath  been  used  by  title  of  prescription,  that  is  to  say,  from  tune 
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out  o£  mind.  But  divers  opinions  have  been  of  time  out  of  mind,  &c 
and  of  title  of  prescription,  which  is  all  one  in  the  law."  (Litt.,  §  170.) 
According  to  this  passage,  "  time  out  of  mind,"  and  "  prescription," 
which  are  the  same  thing  in  law,  are  essential  to  custom:  another 
essentiiJ  to  custom  is  usage.  But  there  is  a  daim  or  title  which  is 
specially  called  prescription,  and  which  is  like  custom  so  far  as  it  has 
the  inseparable  incidents  of  time  and  usage ;  but  it  differs  from  custom 
in  the  manner  in  which  it  is  pleaded,  which  difference  shows  the 
difference  of  the  right.  This  claim  is  called  prescription,  because  the 
plaintiff  or  defendant  who  makes  it  "  prescribeth  that/*  &c;  stating, 
after  the  word  *'  prescribeth,"  the  nature  of  his  daim. 

The  following  is  an  example  of  a  prescription  (Co.  Litt.,  114,  a) : — 
'*  I.  S.,  seised  of  the  manor  of  D.  in  fee,  prescribeth  thus :  that  I.  S., 
his  ancestors,  and  all  whose  estate  he  hath  in  the  sayd  manor,  had  and 
used  to  have  common  of  posture  time  out  of  mind  in  such  a  place,  &c., 
being  the  land  of  some  other,  &c.,  as  pertaining  to  the  same  manor." 
The  claim  of  a  copyholder  of  a  manor  for  common  of  pasture  in  the 
manor,  alleges  a  custom  time  out  of  mind  within  the  same  manor,  by 
which  aJl  ^e  copyholders  of  the  manor  have  had  and  used  common 
of  pasture  in  it.  The  claim  by  prescription,  then,  is  properly  a  claim  of 
a  determinate  person :  the  daim  by  custom,  as  opposed  to  prescription, 
is  local,  and  applies  to  a  certain  place,  and  to  many  persons,  and  perhaps, 
it  may  be  added,  to  an  indeterminate  number,  as  the  inhabitants  of  a 
parish.  The  following  definition  of  prescription  appears  to  be  both 
sufficiently  comprehensive  and  exact : — **  Prescription  is  when  a  man 
claimeth  anything  for  that  he,  his  ancestors,  or  predecessors,  or  they 
whose  estate  he  hath,  have  had  or  used  anything  all  the  time  whereof 
no  memory  is  to  the  contrary."  (T.  dela  Ley.)  From  this  definition 
it  foUowB  that  prescription  may  be  a  claim  of  a  person  as  the 
heir  of  his  ancestors,  or  by  a  corporation  as  representing  their  predeces- 
sors, or  by  a  person  who  holds  an  office  or  place  in  which  there  is 
perpetual  succession :  or  by  a  man  in  ri^ht  of  an  estate  which  he  holds. 
'  It  iTsaid  that  certahi  pei^ons,  attorneys  for  instance,  may  prescribe 
that  they  and  all  attorneys  of  the  same  court  have  certain  privileges ; 
it  seems  indifferent  whether  this  is  called  prescription  or  custom,  but 
it  is  more  consistent  with  the  old  definitions  to  call  it  prescription, 
since  it  is  not  a  local  usage,  and  it  is  by  or  on  behalf  of  a  determinate 
number  of  persons,  t<hat  is^  all  the  attorneys /of  a  particular  court  It 
is  also  said  that  parishioners  may  prescribe  in  a  matter  of  easement,  as 
a  way  to  a  churchyard,  but  not  for  a  profit  out  of  land :  such  a  pre- 
scripti^m,  however,  is  not  contained  within  the  above  definition,  and  is  in 
all  respects  more  properly  a  custom. 

It  is  essential  to  prescription  (subject  to  the  limitations  hereinafter 
mentioned)  that  the  usage  of  the  thing  claimed  should  have  been  time 
out  of  mind,  continuous,  and  peaceable.  "  Time  out  of  mind  "  means, 
that  there  must  be  no  evidence  of  non-uaage  or  of  interruption  incon- 
sistent with  the  claim  and  of  a  date  subsequent  to  the  first  year  of 
Richard  I.,  which  is  the  time  of  the  commencement  of  legal  memory. 
If  it  can  be  shown,  either  by  evidenoo  of  persons  living,  by  record,  or 
writing,  or  by  any  other  adjnissible  evidence,  that  the  alleged  usage 
began  since  the  first  of  Richard  I.,  the  prescription  cannot  be  main- 
tained. Repeated  usage  also  must  be  proved  in  order  to  sup^rt  the 
prescription,  but  an  imintemipted  enjoyment  for  twenty  years  has 
been  considered  suffident  proof,  where  there  is  no  evidence  to  show 
the  commencement  of  the  enjoyment.     [Pbebuuftion.] 

The  thing  prescribed  for  must  be  something  definite.  It  must  also 
be  reasonable ;  and  it  must  not  be  inconsistent  with  any  established 
principle  of  law ;  for  instance,  it  is  stud  that  a  sheriff  cannot  prescribe 
for  taking  gifts  for  doing  the  duties  of  his  office.  It  follows  generally, 
that  there  can  be  no  prescription  to  do  any  wrong  or  commit  nuisance, 
or  for  a  thing  contrary  to  a  statute.  No  prescription  is  good  which  is 
against  the  king's  right  (subject  to  the  limitations  hereafter  mentioned), 
conformably  to  the  maxim.  Nullum  tempus  occurrit  regi ;  yet  a  grant 
from  the  crown  may  be  presumed. 

Where  a  man  prescribes  for  a  thing  which  cannot  be  granted  or 
aliened  without  deed,  he  must  prescribe  in  himself,  and  in  his  ances* 
tors,  whose  heir  he  is ;  and  he  cannot  prescribe  in  himself  and  those 
whose  estate  he  hath ;  for  he  cannot  have  their  estate  without  deed  or 
other  writing  which  ought  to  be  showed  to  the  court.  But  of  things 
appendant  to  a  manor  or  to  other  lands  or  tenements,  a  man  may  pre- 
scribe that  he  and  they  whose  estate  he  hath,  have  been  seised  of  those 
things  as  appendant  to  the  manor  or  to  such  lands  and  tenements  time 
out  of  mind  of  man.  And  the  reason  is,  that  such  manor  or  lands  and 
tenements  may  pass  by  alienation  without  deed.    (Litt.  §  183.) 

From  the  nature  of  the  claim  of  prescription,  it  follows  that  a  man 
cannot  make  a  title  to  land  by  prescription,  for  the  evidence  of  a  title 
to  land  is  quite  different  ^m  and  inconsistent  with  that  of  a  thing 
claimed  by  prescription,  which  only  applies  to  incoiporeal  things.  A 
man  may  prescribe  for  all  franchises  and  privileges  which  he  may  have, 
without  a  title  i^pearing  on  record,  as  for  waifs,  estrays,  wreck,  treasure 
trove ;  and  to  have  a  park  or  wairen,  to  have  a  fair,  market,  or  right  to 
toU,  Ac. 

Nothing  can  be  prescribed  for  at  the  present  day  that  may  not  be 
the  subject  of  grant;  for  the  allegation  of  usage  time  out  of  mind  must 
be  usage  of  something  which  could  originate  in  a  lawful  w^y.  When, 
then,  the  daim  of  prescription  is  allowed,  it  is  equivalent  to  admitting 
that  there  was  an  original  grant  which  is  now  lost  (Luttrd's  case, 
4  *  Rep.'  86.)    It  is  however  no  proof  of  a  grant. 


A  question  has  been  raised  whether  the  same  thing  may  be  claimed 
by  prescription  and  by  custom,  which  is  nearly  the  same  thing  ad 
saying,  whether  the  same  thing  could  be  granted  to  all  the  inhabitants 
of  a  given  place,  and  also  granted  to  one  person  in  that  place,  either  in 
gross  or  in  respect  of  a  piece  of  land ;  as  for  instance,  whether  a  private 
right  of  way  may  not  exist  together  wiUi  a  public  ri^t  of  road. 
(Blewettv.  T^onniog,  3  A.  &  K  586.)  If  all  prescription  suppoaes  an 
original  grant,  it  is  an  inconsistency  to  suppose  a  giant  to  A.  and  a 
grant  of  the  same  thing  to  A.  and  others  witn  him. 

There  is  some  confusion,  in  the  books  as  to  prescription  and  custom, 
and  the  real  distmction  between  them  has  perhaps  not  always  been 
observed.  It  seems  immaterial  whether  the  thing  whose  origin  is 
imknown  is  called  prescription  or  custom,  for  the  two  incidents  of  time 
and  usage  belong  to  both.  Stall  there  is  the  distinction  as  to  the 
persons  who  claim,  which  has  been  already  stated ;  and  there  is  of 
course  a  difference  in  the  evidence,  which  results  from  the  diffsrenoe  in 
the  persons  claiming,  or  in  whose  right  it  is  claimed. 

A  prescription  may  be  lost  or  destroyed  in  tarious  ways.  If  He 
thing  in  respect  of  which  the  prescription  is  claimed  is  destroyed,  tiie 
prescription  also  is  destroyed.  A  franchise  by  prescription  is  deslroyai 
if  the  same  liberties  are  granted  by  the  king  by  chxurter.  It  may  b« 
lost  by  non-usage.  But  a  prescription  is  not  lost  by  changes  whidt 
are  immaterial  and  do  not  affect  the  nature  of  the  claim  :  thin  if  i 
man  prescribes  for  a  watercourse  to  a  fulling-mill,  and  he  converts  it 
into  a  grist-mill,  he  does  not  lose  his  right,  which  is  generally  to  hare 
a  watercourse  to  a  mill  on  a  given  site.  And  if  a  corporation  should 
prescribe,  and  afterwards  have  a  new  name,  it  would  not  lose  Ute  rif^t 
(4 '  Rep.,*  86.)  When  the  ownership  of  the  land  and  of  the  thing 
claimed  out  of  or  upon  it  are  united  in  the  same  person,  Ihe  prescrip- 
tion is  destroyed. 

Recent  Acts  have  made  some  alterations  as  to  jM^esoiptioii,  and 
limited  the  time  within  which  actions  can  be  brought  or  suits  instituted 
relating  to  real  property.  The  3  &  4  WilL  IV.  c.  27,  applies  to  every- 
thing of  a  corporeal  nature,  which  is  land  in  the  sense  in  which  land  is 
interpreted  in  that  Act ;  but  it  only  applies  to  those  kinds  of  pioperiv 
of  an  incorporeal  nature,  which  are  stdvowsons,  annuities,  aod  rents. 
The  2  &  3  WiU.  IV.  c  100,  applies  only  to  cases  of  modus  and  exemp- 
tion from  tithes.  The  2  &  3  Will.  IV.  c.  71,  which  is  entitled  "An 
Act  for  Shortening  the  Time  of  Prescription  in  certain  cases,'*  implies 
(§  1)  to  "claims  which  may  be  lawfully  made  at  the  common  law  by 
custom,  prescription,  or  grant  to  any  right  of  common  or  other  (H^fit 
or  benefit  to  be  taken  from  or  upon  any  land,  &c.,  except  such  matten 
and  things  as  are  therein  specially  provided  for,  and  except  tithes, 
rents,  and  services ; "  (§  2)  '*  to  any  way,  or  other  easement,  or  to  any 
watercourse,  or*  the  use  of  any  water,"  &c. ;  and  (§  3)  to  the  use  of 
light.  No  claim  to  the  things  comprised  within  this  statute  "  shall, 
when  such  right,  profit,  or  benefit  (as  is  mentioned  in  §  1)  shall  have 
I  been  actually  taken  and  enjoyed  by  any  person  claiming  right  thereto, 
without  interruption  for  the  full  pyeriod  of  thirty  years,  be  defeated  or 
destroyed  by  showing  only  that  such  right,  profit,  or  benefit  was  fiwt 
taken  or  enjoyed  at  any  timfe  prior  to  such  period  of  thirty  yean;  bnt 
nevertheless  such  claim  may  be  defeated  in  any  other  way  by  which 
the  same  is  now  liable  to  be  defeated ;  and  where  such  right,  profit,  or 
benefit  shall  have  been  so  taken  and  enjoyed  as  aforesaid,  for  the  foil 
period  of  sixty  years,  the  right  thereto  shall  be  deemed  absolute  and 
indefeasible,  unless  it  shall  appear  that  the  same  was  taken  and  enjoyed 
by  some  consent  or  agreement  expressly  made  or  given  for  that  puipode 
by  deed  or  writing."  As  to  the  rights  enumerated  in  the  second 
section,  the  terms  of  twenty  and  forty  years  are  respectively  fixed  in 
the  place  of  the  terms  of  thirty  and  sixty  years  mentioned  in  the  first 
section.  Under  the  third  section,  which  applies  to  lights,  an  absolute 
right  to  light  may  be  acquired  by  tfronty  years'  uninterrupted  enjoy- 
ment, unless  the  use  has  been  enjoyed  by  some  consent  or  agreement 
made  or  given  by  deed  or  in  writing.  The  eighth  aection  prorides 
"  that  when  any  land  or  water  upon,  over,  or  from  which  any  such  way 
or  other  convenient  watercourse  or  use  of  water  shall  have  been  enjoyed 
or  derived,  hath  been  or  shall  be  held  under  any  term  of  life,  or  any 
term  of  years  exceeding  three  years  from  the  granting  thereof ,  the 
time  of  the  enjoyment  of  any  such  way  or  other  matter  as  therein  last 
mentioned,  during  the  continuance  of  such  term,  shall  be  exduded  in 
the  computation  of  the  said  period  of  forty  years,  in  case  the  claim 
shall  within  three  years  next  after  the  end  or  sooner  determinatian  of 
such  term  be  resisted  by  any  person  entitled  to  any  reversion  expectant 
on  the  determination  thereof.*'  Formerly  it  was  necessary  for  all 
persons  who  claimed  in  respect  of  an  estate  and  had  not  the  fee,  to 
claim  in  the  name  of  the  person  who  had  the  fee,  but  under  the  last^ 
mentioned  Act "  it  shall  be  sufficient  to  allege  the  enjoyment  thereof 
as  of  right  by  the  occupiers  of  the  tenement  in  respect  whereof  the 
same  is  claimed,  for  such  of  the  periods  mentioned  in  the  Act  as  may 
be  applicable  to  the  case,  and  without  claiming  in  the  name  or  right  of 
the  owner  of  the  fee,  as  is  now  usually  done." 

The  statute  applies  also  to  "any  land  or  water  of  the  king,  his  heirs, 
or  successors,  or  any  land' being  parcel  of  the  duchy  of  Lancaster  or  of 
the  duchy  of  ComwaU." 

By  the  common  law  a  man  might  prescribe  for  a  right  which  had  at 
any  time  been  enjoyed  by  his  ancestors  or  predecessors;  but  the 
statute  of  32  Hen.  VIII.  c.  2,  enacted  that  no  person  should  "  make 
any  prescription  by  the  seisin  or  possession  of  his  ancestor,  unless  such 
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seisin  or  poasession  bath  been  within  threescore  years  next  before  such 
prescription  made/*  This  statute  prevented  any  claim  being  made  by 
prescription  unless  there  had  been  seisin  or  possession  within  sixty 
years ;  but  it  still  allowed  the  commencement  of  the  enjoyment  at  any 
time  within  legal  memory  before  the  sixty  years  to  be  proyed.  The 
Act^  Z  So  4  Will.  lY.  c.  100,  directs  that  '*  the  respective  periods  of 
years  therraibef ore  mentioned  shall  be  deemed  to  be  the  period  next 
before  *  some  suit  or  action  wherein  the  claim  or  matter  to  which  such 
period  may  relate  shall  be  brought  into  question  "  (§  4) ;  but  it  only 
exdudes  proof  of  commencement  of  enjoyment,  and  it  only  giv^  the 
absolute  right,  when  the  several  periods  of  years,  reckoning  boickwards 
from  the  time  of  some  suit  or  action  wherein  the  matter  is  brought 
in  question,  are  completed;  and  it  neither  excludes  the  -ptooi  nor 
gives  the  absolute  right  if  there  has  been  an  interruption,  within  the 
meaning  of  this  statute,  which  has  been  submitted  to  or  acquiesced 
in  **for  one  year  after  the  party  interrupted  shall  have  had  notice 
thereof,  and  of  the  person  making  or  authorising  the  same."  In  these 
cases,  if  there  has  been  seisin  or  possession  of  the  ancestor  or  pre- 
decessor within  sixty  years,  the  statute  of  Henry  VIII.  wUl  still  apply, 
and  evidence,  of  the  commencement  of  enjoyment  within  legal  memoiy 
may  still  be  given. 

The  Acts  here  enumerated  do  not  apply  to  a  daim  "of  a  manor,  a 
court  leet,  a  liberty,  separate  jurisdiction,  treasure  trove,  wreck,  waifs, 
and  other  forfeitures,  fair,  market,  fisheiy,  toU,  park,  forest,  chaoe,  or 
any  privilege  legally  known  as  a  franchise,  as  well  as  anything  per- 
taining to  those  ri^ts  which  come  under'  the  description  of  dignitiaB 
or  offices."  (Mr.  Hewlett's  '  Reply,  &c.,.to  certain  Evidence  before  the 
Select  Committee  of  the  House  of  Commons  on  Records,  February, 
1836.') 

The  term  prescription  is  derived  from  the  Roman  law,  but  the 
meaning  of  the  term  in  the  Roman  law  ia  different.  Blackstone  says 
(ii,  0.  17,  note  f),  "  This  title  of  prescription  was  well  known  in  the 
Koman  law  by  the  name  of  usucapio  {^  Dig.,'  41,  tit.  3,  s.  8),  so  oaUed 
because  a  man  that  gains  a  title  by  prescription  may  be  said  uau  rem 
eapere."  This  remark  is  not  correct.  Usucapio  in  the  Roman  law  was 
founded  solely  on  possession  as  such  [Possession],  and  it  applied  only 
to  "  corporeal  things  : "  "  by  the  laws  of  the  Twelve  Tables  usucapion 
of  moveable  things  was  complete  in  one  year ;  and  of  land  and  houses 
in  two  years."  (Gaius,  ii,  42.)  **  To  usucapion  was  afterwards  added, 
as  a  supplement,  the  long!  temporis  prsescriptio,  that  is,  an  exceptio 
(plea)  against  the  '  rei  vindicatio,'  the  conditions  of  whiph  were  nearly 
the  same  as  in  the  case  of  usucapion."  (Savigny,  'Das  Recht  des 
Besitzes,'  p.  6.)  The  term  pnescriptio  was  properly  applied  to  that 
which  a  plaintiff  (actor)  prefixed  (preescripsit)  to  the  formula  by  ^hich 
lie  made  his  demand  against  a  defenduit,  for  the  purpose  of  Umiting 
or  qualifying  his  demand.  It  seems  afterwards  to  have  been  used  as 
equivalent  to  exceptio  or  plea. 

Bracton  (ii.,  c.  22)  treats  of  ownership  acquired  "  sine  titulo  et  tra- 
ditione,  et  per  usucaptionem,  s.  per  longam  continuam  et  padficam 
possessionem ; "  but  he  adds  that  no  time  was  legally  fixed  as  necessary 
to  make  the  title  perfect,  and  it  depended  on  the  discretion  of  the 
justices.  It  appears,  then,  that  the  rule  as  to  the  time  of  prescription 
commencing  from  the  1st  of  Richard  I.  (a.d.  1189)  was  not  established 
at  the  time  when  Bracton  wrote,  which  was  in  the  reign  of  Henry  III. 
Bracton  observes  that  "  longa  poasessio,"  as  above  defined  by  ,him, 
**  fiicut  jus  parit  jus  poasidendi  et  tollit  actionem  vero  domino  petenti ; " 
or  the  actual  possession  gives  in  course  of  time  the  right  to  possess. 
[PoBSESSiOK.]  In  the  same  chapter  he  treats  of  the  mode  of  acquiring 
"  possesaio  rei  incorporalis,  sicut  possessio  juris,  viz.  alicujus  servitutis 
per  patientiam  que  trahitur  ad  consensum^  et  long^um  usum  et  paoi- 
ficum."  Bracton  then  makes  no  distinction  between  a  thing  corporeal 
aod  incorporeal  as  to  the  mode  of  acquiring  right  by  possession  and 
long  usage,  nor  does  he  use  the  word  prescription. 

(Comyns,  Preacription :  Viner's  Abridgment;  Starkie,  Law  of  Evi- 
dence ;  Blackstone,  ii.,  p.  255,  Mr.  Kerr's  ed.) 

PRESCRIPTION  has,  by  the  law  of  Scotland,  a  much  wider  opera- 
tion than  either  by  the  civil  law  or  the  law  of  England,  supplying 
the  place  of  the  Statute  of  Limitations  in  the  latter  system.  It  not 
only  protects  individuals  from  adverse  proceedings  which  other  parties 
might  have  conducted  if  the  lapse  of  time  had  not  taken  place,  but  it 
in  some  instances  creates  a  positive  title  to  property.  The  prescription 
by  which  a  right  of  property  can  be  established  is  that  of  forty  years — 
a  period  borrowed  from  tiie  PraeseripUo  quadrofffnta  cmnorum  of  the 
Romans.  Whatever  adverse  right  is  not  cut  off  by  the  other  special 
prescriptions  of  shorter  periods,  is  destroyed  by  the  long  prcfscription. 
It  may  be  said  generally  to  preclude  the  right  of  exacting  per- 
formance of  any  claim,  as  to  which  no  judicial  attempt  has  been 
made  to  exact  performance  for  forty  years  from  the  time  when  it 
was  exigible.  To  create  a  title  to  i^  property,  the  long  prescrip- 
tion must  be  both  positive  and  negative.  The  party  holding  the 
property  must,  by  himself  or  those  through  whom  he  holds,  have 
been  forty  years  in  unchallenged  possession  of  the  property  on  a  title 
ostensibly  valid — this  is  called  positive  prescription ;  and  the  claimant 
and  those  whom  he  represents  must  have  been  forty  years  without 
an  ostensible  title,  and  must,  by  not  judicially  attacking  it,  have 
tacitly  acquiesced  in  the  possessor's  title — ^this  is  called  nega(<  id  pre- 

•  Eicbards  v.  Fry,  7  A.  &  £•  698. 


■cription.  An  action  raised  in  a  competent  court  interupts  the  long 
prescription.  It  is  usually  stated  in  the  Scottish  law-books  that  it 
is  interrupted  by  the  minority  of  any  person  who  could  challenge 
the  opposing  right ;  but  it  would  be  more  correct  to  apply  in  this 
case  the  phraseology  of  the  French  lawyers,  who  say  it  suspends  pre- 
scription, as  the  years  of  minority  are  merely  not  counted  in  making 
up  the  period  of  forty  years,  while,  when  there  is  a  judicial  interrup- 
tion, a  new  period  of  forty  years  commences  to  run.  When  the 
prescription  applies  to  a  pecuniary  obligation,  payment  of  interest  or 
an  ackjoowledgment  of  the  obligation  wUl  interrupt  it. 

The  other  and  shorter  prescriptions  cut  off  particular  descriiptions 
of  claims  or  methods  of  supporting  them.  By  the  vicennial  or 
twenty  years'  prescription,  holograph  writings,  not  attested  with  the 
usual  solemnities  of  Scottish  writs,  cease  to  "  bear  faith  in  judgment.". 
An  obligation  of  cautionary  or  auretyship  is  limited  to  seven  yean. 
Bills  of  exchange  and  promissory  notes  cease  to  have  force  after  six 
years ;  but  the  debts  which  they  r^resent,  if  th^  do  represent  debts, 
may  be  proved  by  other  means.  The  quinquennial  prescription  cuts 
off  all  right  of  action,  after  the  lapse  of  five  years,  on  bai^^ins  prov- 
able by  witnesses.  It  also  protects  agricultural  tenants  from  a  demand 
for  rent  after  they  have  been  five  years  removed  from  the  land  to 
which  the  demand  applies.  The  tiienxual,  or  three  yean'  prescrip- 
tion, iji  vety  important.  It  cuts  off  claims  on  account  of  goods  or 
services,  the  three  yean  running  from  the  date  of  the  last  item  of 
the  account ;  and  also  claims  for  wages,  each  year's  wages  running 
a  separate  prescription,  and  ceasing  to  be  exigible,  if  not  pursued 
for,  in  the  lapse  of  three  yean  from  the  time  when  it  became 
due,  such  claims  being  then  only  provable  by  the  writing  or  oath,  that 
is,  admissive  on  oath  of  the  defendant. 

PRESENTATION.    [Benefice.] 

PRESENTATION  TO  A  LIVING.    [Advowbok.] 

PRESENTMENT.    [Juby.] 

PRESENTMENT  OF  A  BILL  OR  NOTE.  [Bill  of 
Exchange.] 

PRESS,  HYDRAULIC,    [Hydbaulics.] 

PRESS,  PRINTING.    [Printing.] 

PRESSURE.  To  explain  the  use  of  this  term  in  meehanioa,  wq 
must  remember  its  previous  and  common  use.  When  we  attempt  to 
move  matter,  or  when  we  sustain  a  weight,  the  effect  is  accompanied 
by  a  perception  which  is  called  presture.  The  sense  of  touch  is  nothing 
but  this  perception ;  contact  without  pressure  is  not  touch,  and  there 
are  even  weights  too  small  to  give  the  sense  of  touch.  A  small  feather 
supported  on  the  open  palm  is  not  felt,  though  it  would  fall  to  the 
ground  if  the  palm  were  removed.       ' 

The  word  pressure  is  soon  indissolubly  connected  with  the  notion  of 
motion  caused  or  prevented.  Let  the  obstacle  which  ia  pressed 
suddenly  break,  and  the  hand  whkh  pressed  must  follow,  unfeaa  the 
person  who  presses  can  take  an  instantaneous  warning  to  cease  his 
effort.  Hence,  whenever  we  see  motion  caused,  prevented,  or  altered, 
we  are  apt  to  carry  with  us  the  notion  that  pressure  ii  exerted.  The 
weight  in  the  scale  of  a  balance  is  said  to  press  the  scale;  not  that  we 
suppose  the  scale  to  have  muscles  to  be  acted  upon,  and  nerves  to  cany 
news  of  the  action  to  a  living  brain,  but  that  we  see  a  counteraction  of 
the  known  tendency  of  the  weight  to  fall,  and  know  that  if  the 
counteraction  were  the  work  of  a  human  agent,  that  agent  would  be 
oonsdons  of  the  perception  of  pressure.  Hence  everything  fitted  to 
produce  the  sensation  of  pressure,  such  as  a  weight,  the  elasticity  of  a 
spring,  Ac.,  comes  to  be  called  a  pressure,  and  the  word  loses  its 
meamng  of  a  peroeption  conveyed,  and  takes  that  of  an  agent  proper 
to  produce  that  perception  if  the  human  being  were  situated  so  as  to 
receive  it. 

This  consideration  is  not  unimportant,  for  a  latent  confusion  between 
pressure  as  a  perception  and  preasure^as  a  cause  proper  to  produce  that 
perception  has  prevented  many  from  a  clear  understanding  of  the  New- 
tonian do6 trine  of  gravitation,  has  caused  some  to  reject  it  altogether, 
and  has  made  one  or  two  write  books  against  it.  We  have  in  mechanics 
the  word  Foboe,  which  really  means  nothing  but  the  cause  of  motion 
produced, altered,  or  prevented;  but  this  word  force  having  been  used  in 
two  distinct  senses,  namely,  both  in  the  sense  of  pressure  and  in  that 
of  acceleration  produced  by  pressure,  it  is  sometimes  necessary  to  have 
recourse  to  the  word  preuure  instead  of  force  where  precision  of  lan- 
guage is  required.  The  motion  of  the  planets  k  continually  altered : 
there  must  be  a  producing  cause  of  that  altention,  a  f  oroe,  an  agent 
proper  to  produce  the  sensation  of  preasiue  in  a  human  being  who 
should  interfere  with  it,  if  such  a  thing  could  be ;  or,  in  common 
language,  a  pressure.  If  it  is  found  that  the  laws  of  alteration  in  a 
planet's  motion  are  such  that  the  pressure  must  always  be  directed 
towards  the  sun,  and  if  we  thence  say  that  the  sun  attracts  the  planet, 
or  pulls  the  planet  towards  it  (puU  and  pressure  being  the  same  terms, 
or  at  least  only  differing  in  their  original  meaning  by  this,  that  a  pull 
is  made  towards  the  agent,  and  a  pressure  from,  him),  a  person  who 
thus  leams  the  notion  of  attraction  may,  without  absolutely  attributing 
consciousness  to  the  sun,  obtain  a  rather  mysterious  notion  of  attraction 
from  something  remaining  of  the  original  sense  of  the  word  pull  or 
pressure.  This  it  is  of  course  desirable  that  he  should  get  rid  of ;  but 
if,  from  failing  to  do  so,  he  should  be  inclined  to  doubt  of  what  is 
called  attraction,  he  would  do  well  to  remember  that  by  the  same 
rule  he  should  deny  that  a  weight  placed  in  the  scale  of  a  balance 
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prenes  against  the  scale,  or  that  a  weight  hung  to  a  beam  pulls  the 
beam. 

Having  said  thus  much,  nothing  remains  as  to  the  manner  of  esti- 
mating pressures,  except  to  give  a  reference  to  the  articles  Force, 
Mass,  Moksktum,  Motion  (Laws  of),  &c. 

We  thence  collect  that  in  problems  of  dynamics  it  is  requisite  to 
estimate  pressure  (in  cases  in  which  it  cannot  be  balanced  against  a 
weight)  by  the  velocity  which  it  would  produce  or  destroy  in  a  given 
mass  of  matter,  and  in  a  given  time :  it  being  known  that  the  weight 
of  a  mass  means  that  pressure  which,  applied  to  the  mass,  would  pro- 
duce in  one  second  32*19  feet  of  velocity.  An  instance  of  this  process 
occurs  in  Centbipetal  and  Centrifugal  Forces. 

Pressure  can  only  produce  an  effect  in  time;  an  instantaneous 
.alteration  of  velocity  (as  noted  in  Impulse)  being  mechaoioally  absurd. 
But  if  a  pressure  produce  its  whole  effect  in  an  imperceptible  time, 
there  is  all  the  appearance  of  an  instantaneous  destruction  or  creation 
of  velocity.  Suppose  a  hammer,  for  instance,  to  strike  an  anvil  with  a 
velocity  of  20  feet  in  a  second.  The  instant  the  contact  begins,  both 
hammer  and  anvil  begin  to  be  compressed,  and  Ihe  compression  b^;in8 
at  the  rate  of  20  feet  a  second.  But  the  resistance  to  compression  is 
enormous,  and  is  a  pressure  which,  though  it  takes  time  to  destroy 
any  velocity,  yet  will  destroy  a  velocity  of  20  feet  a  second  in  a  very 
small  fraction  of  a  second.  The  moment  the  velocity  is  all  destroyed 
the  effort  of  the  anvil  and  hanmier  (both  of  which  are  compressed) 
endeavouring  to  restore  themselves,  the  continuation  in  fact  of  the 
pressure  which  destroyed  the  velocity,  will  give  a  velocity  to  the  ham- 
mer in  a  contraiy  direction,  or  the  hammer  will  rebound,  as  it  is  well 
known  to  do.  In  the  appendix  to  Professor  Whewell*s  *  Elementary 
Treatise  on  Mechanics '  (third  or  fourth  edition),  a  mathematical  inves- 
tigation of  such  problems  (by  Mr.  Airy)  will  be  found,  upon  highly 
probable  hypotheses  as  to  the  constitution  of  matter.  The  following 
result  of  these  hypotheses  (which  cannot  be  far  wrong)  will  give  an 
idea  of  the  enormous  pressures  which  are  created  in  common  cases  of 
what  is  called  imp€iet : — If  a  column  of  iron  three  inches  high  be  let 
fidl  on  an  anvil  two  feet  high,  from  a  height  of  eight  feet,  the  com- 
pression of  both  hammer  and  anvil  is  about  one-thousandth  of  a  foot, 
and  the  pressure  exerted  at  the  moment  when  it  is  greatest  is  that  of  a 
quiescent  oolimm  of  iron  similar  to  the  hammer  in  its  action,  but  of 
no  less  than  4000  feet  high. 

PRESSURE,  CENTRE  OF.  When  a  fluid  presses  upon  a  sur&ce, 
there  is  a  point  in  that  surface  (known  as  the  centre  of  pretenre)  at 
which,  if  a  force  be  applied  in  the  same  line  with  the  pressure  of  the 
fluid  and  equal  to  the  whole  of  that  pressure,  but  in  a  contrary  direc- 
tion, it  will  balance  or  counteract  the  whole  pressure  of  the  fluid.  It 
is  often  of  great  importance  to  find  the  centre  of  pressure,  and  for  the 
methods  of  doing  so  we  must  refer  to  Htdbostaticb. 

PRESUMPTION.  A  presumption  may  be  defined  to  be  a  belief  or 
inference  as  to  the  existence  of  a  iact  not  actually  known,  arising  from 
its  necessary  or  usual  connection  witii  oUiers  which  are  known. 

A  fact  may  be  proved  by  the  immediate  knowledge  of  the  witnesses 
to  it,  which  is  called  direct  evidence.  If  it  cannot  be  so  proved,  some 
other  fact  may  generally  be  proved  by  direct  evidence,  from  which  the 
fact  in  question  may  often  be  inferred.  If  such  other  fact  can  be 
proved,  and  the  existence  of  the  fact  in  question  can  be  inferred,  such 
inference  is  a  presumption.  The  inference  may  be  either  strictly 
logical  or  necessary,  or  it  may  be  only  probable,  that  is,  the  fact 
inferred  may  be  true  or  it  may  not  be  true.  If  we  cannot  infer  from 
the  fact  proved  that  the  fact  in  question  may  be  true,  there  can  be  no 
presumption  at  all  as  to  such  last  fact.  In  all  oases  then,  in  older  to 
establish  a  presumption,  there  must  neceasarily  be  an  inference  from  a 
fact  or  facts;  but  the  inference  may  be  either  necessary  or  probable. 
If  necessary,  it  cannot,  by  the  supposition,  be  diiqifroved ;  if  probable, 
it  may  either  be  disproved  by  evidence,  or  it  may  not  be  possible  to 
disprove  it  for  want  of  evidence,  and  yet  the  inference  will  s^  only  be 
probable. 

Presumptions  which  are  neceasaiy  can  hardly  ever  be  considered  as 
otherwise  than  conclusive  in  any  i^rstem  of  law.  Presumptions  which 
are  probable  only  may,  by  positive  law,  be  made  as  conclusive  as 
necessary  presumptions,  that  is,  it  may  not  be  permitted  to  disprove 
them  when  they  could  be  disproved;  or  where  such  disproving 
evidence  is  wanted,  and  yet  the  inference  is  only  probable,  positive  law 
may  give  it  the  same  oonclusive  foroe  as  a  neoessaiy  presumptioiu 

A  presumption,  when  established,  that  is,  a  fact  when  presumed,  is 
legally  the  same  as  a  fact  proved  in  such  macnner  as  the  particular 
system  of  law  requires  such  fact  to  be  proved.  If  then  the  law  annexes 
any  legal  consequences  to  a  given  fact  when  proved,  it  annexes  the 
same  to  it  when  the  fact  ii  legally  presumed.  It  is  only  by  virtue  of 
legal  consequences  being  annexed  to  facts  that  they  become  objects  of 
jurisprudence.  The  establishment  then  of  a  presumption,  in  a  legal 
sense,  is  only  the  establishment  of  a  fact  to  which  certain  l^gal  con- 
sequences are  annexed. 

In  our  own  system,  the  presumption  is  sometimes  made  by  a  judge 
or  a  number  of  judges,  and  sometimes  by  a  jury,  but  the  consequences 
ore  the  same.  Some  writers  say  that  presumptions  are  either  "  legal 
and  artificial"  or  "natural"  They  divide  "artificial  or  legal  pre- 
sumptions "  into  two  kinds,  immediate  and  mediate.  '*  Immediate  are 
those  which  M^  made  by  the  law  itself  directly  and  without  the  aid  of 
a  jiury.    Mediate  presumptions  are  those  which  cannot  be  made  but 


by  the  aid  of  a  juiy."  Presumptions  may  therefore  be  divided  into 
three  classes :  1,  Legal  presumptions  made  by  the  law  itself,  or 
presumptions  of  law;  '2,  Legal  presumptions  to  be  made  by  a  juzy,  or 
presumptions  of  law  and  fact;  8,  Mere  natural  presumptions,  or  pre- 
sumptions of  &ct." 

The  first  dass  of  presumptions,  it  is  said,  are  either  absolute  and 
conclusive,  or  they  may  be  rebutted  by  evidence  to  the  oontrary.  His 
presumption  of  law  that  a  bond  was  executed  upon  a  good  considea- 
tion  cannot  be  rebutted  by  evidence,  so  long  as  the  bond  is  unimpeached, 
that  is,  so  long  as  it  is  admitted  to  be  a  bond.  But  thougb  the  law 
presumes  that  a  bill  of  exchange  was  accepted  on  good  oonsideFatian, 
it  admits  evidence  to  show  that  such  was  not  the  fact.  Now  this 
presumption  of  law  is  nothing  more  than  a  fact  presumed  by  a  judge 
or  jud^BS,  to  which  fact  so  presumed,  certain  le^  oonaequeDoes  are 
annexed  or  belong.  It  is  nowever  a  very  inaccurate  expreaaoQ  to 
speak  of  a  presumption  of  law ;  for,  "  when  the  law  presumes  or  infers 
any  fact  to  which  a  legal  conseouenoe  is  annexed  from  any  defined 
predicament  of  facts,  the  law  m  effect  indirectly  annexes  to  that 
predicament  the  legal  consequence  which  belongs  to  the  pfresomed 
fact." 

One  presumption  of  law  may  be  opposed  by  another,  and  the  law, 
that  is,  the  court,  must  then  decide  wnwh  is  the  stronger. 

Presumptions  of  mere  law,  aa  shown,  are  such  as  are  made  by  the 
court  There  are  instances  of  presumptions  made  by  act  of  pariiamest, 
that  is,  the  legislature  has  declared  that  a  certain  fact  or  facta,  when 
proved,  shall  be  conclusive  proof  of  another  unproved  fact  which  is 
not  a  necessary,  and,  it  may  be,  is  often  not  a  hig^y  probable  inferszioe 
from  the  proved  fact.  A  statute  of  21  James  L,  c.  27  (now  repealed), 
made  proof  of  the  concealment  of  the  death  of  a  bastard  child  by  the 
mother  oonclusive  evidence  of  her  having  murdered  it,  unless  she 
could  prove  that  it  was  bom  dead.  And  sometimes  an  act  of 
parliament  declares  that  a  certain  presumption  shall  not.  be  allowed  or 
made.  (2  and  3  Wm.  IV.,  c.  71,  s.  6.)  A  presumption  ol  mere  law 
la  sometimes  called  an  ifUendmeni  of  law. 

Presumptions  of  law  and  fact  are  artificial  presumptions,  recognised 
and  warranted  by  the  law  as  the  proper  inferences  to  be  made  bj 
juries  under  particular  cireumstances.  In  other  words,  these  are  fsds 
which  the  law,  that  is,  the  court,  will  allow  a  jury  to  presume  from 
other  facts  proved  by  direct  evidence.  When  the  presumed  f^t  is 
declared  by  the  juiy  to  be  a  real  fact,  or  is  implicitly  ocmtained  id 
their  verdict,  the  lei^  effect  is  the  same.  It  is  said  that  the  inference 
(made  by  the  juiy)  is  never  oonclusive,  which  appears  to  mean  that 
there  are  presumptions  which  are  not  necessary,  and  sometimes  may 
not  be  highlv  probable,  but  they  are  still  such  as  a  jury  may  make  (at 
least  under  the  direction  and  advice  of  the  court),  and  their  verdict 
will  be  good.  Thus  a  juiy  is  required,  or  at  least  advised  by  a  court 
to  infer  a  grant  of  an  incorporeal  hereditament  after  an  sdTerse 
enjoyment  for  the  space  of  twenty  years.  The  presumption  of  right 
in  «uch  cases  is  not  however  conclusive;  in  omer  words,  it  is  not 
an  inference  of  mere  law  to  be  made  by  the  courts,  yet  it  is  aa 
inference  which  the  oourts  advise  juries  to  make  whenever  the  pre- 
sumption stands  unrebutted  by  oontrary  evidence.  Such  evidaice 
in  ^eory  is  mere  presumptive  evidence;  in  practice  and  e&ct  it 
is  a  bar. 

The  third  cla^,  the  natural  presumptions  of  mere  fact,  are  wholly 
independent  of  any  artificial  legal  relations  and  connections,  and  difiier 
from  presumptions  of  mere  law  in  this  essential  respect,  that  those 
depend  upon  or  rather  are  a  branch  of  the  partieulsr  system  of 
jurisprudenoe  to  which  they  belong ;  but  mere  natural  presumptioos 
are  derived  wholly  by  means  of  the  common  experience  of  mankind 
from  the  course  of  nature  and  the  ordinary  habits  of  society.  This 
class  of  presumptions  properly  belongs  to  a  jury,  and  yet  the  oourta 
will  sometimes  make  presumptions  of  this  kmd  without  the  aid  of  a 
juiy.  These  presumptions  then  are  such  as  a  jury  may  make  without 
the  adviee  or  direction  of  the  court,  and  it  seems  therefore  to  be  a 
general  rule,  that  whenever  there  is  evidence  on  which  a  juiy  have 
founded  a  presumption  according  to  the  justice  of  the  case,  the  courts 
will  not  grant  a  new  triaL 

Presumption  then  is  either  a  positive  rule  by  which  a  certain  con- 
clusion is  declared  by  statute,  or  by  the  judges,  or  by  the  juiy 
under  the  direction  and  advice  of  the  judges,  to  follow  from  certain 
other  proved  facts;  or  it  is  a  conclusion  from  certain  other  pioTed 
facts  which  a  judge  or  a  jury  may  make  if  they  find  the  probatiTe  force 
of  the  proved  facts  sufficient  to  induce  them  to  make  the  inference 
called  a  natural  presumption,  or  presumption  of  mere  fact.  Preenimp- 
tions  therefore  are  incident  to  every  head  of  law  in  which  proof  is 
required ;  and  the  presumptions  which  are  positive  rules  of  law  ace 
part  of  the  law  of  the  things  to  which  they  relate. 

The  term  "  prsesumptio  "  occura  occasionally  in  the '  Digest,*  and  in 
the  sense  of  an  inference  from  a  fact  proved  or  admitted.  ('  !%•'*  ^ 
tit.  3.  8.  25.) 

(Bentham,  SeUUmaU  of  Jadiciai  Evidence;  Starkie,  On  EMeaet: 
Phillips,  On  Evidence.) 

PRESUMPTIVE  HEIR.    [Dbscbnt.] 

PRICE.    [Valuk;  Wages.] 

PRIEST  (Saxon,  preoat,  from  the  Greek  wpwfiurtpos,  an  dda),  in 
its  popular  acceptation,  is  the  name  of  a  minister  of  religion  in  all 
ages  and  countries. 


Pristt  U  used  lo  B^nsn  the  Orask  hUrtiu  {'(p*^)  uld  ttl«  Latin 
lactnUt,  which  ugni^  in  geaenl  a  Burificer.  WhataTer  niaj  ba  tJie 
primitiTe  mnning  oi  the  Hebrev  word  eohet,  it  in  Tendered  in  th« 
iSeptuagiot  by  tiptiti,  and  its  uuge  ptaiuly  ihows  that  it  deoates  ■ 
■achficer.  Ao  elder,  taken,  has  rpttrffirtpoi  at  its  corrsipoDdi^  word- 
In  WycUfTe'i  New  Tntunent,  which  in  B.  tiBDBlatJoii  from  the  Vulgite, 
priest,  siuweriDg  to  the  Li^  pre*bfter,  UTenl  timai  oocun,  where 
the  authorixed  Tersion  haa  elder. 

Prieat  in  the  fonnulariea  of  the  Church  of  England  i>  uwd  in  ita 
original  aenae  of  preabyter,  and  pointc  out  the  aenond  d^res  of  the 
minisMra,  to  be  admitted  to  whidi  a  man  muat  be,  according  to  the 
3  jth  canon,  of  the  age  of  "  four  and  twenty  yeara  complete." 

The  eiiatence  of  an  official  person  to  act  in  some  way  between  the 
Deity  and  man  appeara  amono'  the  earliest  notioea  of  history,  whether 
aaored  or  profana.  In  the  Book  of  Qpoeeii,  Melchiaedeo  ia  named 
"  Frieat  of  the  mMt  bi^  Qod."  Among  the  Jewa  jn  order  of  men 
eiiated  who  were  gap^lallf  appointed  by  Ood  to  miniater  in  holr 
things,  and  whose  quslificatioDS  and  functions  are  set  forth  at  large 


•omatiioes  women,  as  well  ai  nun,  wHr«  appointed  to  this  office.  It  i« 
probable,  however,  that  the  must  ancient  priesthood  among  all  naUoiw 
waa  that  which  bthen  or  heada  of  familiei  eierolBed  OTsr  their  own 
dependents ;  and  thus  it  will  appear  that  Idn^y  goTsmmant  and 
sacerdotal  authority  of  aoma  kind  or  other  would  naturally  SMing 
from  the  paternal  relation.'  (Shuckford's  '  ConneotioD  of  SaoM  and 
Pro&na  History.') 

PKIMATR      [AB0HBI8H0P.1 

PRIME.  A  Dumber  ia  nid  to  be  prime  when  it  U  not  diviaible 
without  remainder  by  any  less  number  than  itself,  except  unity.  Tfaua 
1,  2,  S,  are  of  necessity  prime ;  t  la  not,  baiog  divisible  by  3 ;  G  ia 
prime,  and  BO  ore  7,11,13,17,19,23,  29,  31,  ic 

IdTge  liata  o!  prime  numbaia  have  been  publiahed  [TABLEa],  but 
they  are  seldom  poaaesaed  by  the  elementaiy  student.  As  it  ia,  how- 
ever, frequently  desirable  to  know  whether  a  number  not  exceeding 
10,000  is  prime  or  not,  ffe  shall  give  a  table  to  that  extent,  the  manner 
of  using  which  ia  aa  follows  :^If  we'wish  to  know  whothw  2887 
be  a  prime  number,  nnder  the  heading  2  and  in  Uie  column  S  we 
look    for   07,  which  we    find   there :    whence    the   table  shows  that 


1153  and  U59. 


The  diatribuljon  of  the  prime  numben  doea  not  follow  any  discovei^ 
able  law,  but  it  begins  to  be  evident  from  the  preoeding  taUe,  that  in 
a  given  interval  the  number  of  primes  is  ganeialiy  less,  the  higher  the 
beginning  of  the  interval  is  taken.  The  following  ti^Ie  will  set  this 
in  a  clearer  light  -  the  numben  in  the  fint  column  mean  thousanda, 
and  in  the  aecond  column  are  found  the  numbers  of  primes  which  lie 
in  the  interval  specified  in  the  Bnt  column.  Thus,  between  10,000 
and  20,000  he  1033  primn. 

In  IJie  first  10,000  numbers,  upwards  of  12  per  cenl^  are  primsa; 
but  between  900  thousand  and  a  million,  only  7j  per  cent,  are  primes. 
The  annexed  enumerations  are  taken  from  Lesendre's  Theory  of 
Numbers,  and  were  made  from  the  laige  tables  of  primes  given  by 
VegA,  Cbemac,  and  Burkhardt.  The  only  thing  known  relative  to  the 
proportioDB  of  prime  numbera  to  others  ia  that  if  z  be  a  very  large 
number,  the  number  of  primes  contained  between  0  and  x  ia  near^ 
z-7-  (log  X —  l'OS30B),  log  X  being  the  Naperean  lo^irithni,   Thil  veiy 


cnrioua  theorem  was  discoTsred  empirically,  that  is,  by  looking  for  a 
fotmula  which  ahould  nearly  mtreaent  the  results  of  tabl«.  Legendre, 
in  the  work  cited,  gave  proof  that  such  a  fonnula  must  hare  the  form 


m 
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x-r-  (a  log  X — b),  but  no  reason  has  yet  been  given  \rhj  a  ib  1,  and  b 
is  1*08366.  Using  the  common  logarithm,  we  find  that  the  number  of 
primes  less  than  x  is  such  a  proportion  of  x  as  '4342945  is  of  log  x  — 
*470628,  nearly.  Thus,  of  all  numbers  leas  than  a  million  of  million 
of  millions,  only  one  out  of  40  is  prime,  while  the  number  of  primes 
under  the  square  of  tiiat  number  is  one  out  of  82. 

It  thus  appears  that  we  might  name  a  succession  of  numbers  begin- 
ning with  one  so  high,  that  a  million,  or  any  other  number  however 
great,  of  numbers  should  pass  without  oontaining  one  prime  number. 
Nevertheless  there  cannot  be  an  end  to  the  prime  niunbers ;  for  if  so, 
let/>  be  the  last  piimie  number,  and  let  »  be  the  product  of  all  the 
prime  numbers,  2,  8,  5, ....  ,p.  Now  every  number  is  either  prime 
or  divisible  by  a  prime ;  but  K+1  is  not  divisible  by  2, 3,  5, ... .  or 
P,  since  it  leaves  a  remainder  1  in  every  such  division.  It  is  therefore 
prime,  or  there  is  a  prime  number  n  +  1»  greater  than  the  greatest 
prime  number  p,  whidi  is  absqrd.  ,  The  following  are  among  we  pro- 
perties  of  prime  numbers :—(!.)  Every  prime  number  (except  2)  is 
odd,  or  of  the  form  2a; +1.  (2.)  Every  prime  is  of  the  form  4j;+  1  or 
4x^-^8,  and  a  prime  of  the  form  4x+l  is  always  the  sum  of  two 
squares.  (8.)  Every  prime  is  of  the  form  6a; +  1  or  6a; +5.  (4.)  No 
algebraical  formula  can  always  represent  a  prime  number ;  but  some 
formulsD  show  a  long  succession  of  primes :  thus  0:^+0; +41  is  prime 
£roma;=0  to  x= 89,  both  inclusive.  (5.)  If  2a; +1  be  a  prime  num- 
ber, and  N  any  number  which  it  does  not  divide,  either  n* — 1  or 
»«  +1  must  be  divisible  by  2a;-f  1.  (6.)  If  u  and  N  be  two  prime 
numbers,  and  if  M=2a;+ 1,  N=2y  +  1,  then  if  a;  and  y  be  both  odd 
numbers,  either  (mv — 1) :  n  and  (n^ — 1) :  M  are  boUi  whole  num- 
bers, or  {K»  + 1)  :  H  and  (n*  + 1)  :  ic  are  both  whole  numbers.  But  if 
X  and  y  be  not  both  odd,  then  either  (m^ —  1) :  N  and  (n*  + 1) :  m  are 
both  whole  numbers,  or  else  (m'  +1)  :  n  and  (n* —  1)  :  m  are  both 
whole  numbers.  This  theorem  is  of  considerable  importance  in  the 
theory  of  numbers,  and  has  been  termed  the  law  of  reciprocity  of 
prime  numbers. 

Two  numbers  are  said  to  be  prime  to  one  another,  when  they  have 
not  any  common  measure  except  unity:  as  86  and  55. 

The  prime  factors  of  a  number  are  those  prime  numbers  which 
divide  it  Thus,  860  being  2'  x  3'  x  5,  its  prime  factors  are  2,  8,  5,  of 
which  the  first  enters  three  times,  the  second  twice,  and  the  tldrd 
once.  If  A,  B,  0, ....  be  the  prime  factors  of  a  number,  and  a,  6,  c, 
• . .  the  number  of  times  which  they  severally  enter,  the  number  is 

A*  xB*  X  C  X and  the  number  of  divisors  which  it  admits 

of  (unity  and  itself  included)  is  (a+1)  x  (6+1)  x  (c+l)x  .... 
Let  A.'.  B*  ....  be  ^  :  then  the  number  of  numbers  less  than  k,  and 
prime  to  K,  is 

^  ^     a  b  c     ^"" 

PRIME  AND  ULTIMATE  RATIOS.  [Ratios,  Primb  and 
Ultimate;  Diffebential  Calculus.] 

PRIMERO,  a  game  at  cards,  so  called  from  a  situation  in  the  game. 
He  who  holds  ike  prime  (primero),  that  is,  a  sequence  of  the  best  cards 
and  a  good  trump,  is  sure  to  be  successful  over  his  adversaries;  hence 
its  denomination.  Primero,  prime,  and  primavieta  were  one  and  the 
same  game. 

Primero  appears  to  have  been  one  of  the  earliest  games  at  cards 
played  in  England,  and  continued  to  be  the  most  fiadiionable  game 
throughout  the  reigns  of  Heniy  VIII.,  Edward  VI.,  Mary,  Elizabeth, 
and  James.  In  the  Earl  of  Northumberland's  letters  relating  to  the 
powder-plot,  we  find  that  JosceUne  Pen^  was  playing  at  primero  on 
Sunday,  when  his  imde,  the  conspirator,  called  on  him  at  Essex-house. 

Bhakspere  speaks  of  Henry  VIII.  playing  at  primero  with  the  Duke 
of  Suffolk. 

(Singer's  'Researches  into  the  History  of  Playing  Cards,'  4to, 
Lond.,  1816.) 

PRIMOGENITURE  may  be  defined  to  be  that  rule  of  English  law 
by  which  a  title  of  dignity  or  an  estate  in  land  comes  to  a  person  in 
respect  of  his  being  an  eldest  male.  If  a  man  dies  seised  of  real  estate, 
of  which  he  had  the  absolute  ownership,  without  having  made  any 
disposition  of  it  by  his  last  wiU,  the  whole  descends  to  the  heir  at  law, 
or  customary  heir ;  and  the  heir  at  law  is  such  by  virtue  of  being  the 
eldest  male  person  of  those  who  are  in  the  same  degree  of  kindred  to 
the  person  dying,  or  the  representative  of  such  eldest  male.  [Descent.] 
This  is  a  case  in  which  primogeniture  operates.  A  common  example 
of  primogeniture  is  where  a  father  dies  absolutely  entitled  to  real 
estate,  and  without  disposing  of  it  by  will,  in  which  case  his  eldest  son 
takes  it  alL  If  land  is  settled  or  entailed  on  a  man  and  his  male  issue, 
the  eldest  son  takes  the  land  by  two  titles,  first  as  being  a  male,  and 
next  as  being  the  eldest  son.  The  law  of  primogeniture  then  only 
applies  in  the  case  of  land  when  the  owner  dies  without  having  m%de 
any  dispodtion  of  it  by  will,  or  where  the  land  is  settled  on  a  man  and 
his  male  issue.  It  does  not  apply  when  the  interest  in  land  is  a 
chattel  interest,  or  a  term  of  years,  whatever  may  be  its  duration;  nor 
does  it  apply  when  real  estate  descends  to  daughters  as  coparceners. 

At  present  those  who  are  the  absolute  owners  of  large  landed  estates 
seldom  die  without  making  a  disposition  of  them  by  wilL  In  the  case 
of  lands  which  are  settled,  the  person  in  possession  is  generally  tenant 
for  life,  and  the  inheritance  is  entailed  on  the  eldest  son.  When  the 
eldest  son  is  about  to  nyury,  it  is  usual  for  the  father  and  son  to  take 


the  usual  legal  steps  (which  the^  can  do  as  soon  as  the  son  is  of  »^) 
to  unsettle  the  estate  and  obtain  the  absolute  ownership.  They  IIasi 
resettle  the  estate,  making  the  father  t^pant  for  life  aa  before ;  the 
son,  who  was  before  tenant  in  tail,  is  also  made  only  a  tenant  for  life ; 
and  the  inheritance  is  settled,  as  before,  on  the  eldest  son  of  the  in- 
tended  marriage.  Such  eldest  son  takes  the  estate,  not  as  heir,  and 
therefore  not  by  the  law  of  primogeniture,  but  he  takes  it  as  the  perua 
designated  by  the  deed  of  settlement. 

When  a  man  happens  to  be  tenant  in  tail,  be  usually  takes  the  le^ 
steps  neoeasaiy  (which  he  can  do  as  soon  as  he  is  of  age)  to  acquire  the 
absolute  ownership  of  the  property,  which  he  then  generally  aetUes 
again  by  deed  or  will,  or  disposes  of  absolutely. 

It  is  usual  in  England  to  settle  all  lai^ge  estates,  and  the  object  of  the 
settlement  is  to  keep  the  estates  together,  and  to  perpetuate  them  in 
one  family ;  but  there  is  a  limit  to  this  power  of  settlement.  A  maa 
cannot,  either  by  deed  or  will,  settle  his  land,  so  as  to  prevent  the 
absolute  ownerahip  of  it  from  being  obtained,  for  a  longer  period  tbm 
a  life  or  lives  of  persons  in  existence  at  the  time  when  the  settlemeot 
takes  effect,  and  twenty-one  years  more. 

Lands  in  Gavslkho)  and  iBoaouaH  English  are  an  exception  to  ih* 
general  rule  of  lapv  as  to  the  descent  of  land. 

The  law  of  primogeniture  then  only  operates  in  the  cases  alreidy 
explained ;  and  the  system  of  settlements  by  which  property  ii  kept 
together  in  large  masses  is  quite  distinct  in  principle  from  the  law  of 
primogeniture.  It  is  not  the  result  of  a  law  wUck  &voars  primo- 
geniture, but  it  is  the  result  of  the  legal  power  which  an  owner  of 
land  has  over  it,  and  of  the  habits  of  the  people.  The  various  reasoiu 
which  have  laid  the  foundation  of  this  habit,  and  which  perpetuate  it, 
are  foreign  to  the  consideration  of  primogeniture  as  a  rule  of  law. 

In  Viiginia,  after  the  Revolution,  an  Act  was  passed  &r  converting 
estates  tsol  into  fee-simple,  and  at  the  same  time  the  law  of  primo- 
geniture was  abolished.  These  laws  have  so  far  been  in  accordance 
with  or  have  acted  on  public  opinion,  that  a  parent  by  his  wHl  now 
generally  makes  the  same  disposition  of  his  property  as  the  law  makes 
in  case  he  dies  intestate.    (Tucker's '  Life  of  Jefferson,'  L  96,  &&) 

(Remarh  on  Primogeniture  and  EntaUt;  Hayes,  Iniroductian  to  Om- 
veyandng.) 

PRIMULIN.  A  crystallvuible  non-azotised  matter  of  unknown 
compositiou,  foimd  in  the  root  of  the  primrose. 

PRIMUM  MO'BILE,  the  name  given  in  the  old  astronomy  to  \ia 
imaginary  sphere  by  the  motion  of  which  diurnal  motion  was  given  to 
the  heavens.    [I^tolemaio  Stbtem.] 

PRINCE  is  the  Latin  word  princept,  which  was  originally  used  to 
denote  the  person  who  was  entitled  prinoeps  senatus  in  the  Roman 
State.  He  seems  to  have  been  originally  the  custos  of  the  citj, 
and  his  office  was  one  of  importance.  Subsequently  it  became  a  titi^ 
of  dignity,  and  the  princeps  was  named  by  the  censors.  (Liv.  xxrii,  *2.) 
In  the  senate  he  gave  his  opinion  first  after  the  magiatratus.  Augus- 
tus and  his  successors  ado^Sted  the  title  of  princeps,  as  a  name  that 
carried  no  odium  with  it :  and  this  became  henceforward  the  c|une- 
teristic  title  of  the  master  of  the  Roman  world.  Accordingly  the 
constitutions  of  the  emperors  are  called  principum  (Gains  L  2)  ctr 
principales.  The  word  princeps  is  formed  similarly  to  ancepe,  muni- 
ceps,  &c.,  and  contains  llie  same  element  as  "  primus.**  In  the  coioae 
of  time  the  word  prince,  which  is  derived  from  prinoeps,  has  come  to 
be  applied  to  persons  having  personal  pre-eminence,  and  espedaliy  to 
certain  sovereigns  of  smaller  states  possessing  either  perfect  inddp«nd- 
ence  of  all  others  or  enjoyine  under  some  superior  high  political 
rights.  Of  the  first  kind  were  the  old  sovereigns  of  Wales,  who,  under 
the  name  of  princes,  enjoyed  the  same  right  and  power  which  belong 
to  kings ;  and  of  the  second,  the  heads  of  certain  states  of  Gennany, 
comprehended  in  the  great  Germanic  confederation.  Bat  the  word 
seems  not  to  have  acquired  so  definite  a  sense  as  that  which  belongs  to 
king,  duke,  marquess,  earl,  and  some  o^ers  of  the  class ;  but  rather  to 
denote  persons  of  eminent  rank  in  certain  states,  as  in  Prussia,  Russia, 
Italy,  and  other  continental  states,  where  no  sovereignty,  properiy  so 
called,  comes  along  with  it,  or  persons  who  are  junior  members  of 
sovereign  houses,  as  the  younger  members  of  the  ducal  families  of 
Saxe  and  Anhalt.  Frequently,  however,  such  members  have  specific 
titles  given,  such  as  duke,  count,  &c.,  but  never  prince. 

In  England  it  has  sometimes  been  the  practice  of  the  heralds  to 
speak  of  a  duke  as  the  high  and  mighty  prince;  but  the  word  seems 
rather  to  be  restricted  among  us  in  its  appUcation  to  persons  who  are 
of  the  blood-royal,  that  is,  a  son,  grandson,  or  nephew  of  a  king ;  and 
it  would  probably  be  extended  to  the  temote  male  posterity,  though 
no  such  case  has  arisen  in  the  course  of  the  last  three  oenturies.  But 
in  its  application  it  is  merely  a  term  of  common  parlance,  not  being 
conferred,  like  the  title  of  duke,  in  any  formal  manner ;  and  even  the 
precedence  which  is  given  to  blood-royal  has  respect  to  birth,  and  coA 
to  the  enjoyment  of  this  word  as  a  title  of  honour.  The  eldest  sun 
of  the  sovereign  is  however  made  Prince  of  Walea  by  a  iqpecial  act  v( 
creation ;  the  younger  sons  are  princes  until  they  have  other  titles  i 
conferred ;  the  daughters  continue  princesses. 

PRINCE'S  METAL.  A  kind  of  brass  composed  of  75  paits  of 
copper  and  25  parts  of  zinc 

PRINCIPAL.    [Agent.] 

PRINCIPAL,  the  name  of  a  stop  or  row  of  metal  pipes  in  an  ot^^. 
tuned  an  octavo  higher  than  the  diapason,  an  octave  lower  than  the 


79B 


PRINCIPIA. 
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^fteentli,  and  serving  to  blend  the  two^  as  well  as  to  augment  the 
volume  of  sound. 

PRINCITIA,  the  contracted  title  of  the  '  Philosophiae  Naturalis 
Principia  Mathematica/  the  great  work  of  Newton,  the  publication  of 
which  is  the  most  remarkable  known  epoch  in  the  history  of  science. 
The  title-page  of  the  first  edition  is  :  '  Philosophiie  Naturalis  Principia 
Kathematica.  Autore  Is.  Newton,  Trin.  Coll.  Cantab.,  Soa  Matheseos 
Professore  Lucaaiano,  et  Societatis  Regalis  Sodali  Imprimatur.  S. 
Pepys,  Reg.  Soc.  Prseses,  Julii  5,  1686.  Londini  Jussu  Societatis 
Regise  ac  l^ia  Joseph!  Streater.  Prostat  apud  plures  Bibliopolas. 
Anno  MDCLXXXVII.' 

We  entirely  pass  over  the  common  story  of  the  &ll'of  an  apple. 
[Njewton,  in  Bioa.  Drv.]  It  appears  in  the  rough  copy  left  among 
Newton's  papers  of  the  information  furnished  to  Fontenelle  for  his 
4hye  of  Newton :  but  as  Fontenelle  did  not  give  it,  though  very  much 
given  to  anecdote,  it  may  be  inferred  that  Mrs.  Conduitt,  Newton's 
niece,  struck  it  out  before  it  was  sent.  It  is  clear  however  that  New- 
ton first  thought  on  the  subject  in  1666.  With  reference  to  the  story 
of  his  laying  by  the  theory  until  Picard*s  measure  of  the  earth  was 
brought  to  his  notice  in  1682,  it  appears  that  Picard's  'M<$sure 
de  la  Terre '  was  published  in  1672,  and  much  discussed  at  the  Royal 
Society  in  the  years  following.*  Moreover  Dr.  Pemberton,  who  de- 
rived his  information  from  Newton  himself,  states  most  explicitly  (in 
his  preface)  that  a  letter  from  Hooke  gave  occasion  to  his  resuming  his 
old  thoughts,  and  that  he  then  used  Picard's  measure.  This  letter 
from  Hooke,  the  subject  of  which  was  the  curve  in  which  a  falling 
body  descends  to  the  earth,  taking  into  account  the  earth's  motion,  is 
clearly  made  out  to  have  been  written  in  1679,  which  is  therefore  the 
date  of  Newton's  resumption  of  his  attempt,  not  1682,  as  generally 
stated.  The  new  attempt,  as  every  qne  knows,  was  more  successful, 
but  Newton  did  not  write  any  treatise  nor  contemplate  any  publica- 
tion ;  he  traced  out  the  foundation  of  his  system,  and  threw  aside  his 
papers.  In  January,t  1684,  Halley  had  concluded,  from  Kepler's  third 
law,  that  the  centripetal  force  on  the  planets  (supposed  to  move  in 
circles)  was  as  the  inverse  square  of  the  distance.  Not  being  able  to 
proceed  further,  he  applied  to  Hooke  and  Wren,  the  former  of  whom 
professed  to  have  solved  the  whole  problem,  but  would  commimicate 
nothing ;  the  latter  declared  that  he  had  long  given  over  the  question 
from  inability  to  succeed.  In  August  following,  Halley  paid  a  visit  to 
Newton  at  Cambridge,  who  informed  him  that  he  had  solved  the 
problem,  but  was  not  able  to  lay  his  hand  on  the  papers  which  contained 
his  solution,  so  completely  had  he  thrown  the  subject  aside.  After 
Halley's  departure,  he  worked  the  theorems  out  again,  and  transmitted 
them  to  Halley  through  Mr.  Paget,  the  mathematical  master  at  Christ's 
Hospital.  On  receipt  of  this  communication,  in  November,  Halley 
immediately  paid  another  visit  to  Cambridge,  to  gain  more  informa- 
tion, and  to  induce  Newton  to  pursue  the  inquiry.  December  10, 
1684,  Halley  stated  at  the  Royal  Society  that  "  he  had  lately  seen  Mr. 
Newton  at  Cambridge,  and  that  he  had  shown  him  a  curious  treatise 
'  De  Motu,'  which,  upon  his  desire,  he  said  was  promised  to  be  sent  to 
the  Society,  to  be  entered  upon  their  register."  Halley  and  Paget  were 
accordingly  deputed  to  keep  Newton  in  mind  of  his  promise  (a  singular 
proceeding,  showing  how  well  the  Society  knew  Newton's  indifference 
about  conmiunicating),  and  the  consequence  was,  that  about  the  middle 
of  February,  1685,  a  communication  (that  previously  made  to  Halley, 
enlarged),  entitled  'j^Isaaci  Newtoni  Propositiones  de  Motu,'  was  sent 
and  registered :  it  contains  what  were  afterwards  the  main  theorems 
of  the  early  sections  of  the  Principia,  direct  and  inverse,  relating  to 
centripetal  forces.  No  Principia  as  yet  existed,  and  even  this  basis 
had  only  recently  been  written  down  satisfactorily.  Newton  writes  to 
Mr.  Aston,  Sec.  R.S.,  in  acknowledging  the  news  of  the  above  entry. 
*'  I  desired  them  for  you  before  now,  but  the  examining  several 
things  ha^  taken  a  jgreater  part  of  my  time  than  I  expected,  and  a  great 
deal  of  it  to  no  purpose.  And  now  I  am  to  go  into  Lincolnshire  for  a 
month  or  six  weeks.  Afterwards  I  intend  to  finish  it  as  soon  as  I  can 
conveniently."  (February  28,  1685.)  On  this  Mr.  Rigaud  well  re- 
marks, **  The  Principia  was  not  a  protracted  compilation  from  memo- 
randa which  might  have  been  written  down  under  the  impression  of 
different  trains  of  thought :  it  had  the  incalculable  advantage  of  being 
composed  by  one  continued  effort,  diuing  which  the  mutual  bearing 
o!  Uie  several  parts  wsus  vividly  present  to  the  author's  mind."  On 
the  21st  of  AprU,  1686,  Halley  announced  to  the  Royal  Society  that 
Mr.  Newton  "  had  an  incomparable  Treatise  on  Motion  almost  ready 
for  the  press ; "  and  on  the  28th  of  the  same  month  Dr.  Vincent  X 
presented  the  manuscript  of  the  first  book  to  the  Society,  who  referred 
the  question  of  printing  to  the  Council,  and  the  production  of  a  report 
upon  the  contents  to  Halley.  May  19,  the  Society  decided  that  the 
work  should  be  printed  forthwith  in  quarto,  Ac.;  and  hence  it  has 

^  Bigaud  mentions  that  Newton  most  have  been  acquainted  with  the  mca- 
Bares  of  Snell  and  Norwood,  the  result  of  the  former  of  which  appears  in  his 
own  edition  of  Varenios.  Tlie  latter,  there  can  be  no  doubt,  he  did  not  trust ; 
and  as  to  the  former,  we  have  shown  [Mils]  that  in  this  very  edition  of 
Varcnius,  he  had  allowed  gross  errors  to  pass  as  to  the  measures  of  his  own. 
countrj.    It  may  be  inferred  that  he  had  not  much  to  do  with  the  details  of  it. 

t  That  is,  what  we  call  1684  ;  Halley  writes  1683-4.  [PaaxoDS  or  Bsvolu- 
Tion.]    All  the  following  dates  are  for  a  year  beginning  in  January, 

X  This  gentleman  has  been  (wrongly)  supposed  to  have  been  the  husband  of  a 
l^y  to  whom  Newton  was  attached  in. early  life. 


always  been  supposed  that  the  Society  paid  the  expenses  of  printing, 
though  the  title-page  enly  bears  '*  jussu  Societatis,"  &c.,  and  not 
''  jussu  et  sumptibuB,"  as  usual  where  it  bore  the  expenses.  But  Mr. 
Rigaud  quotes  the  minute  of  the  Council  of  the  Society  of  the  2nd  of 
June,  confirming  the  vote  of  the  Society  to  the  extent  of  resolving 
"that  Mr.  Newton's  book  be  printed,"  but  adding  that  "E.  Halley 
shall  imdertake  the  business  of  looking  after  it,  and  printing  it  at  his 
own  charge,  which  he  engaged  to  do."  The  fact  was,  that  when  the 
Council  came  to  consider  the  Society's  vote  of  the  19th  of  May,  they 
found  there  was  no  money ;  a  woit  of  Francis  Willughby,  •  De  Historic 
Piscium,'  published  "  jussu  et  sumptibus,"  in  1686,  had  so  reduced 
their  funds,  that  they  were  obliged  to  pay  their  officers  in  copies  of 
this  very  book  about  fishes. 

In  the  meanwhile  arose  a  controversy  with  Hooke,  the  universal 
claimant,  who,  when  the  first  part  of  the  manuscript  was  presented  by 
Vincent,  asserted  that  he  had  discovered  the  law  of  the  inverse  squares, 
and  had  c(»nmunicatcd  that  and  other  discoveries  to  Newton.  The 
heads  of  the  paper  on  which  he  founds  his  claim  are  given  at  length  in 
Hoo&E,  Robert,  in  Bioo.  Drv.,  and  they  show  that  though  he  had  (in 
common  with  several  others)  some  very  correct  notions  on  the  subject, 
he  had  not  even  arrived  at  the  knowledge  of  the  law  of  the  inverse 
squares,  though  that  had  been  propounded  by  Bouillaud  [Biog.  Drv.]. 
Mr.  Rigaud  enters  at  great  length  into  this  question ;  if  we  were  to 
do  the  same,  we  should  take  an  advanced  position,  and  before  we 
attempted  to  show  that  Hooke  did  not  write  any  part  of  the  substance 
of  the  Principia,  we  should  require  reasonable  proof  that  he  would 
have  been  able  to  read  and  understand  the  mathematical  part  of  it 
when  written :  and  not  until  this  had  been  given,  which  we  are  con- 
vinced could  not  be  given  from  Hooke's  wri&igs,  should  we  consider 
it  necessary  to  enter  on  the  first  point.  Had  it  not  been  for  HaUegr, 
this  trumpery  claim  of  Hooke's  would  have  produced  serious  coo- 
sequences.  Newton,  easily  disgUBted  by  controversy,  and  having  ob- 
served that  physical  questions  generally  gave  rise  to  it,  jn^pos^  (in 
a  letter  to  Halley,  June  20, 1686)  to  omit  the  tliird  book  altogether, 
which  contains  the  actual  application  of  the  first  two  books  to  the 
existing  universe.  He  says,  "  The  third  I  now  design  to  suppress! 
Philosophy  is  such  an  impertinently  litigious  lady,  that  a  man  lutd  am 
good  be  engaged  in  lawsuits  as  have  to  do  with  her.  I  found  it  so 
formerly,  and  now  I  have  no  sooner  come  near  her  again,  but  she  gives 
me  warning.  The  two  first  books,  without  the  third,  will  not  so  well 
bear  the  title  of  '  PhilosophisQ  Naturalis  Principia  Mathematica,'  and 
therefore  I  had  altered  it  to  this, — '  De  Motu  Corporum  Libri  Duo,* 
but  upon  second  thoughts,  I  retain  the  former  title.  'Twill  help  the 
sale  of  the  work,  which  I  ought  not  to  diminish  now  'tis  yours." 
Halley  had  to  soothe  this  irritation,  and  prevent  the  consequences; 
and  as  the  letter  in  which  he  did  this  is  very  curious,  and  has  never 
been  printed  altogether,  except  by  Mr.  Rigaud,  the  surpassing  interest 
which  everything  connected  with  the  Principia  excites  will  justify  our 
giving  it  entire,  particularly  as  it  is  the  original  voucher  for  several  of 
the  most  important  circumstances  cgnnected  with  the  publication  : — 
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"  London,  29  June,  1686. 
Sir, — I  am  heartily  sorry  that  in  this  matter,  wherein  all  mankind 
ought  to  acknowledge  their  obligations  to  you,  you  should  meet  with 
anything  that  should  give  you  disquiet ;  or  that  any  diogust  should 
make  you  think  of  desisting  in  your  pretensions  to  a  lady  whose 
favours  you  have  so  much  reason  to  boast  of.  'Tis  not  she,  but  your 
rivals,  envying  your  happiness,  that  endeavour  to  disturb  your  quiet 
enjoyment ;  which,  when  you  consider,  I  hope  you  will  see  cause  to 
alter  your  resolution  of  suppressing  your  third  book,  there  being 
nothing  which  you  can  have  compUed  therein,  which  the  learned 
world  will  not  be  concerned  to  have  concealed.  Those  gentlen|en  of 
the  Society  to  whom  I  have  commimicated  it,  are  very  much  troubled 
at  it,  and  that  this  unlucky  business  should  have  happened  to  give 
trouble,  having  a  JMSst  sentiment  of  the  author  thereof.  According  to 
your  desire  in  your  former,  I  waited  upon  Sir  Christopher  Wren,  to 
mquire  of  him,  if  he  had  the  first  notion  of  the  reciprocal  duplicate 
proportion  from  Mr.  Hooke.  His  answer  was,  that  he  himself  very 
many  years  since  had  had  his  thoughts  upon  the  making  out  the 
planets'  motions  by  a  composition  of  a  descent  towards  the  sim,  and 
an  impressed  motion ;  but  that  at  length  he  gave  it  over,  not  finding 
the  means  of  doing  it.  Since  which  time  Mr.  Hooke  had  frequently 
told  him,  that  he  had  done  it,  and  attempted  to  make  it  out  to  him ; 
but  that  he  never  was  satisfied  that  his  demonstrations  were  cogent. 
And  this  I  know  to  be  true,  that  in  January,  1683-4, 1,  having,  from  the 
considerations  of  the  sesquialter  proportion  of  Kepler,  concluded  that 
the  centri{>etal  force  decreased  in  the  proportion  of  the  squares  of  the 
distances  reciprocally,  came  on  Wednesday  to  town,  where  I  met  with 
Sir  Christopher  Wren  and  Mr.  Hooke,  and  falling  in  discourse  about  it, 
Mr.  Hooke  afiBrmed,  that  upon  that  principle  aU  the  laws  of  the 
celestial  motions  were  to  be  demonstrated,  and  that  he  himself  had 
done  it.  I  declared  the  ill-success  of  my  own  attempts;  and  Sir 
Christopher,  to  encourage  the  inquiry,  said  that  he  would  give  Mr. 
Hooke,  or  me,  two  mont<hs'  time  to  bring  him  a  convincing  demon- 
stration thereof;  and,  besides  the  honour,  he  of  us,  that  did  it,  should 
have  from  him  a  present  of  a  book  of  forty  shillings.  Mr.  Hooke  then 
said,  that  he  had  it,  but  he  would  conceal  it  for  some  time,  that  others 
trying  and  failing  might  know  how  to  value  it,  when  he  should  make 


m 


PRINCIPIA, 


PRINCIPIA. 


733 


it  public.    Howorer,  I  remember  that  $ir  Christopher  was  little 

satiBfied  that  he  could  do  it ;  and  though  Mr.  Hooke  then  promised  to 

show  it  him^  I  do  not  find  that  in  that  particular  he  has  been  so  good 

as  his  word.    The  August  following,  when  I  did  myself  the  honour  to 

visit  you,  I  then  learnt  the  good  nevrs  that  you  had  brought  this 

demonstntion  to  perfection  :  and  you  were  pleased  to  promise  me  a 

copy  thereof,  yrMcL  the  November  following  I  received  with  a  great 

deal  of  satisfaction  from  Mr.  Paget;  and  thereupon  took  another 

journey  to  Cambridge,  on  purpose  to  confer  with  you  about  it,  since 

which  time  it  has  been  entered  upon  the  Register  books  of  the  Society. 

As  all  this  passed,  Mr.  Hooke  was  acquainted  with  it,  and  according  to 

the  philosophically  ambitious  temper  he  is  of,  he  would,  had  he  been 

master  of  a  like  demonstration,  no  longer  have  concealed  it,  the  reason 

lie  told  Sir  Christopher  and  me  now  ceasing.    But  now,  he  says,  this  is 

but  one  small  part  of  an  excellent  system  of  nature,  which  he  has 

conceived,  but  nas  not  yet  completely  made  out,  so  that  he  thinks  not 

fit  to  publish  one  part  without  the  other.   But  I  have  plainly  told  him, 

that  unless  he  produce  another  differing  demonstration,  and  let  the 

world  judge  of  it,  neither  I  nor  any  one  else  can  believe  it.    As  to  the 

manner  of  Mr.  Hooke*s  claiming  the  discovery,  I  fear  it  has  been 

represented  in  worse  colours  than  it  ought;  for  he  neither  made 

public  application  to  the  Society  for  justice,  nor  pretended  you  had 

all  from  lum.    The  truth  is  tms  :  Sir  John  Hoskyns,  his  particular 

friend,  being  in  the  chair  when  Dr.  Vincent  presented  your  book,  the 

Doctor  gave  it  its  just  encomium  both  as  to  the  novelty  and  dignity 

of  the  subject.    It  was  replied  by  another  gentleman,  that  you  had 

carried  the  thing  so  far,  that  there  was  no  more  to  be  added.     To 

which  the  Vice-president  replied,  that  it  was  so  much  the  more  to  be 

Xirized,  for  that  it  was  both  invented  and  perfected  at  the  same  time. 

This  gave  Mr.  Hooke  offence,  that  Sir  John  did  not,  at  that  time, 

make  mention  of  what  he  had,  as  he  said,  discovered  to  him ;  upon 

which  they  two,  who  till  then  were  the  most  inseparable  cronies,  have 

since  scarce  seen  one  another,  and  are  utterly  fallen  out.    After  the 

breaking  up  of  that  meeting,  being  adjourned  to  the  coffee-house, 

Mr.  Hooke  did  there  endeavour  to  gain  belief,  that  he  had  some  such 

thing  by  him,  and  that  he  gave  you  the  first  hint  of  this  invention. 

But  I  found,  that  they  were  aXL  of  opinion,  that,  nothing  thereof 

appearing  in  print,  nor  on  the  books  of  the  Society,  you  ought  to  be 

considered  as  the  inventor.    And  if  in  truth  he .  knew  it  before  you, 

he  ought  not  to  blame  any  but  himself,  for  having  taken  no  more 

care  to  secure  a  discoveiy  which  he  puts  so  much  value  on.    What 

application  he  has  made  in  private,  I  know  not ;  but  I  am  sure  that 

the  Society  have  a  very  great  satisfaction,  in  the  honour  you  do  them, 

by  the  dedication  of  so  worthy  a  treatise.    Sir,  I  must  now  again  beg 

you,  not  to  let  your  resentments  run  so  high,  as  to  deprive  us  of  your 

third  book,  wherein  the  application  of  your  mathematical  doctrine 

to  the  theory  of  comets  and  several  curious  experiments,  which,  as  I 

guess  by  what  you  write,  ought  to  compose  it,  will  undoubtedly  render 

it  aocejptable  to  those  who  will  call  themselves  Philosophers  without 

Mathematics,  which  are  much  the  greater  number.    Now  you  approve 

of  the  character  and  paper,  I  will  pulh  on  the  edition  vigorously.    I 

have  sometimes  had  thoughts  of  having  the  cuts  neat^  done  in  wood, 

BO  as  to  stand  in  the  page  with  the  demonstrations.    It  will  be  more 

convenient,  and  not  much  more  charge.    If  it  please  you  to  have  it 

so,  I  will  try  how  well  it  can  be  done ;  otherwise  I  will  have  them  in 

somewhat  a  lazf;er  size  than  those  you  have  sent  up.    I  am.  Sir, 

your  most  affectionate  humble  servant,  "  E.  Hallet." 

The  authorities  on  this  subject  are— 1,  Rigaud,  '  Historical  Essay 
on  the  First  Publication  of  the  Principia,'  Oxford,  1888, 8vo.;  2,  Ed- 
leston, '  Correspondence  of  Sir  I.  Newton  and  Prof.  Cotes,'  London, 
1860,  8vo.;  8,  Brewster, '  Memoirs  of  Sir  I.  Newton,'  London,  1856, 
2  vols.  8vo.  Rigaud's  research  was  of  the  most  acute  and  accurate 
character.  Mr.  Edleston  has  added  a  biography  in  the  form  of  anncUt 
with  notes,  the  most  convenient  reference  on  Newton  which  exists : 
and  his  researches,  especially  those  made  in  Trinity  College,  have  been 
laborious  and  jiuccessful.  Sir  D.  Brewster  had  tiie  celebrated  Ports- 
mouth papers  in  his  possession,  and  has  produced  the  most  detailed 
life  of  Newton  which  exists.  An  immense  deal  has  been  done  for  the 
biography  of  Newton  in  the  last  twenty-five  3rears :  but  the  subject 
will  never  be  finally  settled  until  the  Portsmouth  papers  have  been 
allowed  to  imdei^go  uie  most  searching  and  leisurely  scrutiny  from  men 
of  all  opinions  on  disputed  points. 

Newton  had  completed  the  first  draught  of  the  work  by  the  end  of 
1686,  though  none  of  it  was  sent  till  April,  1686.  The  third  book  was 
presented  to  the  Society,  April  6, 1687,  in  proof,  probably,  since  the 
whole  was  published  (at  ten  or  twelve  shillings  a  copy)  about  Mid- 
summer, 1687.  The  order  of  the  Council  of  the  Sode^  to  license  the 
book  was  made  on  June  20, 1686,  and  the  imprimatur  of  Pepys  was 
dated  July  6.  ^ 

The  piurt  which  Halley  had  in  the  matter  would  alone  immortalise 
his  name.  He  found  out  the  ability  of  Newton  to  write  such  a  work, 
prevaUed  upon  him  to  write  it,  took  charge  of  the  publication,  pre- 
vented the  author  from  materially  mutilating  it  in  disgust,  paid  the 
expenses  of  printing,  at  a  time  when,  owing  to  his  father's  death  and 
consequent  litigation,  he  had  nothing  to  spare  (which  never  happened 
to  him  before  or  after),  gave  a  copious  explanation  of  it  in  the  Philoso- 
phical Transactions,  and  is  generally  admitted  to  have  been  for  a  long 


time  the  only  person  in  Europe  who  idiowed  that  lie  thoroagUy 
appreciated  the  value  of  the  work,  and  knew  the  place  it  must  occupy 
in  the  history  of  discovery. 

The  interest  attached  to  the  second  and  third  editions  of  the 
Principia  (superintended  by  Cotes  in  1713,  and  by  Pemberion  in  1726) 
is  considerable,  with  referonce  to  the  alterations  made  in  them  bj 
Newton.  It  would  not  however  be  worth  while  to  specify  these 
alterations,  which  aro  numerous,  some  in  correction  of  erron,  othen 
in  extension  of  views.  With  roferonce  to  the  suppression  of  the 
celebrated  Scholium,  see  Comxkrcixtk  Efistououic  and  Fmxioirs. 

The  Principia  of  Newton  contains  the  dedication  to  the  Ropl 
Society,  a  short  preface,  verses  by  Halley  in  honour  of  Newton,  <kfi- 
nitions,  axioms,  a  firdt  book  on  unresisted  motion^  a  second  on 
resLated  motion,  and  a  third  on  the  system  of  the  nniverse.  Halky'B 
verses  were  somewhat  altered  by  Beaitiey  in  the  second  edition,  but 
the  original  readings  were  very  nearly  restored  in  the  third.  Newtoa 
wrote  a  short  pretiee  for  each  of  the  editions,  and  Cotes  one  of  ood* 
siderable  lengtii  for  the  second.  The  dates  of  the  Newtonian  prefMsea 
are.  May  8, 1686 ;  March  28, 1718 ;  January  12,1726-6.  The  foUowiog 
is  the  description  of  the  contents  of  the  tlurd  edition : 

The  definitions  comprise,  1.  Quantity  of  matter  measured  by  density 
and  volume  jointiy.  2.  Quantity  of  motion  [Momentum]  by  velodtj 
and  quantity  of  matter  jointiy.  S.  Vis  insita,  or  visinerti^e;.  [I^ebtia.] 
4.  Vis  impressa,  or  extanal  force.  6.  Centripetal  force.  <S.  Absolute 
magnitude  of  centripetal  force.  7.  Accelerating  force.  8.  Moving 
force.  A  scholium  is  added  on  'time,  space,  and  motion,  the  Utter 
considered  absolutely  and  relatively. 

The  axioms  are  the  three  laws  of  motion  [Motiok,  Laws  ofJ  and 
certain  corollaries,  namely: — 1.  The  composition  of  velocities  and 
forces.  2.  Their  resolution,  and  deduction  of  the  property  of  the 
lever.  8.  Momentum  of  a  system  in  a  given  direction  not  changed  by 
the  mutual  action  of  the  parts.  4.  Nor  the  motion  of  the  centre  of 
gravity.  6.  Relative  motion  of  bodies  not  altered  by  absolute  motion 
*  of  the  space  they  move  in.  6.  Nor  by  equal  and  parallel  acoder&ting 
forces  applied  to  all.  A  scholium  is  added,  containing  the  experimental 
verifications  of  the  third  law  in  the  cases  of  impact,  attraction,  and 
operation  of  machines. 

The  First  Book  *  on  unresisted  motion,  consiBts  of  fourteen  sec- 
tions, and  ninety-eight  propositions.  The  numbers  in  parentheses  refer 
to  the  propositions. 

Section  1  contains  eleven  lemmas  and  a  scholium.  This  section  '» 
explanatory  of  Newton's  peculiar  mode  of  reasoning,  which  sabjeet, 
with  the  contents  of  this  section,  will  be  treated  under  Ratios,  Pbims 
AND  Ultdcats. 

Section  2.  On  Centripetal  Force.  (1)  Equal  areas  are  described  is 
equal  times.  Six  corollaries  on  the  comparison  of  vdocities  and  forces : 
the  former  inversely  as  the  perpendiculars  on  the  tangents,  the  latter 
as  the  sagittse  of  arcs  described  in  equal  times.  (2)  If  equal  areas  be 
described  in  equal  times  about  a  centre,  fixed  or  moving  strai^tly  and 
uniformly,  the  force  is  centripetaL  Two  corollaries  and  sehciium. 
(3)  In  equiareal  motion  of  a  point  about  a  moving  centre,  that  point  is 
acted  on  by  a  centripetal  force,  and  by  all  the  acceleniting  forces 
which  act  on  the  centre.  Four  corollaries  and  scholium.  (4)  In 
different  circles  uniformly  described,  force  varies  as  (vel)*  -7-  rad.  Kine 
corollaries  and  scholium  indicating  the  deduction  in  the  case  of  the 
planets.  (6)  Given  the  velocities  in  different  parts  of  an  orbit,  to  find 
the  centre  of  force.  (6)  Centripetal  force  in  the  middle  of  a  small  are 
is  as  sagitta -^  (time)*.  Five  corollaries;  various  ways  of  comparing 
forces.  (7)  The  orbit  circular,  centre  anywhere  within,  to  find  the  law 
of  foroe.  3  Cor.  (8)  Ditto,  ditto,  where  tiie  forces  act  in  panllel 
lines.  Scholium;  same  considerations  ^ply  to  otiier conio sections. 
(9)  Law  of  force  in  equianndar  spiral.  Lenmia  12  (the  numbering  of 
the  lemmas  runs  on  from  the  first  section).  Equali^  of  parallelogram 
about  conjugates  in  conic  sections.  (10)  Law  of  force  in  ellipae  about 
the  centre.    2  Cor.  and  Schol. ;  extension  to  the  pan^bla. 

Section  3.  Motion  in  conic  sections  about  the  focus.  (11)  Law  of  foroe 
in  ellipse  about  focus.  (12)  Same  for  hyperbola.  Lenmia  13,  Latos 
rectum  in  parabola  always  tour  times  focal  distance.  Lemma  14,  Pei^ 
pendicular  on  tangent  of  parabola,  mean  between  focal  dirtanc«of 
point  of  contact  and  vertex.  8  Cor.  (13)  Law  of  foroe  in  par»bob 
about  focus.  2  Cor.  (14)  In  conic  sections  about  same  focal  centre, 
latera  recta  are  in  duplicate  ratio  of  areas  described.  1  Cor.  (15)  In 
ellipses,  periodic  times  are  in  sesquiplicate  ratio  of  major  axes.  1  Oor. 
(16)  And  velocities  are  as  perpendiculars  on  tangents  invosely,  and 
subduplicate  initio  of  latera  recta  directiy.  9  Cor. ;  oompaiinn  of 
veloci^  in  conic  section  and  cirole.  (17)  Qiven  initial  position  and 
velocity,  required  conic  section  described.  4  Cor.  and  Schd 

Section  4.  On  finding  conic  sections  from  a  giyen  focus,  and  See^on  5. 
On  finding  conic  sections  of  which  no  focus  is  given.  Theae  sectiins, 
which  cany  on  the  lemmas  from  16  to  27,  both  inclusive,  and  the  pit>- 
positions  from  (18)  to  (29),  both  inclusive,  are  entirely  geometrical 

*  This  deseription  is  for  referenee,  not  for  explanation,  and  It  theiefore  tctt 
briefly  given.  To  give  an  aooonnt  of  every  corollary  and  aebdUmn  woold  httv 
extended  the  article  to  a  great  length ;  hence  only  aome  of  the  more  Importa&t 
of  them  are  described.  Bat  the  references  to  other  articles  in  this  vork  an  i^ 
the  elementary  stodenL  At  the  same  time,  a  yoong  student  who  can  as  am^ 
as  understand  the^  meaning  of  the  terms  will  learn  more  afaoat  the  Pxioei|>ts 
trcm  this  table  of  contents  than  ftom  anything  except  the  Principia  Itself. 
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exercises  in  drawing  conic  sections  through  given  points,  or  touching 
given  straight  lines,  Ac. :  the  results  are  hwdly  of  use,  even  in  the 
rest  of  the  work,  and  a  particular  reference  would  now  be  of  no  use 
whatever,  though  the  sections  themselves  are  highly  interesting  to  the 
geometrical  inquirer. 

Section  6.  On  finding  the  motion  in  a  given  orbit.  (80)  To  find  the 
place  of  a  body  in  a  parabola  at  the  end  of  a  given  time.  3  Cor.  Lemma 
28.  There  is  no  oval  figure  whose  area  contained  being  any  two  radii, 
can  be  obtained  by  an  equation  in  finite  terms.  [Quadbatubb  of  thk 
CmcLE.]  1  Cor. ;  relates  to  the  ellipse.  (31)  To  find  the  place  of  a 
body  in  an  ellipse  at  the  end  of  a  given  time.  Scholium ;  approximate 
method. 

Section  7.  On  rectilinear  ascent  and  descent.  (32)  Required  the  space 
described  in  a  given  time  by  a  body  descending  towards  a  centre.* 
Three  cases,  derived  from  the  three  conic  sections.  (33)  Law  of  the 
velocity  in  the  preceding,  in  the  cases  derived  from  the  eHipse  and 
hyperbola.  2  Cor.  (34)  The  same  in  the  case  derived  from  the 
parabola.  (35)  An  equable  description  of  certain  areas  in  the  conic 
sections  just  alluded  to  takes  place  during  the  motion.  (86)  The  time 
of  the  whole  descent  of  a  body  from  rest.  (37)  The  time  of  the  whole 
descent  of  a  projected  body.  (38)  Velocity  and  time  determined  in 
descent  to  a  centre,  the  force  being  as  the  distance.  2  Cor.  (89) 
Granting  the  quadrature  of  curves  [Quadrature],  and  the  law  of  force 
being  any  whatever^  to  determine  the  time  and  velocity  at  any  point  of 
a  descent.  3  Cor. 

Section  8.  Determination  of  the  orbit  under  any  law  of  centripetal 
force.  (40)  The  velocity  at  a  given  distance  is  always  the  same  both 
in  an  orbit  and  a  descent,  if  it  be  the  same  at  any  one  distance  in  both. 
2  Cor.  (41)  Granting  the  quadrature  of  curves,  to  find  the  orbit  and 
the  time  of  describing  an  arc^  under  any  law  of  force.  3  Cor*  (42)  The 
same,  the  initial  velociiy  and  direction  being  given. 

Section  9.  On  the  motion  of  bodies  in  moveable  orbits,  and  on  the 
motion  of  the  apsides.  (43)  How  to  make  a  body  revolve  equiareally 
in  both  a  moving  orbit  and  in  the  same  fixed.  (44)  The  difference  of 
forces  in  the  two  cases  is  as  the  inverse  cube  of  the  digtance.  6  Cor. ; 
mostly  exhibiting  the  conclusion  in  algebraical  form.  (45)  To  find 
the  motion  of  the  apsides  in  orbits  nearly  circular.  8  Examples; 
2  Cor. 

Section  10.  On  the  motion  of  bodies  in  given  surfaces,  and  on  pen- 
dulous motions.  (46)  Given  a  plane,  and  a  centre  of  force  extern^  to 
it,  to  find  the  motion  of  a  point  parallel  to  that  plane,  the  law  of  force 
being  any  whatever.  (47)  The  force  in  the  last  being  as  the  distance, 
the  orbit  parallel  to  any  plane  must  be  an  ellipse,  and  in  all  such 
ellipses  the  time  of  revolution  is  the  same,  and  the  same  as  that  of  a 
double  ascent  and  descents  SchoL  (48)  and  (49)  Rectification  of  the 
epicycloid  and  hypocydoid.  3  Cor.  (50)  Way  to  make  a  body  oscil- 
late in  a  given  hypocydoid.  Cor.  (51)  If  the  force  tending  to  the 
centre  of  the  fixed  circle  in  such  an  osdUation  be  as  the  distance,  the 
times  of  all  such  oscillations  are  equal.  Cor.  (52)  Determination  of 
the  velocity  and  time  at  any  point  of  such  an  oscillation.  2  Cor. ;  the 
second  being  an  application  to  the  common  cycloid.  (56)  On  a  given 
curve,  to  find  the  law  of  forc^  which  gives  isochronous  oscillations. 
2  Cor.  (54)  A  body  moving  on  a  rigid  curve,  imder  a  given  law  of 
centripetal  force,  to  find  the  time  of  its  oscillations.  (55)  'If  a  body 
move  on  a  surface  of  revolution,  the  centre  of  force  being  in  the  axis, 
equal  areas  are  described  in  equal  times  on  a  plane  perpendicular  to 
the  axis.  Cor.     (56)  To  find  the  curve  described  in  the  last  case. 

Section  11.  On  the  motion  of  bodies  centripetally  attracted  to  each 
other.  (57)  Two  bodies,  mutually  attracting,  describe  similar  figures 
about  each  other  and  about  their  conmion  centre  of  gravity.  (58)  And 
with  the  same  forces,  the  same  curve  may  be  described  by  either  about 
the  other  at  rest.  3  Cor.  (59)  Relation  of  the  periodic  tunes  about  the 
centre  of  gravity,  and  of  one  body  about  the  other  at  rest.  ^60)  In 
the  same  two  cases,  relation  of  the  axes  of  the  ellipses  described. 
(61)  And  for  any  law  of  force,  the  bodies  move  round  their  centre  of 
gravity  as  if  a  third  body  were  placed  in  that  centre,  attracting  wiUi 
ite  same  law  of  force.  (62)  Determination  of  the  descent  towards 
each  other  of  two  mutually  attracting  bodies.  (63)  Determination  of 
the  orbits  of  two  such  bodies,  with  given  initial  velocity  and  direction. 
(64)  The  force  being  as  the  distance,  determination  of  the  relative 
motions  of  several  bodies.  (65)  The  force  being^inversely  as  the  square 
of  the  distance,  and  there  being  several  bodies,  one  may  move  round 
another  in  an  ellipse  nearly,  and  describe  areas  nearly  proportional  to 
the  times.  8  Cor.  (66)  llie  celebrated  proposition  of  the  three  bodies, 
showing  the  diminution  of  the  disturbance  by  the  third  body  attracting 
both  the  others.  (In  the  corollaries  following,  let  the  earth  and  moon, 
for  distinctness  sake,  be  the  two  bodies,  and  the  sun  the  disturbing 
body :  but  let  it  be  remembered  that  Newton  does  not  mention  the 
name  of  any  planet  nor  hint  at  any  application.)  Cor.  1,  If  the  earth 
had  more  satellites,  the  same  proposition  would  apply  to  one  as  dis- 
turbed by  the  rest  Cor.  2  and  8,  The  moon  moves  quickest,  cseteris 
paribus,  in  conjunction  and  opposition,  and  slowest  in  quadratures. 
Cor.  4,  The  moon's  orbit  is  more  curved  in  quadratures  than  in 
gyzygies.  Cor  5,  Hence,  excentricity  being  excluded,  the  moon  is 
farther  from  the  earth  in  quadratures  thui  in  syzygies.      Cor.  6, 

*  The  law  of  force,  where  not  othcrwiM  speeifled,  is  alwaiv  as  the  inverse 
square  of  the  distance. 
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Explanation  of  the  effect  of  the  variation  of  the  sun  s  distance  on  the 
moon's  period.  Cor  7,  The  moon's  apsides  progress  and  regress,  but 
the  former  more  than  the  latter.  Cor.  8,  Effect  of  the  position  of  the 
apsides  with  respect  to  the  sun.  Cor.  9,  Effect  on  the  excentridty  of 
the  moon's  orbit  Cor.  10  and  11,  Effect  on  the  inclination  and  ptaoe 
of  the  nodeSi  Cor.  12,  Disturbance  rather  greater  in  conjunction  than 
in  opposition.  Cor.  18,  The  same  species  of  effect  produced  whether 
the  disturbing  bodv  is  the  greater  or  the  less  of  the  three.  Cor.  14, 
15, 16, 17,  On  the  dependence  of  the  disturbing  forces  on  the  distance 
of  the  disturbing  body.  Cor.  18, 19,  20, 21,  22,  ExpUnation  of  pre- 
cession of  equinoxes  and  tides.  (67)  The  disturbing  body  describes 
aress  more  nearly  proportional  to  the  times  about  the  centre  of  gravity 
of  the  other  two  bodies  than  about  either  of  them,  and  an  orbit  more 
nearly  elliptic.  (68)  And  the  more  so  on  account  of  its  attracting  the 
other  bodies.  Cor.  (69)  The  attracting  forces  of  bodies  are,  ceteris 
paribus,  as  their  masses.    8  Cor.  and  Sdiolium. 

Section  12.  On  the  attractions  of  spherical  bodies.  (70)  A  partide 
placed  inside  a  spherical  shell  is  in  equilibrium.  (71)  Spherical  shells 
attract  as  if  their  whole  masses  yrere  collected  at  their  centres.  (72) 
The  attractions  of  spheres  on  pointa  similarly  placed  with  respect  to 
them  are  as  their  diameters.  8  Cor.  (73)  At  different  internal  pointa 
of  a  solid  sphere  the  attractions  are  as  the  distances  from  the  centre. 
SohoL  (74)  Solid  spheres  attract  as  if  the  whole  masses  were  collected 
at  their  centres.    3  Cor.    (75)  The  same  of  spheres  attracting  spheres. 

4  Cot.  (76)  The  same  of  spheres  consisting  of  concentric  layers  of 
unequal  density.  9  Cor.  (77)  The  same  is  true  when  the  forces  of 
nartides  to  each  other  are  as  their  distances.  (78)  With  the  same 
]a{w,  the  same  is  true  of  spheres  consisting  of  concentric  layers.  Cor. 
and  SchoL  :  Lemma  29.  (79) ;  (80)  4  Cor. ;  (81),  2|  Exam. ;  (82) : 
these  show  the  method  of  finding  the  attraction  of  any  sphere  on  a 
point  without  it,  for  any  law  of  force.  (88)  The  force  being  as  the 
inverse  nth  power  of  the  distance,  to  find  the  attraction  of  a  segment 
of  a  sphere  on  a  particle  at  ita  centre.  (84)  The  same  when  the  par- 
tide  is  not  in  the  centre.  SohoL 

SecHfn  18.  On  the  attraction  of  non-spherical  bodies.  (85)  If  the 
attraction  of  the  body  on  a  contiguous  partide  be  much  greater  <-.>iaw 
on  ene  at  a  llttie  distance,  the  attraction  of  the  molecules  of  the 
attracting  body  diminishes  in  a  higher  ratio  than  the  inverse  square  of 
the  dlstanceu  (86)  And  the  hypotiiesis  of  the  last  is  a  consequence,  if 
the  attraction  of  the  molecules  diminishes  as  the  inverse  cube  of  the 
distance,  or  faster.  (87)  If  two  similar  bodies  of  the  same  material 
attract  two  molecules  proportional  to  themsdves  and  similarly  placed, 
the  attractions  of  the  molecules  on  the  two  bodies  will  be  proportional 
to  their  attractions  on  their  similar  particles  similarly  placed.  2  Cor. 
(88)  If  the  particles  of  a  body  attract  a  molecule  with  forces  as  their 
distances,  the  whole  attraction  of  the  body  will  be  towards  ita  centre 
of  gravity,  and  equal  to  that  of  a  sphere  equal  to  the  body,  and  having 
ita  centre  in  that  centre  of  gravity.  Cor.  (89)  And  the  same  if  there 
be  several  bodies.  Cor.  (90)  To  determine  the  attraction  of  a  clrde  on 
a  point  in  ita  axis.  3  Cor.  (91)  To  determine  the  attraction  of  a  solid 
of  revolution  on  a  point  in  ita  axis.  3  Cor.  relating  te  cylinders  and 
spheroids.  (92)  Given  an  attracting  body,  te  find  (experimentally) 
the  law  of  attraction  of  ita  particles.  (93)  If  particles  attract  as 
the  inverse  nth  power,  a  s6lid  bounded  by  a  plane,  but  indefinitdy 
extended  in  all  directions  on  one  side  of  that  plane,  will  attract  an 
external  particle  with  a  force  proportional  to  the  inverse  (n-  3)rd 
power  ^  of  the  distance  from  that  plane.    8  Cor.  SchoL 

Section  14.  On  the  motion  of  particles  from  one  medium  into 
another.  (94)  If  a  particle  pass  through  a  medium  contained  between 
parallel  planes,  and  be  in  ita  passage  attracted  to  or  repelled  from  the 
boimdaiy  of  tiie  medium  it  has  left  with  a  force  depending  on  the 
distance  from  the  boundary ;  the  sine  of  the  angle  of  emergence  is 
always  in  a  constant  ratio  to  that  of  inddence.  (95)  And  the  velodty 
before  inddence  is  to  that  after  emeigence  as  the  sine  of  the  angle  of 
emergence  to  that  of  inddence.  (96)  And  if  the  velodty  must  be 
greater^  before  than  after  incidence,  the  angle  of  inddence  may  be 
noade  so  great  that  the  partide  shall  be  reflected,  and  the  angles  of 
inddence  and  reflexion  are  equal.  Scholimn.  (97)  To  give  the  boun- 
dary separating  two  media  such  a  form  that  all  particles  issuing 
from  one  point  may  be  refracted  to  another.  2  Cor.  (98)  To  form 
a  lens  which  shaU  have  the  property  mentioned  in  the  last.    Scholimn. 

The  SE0Oin>  Book,  mostiy  on  resisted  motion,  contains  9  sections 
and  53  propositions. 

Section  1.  When  the  resistance  is  as  the  velodty.  (1)  The  motion 
lost  is  as  the  space  described.  C9r.  Lemma  1.  (2)  When  no  forces 
act  but  the  remstance,  the  vdodties  at  the  beginnings  of  succesdve 
equal  times  are  in  geometrical  progression,  and  the  spaces  described 
as  the  vdodtiea.  Cor.  (3)  To  determine  the  resisted  motion  of  ascent 
or  descent  when  the  force  of  gravity  acts.  4  Cor.  (4)  The  same  when 
the  partide  is  projected  obli^udy.  7  Cor.  and  Scholium,  to  the  effect 
that  the  hypotiieBis  is  **  magis  mathematica  quam  naturalis." 

Section  2.  When  the  resistance  is  in  the  duplicate  ratio  of  the  vdo< 
city.  (5)  When  no  force  acts,  equal  spaces  are  described  in  times 
wmch  are  in  Increasing  geometrical  progression,  the  vdodties  at  the 
beginning  of  the  times  being  in  the  inverse  geometrical  progresdon. 

5  Cor.  (6)  Equal  and  homogeneous  spheres,  acted  on  by  no  forces, 
describe  equal  spaces  in  times  which  are  redprocEdly  as  their  initial 
vdodties,  in  which  also  they  lose  the  same  parte  of  their  vdodties. 
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(7)  Also,  in  times  which  are  as  the  first  yelocities  directly  and  the  first 
resistances  inversely,  they  lose  the  same  fractions  of  their  yelocities, 
and  describe  spaces  jointly  proportional  to  the  times  and  the  first  velo- 
cities. 5  Cor.  Lemma  2 ;  which  answers  to  finding  the  fluxions  (called 
here  momeqta)  of  simple  algebraical  quantities.  3  Cor.  and  Scholium. 
[Fluxions.]  (8)  When  a  particle  descends  or  ascends  by  gravity,  the 
whole  forces  (gravity  and  resistance  compounded)  at  the  beginning  of 
equal  successive  spaces,  are  in  geometrical  progression.  8  Cor.  (9) 
Determination  of  the  proportions  of  the  times  of  ascent  and  descent  in 
the  last.  7  Cor.  (10)  The  law  of  resistance  being  jointly  as  the  density 
and  the  square  of  the  velocity,  required  the  law  of  density  so  that 
(gravity  acting)  a  given  curve  may  be  described ;  as  also  the  law  of 
velocity.  2  Cor.,  followed  by  4  Examp.  and  Schol.,  and  also  by  8  rules. 

Section  3.  When  the  resistance  is  partly  as  the  velocity,  partly  as  its 
square.  (11)  Ko  force  acting,  and  times  being  taken  in  arithmetical 
progression,  the  reciprocals  of  the  velocities,  increased  by  a  certain 
constant  quantity,  will  be  in  geometrical  progression.  2  Cor.  (12)  But 
if  spaces  be  taken  in  arithmetical  progression)  the  velocities  increased 
by  a  constant  quantity  will  be  in  geometrical  progression.  3  Cor. 
(13)  Gravity  acting,  the  relation  between  the  time  and  velocity  in  the 
ascent  or  descent  is  shown.  Cor.  and  Schol.  (14)  Relation  connecting 
the  space  described  with  the  preceding.  Cor.  and  Schol. 

Section  4.  On  spiral  motion  in  a  resisting  medium.  Lemma  8.  A 
property  of  the  equiangular  spiral.  (15)  The  density  being  inversely 
as  the  distance  from  the  centre,  and  the  centripetal  force  inversely  as 
its  square,  the  particle  can  i-evolve  in  an  equiangular  spiral.  9  Cor. 
(16)  And,  other  things  remaining,  the  same  can  be  when  the  fotce  is 
inversely  as  any  power  of  the  distance.  3  Cor.  and  Schol.  (17)  To  find 
the  force  and  law  of  resistance,  by  which  a  body  may  move  in  a  given 
spiral,  with  a  given  law  of  velocity.  (18)  Qiven  the  law  of  force  in  the 
last,  to  find  the  density  of  the  medium. 

Section  5.  On  the  density  and  compression  of  fluids,  and  on  hydro- 
statics. Definition  of  a  fluid.  (19)  A  homogeneous  fluid  compressed 
in  a  close  vessel  (gravity,  &c.,  apart)  is  everywhere  equally  pressed,  and 
at  rest.  7  Cases  and  Cor.  (20)  If  a  solid  sphere  form  the  nucleus  of  a 
fluid  mass  bounded  by  a  concentric  sphere,  and  the  parts  of  the  fluid 
gravitate  equally  to  the  centre  at  equal  distances,  the  pressure  sus- 
tained by  the  sphere  is  the  weight  of  a  cylinder  which  has  the  super- 
fices  for  its  base  and  the  height  of  the  incumbent  ^uid  for  its  altitude. 
9  Cor.  (21)  The  density  being  proportional  ta  tlfe  compression,  and 
the  centripetal  force  of  particles  inversely  as  their  distance  from  the 
centre,  then  at  distances  in  geometrical  progression,  the  densities  will 
be  also  in  geometrical  progression.  Cor.  (22)  But  if  the  force  be 
inversely  as  (dist)^,  then  at  distances  in  harmonical  progression  the 
densities  will  be  in  geometrical  progression.  Cor.  and  Schol.  (23)  If 
the  particles  of  the  fluid  repel  each  other,  the  density  is  as  the  com- 
pression (and  then  only)  when  the  repellent  force  of  two  particles  is 
inversely  as  the  distance  of  their  centres.  Scholium.  (In  consequence 
of  the  particle  being  supposed  to  repel  only  their  nearest,  Kewton 
treats  this  only  as  a  purely  mathematical  result.) 

Section  6.  On  the  resisted  motion  of  pendulums.*  (24)  The  quan- 
tity of  matter  in  pendulums  of  the  same  length,  is  in  a  ratio  compounded 
of  their  weights  and  of  the  duplicate  ratio  of  their  times  of  oscillation 
in  vacuo.  7  Cor.  (25)  A  pendulum  which  moves  in  a  mediimi  in  which 
the  resistances  are  as  the  moments  of  the  times,  and  another  moving 
tmresisted  in  a  meditun  of  the  same  specific  gravity,  make  their 
cycloidal  oscillations  in  the  same  times,  and  describe  proportional  parts 
of  their  arcs  together.  Cor.  (26)  Resistance  being  as  the  velocity, 
cycloidal  oscillations  are  isochronous.  (27)  Resistance  being  as  the 
(velocity)',  the  difierence  between  the  time  of  cycloidal  oscillation  in  a 
resisting  medium  and  a  non-resiBting  one  of  the  same  specific  gravity, 
will  be  very  nearly  as  the  arcs  of  oscillation.  2  Cor.  (28)  The  resist- 
ances being  as  the  moments  of  the  time,  the  resistance  is  to  the  force 
i)f  gravity  as  the  excess  of  an  arc  of  descent  (cycloidal)  over  the 
subsequent  arc  of  ascent  to  the  square  of  the  length  of  the  pendulunL 
(29)  Resistance  being  as  (velocity)'^,  to  find  the  resistance  at  any  point 
of  a  cycloidal  oscillation.  3  Cor.  (30)  Easier  method  of  exhibiting  the 
difference  of  an  arc  of  descent  and  ascent.  Cor.  (31)  If  the  resistance 
be  altered  in  a  given  ratio,  the  difference  of  the  arcs  of  ascent  and 
descent  is  altered  in  the  same  ratio.  Scholium  Qenerale,  containing 
many  experimental  results. 

Section  7.  On  the  motion  of  fluids  and  resistance  of  projectilest. 
(32)  Two  systems  of  similar  particles  similarly  placed,  with  given 
ratios  between  their  densities,  and  beginning  to  move  similarly  in 
proportional  times,  will  continue  to  do  so,  if  there  be  no  contact  of 
particles  except  at  instants  of  reflexion,  and  if  there  be  no  attracting 
forces  of  particles  on  one  another  but  such  as  are  as  the  diameters 
of  corresponding  particles  inversely  and  t^e  square  of  the  velocities 
directly.  2  Cor.  (33)  And  finite  parts  of  these  systems  are  resisted 
in  a  ratio  compounded  of  the  duplicate  ratio  of  the  velocities  and 
tUameters,  and  the  ratio  of  the  densities.  6  Cor.  (34)  The  circular 
end  of  a  cylinder  encounters  twice  as  inuch  resistance  as  a  sphere 
moving  with  the  same  velocity.  Scholium,  containing  among  other 
things  the  construction  (without  demonstration)  of  the  solid  of  least 

*  Some  of  these  propositioiis  would  require  explanation  to  make   flieir 
meanings  clear,  which  we  have  not  here  room  to  give. 
t  See  prcce^ff  note. 
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resistance,  which  shows  that  Newton  must  have  carried  hia  fluxicE3 
(before  1687)  far  enough  to  solve  .some  problems  at  least  in  wbat- 
now  called  the  calculus  of  variations.  (35)  A  medium  oonadstix^  \ 
equal  particles  at  equal  distances,  to  find  the  resistance  it  offei^  t  * 
sphere.  7  Cor.  and  SchoL  (36)  To  find  the  motion  of  water  ia6iii.-q 
through  an  orifice  at  the  bottom  of  a  cylinder.  10  Cor.  Liemoik  4 
(37)  Resistance  to  a  cylinder  moving  in  a  non-elastic  fluid.  3  C-^ti 
and  SchoL  Lemma  5,  6,  7.  A  cylinder,  sphere,  or  spheroid,  of  t  u 
same  circular  section,  placed  in  a  cylindrical  canal  of  running  w^r:*^!  i 
or  moving  equally  in  it,  is  equally  urged  or  resisted.  SchoL  <  •  *| 
Resistance  to  .a  globe  in  a  non-elastic  fluid.  4  Cor.  (39)  The  s&^  -  i 
when  the  glooe  is  in  a  cylindrical  canaL  SchoL 
showing  how  to  find  the  resistance  experimentally, 
taining  accounts  of  fourteen  experiments. 

Section  8.  On  motion  propagated  through  a  fluid, 
not  propagated  through  a  fluid  in  right  lines,  unless  when  the  pari— '-> 
lie  in  right  lines.  Cor.  (42)  Every  motion  propagated  tbrtuzgii  - 
fluid  diverges  from  the  direct  path.  (43)  Every  tremulous  h-j-lj 
excites  in  an  elastic  medium  pulses  in  every  direction ;  but  in  a  s--  d 
elastic  medium,  a  circular  motion.  Cor.  (44)  3  Cor.  (45)  OsciUitic 
of  water  in  a  bent  tube.  (4(5)  The  velocity  of  waves.  2  Cor.  *' 
In  pulses,  the  motion  of  the  particles  follow  the  law  of  an  osdlkt^- 
pendulum.*  Cor.  (48)  The  velocities  of  pulses  in  different  media  vtc 
as  the  square  roots  of  the  elastic  force  directly  and  iht  da^&ztr 
inversely.  3  Cor.  (49)  Given  the  density  and  elasticity,  to  find  lbs 
velocity.     2  Cor.     (50)  To  find  the  length  of  the  pulses.     Scholium. 

Section  9.  On  the  circular  motion  of  fluids.  (Refutation  of  i>e» 
Cartes's  vortices  on  the  hypothesis  that  the  resistance  which  arises 
from  the  want  of  lubricity  of  the  parts  of  a  fluid,  is  proporti<»ial  to  c2» 
velocity  with  which  the  parts  of  the  fluid  are  separated.)  (51)  If  i 
cylinder  of  infinite  length  revolve  about  its  axis  in  a  uniform  as'i 
infinite  fluid,  and  create  a  vortical  motion,  the  periodic  times  of  xb» 
particles  of  fluid  are  as  their  distances  from  the  axia.  6  Cor.  Hi' 
But  if  the  revolving  body  be  a  sphere,  these  periodic  times  are  ss  :be 
squares  of  the  distances  from  the  centre.  11  Cor.  and  SchoL  (5->l  A 
body  revolving  in  a  vortex  so  as  to  return  to  its  place,  must  be  of  tfsr 
same  density  as  the  parts  of  the  vortex,  and  move  in  the  same  manner. 
2  Coh  and  Scholium,  completing  the  refutation  above  mentioned. 

The  Third  Book,  or  appUcation,  styled  'De  Systemate  UnDsi' 
contains  forty-two  propositions,  and  preliminaries.  It  is  to  be  n^^ec 
that  it  was  the  original  intention  of  N ewto**  that  this  book  idiould  he  i 
popular  one  ;  and  the  original  draft  (so  it  ih  considered  by  Mr.  Bi^i^ci 
was  preserved,  and  was  published  in  English,  in  1728,  under  the  nur 
of '  The  System  of  the  World  demonstrated  in  an  Easy  and  Fbpo^ 
Manner  by  the  illustrious  Sir  Isaac  Newton ;'  and  again  in  the  onpsA 
Latin.  It  is  Opusculum  XVIL  in  the  collection  of  Castillioneos,  «^? 
takes  it  from  an  edition  published  in  l731.  It  is  not  altcgetbe 
popular,  but,  containing  the  matheoiatical  propositions  coneerais^ 
comets  to  which  Halley  alludes  in  his  letter,  it  may  be  the  third  hooJc 
as  it  stood  at  the  time  when  the  idea  of  suppressing  it  was  in  Kevtco  § 
mind.  But  we  think  that  this  work  has  been  too  easily  admitted,  isd 
that  its  genuineness  requires  a  searching  discussion. 

Regvlce  philosaphandi,  1.  No  more  causes  of  natural  things  are  v 
be  admitted  thaa  are  both  true  and  sufficient  to  explain  their  phes^ 
mena.  2.  The  same  causes  are  to  be  assigned  to  ofiects  of  the  skv 
kind,  as  far  as  that  can  be  done.  3.  Those  qualities  of  bodies  whkl 
can  neither  be  strengthened  nor  weakened,  and  which  belong  to  ftH 
bodies  which  are  capable  of  being  tried,  are  to  be  considered  u 
universal  qualities.  4.  In  experimental  philosophy,  all  propositksia 
collected  by  induction  from  phenometia  at«  to  Im  held  either  eocii^ 
or  approximately  true  until  other  phenomena  are  found  by  whisk 
those  propositions  can  be  made  either  more  accurate  or  subject  to 
exception. 

Phenomentt,  1.  The  satellites  of  Jupiter  describe  areas  propor^ocol 
to  their  times  about  the  planet,  and  their  periodic  times  are  vs.  tbr 
sesquiplicate  ratio  of  their  distances  from  the  planet  2.  The  same  s 
true  of  the  satellites  of  Saturn  (five  then  known).  8.  The  five  prinnry 
planets.  Mercury,  Venus,  Mars,  Jupiter,  and  Saturn,  revolve  about  the 
sun.  4.  And  their  periodic  times,  and  that  of  the  earth  about  ^ 
sun,  or  the  sim  about  the  earth,  the  fixed  stars  being  at  rest,  are  in 
the  sesquiplicate  ratio  of  their  mean  distances  from  the  sun.  5l  Aod 
the  primary  planets  al*e  very  far  from  describing  equal  areas  in  eqoal 
times  about  the  earth;  but  do  so  about  the  sun.  6.  The  moon 
describes  equal  areas  in  equal  times  about  the  earth. 

(1)  The  satellites  of  Jupiter  are  attracted  to  the  planet  by  forces 
inversely  as  the  squares  of  their  distances.  (2)  The  same  of  the 
primary  planets  about  the  sim.  (3)  The  same  of  the  moon  about  Uie 
earth.  (4)  The  foroe  which  retains  the  moon  in  her  orbit  Is  the  S3m« 
force  as  that  which,  at  the  earth's  surface,  we  call  gravity.  Sebd 
This  is  the  celebrated  test-proposition,  the  fsdlure  of  which,  in  the  &**• 
instance,  made  Newton  lay  his  theory  aside.  (5)  A  similar  resslt 
inferred  as  to  ^tellites  about  their  priitaaries,  and  primaries  about  t^ 
sun.  8  Cor.  and  Schoh  (6)  All  bodies  gravitate  towards  t^ 
planet ;  and  gravitation  towanls  every  planet  at  a  given  distance  torn 
it,  IB  as  the  mass  of  that  pknet.    5  Cor.    (7)  Attraction  belongs  to  al 

*  Lagrange  has  shown  (*  ICIbc.  Taor.')  that  the  method  of  Ke«rtoa  here  cal/ 
leads  to  a  concealed  identity,  which  proves  nothing. 
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•  bodies,  and  is  proportional  to  the  quantity  of  matter  in  them.    2  Cor. 

-  (8)  If  each  of  two  globes  be  everywhere  of  one  density  at  one  distance 

-  from  the  centre,  the  attraction  of  each  on  the  other  is  inversely  as  the 
^     square  of  the  distance  of  their  centres.    Cor.  4.     (9)  In  descending  to 

the  centre  of  a  planet,  gravity  diminishes  as  the  distance  from  that 
centre.  (10)  The  motion  of  the  pUuiete  can  continue  for  an  immensely 
'  longtime. 

Hypotheta  1.  The  centre  of  the  solar  system  is  at  rest.    (Newton 

-  takes  the  universally  admitted  hypothesis,  and  shows  what  the  long 
disputed  centre  of  the  system  is.)  (11)  The  centre  of  gravity  of  the 
whole  system  is  at  resL  (12)  The  sim  is  perpetually  in  motion,  but 
never  ha  from  the  centre  of  gravity  of  the  whole.    Cor.    (18)  The 

-  planets  move  in  ellipses,  having  their  focus  in  the  sun's  centre,  and 
they  describe  equal  areas  in  eqtml  times  about  that  focus.  (14)  The 
nodes  and  aphelia  of  the  planets  are  at  rest :  2  Cor.  and  Schol.  modify- 
ing the  proposition  by  considerations  of  perturbation.    (15)  To  find 

-  the  axes  of  the  orbits.    (16)  To  find  the  eccentricities  and  aphelia. 

-  (17)  The  diurnal  motion  of  the  planets  is  uniform,  and  the  libration 
of  the  moon  arises  from  the  diurnal  motion.  (18)  The  figtires  of  the 
planets   are  oblate.     (19)  To  find  the  proportions  of  the  axis  of  a 

'     planet.    (20)  To  compare  the  weights  of  bodies  at  different  parts  of  the 

earth.     (21)  The  equinoctial  points  must  regress,  and  the  axis  of  the 

'     earth  must  have  a  nutation  twice  in  each  year.    (22)  All  the  lunar 

-  motions  and  inequalities  follow  from  the  preceding  principles.  (23) 
The  inequalities  of  other  satellites  may  be  derived  from  those  of  the 
moon.  (24)  The  tides  of  the  sea  arise  from  the  actions  of  the  sun  and 
moon.  (The  Jesuits'  edition  inserts  in  this  place  the  treatises  of 
Daniel  Bernoulli,  Maclaurin,  and  Euler,  on  the  tides.)  (25)  To  find  the 
disturbing  force  of  the  sun  upon  the  moon.  (26)  To  find  the  horary 
increment  of  the  moon's  area  about  the  earth.  (27)  From  the  moon's 
horary  motion  to  find  its  distance  from  the  earth.  2  Cor.  (28)  To 
find  the  diameters  of  the  orbit  in  which  the  moon  would  move,  but 
for  excentricity.    (29)  To  find  the  variation  of  the  moon,     (80)  To 

-  find  the  horary  motion  of  the  moon's  nodes  in  a  circular  orbits  2  Cor. 
To  find  the  horary  motion  of  the  moon's  nodes  in  an  elliptic  orbit. 
Cor.  (32)  To  find  the  mean  motion  of  the  moon's  nodes.  (33)  To 
find  the  true  motion  of  the  moon's  nodes.  Cor.  (Newton,  in  the  third 
edition^  here  adds  Machin's  method  of  finding  the  motion  of  the 
moon's  nodes.)  (84)  To  find  the  horary  variation  of  the  moon's 
inclination.  4  Cor.  (35)  To  find  the  moon's  inclination  at  a  given 
time.  SchoL  giving  an  account  of  several  other  peculiarities  of  the 
lunar  motions,  and  completing  the  lunar  theory.  (36)  To  find  the 
force  of  the  sun  upon  the  sea.  Cor.  (37)  The  same  for  the  moon. 
10  Cor.  (38)  To  find  the  figure  of  the  moon.  Cor.  Lemma,  1,  2,  3. 
On  the  effect  of  a  ring  of  matter  at  the  equator,  disturbed  by  the  sun, 
upon  the  earth's  r9tation.  Bypothem  2.*  The  effect  of  such  a  ring  in 
causing  precession  is  the  same  whether  the  ring  be  fluid  or  solid.  (39) 
To  find  the  precession  of  the  equinoxes.  Lemma  4.  Comets  are 
above  the  moon,  and  in  the  planetary  regions.  3  Cor.  (40)  Comets 
revolve  in  conic  sections,  having  the  sun  in  a  focus,  and  describe  equal 
areas  in  equal  times.  4  Cor.  Lemma  5.  To  find  a  curve  of  the  para- 
bolic kind,  which  shall  pass  through  any  number  of  given  points.  Cor. 
Lemma  6.  From  any  given  places  of  a  comet  to  find  its  place  at  any 
intermediate  time.  Lemmas  T,  8,  9,  10,  11.  On  the  parabola,  pre- 
paratory to  the  next  propositions.  (41)  To  find  the  parabolic  orbit  of 
a  comet,  from  three  observations.  Example,  the  comet  of  1680,  from 
various  observations,  and  a  long  discussion  of  the  physical  characters 
of  comets.  (42)  To  correct  the  orbit  of  a  comet ;  with  other  examples 
and  discussions.  It  is  to  be  understood  that  throughout  this  third 
book  continual  comparison  with  observation  occurs,  which  it  is  imne- 
cessary  to  repeat  as  to  each  particular  case,  since  the  purpose  of  the 
book  itself  is  the  comparison  of  the  results  of  theory  with  observation. 

'The  '  Scholium  Generale,'  at  the  end  of  the  Principia,  has  been  so 
often  quoted,  alluded  to,  attacked,  or  brought  forward  as  Newton's 
final  explanation  of  the  metaphysics  (if  that  be  a  proper  word)  of  his 
system,  that  even  as  a  matter  of  reference  we  may  be  justified  in  trans- 
lating it  entire.  It  is  not  found  in  the  first  edition.  Two  notes,  as 
marked,  are  Newton's. 

*'  The  hypothesis  of  vortices  is  encumbered  with  many  difficulties. 
Since  a  planet's  radius  describes .  areas  proportional  to  the  times,  the 
periods  of  t^e  parts  of  the  vortex  should  be  in  the  duplicate  ratio  of 
their  distances  from  the  sun.  And  since  the  planets'  periods  are  in  the 
seaquiplicate  ratio  of  their  distances,  the  periods  of  the  parts  of  the 
vortex  should  also  be  in  that  ratio.  Since  the  minor  vortices  about 
Jupiter,  Saturn,  &c.,  preserve  their  rotation,  and  swim  quietly  in  the 
vortex  of  the  sun,  the  periodic  times  of  the  parts  of  the  solar  vortex 
should  be  equal  The  revolutions  of  the  sun  and  planets  about  their 
axes,  which  should  agree  with  the  motions  of  the  vortices,  differ  from 
all  these  proportions.  The  motion  of  comets  is  highly  regular,  follows 
the  same  laws  as  that  of  the  planets,  and  cannot  be  explained  by 
vortices.  They  are  carried  most  excentrically  to  all  parts  of  the 
heavens,  which  could  not  be  unless  the  vortices  were  removed. 

*  In  the  first  edition  tbis  is  a  lemma,  which  probably  appeared  to  Newton 
to  need  no  proof,  as  noae  is  given.  In  the  third  it  is,  as  we  see,  made  an 
assQinption.  Laplace  has  confirmed  it,  by  showing  that  the  precession  and 
nutittion  would  remain  onaltered,  if  the  whole  sea  were  at  any  one  moment  to 
be  solidified  without  alteration  of  its  specific  gravity. 


"  Projectiles,  in  our  atmosphere,  feel  only  the  resistance  of  the  air ; 
take  that  away,  as  in  Boyle's  vacuum,  and  the  resistance  ceases,  since 
the  light  feather  and  the  solid  gold  ^11  with  the  same  velocity  in  this 
vacuum.  And  such  is  the  case  in  the  celestial  spaces  which  are  above 
the  atmosphere  of  the  earth.  All  bodies  in  those  spaces  must  move 
perfectly  freely ;  and  hence  the  planets  move  perpetually,  according  to 
the  laws  explained,  in  orbits  of  given  form  and  position.  They  will 
persevere  in  their  orbits  by  the  laws  of  gravity ;  but  they  could  by  no 
means  originally  have  taken  that  regujEar  orbital  path  by  the  same 
laws. 

"  The  six  principal  planets  revolve  about  the  sun  in  circles  concentric 
with  the  sun,  in  the  same  direction,  and  very  nearly  in  the  same  plaue. 
The  ten  moons  revolve  about  the  earth,  Jupiter,  and  Saturn,  in  con- 
centric circles,  in  the  same  direction,  and  very  nearly  in  the  plane  of 
their  planets'  orbits.  And  all  these  regular  motions  have  no  origin  in 
mechanical  causes  * ;  for  the  comets  are  freely  carried  in  very  excentric 
orbits,  and  through  all  parts  of  the  heavens.  By  such  motion  comets 
pass  freely  and  easily  through  the  planetary  orbits,  and  in  their  aphelia, 
where  they  move  more  slowly  and  remain  longer,  they  are  very  distai^t 
from  each  other,  and  attract  each  other  very  Uttle.  This  most  elegant 
group  of  sun,  planets,  and  comets  can  only  arise  from  the  design  and 
government  of  a  powerful  and  intelligent  being.  And  if  the  fixpd 
stars  be  centres  of  like  systems,  all  these  constructions  of  a  similar 
design  must  be  under  the  dominion  of  one  being :  the  more  since  the 
light  of  the  fixed  stars  is  of  the  same  nature  as  that  of  the  sun,  and  all 
the  systems  give  light  to  each  other.  And  that  the  systems  of  toe 
fixe4  si^rs  may  not  fall  into  each  other,  he  has  placed  them  at 
immense  distances  from  each  other. 

"  He  rules  all  things,  not  as  the  soul  of  the  world,  but  as  the  lord  of 
all  things.  And  from  his  dominion,  God  the  Ruler  is  often  called 
UcanoKpdrup.  For  Qod  is  a  relative  term,  which  refers  to  his  servants ; 
and  deity  is  the  rule  of  God,  not  over  his  own  body,  as  those  think 
who  call  him  the  soul  of  the  world,  but  over  his  servants.  The  most 
high  God  is  a  being  eternal,  in  Suite,  absolutely  perfect  ,*  but  a  being 
however  perfect,  without  dominion,  is  not  God  the  Ruler.  For  we  say, 
my  God,  your  God,  the  God  of  Israel,  the  God  of  gods,  the  Ruler  of 
rulers:  but  we  do  not  say,  my  eternal  one,  your  eternal  one,  the 
eternal  one  of  Israel,  the  eternal  one  of  godis ;  we  do  not  say,  my 
infinite  one,  or  my  perfect  one.  These  appellations  have  no  relation 
to  servants.  The  word  God  always  +  signifies  ruler ;  but  every  ruler 
is  not  Qod.  The  rule  of  a  spiritual  being  makes  him  God,  true  rule  a 
true  god,  the  highest  rule  the  highest  god,  a  feigi^ed  rule  a  feigned 
god.  And  from  the  reality  of  his  dominion  it  follows  that  the  true 
Gk)d  has  life,  intellect,  and  power;  and  from  his  other  perfections, 
that  he  is  the  highest  or  most  perfect  being.  The  Eternal  is  infinite, 
omnipotent,  and  omniscient ;  that  is.  endures  from  eternity  to  etemitv, 
and  is  present  from  infinity  to  infinity ;  he  rules  all  and  knows  all 
that  is  or  can  be.  He  is  not  eternity  nor  infinity,  but  eternal  and 
infinite ;  he  is  not  time  nor  space,  but  endures  and  is  present.  He 
endures  for  ever,  and  is  everywhere  present;  and  by  his  universal 
existence,  both  in  time  and  space,  he  is  the  creator  t  of  time  and  spac^. 
Since  any  particle  of  space  always  is,  and  also  some  one  indivisible 
moment  of  duration,  certainly  the  framer  and  ruler  of  all  things  can 
never  be  nonexistent  at  any  time  or  in  any  plape.  £very  thinking 
soul  is,  at  different  times,  and  in  its  different  organs  of  sense  or 
motion,  the  same  indivisible  person.  There  are  parts  of  time  suc- 
cessive, and  parts  of  space  co-existing ;  but  neither  in  the  person  of 
man,  that  is,  in  his  thinking  principle,  and  much  leas  in  the  tiiinkin^; 
substance  of  God.  Every  man,  considered  as  a  sentient  existence,  is 
one  and  the  same  man  throughout  his  whole  li|e,  and  in  every  one  of 
his  organs  of  perception.  God  is  one  and  th.e  same  God  always  and 
everywhere.  He  is  omnipresent,  not  onlv  virtually  but  substautially ; 
for  the  first  without  the  second  cannot  be.  In  him  §  %U  thipgs  are 
contained  and  moved,  but  without  mutual  effect  from  each  other. 
God  no  way  feels  the  motion  of  bodies :  they  feel  no  resist^ce  from 
the  ommpresence  of  God.  All  men  confess  that  the  most  high  God 
exists  necessarily,  and  by  the  same  necessity  always  and  everywhere. 
Whence  also  he  is  throughout  alike,  all  eye,  all  ear,  all  brain,  all  arm, 
all  thought,  understanding  and  action,  not  in  the  himiaii  or  corporeal 
manner,  but  in  one  altogether  unknown.    As  a  blind  man  has  no  idea 

of  colour,  so  we  have  no  idea  of  the  modes  in  which  the  all-wiae  God 

. 

»  By  coKM  mtekanico  Newton  means  a  material  maohinery,  saoh  at  the  solid 
orbs  of  some  of  the  PtolemaiBtB. 

f  "  Oar  eoontryman  pocock  derives  the  word  Dens  from  the  Arabic  tht  (some, 
times  di)t  which  means  ruler.  And  in  this  sense  the  princes  are  called  gods, 
Psalms,  Ixxxiv.  6,  and  John  z.  45.  And  Moses  is  called  God  of  his  brother 
Aaron,  and  of  king  Pharaoh,  Exodos  iv.  16,  and  vii.  1.  And  in  the  same  sense 
the  souls  of  departed  princes  were  called  gods  by  Gentile  nations,  but  falsely 
from  want  of  dominion.'*    (Author's  note.) 

X  **  Et  existendo  semper  et  ubique  durationem  et  spatium  c<msiituii," 

6  *'  So  thought  the  ancients,  as  Pythagoras  (Cic,  *  Do  Nat.  Deor.,'  lib.  i.) ; 
Thales;  Anaxagoras;  Virgil  (*Georgic8,>  iv.  220,  'iBIn.,'  vi.  721);  Philo 
(*  AUegor.,'  lib.  i.  sub  init.) ;  Aratus  (*  Phmn.,*  sub  init).  So  also  the  sacred 
writers,  as  Paul,  Acts  xvii.  S7,  28 ;  John,  Gospel,  xiv.  2  ;  Hoses,  Deut.  iv.  39, 
and  X.  4 ;  Darid,  Psalms,  cxzxix.  7, 8,  9  ;  Solomon,  1  King  sviiL  27  ;  Job,  sxil. 
12,  IS,  14,  Jeremiah,  zxiii.  23,  24.  The  idolators  falsely  imagined  the  sun, 
moon,  and  sum,  the  souls  of  men,  and  other  parts  of  the  universe  to  be  parts  o^ 
the  most  high  God,  and  therefore  to  bo  worshipped."     (Author's  note.) 
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perceives  and  imdexBtands  all  things.  He  is  altogether  without  body 
or  figure,  and  thence  can  neither  be  seen,  heard,  touched,  nor 
'worsMpped  under  the  likeness  of  any  corporeal  thing.  We  hare  ideas 
of  his  attributes,  but  we  know  notlung  of  the  substance  of  any  thing. 
We  see  only  the  figures  and  colours  of  bodies,  we  hear  only  sounds, 
we  touch  only  external  surface,  we  smell  only  odours,  and  taste  tastes : 
we  can  perceive  the  inmost  substance'  by  no  sense,  by  no  reflected 
action ;  much  less  can  we  have  an  idea  of  the  substance  of  Gk>d.  Him 
we  know  only  by  his  properties  and  attributes,  and  by  the  most  wise 
and  excellent  sbiicture  and  final  causes  of  things ;  and  we  wonder  at 
him  for  his  perfections,  but  we  venerate  and  worship  him  for  his 
dominion.  We  worship  him  as  servants,  and  a  Qod  without  dominion, 
providence,  and  final  causes  is  nothing  else  but  fate  and  nature.  From 
a  blind  metaphysical  necessity,  which  is  certainly  the  same  always  and 
everywhere,  no^  variation  of  things  can  arise.  Everv  diversity  of  created 
things  in  space  and  in  time  can  only  arise  from  the  ideas  and  the  will 
of  a  necessarily  existing  being.  But  God  is  said  allegoricallv  to  see, 
hear,  speak,  laugh,  love,  hate,  desire,  give,  receive,  rejoice,  be  n^uie 
angry,  fight,  work,  build,  and  construct.  For  every  expression  con- 
cerning God  is  drawn  from  human  affairs  by  a  certain  figure  of 
similitude,  not  perfect  indeed,  but  something  like.  And  this  much  of 
God,  of  whom  it  certainly  belongs  to  natural  philosophy  to  treat  from 
phenomena. 

"  So  far  I  have  explained  the  phenomena  of  our  heavens  and  the  sea 
by  the  force  of  fi;ravity :  but  I  have  not  yet  assigned  the  cause  of 
gravity.  Certainly  this  force  arises  from  some  cause,  which  penetrates 
even  to  the  centre  of  the  sun  and  planets,  without  diminution  of  its 
virtue ;  and  which  acts  not  aocerding  to  the  super^cial  nuignitude  of 
particles  (as  do  manv  mechanical  causes),  but  according  to  the  quantity 
of  solid  matter;  and  of  which  the  action  is  extended  in  every  direction 
to  ixnmense  distances,  diminishing  always  in  the  duplicate  ratio  of  the 
distances.  Gravity  towards  the  sun  is  compounded  of  the  gravity 
towards  all  the  several  particles  of  the  sun,  and  in  receding  from  the 
sun  diminishes  accurately  in  the  duplicate  ratio  of  the  distances,  as 
far  as  the  orbit  of  Saturn,  as  is  made  manifest  by  the  quiescence  of  the 
aphelia  of  the  planets,  and  even  as  far  a^  the  apheha  of  the  comets,  if 
they  also  do  not  move.  But  I  have  not  yet  been  able  to  deduce  the 
reason  of  these  properties  of  gravity  £rom  phenomena,  and  I  do  not 
frame  hypotheses.  For  whatever  is  not  deduced  from  phenomena,  is 
to  be  called  hypoihmt:  and  hypotheses,  whether  metaphysical  or 
physical,  or  of  occult  qualities,  or  mechanical,  have  no  place  in 
experimental  phiUtsophy.  In  this  philosophy  propoeitioiis  are  deduced 
from  phenomena,  and  are  rendered  general  by  induction.  So  impene- 
trabihty.  mobility,  the  impetus  of  £)dies,  and  the  laws  of  motion  and 
gravity  have  beoome  known.  And  it  is  enough  that  gravity  really 
exists  and  acts  according  to  laws  explained  by  me,  and  suffices  for  all 
the  motions  of  the  heavenly  bodies  and  of  our  sea. 

**  I  might  add  something  on  that  most  subtile  spirit  which  pervades 
solid  bodies  and  lies  hiddeof  in  them,  by  the  force  and  action  of  which 
the  particles  of  bodies  attract  each  other  at  the  smallest  distances,  and 
adhere  when  contiguous :  and  by  which  electric  bodies  act  at  greater 
distances,  both  by  attracting  and  repelling  neighbouring  particles ;  and 
by  which  light  is  emitted,  reflected,  refracted,  inflected,  and  gives  heat 
to  bodies;  and  by  which  all  sensation  is  excited,  and  the  limbs  of 
inimals  are  moved  at  pleasure,  namely,  by  its  vibrations  through  the 
solid  capillaments  of  the  nerves,  propagated  from  the  external  organs 
of  sense  to  the  brain,  and  from  tiie  brain  to  the  mu^les.  But  this 
could  not  be  explained  in  few  words ;  nor  is  thero  a  sufficient  quantity 
of  experiments  to  show  and  detemdne  the  laws  according  to  whicii 
this  fpmlus  acts." 

^  There  is  not  a  sentence  of  the  preceding  scholium  which  has  not  a 
direct  reference  to  some  common  opinion,  at  home  or  abroad,  of  the 
physics,  metaphysics,  or  theology  of  Ne¥rton*s  system.  He  hod 
probably  seen  and  heard  enough,  m  the  interval  between  the  editions, 
to  teach  him  on  whilt  points  explanation  was  desirable ;  certain  it  is, 
thai  there  is  hardly  an  objector  since  his  time  who  might  not  have 
found  himself  already  answered,  if  he  had  read  this  s^olium  with 
candour  and  attention. 

The  oommentaton  of  Newton  have  one  and  all,  as  might  be 
supposed,  iareated  their  author  as  a  source  of  elementary  instruction, 
to  be  explained  and  cleared  from  the  effects  of  that  brevity  and 
obscurity  (the  latter  more  than  due  to  the  former)  which  the  Principia 
almost  everywhere  presents.  But  the  time  has  arrived  when  this 
work  is  hardly  in  the  beginner's  course,  though  it  may  be  recommended 
to  hun,  when  he  has  studied  the  modem  analysis,  to  make  himself 
aoquamted  with  its  methods  until  he  has  caught  their  spirit.  What 
we  now  want  is  rather  an  histoncal  commentaiy,  which  shall  put  the 
"^!?i^  poMession  of  the  modes  of  reasoning  peculiar  to  Newton's 
predeoesson,  shall  point  out  how  the  Principia  came  to  have  its  form, 
and  shall  place  him,  so  far  as  is  possible,  in  the  midst  of  that  atmo- 
sphere of  remnants  of  the  old  philosophy  and  aspirations  after  the  new, 
m  which  the  mmd  of  Newton  gained  its  growth. 

In  1780,  Dr.  John  Clarke  published  'A  Demonstration  of  some  of 
the  pnnapal  sections  of  Sir  I.  Newton's  Principles,'  &c.  This  work 
contains  the  greater  part  of  the  first  book  somewhat  expanded,  and 
with  the  appUcations  of  the  thini  book  intermixed.  But  it  omits  the 
most  important  part  of  the  eleventh  section :  nevertheless,  a  student 
who  should  join  with  Dr.  Clarke's  work  the  article  GRAViTATioif  in 


the  present  one,  would  have  the  most  ipaportant  parts  of  the  Principia^ 
so  far  as  is  necessary  to  gain  an  insight  into  Newton's  methods. 

In  the  same  year,  1730,  Geoi^  Peter  Domckpublished  his  '  Philoa. 
Math.  Newt.  IllustrateB  Tomi  Duo,  LondinL'  Cniiswork  is  sometimes 
wrongly  called  an  edition  of  the  Principia,  and  its  author's  name  is 
sometimes  spelled  Donick.)  The  first  volume  of  it  is  only  a  prepa- 
ratory course  of  mathematics ;  the  second  gives  a  large  port  of  the  film 
book  in  Newton's  manner,  and  gives  more  of  the  results  of  the  eleventh 
section.  It  also  entera  upon  some  of  the  numerical  ap^cationa  of  the 
third  book. 

The  Commentary  of  the  Minims  (Jesuits  they  are  usually  but 
wrongly  called)  Le  Sueur  and  Jacquier  (1739)  is  an  excellent  perform- 
ance for  its  time,  considered  as  attempting  to  smooth  the  details  of  the 
mathematical  difficulties.  It  uses  algebra  &eely,  but  is  totally 
insufficient  to  show  the  use  of  the  differential  calculus  as  now  known ; 
but  it  very  frequently  developes  satisfactorily  a  point  at  which  Newton 
only  hinted. 

fimerson's  '  Short  Comment  on  Newton's  Principia,*  1770,  is  a  brief 
explanation  of  some  of  the  maUiematical  difficulties  and  obscurities, 
followed  by  defences  of  the  Principia,  the  Optics,  and  the  Chronology. 
Emerson  defended  everything  of  Newton's. 

The  popular  explanations  of  Madaurin,  Pemberton,  tod  Yoltain  are 
too  widely  known  to  need  description ;  they  do  not  much  help  the 
mathematical  student.  Many  so-caUed  explanations  of  Newtonian 
philosophy  (such  as  Benjamin  Martin's,  1751)  are  literally  nothing  but 
treatises  on  general  physics. 

The  additions  to  Madame  du  Chastellet's  transhition  consist  of  » 
popular  ritumS  and  the  mathematical  treatment  of  various  qaestions 
of  the  Principia^  The  latter  must  be  considered  as  emanating  from 
Clairaut,  since  they  were  his  lessons  to  his  pupiL  Some  have  supposed 
that  Voltaire's  work  bdongs  in  the  same  sense  ^  to  Madame  du 
Chastell^ 

In  the  'M^caniqiie  Cdleste,'  book  16,  cap.  2,  Laplace  has  exhibited 
the  results  of  Newton's  lunar  theory,  and  connected  them  with  the 
modem  analysis  of  the  subject  to  a  certain  extent.  The  predseneas 
of  the  manner  of  compressing  Newton's  results  rendera  this  chapiter 
valuable,  and  likely  to  assist  the  student  of  the  Principia. 

Mr.  Air^s  development  and  extension  of  the  results  of  the  eleventh 
section  (which  forms  the  article  Gbayitatioit  in  this  work)  places  one 
of  the  methods  of  the  Principia,  and  one  which  ought  to  last^  within 
the  reach  of  every  student.  It  is  unique,  the  difficulties  of  the 
eleventh  section  having  left  it  almost  without  a  commentator,  and 
altogether  without  an  explainer ;  and  it  takes  in  several  of  the  dii- 
coveries  of  the  present  time. 

Many  commentaries  on  the  Principia  have  been  written  at  Cambridge 
by  private  tuton  for  the  use  of  their  pupils,  of  which  some  have  l«c:n 
printed.  Of  the  following  we  have  never  seen  more  than  the  title : 
'  Excerpta  qnadam  e  Princ  PhiL  Nat.,  cum  notis  variorum/  Cambridge, 
1765.  There  is  Carr's  three  sections  of  Newton,  a  noodem  woik,  ud 
an  exposition  of  various  parts  of  the  Principia  contained  in  the  second 
edition  of  Professor  Whewell's  '  Dynamics.'  We  believe  that  several 
recent  Cambridge  works  contain  some  help  on  the  subject. 

To  give  a  view  of  the  foreign  objections  to  Newton*s  system,  at  the 
time  of  its  first  introduction,  the  following  works  may  serve :  I, 
'Collection  of  Plipera  which  passed  between  Mr.  Leibnits  and  Dr. 
Clarke,  in  1715  and  1716,'  by  Dr.  Samuel  aarke ;  London,  1717.  % 
*  Traits  de  Paix  entre  Des  Cartes  et  Newton,'  by  the  Jesuit  Aim^ 
Henri-Pauliim ;  Avignon,  1763.  8,  'Le  vrai  Systdme  de  Physique 
g^n^nde  de  M.  Isaac  Newton,  expoa^  et  analyst  en  paiallele  avec  celui 
de  Des  Cartes,'  by  the  Jesuit  Louis  Castel;  Paris,  1743  (a  defence  of 
Descartes).  4,  *  Anti-Newtonianismus,'  by  CelesUni  Cominale,  M.D. ; 
Naples,  1/54.  5, '  Disooun  sur  les  diffiSrentes  Figures  des  As^ea,*  by 
Maupertuis,  the  fint  assertor  of  Newton's  doctrines  in  France ;  Paris, 
1732,  and  in  the  collection  of  his  works.  6,  'Lettera  to  a  Ckrmaa 
Princess,'  by  Euler  (first  publidied  in  1770,  translated  into  English 
by  Dr.  H.  Hunter,  1795). 

The  most  celebrated  comments  in  the  way  of  objection  are  those  of 
Leibnitz,  John  Besnoulli,  and  Hutobenb  [see  Biog.  Div.]  ;  the  first 
and  third  real  admirersf  of  the  genius  of  Newton,  the  secrad  also  an 
admirer  after  his  fashion.  Many  of  their  remarks  may  be  found  in 
the  published  correspondence  of  the  first  two,  but  the  history  of  the 
effect  produced  by  the  Principia  in  the  yean  following  its  publication 
is  scattered  in  too  many  places  for  us  to  attempt  to  give  thb  particular 
publications  which  should  be  consulted. 

PRINCIPLE,  D'ALEMBERT'S.  [Forces,  Iupbessed  A2fD  Er- 
pective;  Virtual  Velocities.] 

PRINTING,  in  the  widest  sense  of  the  word,  may  be  defined  to  be 
the  art  of  producing  copies  of  any  writing  or  other  marks  by  pressure, 
either  upon  a  substance  so  soft  as  (like  wax  or  clay)  to  take  the  shape, 
whether  in  relief  or  by  indentation,  of  the  stamp  applied  to  it,  and  yvi 
not  so  perfectly  fluid  (like  water)  as  to  refuse  to  retain  the  form  so 
given  to  it;  or  upon  a  substance  sufficiently  bibulous  or  otherwise 
attractive  as  to  receive  colour  from  some  pigment  with  which  the 
stamp  is  daubed.  The  essence  of  printing  is  the  production  of  a  copy 
by  pressure.  Correctly  speaking,  however,  it  is  not  an  exact^copy  or 
&c-8iinile  which  printing  produces  in  any  case ;  so  far  from  that, 
wherever  the  surface  is  raisBd  in  the  stamp,  it  is  sunk  in  the  impreft- 
sion,  and  vice  vend,  and  even  a  merely  coloured  mark  is  always  reversed 
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in  form ;  but,  what  is  alone  of  importance,  all  the  impreBsions  are 
exact  copies  of  one  another,  and  also  bear  a  certain  and  perfectly 
assignable  relation  to  the  stamp  or  type. 

£ven  on  a  theoretical  view  of  the  subject,  printing  by  means  of 
merely  a  variegated  surface  or  stamp,  or,  in  other  words,  the  repro- 
duction, in  soft  substances,  of  cameos  and  intaglios,  would  seem  to  be 
the  simpler  and  more  obvious  of  the  two  kinds  of  printing  we  have 
mentioned.  This  may  be  said  to  be  printing  by  pressure  alone.  In 
the  other  kind  of  printing,  by  the  transference  of  colour,  there  is 
required  the  introduction,  in  addition  to  the  type  and  its  recipient,  of . 
a  third  element  or  agent,  namely,  the  colour  to  be  transferred.  And 
this  was  an  addition  very  little  likely  ever  to  be  made  until  the  idea 
of  multiplying  copies  of  coloured  marks  had  itself  occurred,  that  is, 
until  the  very  object  had  been  thought  of  which  this  was  the  only 
means  of  accomplishing,  and  which  was  the  only  object  this  process 
was  suited  to  accomplish.  Having  a  seal  or  cut  ^mp  in  his  hand,  the 
making  an  impression  with  that  upon  wax  or  any  other  soft  substance 
was  extremely  natural  for  a  person  wishing  on  any  occasion  to  leave 
his  mark  or  sign ;  it  was  the  same  thing,  in  fact,  with  notching  a  piece 
of  wood  or  stone  with  a  knife  or  other  sharp  instrument,  with  this 
difference  only,  that  the  knife  makes  its  marks  by  excision,  or  alto- 
gether removing  and  abstracting  part  of  the  substance  operated  upon ; 
the  stamp,  by  extrusion,  or  merely  pushing  it  aside.  Or  still  more 
nearly  it  resembles  the  rudest  and  readiest  of  all  ways  of  making  a 
mark,  namely,  by  dealing  a  blow.  But  it  is  a  mode  of  making  a  mark 
only  ;  that  is  its  sole  purpose  and  object.  There  U  no  thought,  so 
long  as  this  kind  of  printing  exclusively  is  used,  of  multiplying  copies 
of  the  same  mark ;  tnat  is  an  idea  far  removed  from  the  &cst  and  most 
natural  employment  of  a  dry  stamp  or  seal,  and  not  perhaps  more 
likely  to  be  suggested  by  such  stamping  or  sealing  (although  capable 
of  being  so  revised)  than  by  some  other  things — by  iJxe  mer&  common 
process,  for  instance,  of  copying  by  imitation.  If  a  transcriber  had 
ever  had  before  him  a  written  page,  with  the  ink  not  yet  dry,  which 
be  was  laboriously  reproducing  with  his  pen,  the  slowness  of  his  pro- 
cedure, especially  if  he  were  pursued  by  an  active  and  growing 
demand  on  the  part  of  the  public  for  books,  might  have  led  him  to  the 
thought  of  the  possibility  of  performing  the  whole  task  in  a  manner 
at  once,  by  merely  impressing  the  wet  writing  upon  the  blank  paper, 
and  then  re-transferring  it  from  the  revexved  copy  thus  made  to 
another  sheet,  in  order  to  recover  the  original  position  of  the  characters. 
And  if  by  any  means  the  reversed  copy  could  be  kept  moist,  or  its 
moisture  repeatedly  renewed,  here  was  a  method  of  procuring  in  the 
same  easy  manner  an  indefinite  mmiber  of  copies.  The  mechanical 
facilities  were  still  to  be  invented,  but  this  was  the  elementary  idea  of 
what  we  have  been  regarding  as  the  second  kind  of  printing ;  which, 
it  thus  appears  to  us,  would  probably  not  be  suggested  by  the  first 
kind  at  all,  but  rather  by  the  desire  of  effecting  an  object  (namely, 
the  multiplying  of  copies)  altogether  different  from  that  (namely,  the 
mere  making  of  a  mark)  which  was  the  primary  purpose  of  a  dry 
litamp  or  scaI,  and  only  presenting  itself  at  a  muoi  later  and  more 
advanced  stage  in  the  progress  of  civilisation. 

These  considerations  may  help  to  account  for  the  historic  fact  that 
the  use  of  engraved  seals  for  impressing  soft  substances  preceded  by 
BO  many  centuries  the  invention  of  the  art  of  printing  by  the  trans- 
ference of  a  pigment,  or,  in  other  words,  by  means  of  coloured  stamps 
or  types.  Nevertheless  the  principle  of  an  engraved  or  tmeven  sur- 
face might  still  for  a  particular  purpose  be  called  in  to  the  aid  of  the 
process  of  pigment-pryiting,  although  it  had  nothing  to  do  with  the 
BUggesting  of  that  process.  Suppose  the  vrriting  which  is  to  be  trans- 
ferred by  such  mode  of  printing  to  be  traced  in  visible  black  characters 
upon  a  smooth  surface  of  wood  or  metal,  how  is  the  pigment  to  be 
most  conveniently  renewed  every  time  it  gets  dry  or  &int  K  With  an 
even  surface  it  is  evident  that  tms  could  only  be  done  by  the  tedious 
method  of  retracing  every  line  of  the  writing  with  a  pen  or  brush,  a 
method  which — besides  its  consumption  of  time,  making  printing,  in 
fact,  as  slow  as  writing — would  probably  be  found  to  be  inefficient,  as 
leaving  the  page  dxy  or  half  dry  in  one  part  before  it  could  be 
inked  over  in  another.  But  by  either  cutting  hollows  for  the  ink, 
or  causing  the  characters  to  stand  out  in  relief,  the  great  advantage 
is  gained  of  being  able  to  spread  the  pigment  by  a  few  sweeps  of  the 
brush  along  every  line  which  it  ought  to  colour,  without  leaving  any 
of  it  upon  the  intervening  parts  of  the  wood  or  metal :  in  the  cdse 
of  hollow  lines  being  cut  (as  in  copperplate-printiDg),  the  ink  that 
is  spread  in  the  first  instance  over  the  whole  surface  is  easily  wiped 
away  from  the  rest  without  being  taken  out  of  the  hollows. 

At  this  point,  then,  we  may  be  said  to  have  at  last  obtained  the  art  of 
printing  in  a  practical  shape.  The  art  was  now  invented.  This  is 
precisely  the  art  of  printing  as  it  has  been  known  in  China  since  the 
middle  of  the  10th  century,  when  it  is  said  to  have  been  discovered  by 
u  mimster  of  state  named  Foong-taon,  and  as  it  is  still  practised  there. 
The  page  of  writing  to  be  multiplied  is  pasted  down  upon  the  smooth 
surface  of  a  prepared  block,  commonly  of  pear-tree,  on  which  it  leaves 
an  impression  of  the  characters  in  an  inverted  form,  and  then  the  block 
thus  marked  is  made  ready  to  be  printed  from,  by  cuting  away 
all  the  blank  parts  of  the  face  of  the  wood,  and  the  lines  forming 
the  characters  are  thus  left  in  relief,  so  as  alone  to  receive  the  ink 
every  time  the  bnish  is  applied. 

In  such  a  language  as  the  Chinese,  which  is  without  an  alphabet,  or 


at  least  in  which  the  elementary  characters  have  not  ^  een  reduced  to 
the  same  limited  and  commodious  number  as  in  most  ither  languages, 
by  making  them  represent  sounds  instead  of  ideas  or  ings,  this,  or  the 
lithographic  process,  are  the  only  kinds  of  printinr  at  are  generally 
applicable.  The  subsequent  improvements  or  exten-  of  the  principle 
are  all  dependent  upon  the  common  alphabetic  xp        jf  writing. 

Even  in  Europe,  however,  although  the  mode  writing  was  alpha- 
betic, it  was  the  Chinese  mode  of  printing  tl^  .as  first  practised. 
Some  have  even  supposed  that  the  knowledge  ;  e  art  was  originally 
obtained  from  the  Chinese ;  and  indee^d,  besidft  ^t  other  less  direct 
commimication  there  may  have  been,  Marco  I  «  who  returned  from 
China  about  the  end  of  the  18th  century,  h  '^n  and  described  at 
least  one  application  of  the  invention  in  thr  ««^utry,  the  fabrication 
of  a  species  of  paper-money  by  stamping  it  with  a  seal  covered  with 
cinnabar  (vermilion).  But,  as  far  as  we  can  trace,  it  was  not  till  fully 
a  century  after  this  that  even  this  simplest  kind  of  printing  began  to 
be  practised  in  Europe.  It  appears  to  have  been  first  applied  to  the 
fiibrication  of  playing-cards  and  manuals  of  popular  devotion,  the 
latter  for  the  most  part  consisting,  like  the  canls,  of  merely  a  single 
page,  though  in  some  instances  assuming  the  form  of  little  books  of 
several  pages.  It  is  believed  that  about  the  year  1400,  or  soon  after, 
both  these  articles,  which  had  previously  been  manufactured  by  hand, 
and  each  copy  of  course  by  a  separate  operation,  began  to  be  multi- 
plied, like  the  Chinese  paper-money,  from  engraved  blocks  or  stamps. 
There  is  no  record  of  thu  innovation,  but  the  fact  is  inferred  from  the 
perfect  similarity  of  several  copies  of  the  same  page,  which  could  only 
have  been  produced  by  their  having  all  been  impressions  from  a  common 
original  The  playing-cards  thus  fabricated  are  merely  pictures ;  but 
manv  of  the  devotional  manuals,  besides  pictures,  which  in  these  also 
fill  the  greater  part  of  each  page,  present  short  texts  from  Scripture, 
and  other  examples  of- engraved  letters  and  words.  It  is  evident,  how-, 
ever,  that  the  essence  of  the  new  art  is  as  much  in  the  pictures  as  in 
the  legends,  which  are  *only  pictures  of  another  kind. 

The  sera  of  these  block  prints  and  books,  as  they  are  called,  may  be 
stated  to  be  the  first  half  of  the  15th  century :  one  in  Lord  Spencer's 
collection  bears  the  date  of  1423,  and, there  is  reason  to  believe  that 
other  specimens  were  executed  almost  as  late  as  1450.  Of  the  block- 
books  of'any  considerable  magnitude  the  two  most  remarkable  are,  that 
generally  styled,  though  probably  not  correctly,  the  *  Biblia  Pauperum,* 
a  small  folio  of  forty  leaves,  each  containing  a  picture,  with  a  text  of 
scripture  or  some  other  illustrative  sentence  under  it,  the  first  edition 
of  which  (for  there  were  several),  is  supposed  to  have  been  produced 
between  1480  and  1450,  and  of  this  an  early  edition  is  in  the  King's 
Library  of  the  British  Museum ;  and  the  '  Speculum  Humanas  Salva- 
tionis,'  consisting  of  sixty-three  leaves  of  the  same  small  folio  size, 
containing  in  all  fifty-eif^ht  picturesy  with  two  lines  of  Latin  rhyme 
under  each.  With  regard  to  this  last  in  particular,  however,  there  has 
been  a  great  deal  of  disputation,  some  denying  altogether  its  claim  to 
be  reckoned  a  specimen  of  block-printing,  in  so  far  as  ^e  legends  are 
concerned ;  but  it  is  now  generally  admitted  that  at  least  some  of  the 
legends  have  every  appearance  of  having  been  printed  from  the  same 
block  with  the  picture,  although  in  other  cases  they  seem  to  have  been 
subsequently  inserted  from  moveable  types.  A  minute  examination  of 
the  cuts,  undertaken  by  Mr.  Ottley,  has  proved  that  the  Latin  edition 
with  moveable  types  was  undoubtedly  the  earliest,  and  dates  probably 
about  1470.  The  edition  in  which  twenty  of  the  subjects  have  the 
inscriptions  cut  on  the  wood,  while  the  others  are  from  moveable  types, 
is  apparently  a  copy  {**  laid  down,"  as  engravers  style  it)  of  the  original 
Latin  edition.  Another  block-book  that  was  frequently  printed,  and 
which  is  noticeable  as  consisting  wholly  of  text,  without  pictures,  was 
the  small  Latin  Qrammar  of  Donatus,  the  common  school-book  of  those 
days.  These  block-books  are,  like  the  Chinese  books  at  this  day, 
printed  only  on  one  side  of  the  leaf,  and  may  have  been  produced  m 
Germany. 

At  this  point,  as  we  have  already  observed,  printing  would  have 
stopped,  if  the  art  of  alphabetic  writing  had  remained  undiscovered. 
At  most,  the  art  could  not  have  been  carried  beyond  what  has  been 
called  logography,  or  the  printing  with  types,  each  containing  a  whole 
word,  a  method  which  is  in  partial  use  in  China,  and  has  even  in  recent 
times  been  attempted  among  ourselves,  but  which  is  manifestly  of  very 
limited  application.  Logography,  indeed,  is  merely  a  modification  of 
block-printing ;  the  principle  is  the  same  whether  the  block  or  type 
contain  a  whole  word,  a  whole  line,  a  whole  sentence,  or  a  whole  page. 

It  is  not  unlikely,  however,  that  the  partial  employment  of  logo- 
graphy in  the  infancy  of  European  printing  may  have  been  what 
suggested  alphabetic  printing.  There  is  good  evidence  that  some 
words  of  common  occurrence  were  early  cut  out  on  separate  stamps  or 
types ;  and  although  this  may  have  been  done  only  after  the  invention 
of  alphabetic  printing,  to  save  the  trouble  of  composition  (or  settiog  up 
the  words  from  the  letters),  it  ia  possible  that  the  same  thing  may  also 
have  been  done  while  only  block-printing  was  known,  with  the  view  of 
saving  the  repeated  cutting  out  of  the  same  words.  If  so,  the  per- 
ception, thus  awakened  and  turned  to  accoimt,  of  the  fact  that  two 
ditferent  pages  often  contained  some  words  in  common,  would  be  apt, 
it  may  be  thought,  to  conduct  to  the  reflection  that  all  words  and  all 
pages  that  could  be  printed  were  composed  out  of  the  same  twenty- 
four  letters,  and  that  therefore  if  a  sufficient  number  of  types  consist- 
ing each  of  a  single  letter  could  be  provided,  the  same  types  that  had 
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been  made  use  of  in  printing  any  one  page  might,  with  the  mere 
trouble  of  re-arrangement,  be  made  to  serve  for  printing  any  other. 
Here  was  what  we  may  call  quite  a  new  principle.  Logography  was  Indeed 
the  employment  to  a  certain  extent  of  moveable  types ; '  but  the  prin- 
oiple  of  moveable  type  printing  was  no  more  there  than  we  can  say  the 
principle  of  alphabetic  writing  is  to  be  found  in  the  214  radical  charac- 
ters of  the  Chinese.  The  universality  which  is  the  essence  of  a  principle 
is  equally  wanting  in  both  cases. 

Yety  whether  it  may  have  been  arrived  at  through  the  medium  of 
logography  or  not,  it  may  be  safely  affirmed  that,  where  alphabetic 
writing  was  known,  alphabetic  printing  could  not  be  long  in  being 
found  out.  It  was  in  fact,  in  a  manner,  already  invented,  in  the  co- 
existence of  pigment  printing  on  the  one  hand,  and  of  alphabetic 
writing  on  the  other;  for  it  was  the  mere  resultant,  without  the 
assistance  of  any  third  element,  of  the  combination  of  these  two  ideas. 
Not  that  even  this  simple  combination  would  of  necessity  be  imme- 
diately made ;  the  history  of  discovery  sufficiently  attests  that  it  will 
often  be  a  considerable  time  before  a  third  thing  is  thought  of  which 
would  be  at  once  accomplished  by  the  mere  bringing  together,  and 
into  simultaneous  and  accordant  action,  of  two  things  already  familiarly 
known  and  practised ;  but  still,  fortuitously,  or  through  reflection  and 
experiment,  the  new  idea  is  much  more  likely  to  be  struck  out  in 
these  circumstances  Uian  if  a  more  complex  combination  were  required 
to  produce  it,  and,  especially  where  the  state  of  society  supplies  any 
considerable  stimulus  to  the  attainment  of  it,  cannot  be  very  long  in 
being  arrived  at. 

The  common  art  of  printing,  in  essentially  the  same  degree  of  com- 
pleteness in  which  we  now  possess  it,  had  certainly  been  discovered 
before  the  i^iiddle  of  the  15th  century;  but  when,  where,  and  by 
whom  each  successive  improvement  of  the  original  pigment-printing  by 
means  of  engraved  blocks  was  discovered  and  first  put  in  practice  is 
not  so  easily  settled.  The  employment  of  moveable  types,  the  pro- 
duction of  such  types  by  the  process  of  casting  them  in  metal,  and  the 
formation  of  the  matrix,  or  mould,  by  means  of  the  punch,  or  stamp 
of  hardened  steel  by  which  the  matrix  is  impressed  or  hollowed  out ; 
these,  disregarding  mere  mechanical  facilitations,  may  be  considered  as 
the  three  great  organic  changes  by  which  block-printing  was  trans- 
fonned  into  the  art  as  it  now  exists.  They  are  far,  indeed,  from  being 
upon  a  level  in  point  of  importance ;  they  descend  in  value  in  the 
order  in  which  we  have  enumerated  them,  which  must  also  have  been 
the  order  in  which  they  followed  each  other ;  and  the  third  contributes 
so  little  to  the  completion  of  the  invention,  as  compared  with  either 
the  first  or  second,  that  we  might  perhaps  without  much  injustice  omit 
it  altogether.  Pigment  stamping,  the  breaking  up  of  the  block-page 
into  single  letters,  the  substitution  of  letters  of  cast  metal  for  those  of 
cut  wo€>d,  and  the  production  of  many  matrices  from  one  punch,  the 
four  successive  steps  constituting  the  invention  of  printing,  have  thus 
all  one  end  and  aim.  This  very  circumstance  might  enable  one  of 
them  in  a  great  measure  to  suggest  the  next. 

Simple  as  the  first  of  the  four  successive  discoveries — stamping  or 
printing  with  a  pigment — may  be  thought,  it  was  periiaps  both  the  most 
important  and  the  most  difficult  to  achieve  of  the  whole.  As  for  the 
three  subsequent  improvements,  which  constitute  the  whole  portion  of 
the  art  of  printing  indisputably  invented  in  Europe  in  the  15th  century, 
and  to  which  alone  the  claims  of  the  several  individuals  to  whom  the 
invention  has  been  attributed  have  any  reference,  even  the  chief  of 
them,  the  substitution  of  types  contsuning  each  a  single  letter  for 
blocks  containing  an  entire  page,  must,  we  apprehend,  be  considered  as 
inferior  to  the  primary  Chinese  discovery  in  novelty,  or  real  originality 
of  conception,  as  it  undoubtedly  is  in  importance.  That  wonderful 
instrument,  iJie  alphabet,  being  already  invented,  this  improvement 
consisted  merely  in  chopping  down  the  engraved  wooden  block  into  as 
many  separate  pieces  as  there  were  letters  cut  upon  it.  The  casting 
of  metal  types  again  was  only  an  application  of  the  art  of  found- 
ing, which  is  one  of  the  most  ancient  of  the  arts  practised  by  men ; 
and  the  fabrication  of  the  matrix  by  a  punch  was  merely  an  example 
of  the  familiar  practice  of  receiving  the  impression  of  a  stamp  or  seal 
upon  a  substance  softer  than  itself,  and  precisely  the  same  thing  with 
the  very  common  mode  of  stamping  coins  by  hammering. 

Four  names  have  principally  figured  in  the  controversy  that  has 
been  raised  about  the  invention  of  printing: — John  Gutenberg 
(paternally  Gansfleisch),  of  Strasburg;  John  Fust  (or  Faust),  of 
Mainz;  Peter  Schopfkr  (in  Latin,  Opilio),  of  Gemsheim;  and 
Lawbenob  Kosteb  (or  Janszoon),  of  Haarlem.  Of  all  these,  and  of 
their  claims  to  the  invention,  accounts  will  be  found  in  the  Bioqba- 
PHIOAL  Division  under  their  respective  names. 

An  ancaent  chronicle,  first  printed  at  Cologne  in  1499  (*  Chronica, 
sive  Fasciculus  Temporum,'  &c.,  commonly  called  the  *  Cologne  Chro- 
nicle '),  notes  that,  after  ten  years  had  been  spent  in  preparation,  the 
art  of  printing  began  to  be  practised  (cocptum  est  imprimi)  in  the  year 
1450.  The  knowledge  of  the  art  was  first  made  public  and  carried 
into  oUier  countries  by  the  dispersion  of  many  of  the  workmen  on  the 
storming  of  Mainz  by  Adolpbus  of  Nassau,  in  1462.  Printing  was  first 
practised  in  Italy,  in  the  town  of  Subiaco,  in  the  Roman  territory,  in 
1465;  in  France,  at  Paris,  in  1469;  in  England,  at  Westminster,  in 
1474 ;  and  in  Spain,  at  Barcelona,  in  1475.  It  is  said  that  by  the  year 
15  0  there  were  already  about  200  printing-presses  in  Europe. 

The  following  works  relating  to  the  invention  of  printing  may  be 


consulted  with  advantage :  H.  Junius* '  Batavia,*  1558,  which  contaiiu 
the  claim  for  Koster ;  P.  Marohand,  '  Histoire  de  I'Origioe  et  des 
Progrfes  de  Flmprimerie,'  1719-41 ;  P.  S.  Foumier,  '  Dissertation  wr 
rOrigine  de  I'lmprimerie,'  1759 ;  M.  Maittaire,'  Annales  Typographies,' 
1760;  Jo.  Dan.  Schdpflin,  'Vindida  Typographic®,'  1760;  Baron 
Heineken,  '  Id^e  G^ndiule  d'une  Collection  complete  d'Estampes,'  1771  ; 
Q.  Fisher,  *  Typographische  Seltenheiten,'  1804 ;  Singer,  *  Researches 
into  the  History  of  Playing-Cards,  with  Illustrations  on  the  Origin  oi 
?rintmg  and  Engraving  on  Wood,'  1816;  W.  Ottley,  '  History  of 
Engraving  upon  Copper  and  on  Wood,*  1816 ;  Dahl,  'Die  Buchdrucker- 
kunst  erfunden  von  J.  Gutenberg,  verbessert  imd  zu  VoUkoameD- 
heit  gebracht  durch  P.  Schoflfer,*  1832;  Jackson  and  Ohatto.  '  Treatise 
on  Wood  Engraving,'  1839 ;  C.  Knight,  chiefly  with  reference  to  the 
introduction  of  printing  into  England,  *  The  Old  Printer  sod  the 
Modem  Press,*  1854 ;  and  W.  L.  Sotheby's  costly  work  on  '  Early 
Block  Books,'  1859. 

Of  the  important  effects  produced  by  this  great  discovery,  and  d  th« 
progress  made  in  civilisation  by  the  diffusion  of  books,  it  is  sot  oor 
province  to  treat  here.  We  proceed  to  describe  the  mechanical  pro- 
cesses connected  with  printing.  For  very  many  years  these  procesee? 
received  few  improvements;  but  from  about  the  commencemeat cf 
the  present  century  they  have  been  numerous  and  important  We 
shall  therefore  treat  of  them  in  th^  order  in  which  they  noaj  be  said 
to  occur  in  their  uses  in  a  modem  printing-office.  These  are  Tyjif- 
founding;  Composing;  Printing  Presses  and  Printing  Machines ;  ind. 
Stereotyping,  To  these  as  connate  subjects  we  shall  add  Printing  f<fr 
the  Blind;  Nature  Printing  or  Autoti/pography ;  and  Printing  iy 
CoUins*8  Patent  Process, 

Type-fcninding. — After  the  invention  of  Schoffer,  the  appmtus  em- 
ployed appears,  at  a  very  earl^  period,  to  have  assumed  its  present 
form.  The  first  satisfactory  evidence  upon  this  point  is  affonied  by 
the  device  of  Badius  Ascensius,  an  eminent  printer  of  Paris  and  Lyons, 
at  the  beginning  of  the  16th  centuiy ;  which  device  was  subsequen-Jy 
adopted,  with  various  modifications,  by  several  other  printers,  amoD^ 
whom  was  an  English  practitioner,  Anthony  Scoloker,  of  Ipawich.  It 
exhibits  the  various  operations  then  usually  carried  on  at  a  printing- 
office,  embracing  type-founding  as  well  as  composing  and  printing;  and 
it  represents  the  matrix  and  other  apparatus  of  the  type  founder  in 
the  form  still  used.  Most  of  the  early  printers,  in  England  as  veil  as 
on  the  Continent,  cut  and  cast  their  own  types ;  and  Aldus  Manuao, 
towards  the  end  of  the  15th  century,  distinguished  himself  by  the 
elegance  of  his  type,  and  invented  that  now  called  italic  [MANuno, 
Aldo,  in  Bioo.  Div.]  One  of  the  earliest  notices  of  that  dimon  of 
labour  which  has  tended  so  greatly  to  the  improvement  of  the  art,  b 
found  in  a  decree  of  the  Star  Chamber,  dated  July  11, 1687,  intended 
to  suppress  or  render  more  difficult  the  publication  of  seditious  works 
by  the  Puritans  and  others  opposed  to  the  government,  who,  about 
that  period,  established  secret  printing-offices  for  the  purpose.  This 
decree  ordained  that  there  should  be  T>nly  four  founders  of  letters  far 
printing  in  the  kingdom ;  and  that  any  vacancies  which  migbt  occur 
in  that  number  should  be  filled  up  by  the  archbishop  of  Canterbjiiy  or 
the  bishop  of  London,  and  sii  other  high  commissioners ;  and  it  laid 
the  most  stringent  regulations  upon  the  master-founders  respecting 
the  employment  of  journeymen  and  the  taking  of  apprentices.  Thesi^ 
oppressive  restrictions  were  re-enacted  for  two  years,  by  an  Act  oj 
Parliament  of  the  14th  year  of  Charies  II.,  and  renewed  for  limited 
periods  in  his  16th  and  17th  years.  They  were  again  rerived  for  fieren 
years  in  the  1st  year  of  James  II.,  1685,  and  finally  expired,  on  the 
termination  of  the  last-mentioned  term,  in  1698. 

Although  Caxton  and  Wynkyn  de  Worde  had,  in  the  infancy  "J 
English  printing,  established  a  high  character  as  type-founders,  this 
branch  of  the  art  long  remained  in  a  depressed  state  in  Engbnd,  tbe 
best  types  being  supplied  by  continental  founders;  a  circumstance 
which  may,  perhaps,  be  attributed  in  some  degree  to  the  restoctuns 
imposed  upon  the  British  founder|  after  their  art  was  separetfid  from 
that  of  printing.    At  the  commencement  of  the  18th  centuij  natiw 
talent  was  at  so  low  an  ebb,  that  all  the  types  used  by  London  pnntffs 
for  superior  works  were  imported  from  Holland.    William  Caslon»  jrno 
was  originally  employed  in  engraving  on  gun-barrels,  and  in  cutting 
ornaments  and  letters  for  the  use  of  book-binders,  has  thehononro 
removing  this  stigma  upon  English  ingenuity.    Having  ®^®p*^*\?^ 
remarkably   neat    letters    for   lettering  books,  he  was  ^^^{^'^.l. 
attempt  punch-cutting ;  his  first  engagement  in  this  way  being  f^ 
Society  for  Promoting  Christian  Knowledge,  for  whom  he  *^^^"^^ 
Arabic  fount  about  the  year  1720.    Caslon  was  encouraged  and  ^^^ 
by  Bowyer;  and  he  soon  attained  a  reputation  which  not  ^^^^\t^ 
end  to  the  importation  of  Dutch  types,  but  occasioned  a  '^f *^  „  i 
his  own  on  the  Continent.   His  foundry  vras  continued  by  his  "^^ 
ants,  and  is  still  in  operation.   Another  name  memorable  in  ^®.   f\? 
of  English  type-founding  is  that  of  John  BaskerviUe,  of  Binningtiam, 
who  died  in  1 776.    His  stock  of  beautiful  types  was  sold  to  a  iite»^ 
society  in  Paris,  and  used  for  printing  a  splendid  edition  of  the  wo  ^ 
of  Voltaire ;  his  widow  having  failed  to  obtain  either  a  P"^ .    J j^^g 
England,  or  sufficient  encouragement  to  induce  her  to  c^^^^^^^gj, 
busmess.    The  history  of  the  early  British  founders  is  nun*?*®y£^ 
in  a  very  rare  pamphlet,  pubHshed  in  1788,  by  the  eccentric  M|^^ 
Kowe  Mores,  entitled  '  A  Dissertation  upon  English  TypogJ^P,'^' 
Founders  and  Founderies;'  and  Hani»ard,  in  his  •  TypograpA^*' 


reprinted  moat  o(  the  information  collected  by  Howe  MoreB,  logBther 
with  noticea  of  more  recent  typfrfoundera.  In  France  the  nftmea  of 
Breiliopf  and  Didot  attained  high  celebrity  for  improvement*  in  typo- 
founding.  The  Imperial  printing-office  at  Vienna,  where  punch-cutting 
and  type-founding  are  carried  on,  noasesses  probably  the  mort  nume- 
rous collection  of  foreigo  alpbabetB  caving  diatinct  characters. 

The  first  and  most  important  operation  of  a  type-foundry  ifl  the 
formation  of  the  punches,  which  are  well-tempered  pieces  of  st»ol,  each 
rit  which  bears  on  its  face  a  single  letter,  formed  with  the  grmteat 
jKJBBible  accuracy  ^  filing,  cutting,  and  punching  the  hollows  with 
Bmaller  punches.  The  face  of  the  punch  eiactly  re«mblea  that  of  the 
tiniahed  type:  the  letter  being  reversed,  and  in  high  relief.  The 
punch-cutter,  in  addiUon  to  the  care  and  judgment  t«quirod  for 
making  the  letter  of  precisely  the  right  aiie,  form,  and  thickness,  ao 
that  it  may  rat^  well  with  other  letters  of  the  same  /ounl  or  aet, 
must  consider  the  best  degree  of  slope  for  the  sides  of  the  letter,  ao 
that,  on  the  one  hand,  he  may  avoid  making  them  so  vertical  that  the 
lines  will  be  weak,  and  easily  broken  or  battered ;  and,  on  the  other, 
that  they  may  not,  owing  to  too  rapid  an  increaaa  of  Ihiofcneaa  towards 
the  base,  produce  a  thick  blurred  impresuQu  when  printed  from. 
When  the  punch  ia  completed  and  hardened,  it  is  struck  into  a  piece 
of  copper,  which,  when  it  has  received  the  impre«ion  from  the  and  of 
the  punch,  is  called  a  ni'tlrix,  and  forms  a  mould  for  the  face  of  the 
type.  The  striking  ot  the  matrix,  like  every  other  operation  in  tiie 
formation  ot  the  mould,  requires  groat  nicety,  because,  if  the  punch  be 
not  held  pwfectly  vertical,  the  face  of  the  type  will  not  be  at  right 
angles  with  its  sides,  and  the  impresBiun  will  consequently  be  uneven. 
The  depth  of  the  impression  ia  alao  ot  consequence,  as  it  affects  the 
height  of  the  type ;  but  this  may  be  regulated  by  filing  the  face  of  the 
roatrii.  The  sides  and  end  ot  the  matrix  are  then  accurately  squared  ; 
perfect  truth  in  this  respect  being  necessary,  in  order  that,  when  the 
matrix  is  adjusted  in  the  mould,  the  letter  maybe  perfectly  square 
ivith  that  portion  ot  it  which  is  to  torm  the  shank,  or  bodg  of  Uie  type, 
and  may  otso  have  ita  proper  position  with  reference  to  the  top  and 
bottom  of  the  body ;  so  that  when  the  types  are  set  up  together  and 
printed  from,  the  lettora  may  nut  only  be  upright,  but  may  also  range 
in  a  perfect^  straight  Uns.    The  mo'ild,  of  which  a  representntion  is 


noneied,  consi^ta  of  two  halves,  esob  ot  wbich  is  made  of  steel,  and 
attached,  for  convenience  of  holding,  to  a  piece  of  wood.  The  two 
halves  of  tJie  mould  are  so  formed,  with  projecting  blocks  and  recesses 
to  recnte  them,  that  they  may  be  instantaneoualy  fitted  together,  as 
nhown  in  the  cut,  leavii^  a  square  funnel-shaped  opening  at  the  top. 
by  which  the  type-metal  is  poured  in,  and  below  it  the  actual  mould 
for  the  body  of  tiie  tjrpe.  with  the  matrix  at  the  bottom  to  form  the 
letter  or  face  of  the  type.  The  two  halves  of  the  mould  are  so  con- 
structed that  they  will  slide  a  little  apon  each  other,  laterally,  so  as  to 
vary  the  thidcnesa  of  the  body  of  the  letter,  that  the  same  mould 
may  be  used,  with  difterent  matrices,  for  casting  every  letter  of  a 
fount,  from  i  or  1,  which  have  very  narrow  bodies,  to  m  or  w,  which 
have  wide  bodies.  The  type-metal  is  usually  melt«d  in  a  small  cast- 
iron  pot,  set  in  biictwork  with  an  enclosed  tire  under  it,  and  is  poured 
into  the  mould  by  a  very  small  ladle.  The  caster  then  jerks  the  mould 
quickly  upwards  by  a  peculiar  motion  of  his  arm,  and  thereby  eipela 
the  air,  and  forces  the  fluid  metal  to  enter  the  cavities  of  the  malrii. 
^Vlien  the  metal  is  set,  the  caster  removes  the  pressure  of  Hie  long 
curved  firing  at  the  bottom  of  the  mould,  and  thereby  rehevea  the 
matrix  from  tbe  &ce  of  the  type.  The  mould  is  then  sejarated,  and 
tbe  type  is  removed  by  tbe  application  of  one  of  the  hooks  attached  to 
tbe  upper  part  of  each  half.    Complicated  as  thess  operatdona  tipptn 


MUHTISO.  »* 

in  description,  the  closing  of  the  mould,  casting  the  type,  releuing  the 
spring,  opening  the  mould,  and  removing  the  type,  are  all  performed 
in  about  the  eighth  part  of  a  minute  j  so  that  an  expert  workman  will 
caat  SOU  letters  in  an  hour. 

When  the  types  leave  the  coater,  each  of  them  haa  a  amall  block  at 
metal  attached  to  ita  shank,  being  that  which  filled  the  throat  or 
funuel  of  the  mould.  Thesa  ore  removed  by  a  buy,  who  takes  up  the 
types  by  their  edges,  or  rather  by  the  top  aud  buttum  of  the  body,  and 
breaks  off  the  superSuous  metal  by  a  mution  slmust  too  quick  to  be 
fallowed  by  the  eye.  The  average  number  thus  treated  in  an  hour  ia 
2000,  but  some  hoya  can  break  off  about  5000.  The  next  operation  is 
rubbing  the  flat  sides  (but  not  the  edgea)  of  the  types  upon  a  piece  of 
gritstone,  the  Angers  of  the  rubber  being  protect<^d  by  pieces  of  tarred 
leather :  thia  also  is  commonly  done  at  the  rate  of  2000  per  hour.  Tbe 
types  are  theu  set  up  by  boya  in  long  roiva  or  lines,  and  these  are 
firmly  secured  in  long  framed,  which  hold  them  together  while  the 
dresser  tcrapes  or  polishes  the  flat  surfaces  which  form  the  top  and 
bottom  of  the  body,  and  cuts  a  groove  or  channel  along  their  loner 
enda  by  means  of  a  email  bon  pl.ine.  Wliile  they  are  in  the  frame  the 
types  are  alao  itarrfnf,  au  upentioQ  which  conaisti  in  planing  away  to 
a  bevel  the  upper  angle  ot  the  body  at  tho  feet  of  Uie  lettera.  After 
dressing  the  typca  are  tied  up  in  Huch  lines  as  may  bo  convenient,  and 
the  proportionate  numbers  ot  every  type  of  which  a  fount  conaiats  are 
selected.  All  the  types  belonging  to  one  fount  are  diatinguiahed  by 
one  or  more  grooves  or  niob  across  the  lower  edge  or  bottom  faoe  of 
the  body,  by  which  simple  contrivance  the  compositor  ia  enabled  to 
see,  or  even  to  feel,  without  looking  at  the  face  of  the  letter,  when  a 
type  is  inverted.  These  nicks,  whioh  should  be  different  in  number  or 
position  in  each  fount  used  in  a  printing-office,  are  formed  by  tbe 
insertion  of  one  or  more  wires  in  the  mould,  or  they  are  cut  by  a  plane 
while  they  are  in  the  long  frames. 

Although  the  composition  of  type-metal  varies  greatly  in  dlfibrent 
countries,  and  even  in  the  practice  of  difl'ersut  British  founders,  Isad 
atmont  invariably  forms  the  principal  ingredient.  Some  of  tbe  earliest 
founders  are  supposed  to  have  used  iron  to  harden  it ;  but  in  modem 
times  regulus  oE  antimony  is  commonly  employed  tor  tbe  purpose. 
Different  founders  use  different  alloys,  and  in  different  proportions, 
and  this  frequently  forms  a  trade  secret.  Tbe  size  of  the  type  alao 
uecssions  a  difference,  aa  a  small  type  requires  to  be  harder  than  a 
large  Ivpe. 

An  invention  has  also  tiesn  introduced  by  which  a  coating  of  copper 
is  given  to  the  face  of  the  type  by  an  electro-galvanic  proceea,  render- 
ing it  much  more  durable  at  a  moderate  expense. 

Some  letters,  from  their  peculiar  form,  require  mora  cars  than 
otbers,  owing  to  the  projection  of  certain  prominent  pMota  bayond 
the  shank  or  body  of  the  type.  Such  are  called  kemea  letters )  and, 
from  their  greater  liability  to  injury,  rather  mure  than  a  due  propor- 
tion of  them  ia  caat  with  a  founL  In  the  common  Roman  alphabet, 
f  and  j  are  the  only  kerned  letters ;  but  in  an  italic  fount,  d,  g,  j,  I, 
and  y  are  kerned  on  one  side,  and  /  on  both  sides,  and  some  of  tba 
capias  also.  Ae  the  kerned  f  cannot  be  placed  close  to  another  f,  an 
i,  or  an  t.  it  becomes  necessary  to  cast  what  are  called  logo'ypa,  or 
types  containing  two  or  more  letters  cast  on  one  body,  l^ose  in 
common  use  are  ST,  fl,  fi,  ffi,  and  SL  An  attempt  was  made  on  a  vei? 
extensive  sole  in  the  last  century  to  introduce  the  use  of  types  be«^ 
ing  whole  words  or  syllablea,  imder  the  name  of  loflojnyi'i.v,  or  lojo- 
graphic  printttig,  but  although  an  edition  of  Anderson's  '  History  of 
Commerce,'  in  four  quarto  volumes,  1787-9,  and  some  other  wOrks, 
were  printed  in  this  way,  tie  scheme  waa  eventually  abandoned. 

As  the  several  letters  ot  the  alphabet  are,  in  common  printing, 
required  in  very  different  proportions,  the  number  cast  ot  each  letter 


a  fount  needs  ti 


be  0 


different  languages,  and  in  different  kinds  of  n 
English  book-work  they  ar"  "' — '    "  '"  — 

a  8500 

b  1600 

c  SOOP 

d  4400 

e  12,000 

f  2500 

S  1700 

h  6100 

i  8000 


efully  regulated.     The  proportions  vat;  in 


r  ordinarj 


400 


8400 
120O 
2000 


m         3000  E  200 

To  the  above  are  added  accented  and  dotted  letters,  In  numbers 
ranging  from  100  to  250  ;  numerals  I  to  9,  and  0,  from  1000  to  1800 
each  ;  and  notes  or  marks  of  referenoe,  parentheses,  bracketa,  &c..  In 
number  varying  from  60  to  300.  The  number  of  CAPITALS  sup- 
plied with  such  a  fount  ranges  from  the  lowest  number,  80  {/.},  to  the 
highest,  800  (I),  with  40  of  X  and  30  of  (£.  Of  shall  capitals,  the 
number  required  in  ordinary  cases  is  about  one-half  that  of  large 
cwitals;  and  /lofio  are  also  supplied  in  small  numbers.  Spaces, 
wbicb  are  pieces  ol  metal  reaeinbling  tbe  shanks  or  bodies  of  letten. 


w^m^^Ki^^^m^^^^ 


751 
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and  used  to  separate  words,  are  cast  of  various  thicknesses,  to  enable 
the  compositor  to  juttify  his  work,  or  to  fill  up  each  line  to  the  same 
degree  of  tightness,  by  varying  the  spaces  between  the  words.  Of  the 
smallest  kind,  which  are  called,  from  their  extreme  thinness,  hair- 
spaces,  3000  are  supplied  with  a  fount  of  the  above  extent.  Of  the 
three  next  sizes,  called  thin,  middle,  and  thick  spaces,  the  numbers  are 
'8000, 12,000,  axid  18,000  respectively.  The  next  in  oider  are  n-quadrats, 
or  spaces  equal  in  body  to  the  letter  n,  of  which  5000  are  required ; 
and  la-quadrats,  double  in  thickness  to  the  last,  and  similar  in  body  to 
the  letter  m,  which  is  exactly  square,  or  as  wide  as  it  is  deep,  of  which 
the  number  is  2500.  In  addition  to  these  are  laiger  quadrats,  equal 
in  body  to  two,  three,  or  four  m's,  which  are  used  for  filling  up  lines  at 
the  end  of  a  paragraph,  or  in  poetry,  and  for  setting  up  blank  lines  in 
order  to  separate  two  paragraphs.  These  are  suppued  by  weight, 
according  to  the  kind  of  work  fur  which  the  fount  is  required. 

Although  all  British  founders  employ  the  same  names  for  types  of 
similar  size,  it  is  to  be  regretted  that  perfect  uniformity  in  the  sizes 
is  not  sufficientlv  attended  to  to  allow  the  types  of  different  foundries 
to  be  used  together  without  inconvenience.  The  subjoined  specimens 
show  the  various  sizes  employed  in  England  for  book-work,  beginning 
with  the  largest,  and  descending  to  the  most  minute : — 

1.  Great  Primer  is  the  largest 

l^rpe  ever  used  for  printing  books.  It  is  seldom  employed  lor  any- 
thing excepting  large  folio  Bibles,  and  on  this  account  is  sometimes 
call^  BibU  Text.  The  French  call  this  type  Oros  Romain,  and  the 
Germans,  from  its  having  been  the  third  of  seven  sizes  formerly  used, 
name  it  Tertia,  About  51^  m's  in  width,  or  the  same  number  of  lines 
in  depth,  occupy  a  foot. 

2.  English,  called  by  the  French  and 

Dutch  St,  Aiijfustin  (from  which  it  is  supposed  to  have  been  first  used 
for  printing  the  works  of  that  author),  and  by  the  Germans  Mitiel,  as 
the  middle  of  the  seven  sizes  above  idluded  to,  is  used  for  printing 
Bibles  and  other  works  in  folio  and  quarto.  There  are  about  64  m's 
to  a  foot. 

3.  Pica.     This  type  is  much  used  for  printing 

the  text  of  standard  library  works,  and  is  generally  referred  to  by 
printers  as  a  standard  for  the  measurement  of  work.  Leads,  brass- 
rules  for  printing  lines,  braces,  or  quotations,  Ac,  are  always  made  to 
so  many  Pica  m's,  whether  used  with  this  type  or  not.  In  France  and 
Germany  it  bears  the  name  of  Cicero,  apparently  from  having  been 
originally  used  in  printing  his  Epistles.    71  Pica  m's  go  to  a  foot. 

4.  Small  Pica,  called  Philosophie  in  France,  and 

Brevier  in  Germany,  is  a  type  very  extensively  used ;  perhaps  more 
than  any  other.    About  83  m's  go  to  a  foot. 

5.  Long  Frimer.    This  neat  type,  which  is  much  used 

for  printing  works  in  duodecimo,  is  called  Petit  Bamain  in 
France,  and  Carpus  in  Germany ;  the  latter  name  being 
probably  derived  from  its  use  in  printing  the  'Corpus 
Juris  : '  89, m's  of  Long  Primer  go  to  a  foot. 

6.  Bourgeois  appears,  by  its  name,  to  have  come  originally 

from  France ;  but  the  French  type  which  comes  nearest  to  it 
is  now  called  Oaillarde.  Hansard  states,  in  the  article  '  Type- 
founding,'  in  the  '  Encyclopaedia  Britannica,' that  the  Germans 
have  no  type  corresponding  with  this.  It  is  half  the  size  of 
Great  Primer,  and  about  102  m's  go  to  a  foot. 

7.  Brevier,  called  in  France  Petite  Texte,  and  in  Germany  Petit 

or  Junafer  (maiden  letter),  derives  its  English  name,  most  pro- 
bably, from  its  having  been  first  used  for  printing  breviaries,  or 
Roman  Catholic  church-books.  It  is  employed  for  printing  small 
works,  and  for  notes  to  those  printed  in  larger  type.  About  1124  ™'fl 
go  to  a  foot.  It  is  a  type  very  much  used,  and  is  that  employed  for 
the  text  of  the  '  English  Cyclopaedia.' 


newspapers, 
other  works, 
m's  go  to  a  foot. 

9.  Jfonpareit  (French  and  German  JfanpareUU),  Hansard  observes  of  this 
b«»uUmi  type,  that  at  iU  introduction  it  was,  of  oouxm^  without  a  peer  in  com- 
P«»«ve  rise  to  the  larger  types ;  and  he  thinks  that  it  atlU  ntains  its  chantcter, 
and  tiiat  every  mnaller  type  la  below  the  compass  that  any  eye  of  medium  sight 
is  able  to  read  without  pain.  It  is  einployed  in  the  foot-notes  occaaionaily 
introduced  in  this  work.    Ito  aise  is  half  Hca ;  and  US  m's  go  to  a  foot 


a  nuUer  bpdr:  or  tometime*  a  Pearl,  cut  on  a  larger  body,  to  gite  It  an 


—.  V"  .*  "?*' ».  «•"•»«"*»«■  •  rcmrt,  cut  on  •  ivger  Doay,  to  giTe  it  an  open  aBDcaranco. 
The  body  of  Kuby  i«  about  half  that  or  I«ig  Priaar.  id  aboit  IM  m't  go  to  a^^*^^ 
11.  PeaH,  ttUad  by  the  Vrnrh  Paritinne.  and  by  the  GcrmaBS  Ptrt,  wa»  the  aise  cut  next  to 
KonpamL  It  liabeattUrallctterfbrpnntiog  mtnlatan  cdittoB«.rad  U  •ttffleieDt:y  clear  to  be 
read  with  fiidUty  br  pcnpne  of  etroae  eiKht.  It  ia  aiao  much  u«ed  for  aotaa  u*  hooka  printed  In 
larger  type.    Pearl  ia  half  the  also  of  Long  Primer ;  and  about  178  m'a  go  to  a  fbot. 

^J^f.'tT^'!?^*'**'*.^^"^'*"*'^  •?  r«»««  .ad  0.f««f.  !•  UwMMllMttT^  .Mdh  Mb  tmmUj, 
l^  t..,V^'  '^^  •«'?«•»«  ^-f  N««.  Boolu  pHaMd  wlmU,  i,  ihU  I«,ur  m«  iyr^mfkl^  Mri«itiMk  mid 
»Mji.lt#  UwjT«.i..c  p»..i|>l«  cat*  in  prisUag.  Tli«  itmottplay  n#  UUmMia  lyf  waa  f«MrI*  4aaaMd  iaanctle.hl«k 
lai  ..  h«. oTUce  j«  .n  h.r«  .■«s««r..I,  a«o»plldi«I.  1 U  Jifte-lty  af  Making  aad  raapaMag  lypa  «  •.CMdiaalr 
M.aaUMjy  tocMMindffaattJia  fact  that  abaat  AiOOaf  U»  laMatlgaM  •  ftmmi  waigk^  ud  aboal  tOOOwt  Am 


thiaiMal  apaM.  Haari  Diilal,  tha  aailaaai  Fraaeh  lrM>Cnadar,  aal  a  tfya 
fenalhaiae  half  Naayafail.  wblla  Diaaand  ia  hatf  Tfawgiala  |  aa4  Hammti 
Maawam,  who  awt  tba  DiaaMMl  af  tha  Caala*  fttmArj,  aaanMaoad  • 
naai  tha  mm»  aathariiy  it  appMia  that  iha  DatA  ««f«  the  int  !■ 
Viy  iIm  im  la  Ka^laaJ. 


la  hia  "rvrayiiaJ^'ikilL 

ia   nnl  0«t  if  DbUL 
la  aa>  HaaiMi  l|f%  Ml  Vi. 


Of  types  larger  than  those  employed  for  book-work,  the  first,  in  u 
ascending  series,  is  called  Paragon  ;  the  next  ia  IhubU  Pica,  which  is 
twice  the  size  of  Small  Pica ;  above  which  are  Tioo-line  Pica,  TmhUu 
English,  Tufo-line  Great  Primer,  and  Two4ine  Double  Pica,  each  of 
which  is  double  the  size  of  the  common  type  from  which  its  iumei« 
taken.  One  other  type,  Cantm,  has  also  a  distinctiye  name ;  but  ail 
above  it  are  called,  according  to  the  number  of  Pica  m's  in  their  baght, 
Five-line  Pica,  Six-line  Pica,  &c.  Large  letters,  such  ss  are  uied  ia 
posting-bills,  were  formerly  cast  in  sand-moulds,  and  hence  called  md- 
letters  /  but  the  fourth  William  Caslon  introduced  a  oonvementmetiiod 
of  making  matrices  for  sudi  types,  without  the  use  of  punchei,  br 
cutting  the  letter  completely  through  a  piece  of  copper  or  bran  from 
one-eighth  to  one-fourth  of  an  inch  thick,  making  the  apertora  wider 
on  one  side  than  on  the  other;  and  then  riveting  the  plate  so  cut  wilh 
the  face  (or  side  at  which  the  apertures  are  smallest)  downwardi  upoa 
a  smooth  surface  of  brass,  which  forms  the  face  of  the  letter.  Tb^ 
are  now  usually  cut  on  a  soft  wood,  for  the  special  purpose  requirei 

Ornamental  types  are  made  in  endless  variety  for  printing  cwdi  ud 
circulars,  and  for  other  &ncy  purposes ;  but  of  these  it  is  only  necei- 
sary  to  mention  particularly  what  is  cidled  Script  type,  which  is  cut  to 
imitate  writing.  The  earlv  attempts  to  imitate  cursive  cbsracten  by 
letters  cast  upon  a  square  body  were  very  dumsy,  it  being  impoeaibie 
imder  such  circumstances  to  give  an  easy  inclination  to  the  lettcra, 
and  to  make  them  join  neatly.  To  remedy  this  H.  Fiimin  Didot 
invented  types  with  a  body  the  sides  of  which  form  oblique  angles 
with  the  top  and  bottom,  and  are  so  formed  that  they  -wiIl,neTRtbe- 
less,  lock  firmly  together,  without  any  inclination  to  slide  upon  eacb 
other.  This  may  be  readily  understood  from  the  annexed  cut,  which 
represents  tiie  words  **  Bought  of  "  set  up  in  script  type,  with  i 


triangular  piece  of  metal  added  at  each  end  to  allow  of  tfaorbeio^ 
wed£^  up  with  type  or  quadrats  of  the  usual  form.  Didotcui,on 
bodies  of  this  form,  the  component  parts  of  letters ;  but  his  idea  ns 
improved  upon  by  English  founders,  who  cast  the  letten  complete, 
and  provide  for  every  variety  of  junction  which  may  be  required  bj 
casting  some  of  the  letters  of  different  bodies,  according  to  the  relative 
positions  they  may  be  required  to  occupy.  More  recently,  s>p< 
founders  have  succeeded  in  casting  types  on  a  square  body,  whici 
answer  the  same  purpose  as  Script,  aad  these,  on  account  of  tb« 
greater  facility  of  composition,  are  more  generslly  used  for  oomtBoa 
work. 

Many  schemes  have  been  suggested  for  facilitating  the  manu&ctoR 
of  types  by  the  use  of  machinery ;  but  as  these  have  Med  to  come 
into  general  use,  they  may  be  dismissed  with  a  very  brief  notice. 
One  of  the  earliest  formed  part  of  a  very  comprehensive  project  f J 
the  improvement  of  printing  brought  forward  by  Mr.  William  Nichol- 
son, editor  of  '  Nicholson's  Joiunal,'  about  1790.  Another,  which  »« 
patented  about  1823,  by  Dr.  William  Church,  of  Birmin^uun,  pn>p(v» 
to  cast  types  at  the  rate  of  75,000  per  hour,  aad  to  melt  and  recast 
them  after  each  time  of  printing  from.  A  third,  of  lea  preten- 
sions, as  it  did  not  propose  to  dispense  with  the  subsequent  rui)* 
bing  and  dressing,  was  the  process  of  Henri  Didot,  pateoted  m 
England  by  Louis  John  PouchSe,  for  casting  at  the  rate  of  24,000  per 
hour ;  which  has  been  practised,  although  it  did  not  supersede  the 
ordinary  mode  of  casting  by  hand. 

More  recently  an  ingenious  machine  has  been  invented  hi  tm't 
by  turning  a  crank-wneel,  the  metal  is  injected  with  coooderwle 
force  into  the  type-mould,  brought  by  the  machinery  in  front  of  a 
reservoir  of  metal  kept  fluid  by  a  gas-fire  beneath  it,  sod  by  act^ 
tinued  movement  is  delivered  out  of  it^  at  a  rate  varying  from  ^ 
ten  times  the  rapidity  with  which  the  operation  oan  be  performed  'J 
hand.  Both  m  casting  bv  hand,  and  m  the  machine,  the  mould  ^ 
liable  to  become  obstructed  by  particles  of  the  metal  remaining  v^^.° 
it  has  to  be  brushed  clean.  When  this  happens  to  the  macluo«'>^ 
ceases  to  act,  and  thus  at  once  informs  the  ot>erator  of  the  defect. 

Composing, — The  processes  u>  the  business  of  a  oompoBtiV 
distributing  and  composing.  ^^ . 

1.  IHstrUniHng. — ^Each  compodtor  works  at  a  sort  of  deoL  j*"Sl^ 
frame,  and  in  most  instances  he  has  the  desk  or  frame  to  himaeu.  i 
frame  projects  laterally  from  the  wall,  having  the  light  on theio 
hand,  unless  when  lighted  from  the  top.    The  front  and  lowest  pan 
this  frame  is  about  as  high  as  the  elbow  or  ribs  of  the  <»>°>P°^r^''^^ 
order  to  allow  his  arm  to  move  freely  over  it.    The  back  is  ftbou  ^ 
foot  or  15  inches  higher.    The  space  between  is  about  28  "»<***•.  X^ 
divided  into  two  inclinations.    Upon  the  lower  and  ^^^^f, 
rests  the  lower-ease  ;  on  the  upper  and  more  acute  inclination  ^^^J^ 
upper-ease.    Each  frame  is  constructed  to  hold  two  pair  of  «"»•  ^ 
pair  of  cases  contains  aU  the  letters  of  the  alphabet,  whettier  8^ 
letters  or  capitals,  as  well  as  points,  figures,  &c,  &c  One  of  these  pif 
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of  cases  is  usually  occupied  by  the  Boman  letters,  the  other  by  the 
It<Uic.  The  upper-case  is  divided  into  98  partitions,  all  of  equal  size ; 
and  these  partitions  contain  two  sets  of  capital  letters,  one  denominated 
"  full  capitals/'  the  other  "  small " ;  one  set  of  figures ;  the  accented 
Towels;  and  the  marks  of  reference  for  notes.  The  lower-case  is 
divided  into  partitions  of  four  different  sizes,  some  at  the  top  and  ends 
being  a  little  smaller  than  the  divisions  of  the  upper-case,  others  nearer 
the  centre  being  equal  to  two  of  the  small  divisions,  others  equal  to 
foiu:,  and  one  equiu  to  six.  In  all,  there  are  53  divisions  in  the  lower- 
case. The  inequality  in  the  size  of  the  cells  of  the  lower-case  is  to 
provide  for  the  great  differences  as  to  the  quantity  required  of  each 
letter. 

The  proportion  in  which  a  particular  letter  is  required  renders  it 
neoessary  that  the  cells  of  the  lower-case  should  be  arranged,  not  as 
the  letters  follow  each  other  alphabetically,  but  that  those  in  most 
frequent  use  should  be  nearest  the  hand  of  the  compositor.  The  point 
at  which  he  stands  is  not  far  removed  from  the  centre  of  the  lower- 
case, and  within  a  I'ange  of  about  six  inches  on  every  side  lie  the  o,  d, 
e,  i,  s,  m,  n,  h,  o,  p,  u,  t,  a,  and'r,  the  letters  in  most  frequent  use. 
The  spaces,  which  he  wants  for  the  division  of  every  word,  Ue  close  at 
his  hiuid  at  the  bottom  of  the  central  division  of  the  lower-case.  It 
must  be  quite  obvious  that  the  man  who  contrived  this  arrangement 
saved  a  vast  deal  of  time  to  the  compositor. 

As  dittribuUng  is  a  part  of  the  compositor's  business  for  which 
nothing  is  paid  direct  (the  payment  for  that  labour  bemg  included  in 
the  price  of  composition),  it  is  neoessary,  before  he  can  compose,  that 
he  should  put  type  into  his  cases,  as  no  one  will  have  done  this  for 
him.  This  operation  is  a  most  beautiful  process  in  the  hands  of  an 
expert  compositor;  and  probably  no  act  which  is  partly  mental  and 
partly  mechanical  offers  a  more  remarkable  example  of  the  dexterity  to 
be  acquired  by  long  practice.  The  workman,  having  prepared  a  quan- 
tity of  type  which  has  been  already  printed  from,  either  in  a  form  or 
page  (terms  which  will  be  described  under  maJdng-v/pt  &o.),  loosens  the 
lines  sufficiently  to  allow  them  to  be  washed  free  from  dirt.  While 
the  types  are  yet  moist,  in  which  state  they  adhere  sufficiently  to  pre- 
Tent  them  with  care  from  falling  asunder,  he  lifts  a  portion  of  the  type 
as  it  has  been  an-anged  in  lines  upon  a  slip  of  brass  rule.  This  he 
rests  upon  the  middle  finger  of  his  left  hand,  supporting  one  side  with 
his  thumb,  towards  w^ch  he  somewhat  inclines  the  whole  handf uL 
In  each  letter  there  is  a  nick  or  nicks,  to  indicate  the  bottom  edge  of 
the  letter.  Keeping  the  face  towards  him,  and  the  nick  uppermost,  he 
takes  up  one  or  two  words  between  the  fore-finger  and  thumb  of  his 
right  hand,  and  drops  the  letters,  each  into  its  proper  place,  with  almost 
inconceivable  rapidity.  His  mind  has  to  follow  the  order  of  the  letters 
in  the  words,  and  to  select  the  box  into  which  each  is  to  be  dropped, 
while  his  fingers  have  to  separate  one  letter  from  another,  taking  care 
that  only  one  letter  is  dropped  at  a  time.  This  is  a  complicated  act ; 
and  yet  a  good  compositor  will  distribute  three  or  four  times  as  &st  as 
he  composes — that  is,  he  will,  if  necessary,  return  to  their  proper  places 
50,000  letters  a  day.  The  letters  being  inverted  in  printing,  are  not 
read  as  they  are  read  in  a  book,  and  thus  "  to  know  his  p's  from  his 
q's  "  is  a  difficulty  to  a  beginner. 

Standing  before  the  pair  of  cases  which  contain  the  Roman  letter,  he 
holds  in  his  left  hand  what  is  called  a  eomptmng-Btick,  This  is  a  little 
iron  or  brass  frame,  one  side  of  which  is  moveable,  so  that  it  may  be 
adjusted  to  the  required  width  of  the  page  or  column  which  the  work- 
man has  to  set  up.  It  is  made  perfectly  true  and  square ;  for  without 
such  accuracy  the  lines  would  be  of  unequal  length.  It  is  adapted  to 
contain  not  more  than  about  seventeen  lines  of  the  type  of  the  present 
work. 


Composing-Stick. 

The  copy  from  which  the  compositor  works  rests  upon  the  least-used 
part  of  the  upper-case.  The  practised  compositor  takes  in  a  line  or 
two  at  a  glance,  always  provided  the  author  writes  an  intelligible  hand 
— which  virtue  is  by  no  means  universal.  One  by  one,  then,  the 
compositor  puts  the  letters  of  each  word  and  sentence  into  his  stick, 
securing  each  letter  with  the  thumb  of  his  left  hwd,  which  is  there^ 
fore  continually  travelling  on  from  the  beginning  to  the  end  of  a  line ; 
the  letters  being  arranged  on  a  thin  slip  of  pollened  brass  of  the  same 
height  as  the  type,  called  a  setting-rule,  and  which  is  shifted  from 
behind  each  line  to  the  front  when  completed,  the  roughness  of  the 
types  being  thus  avoided.  His  right  hand  goes  mechanically  to  the 
box  which  he  requires ;  but  his  eye  is  ready  to  accompany  its  move- 
ments. In  each  letter,  as  we  have  stated,  Uiere  is  a  nick  or  nicks,  to 
indicate  the  bottom  edge  of  the  letter ;  and  the  nick  must  be  placed 
outwards^  in  his  composing-stick.  Farther,  the  letter  must  also  be 
placed  with  the  face  upwards,  so  that  two  right  positions  must  be 
combined  in  the  arrangement  of  the  types.  If  tiie  compositor  were  to 
pick  up  the  letter  at  random,  he  would  most  probably  have  to  turn  it 
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in  his  hand ;  and  as  it  is  important  to  save  every  unnecessaiy  move- 
ment, his  eye  directs  him  to  some  one  of  the  heap  which  lies  in  the 
right  position,  both  as  regards  the  face  being  upwards  and  the  nic^  being 
outwiuxls.  This  nick  is  one  of  those  pretty  contrivances  for  saving 
labour  which  experience  has  introduced  into  every  art,  and  which  are 
as  valuable  for  diminishing  the  cost  of  production  as  the  more  elaborate 
inventions  of  machinery.  When  he  arrives  at  the  end  of  his  line,  the 
compositor  has  a  task  to  perform  in  which  the  carefulness  of  the  work- 
man is  greatly  exhibited.  The  first  letter  and  the  last  must  be  at  tho 
extremities  of  the  line :  there  can  be  no  spaces  left  in  some  instances, 
and  no  crowding  in  others,  as  we  see  in  the  best  manuscript.  Each 
metal  type  is  of  a  constant  thickness,  as  far  as  regards  that  particular 
letter,  though  all  the  letters  are  not  of  the  same  thickness.  The 
adjustments,  therefore,  to  complete  the  line  with  a  word,  or  at  any 
rate  with  a  syllable,  must  be  made  by  varying  the  thickness  of  the 
spaces  between  each  word.  A  good  compositor  is  distinguished  by 
imiformity  of  spacing :  he  will  not  allow  the  words  to  be  very  close 
together  in  some  instimces,  or  with  a  large  gap  between  them  in  others. 
His  duty  is  to  equalise  the  spacing  as  much  as  he  possibly  can ;  and 
this  is,  in  some  cases,  very  troublesome.  When  the  workman  has 
Jilled  his  stick,  as  it  is  called, — that  is,  has  set  up  as  many  lines  as  his 
stick  will  conveniently  hold, — he  lifts  them  out  into  what  is  termed  a 
galUy,  by  grasping  them  with  the  fingers  of  each  hand,  the  setting-rule 
supporting  them  in  front,  and  thus  taking  them  up  as  if  they  were  a 
soUd  piece  of  metal.  The  facility  with  which  some  compositors  can 
lift  about  what  is  called  a  htjmdful  of  moveable  type,  without  deranging 
a  single  letter^  is  very  remarkable.  This  sort  of  skill  can  only  be 
attained  by  practice ;  and  one  of  the  severest  mortifications  which  the 
printer's  apprentice  has  to  endure  is,  to  toil  for  an  hour  or  two  in 
picking  up  several  thousand  lettent,  and  then  to  see  the  fabric  destroyed 
by  his  own  clumsiness,  leading  him  to  mourn  over  his  heap  of  broken 
type— technically  called  pye — as  a  child  mourns  over  his  fallen  house 
of  cards. 

Letter  by  letter,,  and  word  by  word,  is  the  composing-stick  filled ; 
and  by  the  same  progression  the  galley  is  filled  by  the  contents  of 
successive  sticks. 

In  composing  pages  for  a  book,  when  the  compositor  has  set  up  as 
many  lines  as  &  a  page,  he  binds  them  tightly  round  with  cord,  and 
places  them  imder  Us  frame ;  this  is  making-up.  We  need  scarcely 
say  that  the  sizes  of  books  greatly  vary ;  but  they  are  all  reducible  to 
a  standard  determined  by  the  number  of  leaves  into  which  a  sheet  of 
paper  is  folded.  The  most  common  size  is  called  octavo,  the  size  of 
Macaulay's  'History  of  England,'  and  this  contains  16  pages  to  the 
sheet ;  tlie  next  is  duodecimo,  the  size  of  the  '  British  Almanac,'  con- 
taining 24  pages  to  a  sheet;  and  the  next  octodecimo,  oreighteens, 
containing  36  pages  in  a  sheet.  There  are  many  other  sizes,  such  as 
the  larger  ^tMirto,  which  is  the  size  of  the  present  work,  and  the  smaller 
twenty-fours.  Much  skill  and  ingenuity  are  employed  in  devising  what 
are  called  schemes  of  imposition.  In  regular  and  perfect  sheets  of  a 
work  this  is  usually  all  settled,  but  in  the  endings  of  volumes  the 
chances  are  much  against  their  forming  complete  sheets,  and  the 
compositor  has  then  to  consider  how  he  can  best  dispose  the  pages  so 
as  to  avoid  waste  of  paper  and  expense  in  working  at  press. 

In  every  case,  when  a  sheet  is  complete,  the  compositor  arranges  the 
pages  in  proper  order  upon  the  imposing-stone,  which  is  a  large  table 
with  a  polished  stone  or  iron  top :  he  plaices  around  the  whole  a  stout 
iron  fnune,  called  a  ckase,  and  surrounds  each  page  with  pieces  of  wood 
called  furniture,  so  as  to  leave  an  equal  margin  to  every  page,  and 
finally  wedges  the  whole  tightly  together  with  a  wooden  mallet  in  the 
chase.  If  the  work  is  properly  executed,  the  pages  thus  wedged  up. 
constituting  one  side  of  a  sheet,  termed  a  form,  are  perfectly  tight  and 
compact ;  and  the  form  may  be  carried  about  with  as  much  ease  as  if 
it  were  composed  of  solid  plates,  instead  of  being  formed  of  40,000  or 
50,000,  or  even  100,000  moveable  pieces,  weighing  from  a  few  pounds 
to  a  couple  of  hundred-weight.  In  this  state  a  proof  is  pulled ;  that 
ia,  a  single  impression  is  taken  at  the  press. 

In  newspapers,  periodical  works,  and  many  other  works  in  which 
much  alt^tion  is  anticipated  in  subsequent  stages  from  the  author, 
the  type  or  matter,  as  it  is  technically  called,  is  wedged  in  brass  galleys, 
in  whifit  are  called  dips,  imd  after  it  has  undergone  the  process  of 
correcting,  it  Ib  then  nuule  up  into  pages  and  imposed,  or  arranged  in 
order  to  be  worked  on  the  paper. 

The  inventive  &culty  has  also  been  applied  to  methods  for  facilitating 
the  arrangement  of  the  type,  as  weU'  as  for  type  founding.  In  tho 
Report  on  Printing,  &o.,  of  the  Paris  Exhibition  of  1855,  Mr.  Knight 
says :  •>"  During  the  last  twenty  years  there  have  been  various  attempts 
to  pr6duce  a  machine  that  will,  to  some  extent,  supersede  that  portion 
of  manual  labour  in  printing  which  is  called  '  composition.'  Without 
attempting  to  describe  the  various  contrivances  by  which  a  more  rapid 
method  of  arranging  moveable  types  was  to  be  effected  than  by  the 
ordinary  method,  it  may  be  sufficient  to  say  that  by  keys,  like 
those  of  a  pianoforte,  some  force  might  be  applied  to  remove  a 
single  letter  from  its  proper  receptacle,  and  arrange  it  in  a  com- 
bination of  words  and  sentences.  ....  There  were  several  composing 
and  distributing  machines  in  the  French  Exhibition,  but  the  most 
remarkable  one,  and  that  which  appears  to  me,  as  it  appeared  to 
M.  Didot  and  other  competent  judges,  to  approach  nearer  than  any 
other  invention  to  the  accomplishing  of  this  long  sought  for  object,  Ib 
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ttioi  antitled — '  Uschina  h  eompoaar  et  mettro  bu  pour  I'lUKge  da 
Vimprimerifl,  oompCs^B  et  executes  par  Chriatiui  Soreiman.'  It  waa 
■tatod  that  a  Copeohagim  nswapaper,  of  which  a  copy  waa  abown,  had 
beaa  printed  for  aoms  time  b;  this  melliod.  It  would  b«  impogaiUe 
to  convey  an  adequate  notion  of  the  datalli  of  thia  Duehiiie  without 
di»wingH.  I  wiE  endeavour  brieBy  to  itata  the  principle  : — The  types 
are  of  uie  luual  thickneaa  and  haight.  Id  tbo  centre  ot  eftch  type,  in 
the  front,  ia  a  deep  nick  of  a  dovetail  ahape.  which  fits  npon  a  iQetaJ 
edge,  BO  that  the  tyf  <^^'^°^ '^ '^'^'""'-  ^"^  "^  ^^^  letten  whioh 
are  required  in  the  fount,  each  letter  bsa  two,  three,  or  four  nicks  cut 
at  riRht  angles,  the  nidui  of  no  one  letter  being  the  eaae  aa  another. 
A  c^inder,  which  may  be  described  u  a  large  baain,  haa  a  nomber  of 
metal  edgaa  plaeed  vertically  in  ila-iido.  upon  which  the  tjpea  without 
'  any  rt^aid  to  order,  being  the  matter  for  diatribution,  are  rapidly  slid 
by  tbe  dovetail  nicli. 

"  When  the  baiin  ia  filleii,  it  it  inverted  upon  a  cylinder  of  oorre- 
■ponding  aize  below.  Upon  tbe  rim  of  thia  cylinder  ia  a  aepante 
opening  for  the  reception  of  each  of  the  HI  letters,  but  no  one 
>pening  ia  like  anuther.  The  diitributlng  and  the  composing  go  On  at 
the  aame  time.  The  compoeitor  ia  seated ;  with  a  treHdle  he  movea 
the  upper  CTlinder,  which,  aa  it  alowlj  revolves,  finda  in  tbe  lower 
cylinder,  which  ie  stationary,  a  fit  place  for  every  aepante  latter  aa  it 
deaoenda  by  its  own  gravity  to  the  Iwttnm  of  each  metal  edge.  Tbe 
»  having  two  broad  nicka,  one  about  ^  of  an  inch  from  ita  top,  the 
other  at  the  aame  distance  from  ita  bottom,  falla  into  the  n  opening, 
which,  having  pranta  corresponding,  alone  can  admit  it  from  ita  simi- 
larity of  form,  while  tbe  k  having  four  nicks,  two  broad  aod  two 
(larrow,  paaaea  into  its  own  division,  and  («iinot  be  oonfused  with 
the  ■, 

"But  whilat  tiiis  process  of  diatribotioa  is  steadily  proceeding, 
without  any  care  but  to  keep  the  upper  oylioder  oocaaionally  siippli^ 
with  new  material  for  its  opention,  tbe  process  of  composition  is 
ripidly  going  on.  The  compoaitor  site  before  a  compact  little  frame  of 
keys,  each  key  having  a  connecting  wire  for  each  division  of  the  lower 
cylinder.  He  strikes  a  key  and  the  lower  letter  is  instantly  detached 
and  ioJla  into  a  funnel-shaped  receptacle  below,  where,  without  being 
inverted  in  any  way,  it  runs  into  a  groove,  aUd  arranges  itself  in  itn 
proper  order,  in  tbe  line  of  its  fellows.  Thia  is  a  long  line  of  several 
feet.  By  an  ingenious  contrivance  each  auch  line  ia  posed  on  one 
aide,  as  it  is  completed,  to  another  workman,  who  takes  up  as  many 
letten  aa  will  fill  the  due  width  of  his  page  nr  column,  and  spnces  out 
tbe  words  In  the  otdinary  way.  I  aaw  lOun  letters  thus  placed  in  line 
in  tbe  short  space  of  four  minutes,  nnd  the  spelling  and  pnnctuation 
appeared  aa  correot  aa  in  m«t  matter  of  common  compueitioQ  before 
it  IS  read.  When  the  necenary  losa  of  timo  in  refilling  the  cvliuders, 
and  through  other  hindrancea,  ia  taken  into  account,  it  wax  stated  by 
the  exhibitor  tbat  60,000  types  are  set  up  and  distributed  each  day. 
Tbia  girea  a  rate  of  about  SOOO  an  hour,  which  ie  treble  that  of  tbe 
ordinary  compoaitor'a  nite." 

Other  machines,  deaigued  to  attain  greater  rapidity,  nr  of  more 
simple  and  cheaper  conetruetion,  have  been  produced  since  that  exhi- 
bition ;  and  a  few  have  been  brought  into  aotuiJ  work  in  printing- 
'pfficfs,  but  without  Butaciantaneoese  to  insure  thdr  genetiJ  adoption. 
Anioug  the  latent  of  tUeee  inventions  is  that  o£  Mr,  Vmini;.  In  which 
the  keyed  arrangement  is  adopted,  the  moeptacle  being  filled  as  ile- 
ucribed  above.  The  .lotioii  of  tile  lever  knooks  aaide  the  letter  reqvtired. 
wbic>.  iiislantly  drops  into  a  apecial  groove  running  down  an  inclined 
plane  ,  and  thu  leads  to  tbe  gener^  issue,  where  it  is  propelled  by  the 
action  of  a  lathe,  at  the  end  of  which  it  arranges  itaelf  in  its  denired 
order  in  an  upright  position,  and  is  thus  peased  te  a  franwof  divided 
apacee  to  admit  the  arranged  typae  in  long  lines.  Aa  one  space  fills,  a 
lover  hfta  it  a  line,  until  tbe  whole  is  filled,  when  its  plage  Is  supplied 
by  an  empty  one.  Tbe  frame  thus  filled  is  removed  to  the  jiistifytng 
machine.  Here  tbe  frame  is  placed  so  as  to  bring  tbe  upp^inost  line 
oa  a  level  with  an  instrument  brought  by  a  screw  to  tbo  width  of  tbe 
line  requuwi.  Tbe  justifier  glances  his  eye  along  the  line,  oorreetaany 
error  that  be  detects,  and  sliiiea  as  much  oa  the  Une  of  the  justifying 
machine  will  take  with  regard  to  tbe  end  or  dirision  oE  a  word,  and 
then  spouea  it  tight.  The  instrument  then  dropa  a  line,  and  tbe  pro- 
cess is  repeated  till  a  page  ia  formed,  which  is  then  removed.  U  is 
staled  that  one  player  will  compose  13,000  letters  per  hour,  «id  that 
thia  will  occupy  three  compositors  in  justifying.  Working  nine  hours 
.t  day,  this  would  be  117,000  lettera  for  four  compositors,  or  about 
29,000  for  each ;  while  at  tbe  common  case  th^  could  not  prwluoe 
more  than  13,000  at  most  by  the  uauai  process,  which  however  includes 
the  diatribution,  which  must  with  this  maebine  be  efibcted  by  a  Gum> 
puaitor.  although  tbe  inventor  has  in  hand  (Nov.  IfiSO)  a  machine  for 
performing  the  distribution  also.  Wbendistributed.eacbtypehoatobe 
set  up  separately,  in  order  to  be  pkced  in  their  receplaoles.  and  this  ia 
done  by  boya,  at  about  tbe  Hams  rate  aa  is  done  in  Tupt-fowuiing. 

There  is  one  drawbadt  to  all  such  machines,  that  appean  almoet  im. 
pojsible  to  overcome,  and  will  greatly  prevent  their  general  use.  They 
liiay  arrange  types  with  a  rapidity  far  greaUr  tian  is  atlninable  by 
niaa's  fingers  in  lifting  them;  but  the  superiority  of  machinery  con- 
sists mainly  in  ita  ijcing  continuous.  If  this  fails,  tbe  advantage  is 
lost,  and  the  interruptions  are  cost^.  Now  in  competing  no  one  can 
move  hia  lingers,  either  on  the  keys  of  a  machine  or  into  the  boxes  of 
■  -wte,  faster  Uian-  he  can  read  tbe  copy.     Paw  know  better  than  a 


compodtor  the  difficulty  there  is  in  r<«Ung  aoet  mAnuacripta,  Even 
tbe  change  of  a  hand-writing  is  often  an  obstacle,  and  of  many  authors 
the  writmg  ia  so  peculiar  or  eo  bad  as  to  take  considerable  time  to 
decipher;  and  many  others  ne^ect  tbe  punctuation,  which  a  good 
oompoeitor  ought  carefully  to  attend  to.  On  nowspapora  the  copy  ia 
often  from  a  copying-press,  and  is  faint  or  ob»cure,  or  is  imtfen  oa 
thin  paper  with  a  pencil,  with  like  defects.  Nor  is  there  any  proriaion 
for  the  use  of  a  word  in  italic,  or  in  any  dtStrent  alphabet,  such  an 
Greek  or  Hobrsw.  Thus,  in  manuscript  works,  the  worker  at  a  com- 
poeing  maebine  would  necessarily  lose  so  much  time  in  reading  bis 
copy  as  greatly  to  reduce  bis  rate  of  speed ;  for  if  he  mistake,  the  &ult 
haa  to  be  corrected.  This  cannot  be  done  by  machine,  and  the  ccr- 
rection  frequently  takes  as  much  time  as  the  ori^nal  compneitJDii. 
With  mere  reprints  they  may  answer  better  ;  bnt  even  with  them  ve 
believe  tbe  idea  of  employing  the  cheap  labour  of  boys  has  been  given 
up,  and  it  is  found  more  remunerative  to  engage  men  already  acquainted 
with  their  business  as  oompoajtora, 

Prinfinrj-pi/n.— The  term  printlag-preas  is  applied  to  the  tnacbiu" 
used  for  letter-preaa  printing,  lithugraphic  printing,  or  copper-p!)^' 
printing,  but  more  usually  the  first  named,  the  others  bong  alM 
roUing-preases.  The  date  of  tbe  Invention  of  the  printing-prees  if 
unknown,  but  some  contrivance  for  this  purpose  must  have  been  ushI 
as  Boon  as  printing  by  blocks  or  typos  wsa  introduced.  The  increax^ 
force  requisite  to  make  an  imprssraul,  tbe  sixe  of  the  surface  to  ir 
printed  from  being  increased,  would  aTon  siipgeet  reeonne  to  some  of 
the  simple  machinsa  or  mechanical  powers  f^r  the  modilication  of  tb- 
power  requisite  to  obtain  thenecessarj  prasure.  Tbe  screw,  aa  apphcrl 
in  tbe  common  acrew-preas,  would  obviously  suggest  itself;  and 
accordingly.  In  all  tbe  earlier  printing  presses,  the  acrew  alone  is  used. 

The  operations  to  be  periormed  in  the  process  of  printing  will  point 
out  the  eaaentlal  parts  of  a  printing-press.  The  ^Tpes,  being  set  up 
and  arranged  in  a  form  of  suitabto  dimensions,  have  to  be  inked ;  this 
is  effected  by  passlnp  across  them  a  cylinder,  or  roller,  covered  with  an 
elastic  composition  of  molasses,  gtue.  and  tar.  The  paper  to  be  printd 
haa  to  be  laid  on  the  types  whan  inked,  and  iJien  the  reqoiaite  preaure 
for  making  the  impression  has  to  be  applied. 

The  earliest  form  of  printing-press  very  closely  reaembled  the 
common  acrew-preis,  as  the  cheese  or  napkin  pren,  with  some  contri- 
vance for  running  the  form  of  types,  when  inked,  undev  the  prawure. 
and  back  again  when  the  impression  was  made.  This  rUde  and  ii>co:i- 
venient  form  of  presa  waa  superaeded  by  the  invention  of  Blew,  a 
printer  of  Amsterdam.  Other  Improvemente  were  from  time  tn  tim 
intiodiieed;  but  they  were  all  superseded,  about  the  commoncemeir. 
of  the  preaent  century,  by  an  invention  of  Lord  Stanhope. 

In  the  accompanying  diagram  of  tlie  Stanhope  prees,  a  ia  a  fnaasivi- 
frame  of  iron,  cost  in  one  piqee,  forming  the  body  of  tbe  proe.  an  i 


firmly  filed  to  the  ctoeb  b.  or  woolen  foundation.  Tlie  table  c  cirric  j 
tbe  form  of  typei  D,  which,  being  placed  on  a  «rria,L;e,  tr.ivfr^es  Ihi' 
table  backwards  and  forwanli,  nintion  being  given  to  it  by  Tncios  i-t 
the  crank-bandlo  acting  underneath  the  table.  To  the  earring"  nr.> 
attached  tbe  tympens  E,  which  urc  lijjht  frames  covered  with  parch- 
ment, and  so  constructed  that  the  inner  tymprm  just  ties  » Lilian 
the  enter  tympan.  Some  blanketing  is  pktced  bctweon  tbe  tympioa.  eo 
as  to  equalise  the  pressure  upon  the  surface  of  the  types.  Tn  the 
outer  tympitn  is  attached  the  frisket  r.  The  sheet  of  p:iper  to  bo 
printed  being  placed  on  tbe  tjmpnnx,  the  friskct  is  turned  down  upon 
it;  and  then  the  frinhet  and  tympins  are  turned  down  upon  tbe  form 
of  types.  Tbe  triiket  is  covered  with  paper  or  parchment,  cut  out  ».i 
that  the  sheet  to  be  printed,  when  placed  between  tbe  tjTnjwna  oJi-.i 
frisket,  and  folded  down  together  on  tbo  fonn  of  types,  may  be  m 
contact  with  the  surioce  of  the  ty[>eB ;  while  the  remainder  of  tbe 
f risket^sheet  preserves  the  margin  from  being  soiled. 
The  form  of  types  being  inked,  and  the.tympsns  and  fKsket,  with 
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tha  aheet  of  p^>cr  betweea  them,  folded  down  on  the  form,  the  whole 
ia  ruQ,  b;  tumiiig  the  cnuik-baiidle,  under  the  platen  o,  whidi  ii  a 
mas^ve  pLtte  of  cut-iroD,  moveable  up  and  down  perpendicularly,  ila 
weight  beiog  rather  more  than  counterbalanced  by  the  weif^t  I  at  the 
back.  Tbe  preeeman  pulla  the  handle  of  tbe  lar  H  towu^  Mm,  or 
acroaa  the  preas,  and  thua  uommunicatea  motion  to  k  iiud  I,  and  oauaea 
tha  apiadls  <a,  which  auataina  the  platen,  to  dsscend  and  produce  tbe 
requiiiit«  preoaure.  Tbe  principal  improTement  of  tbe  Stanhope  press 
couBlats  ia  tbe  mani\er  in  wbii^  the  dracendicg  motion  ia  given  to  tbe 
scTaw.  Tfaia  depends  on  the  propertiea  of  the  bent  lever,  and  may  be 
eiploined  in  the  following  manner  ; — It  ia  a  necea  ary  conaequcooa  of 
the  peculiar  combiiiation  and  arrangement  of  the  bent,  lever  here 
employed,  that  on  the  handle  u  being  moved,  the  platen  deeceniia 
rapidly  at  first;  but  aa  the  platen  cornea  very  near  to  the  extreme 
puint  of  its  (Uscent,   tbe  motion  ia  exttemdy  slow. 


platen,  vihoae  motion  at  thia  instant  is  exceedingly  stow,  the  preasure 
produced  is  enormously  large.  It  tvUI  be  found  alao  that  at  the 
iastant  the  platen  ia  at  ita  loneat  paint,  the  connecljog  bi  I,  by  which 
the  power  applied  ia  tranamitted  to  the  platen,  paiBea  tcroH  the 
centres  of  motion  of  the  system  of  forces ;  at  this  inetaot,  (*  theory 
poinU  out,  tte  ratio  of  tbe  preaaure  .produced  to  the  power  ftppUed  is 
indefinitely  largi'.  Tbe  puU  baving  been  made,  or  the  presauro  pro- 
duced, the  handle  a  retuma  to  ltd  original  poaition,  being  taiken  back 
by  tbe  weight  i  at  the  back,  which  mther  more  than  counterbalances 
the  platen.  The  carriage  is  then  run  back,  tbe  friaket  and  tympana 
unfolded,  and  tbe  print^  sheet  lieing  taken  out,  the  earns  operation  ia 
repeated.  The  naual  nte  of  printing  by  tbe  Stanhope  press  ia  two 
hundred  and  &ltj  per  hoar,  twu  men  being  empLoyed,  one  to  ink  tbe 
types,  and  the  other  as  pressman. 

The  p^ciple  of  the  Stanhope  press  baa  been  fallowed  out  by 
several  subsequent  inventora,  and  improvementa  of  mecbaniCBl  detail 
introduced,  Unding  to  the  economy  of  time  and  labour,  and  to  pre- 
cision of  workmanahip.  In  the  Kuthven  preia,  the  form  of  types 
remains  atatianaiy,  and  theplattin  ia  removed  to  permit  the  types  til  be 
inked ;  and  in  thia,  sa  tveli  aa  the  Columbian,  tba  pressure  1^  produeod 
by  a  combination  of  levers  alone,  without  the  use  of  any  p^irlion  of  a 
acreff  or  mclined  plane. 

The  preaa  for  copper-plate  printing  oonaiita  of  two  cylinders,  or 
rollera,  of  wood,  aupported  in  a  strong  wooden  frame,  and  moveable 
about  tbeir  axee,  one  placed  just  above  and  another  just  below  tbe 
level  of  tbe  table  upon  which  the  plate  to  be  printed  is  laid  Tbe 
upper  roller  is  turned  round  by  the  aims  of  a  cross  fixed  to  ita  axis. 
The  copper-plate  being  inked,  the  paper  on  which  the  impnMion  is  to 
be  token,  and  two  or  three  lolda  of  soft  material,  as  bUnketing,  are 
placed  upon  it.  The  plate  so  prepared  ia  moved  along  ^e  table  to 
the  juncture  of  the  two  rollera,  and  the  upper  roller  b«ng  turned  by 
the  arms  of  the  croaa,  the  plate,  with  iU  fumiture,  ia  passed  through 
tbe  press.  The  rollers  may  be  placed  nearer  to  or  farther  from  each 
other,  according  to  tbe  amount  of  pressiue  requisite  for  making  a  good 
impression,  that  is,  according  to  the  depth  of  the  engiaving  and  the 
de^^e  of  blackness  which  the  impression  ia  required  to  have.  Vi'iih 
alight  modification  the  same  form  is  used  for  Lithographic  pi;inting,  to 
wluch  steam-power  haa  been  recently  applied  very  eilectivBly. 

Printiag-Machine.  —  The  printing-press,  though  much  improved 
during  the  last  half-centui;  by  the  ingenuity  of  Lord  Stanhope  and 
uthera,  ia  quite  inadequate  to  a  rate  of  production  equal  to  the  present 
demand.  The  attention  of  pcactical  men  waa  consequently  direeted 
to  some  more  rapid  means  of  production,  imd  aa  early  as  1790,  even 
before  the  Stanhope-press  was  generally  known,  Mr.  W.  If  Lcholson  had 
letters- patent  for  a  machine  similar  in  many  respects  to  those  which 
have  now  come  into  uae.  Subsequently  Mr.  Kdnig,  a  German,  con- 
ceived nearly  the  aame  idea,  and  meeting  witli  the  enoouragement  in 
this  country  which  he  failed  to  obtain  on  the  Continent,  constructed  a 
printing-machine,  and  on  ttie  26th  of  November,  1B14,  the  readers  of 
the  '  I^es '  were  informed  that  iliey  were  then  for  the  first  time 
reading  a  newspaper  piinted  by  machinery  driven  by  steam-power. 
This  printing-machine,  though  highly  ingenious,  waa  very  complicated, 
and  the  machine  of  Konig  tvas  soon  supeTssded  by  that  of  Uessrs. 
Applegalh  and  Cowper,  the  novel  featiu-es  of  which  were  accuracy  in 
the  regiat^,  the  method  of  inking  the  lypea,  and  great  simplicity  in 
hitherto  very  complicated  parte.  Frintmg-maehinea  may  be  diatin- 
guiahed  into  single  and  double ;  the  single  being  that  in  which  only 
one  aide  of  the  sbeet  of  paper  is  printed,  the  double  that  in  which  both 
sides  are  printed  before  the  sheet  leaves  the  machine.  The  former  is 
used  for  newspapers  and  that  kind  of  printing  in  which  it  is  not  neces- 
sary for  the  two  aides  of  the  sheet  to  "  register,"  that  is,  for  the  print- 
ing im  one  side  to  be  exactly  at  the  back  of  the  other;  the  latter  for 
books,  in  which  it  is  essential  that  the  printing  on  one  page  ahould 
correspond  with  the  printjtig  on  the  other  when  the  sheets  are  folded. 
Thia  important  object  of  the  register  is  effauted  by  cauung  the  parts 
to  move  at  precisely  the  same  speed.  This  being  the  principle  of  the 
register,  its  succeaa  will  depend  un  great  accuracy  of  workmanship  in  the 
mechanical  parts.  Tbe  accompanying  representation  of  the  printing- 
machine  will  iumiah  a  correct  notion  of  Uie  several  parts,  and  of  the 
way  in  which  motion  is  communicatad  to  them.  A  sheet  of  paper  is 
taken  from  tlie  pile  to  be  printed  [aa  represented  at  the  left-hand  side 


and  taken 

shown  under  the  oylinderfc  The  aoeofdpatiying  ak^kli  will  show  the 
principle  of  the  printing-machine. ' 

The  sheet  of  paper  taken  froa  the  iMf  a  is  IsU  on  the  feeder  u, 
which  consists  of  girths  of  linen,-  tightly  atareMlMd  by  being  passed 
round  two  cylinders.  By  t^e  mocioBOfitilkfi^edertlie  sheet  is  placed 
between  tbe  two  systems  of  tapes  wk-ch  lie  4b  Mw^I!|dinder  a :  these 
tapee,  of  which  one  set  ia  represented  by  the^dotted  hm,  and  the  other 
by  the  tbin  line,  he  two  and  two  over  each  otheriwi  the  cylinders  and 
small  rollera  a,b,  c,  d,  t,f,g.  h,  u  The  eheat  of  paper  ^aaped  between 
them  ia  kept  clean  at  tbe  places  in  wbt^it  ia.ijvi^ontact  with  tbem, 
and  by  tha  motion  of  the  various  parts  isi^ondiiettid  under  the  first 
printing- cylinder  H.  and  receives  an  impressinn  from  the  types  at  c; 
thenoa  by  means  of  tbe  cylinilers  i,  s,  to  the  second  printing-cylinder 
L,  where  it  receivea  an  impression  on  tha  other  side  from  the  types  at 
D.  Thua  printed  on  both  sidee.  it  ia  taken  out  at  e  by  tbe  attendant. 
The  cylinders  i  and  e  are  simply  for  the  purpoas  of  oooveying  tbe 
sheet  steadily  and  smoothly  from  one  printing  cylinder  to  the  other. 
The  sheet  will  be  seen  to  be  roveised  in  its  progrcHs  from  one  set  of 
types  to  the  other,  descendiog  the  left  side  of  the  Srat  and  the  right 
aide  of  the  second  printing-cylinder. 

An  inking-apparatuB  ia  placed  at  each  end  of  the  table  «,  K,  which 
cairiea  the  types  c,  D,  and  which  traversea  baokwardu  and  forwardu 
under  the  priDting-cylinder8I.,n,  and  inking- rollera.  Tbe  ink,  received 
from  a  reservoir  i:  by  the  two  rollera  I  and  tn,  ia  transferred  from  them 
to  the  surface  of  the  table ;  the  surfaoa  of  the  table  inks  the  rollers  n, 
0,  and  these,  in  their  turn,  ink  the  types  as  they  pass  backwards  and 
forwards  for  each  impression.  Tbe  excellence  of  the  printing  dependii 
in  a  great  measure  on  the  types  being  properly  inked.  In  a  maobine 
arranged  according  to  the  accompanying  diagram,  the  types  are  touched 
four  timee  by  the  inking-roUara  for  each  impreaaion.  and  by  incrasing 
tbe  number  of  rollers,  any  perfection  of  inking  may  be  obtained.  The 
machines  commonly  uae^  for  printing  books  wid  print  from  seven 
hundred  to  one  thousand  per  hour,  in  perfect  register ;  and  for  news- 
papers printed  on  one  iiide  only,  from  four  thousand  to  aix  thousand 
per  hour. 

Steam-power  haa  also  been  applied  to  flat  machines,  which  area 
modificaiion  of  the  Stanhope  press,  in  which  the  table,  wiUi  a  form  oE 
^pe  at  each  end,  moves  bauwaids  and  forwards  under  the  platen, 
which  gives  the  impression  to  one  lonn  while  the  other  is  bong  inksd 
by  the  rolloia.  Ttus  description  of  press  was  for  a  time  supposed  to 
be  best  adapted  for  the  finer  aorta  of  book-work ;  but  the  process  was 
very  much  slower,  and  the  belief  in  their  superiority  of  work  was  not 
univeiwlly  admitted.  CyliodriisJ  machinea  were  frequently  used,  not 
only  tor  newspapers,  where  rajridity  of  prodhotion  was  required,  but 
for  books  oont^ining  engruvinga  on  wood,  where  excellence  of  woi^- 
manship  vu  demanded.  Several  of  theae  machinea  ware  exhibited  at  the 
Paris  Universal  Ezltibitit^  in  ISCG,  the  French  printeis  having  devoted 
much  attention  to  the  improvement  of  cyUudrical  machinea.  Inhisreport 
as  juryman  on  'Class  XXVI. — Drawing  and  liodelling,  Lettar-pBSS 
and  Cupper-plate  Printing,  ajid  Photogisphy,'  Mr.  Charles  Knight  saya, 
"  In  the  Paris  EihibiUon,  eaveral  machinea,  oSbring  the  advantage  of 
more  perfect  inking,  and  of  preventing  what  ia  called  -  aetting-oB"  [that 
ia,  the  sheet  becoming  blurred  by  the  moidt  ink  being. pressed  upon], 
showed  that  the  attention  of  the  French  printers  lud  bean  more 
directed  than  with  us  to  the  practicability  of  producing  the  Sneet 
work  by  the  machine  instead  of  by  the  hand-preiB.  Some  of  our 
artist^  who  have  watched  t^  dependance  of  the  w9ad-«igruver  on  the 
printer,  have  long  been  '      of  the 

cylinder  ia  superior  to  tl  lut  the 

heads  of  our  printing  e  ad  that 

the  cylindrical  machine  not  to 

E reduce  fine  work.  Our  rariovs 

Lbuut^saving  matdiiues  i  h,  m  it 

is  the  prinolpte  of  the  i  's  worit 

waa  produced,  was  thoug  perfect 

machine.     The  rVenoh,  tention 

to  the  perfeeUon  of  th  it  had 

natural  advantagea '  whi  ■eHure. 

Whanaaheetofpaperii  rfaoeol 

types,  by  being  laid  fiat  i  is  to  be 

expelled  by  tha  heavy  P       ,  .    .  _  .  .  'l*  ■>"• 

faoe.    The  cylinder,- On  t^cootimEy,  touched  tha  tfrp«t.»nd  produces 

resistance  to  be  overcome.  The  French  printers  havci,  therefore, 
sought  for  the  improvement  of  the  cylindrical  machine.  The  single- 
oylmdor  machine  of  M.  Dutartre  produces  work  which  cannot  be 
excelled  by  the  moat  careful  operations  of  tha  preaa.  It  print*  only  on 
one  side  [tlie  proceia  having  to  be  repeated  to  '  perfect '  the  sheet) ; 
and  the  form  passes  under  a  double  set  of  inking-rollers,  at  each  end  of 
the  table,  before  it  receive*  tha  impresnon.  In  the  double-cylinder 
machine  of  the  same  inventor,  a  waste  sheet  of  paper  is  interpoaed  so 
aa  to  prevent  setting-ofT;  and  thus  1»th  aides  c^  the  paper  may  be 
printal  at  once,  without  leaving  that  blurred  impreaaion  of  one  side 
which  Bo  commLPnly  disflgurea  machine- printing.  The  French  printers 
now  do  their  finest  work  I7  the  oylindrical  maobine,  and  much  of  their 
common  work  by  the  hand-press.      The  report  goes  on  to  say  that,  oa 
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the  whole^  the  &yerage  work  of  the  French  prinUrs  is  superior  to  that 
of  the  English.  It  attributes  this  partly  to  the  better  quality  of  their 
paper,  which  is  farther  improved  by  being  passed  through  powerful 
rollers,  thus  creating  a  more  even  surface,  partly  by  using  dry  paper 
instead  of  wet,  partly  by  the  tise  of  silk  instead  of  parchment  for  tym- 
pans  in  their  hand-presses  and  flat-pressure  machines ;  and  other  little 
niceties,  the  results  of  long  practice  based  upon  scientific  investigation. 
M.  Dutartre's  double-<n^]jnder  machine  has  been  introduced  into 
England ;  and  a  patent  hss  been  taken  out  for  an  improvement  in  the 
manufacture  of  paper,  by  Which  the  necessity  of  wetting  it  to  enable 
it  to  receive  the  ink  will  be  reiiioved  :  we  believe^  as  far  as  this  experi- 
ment has  been  carried  out,  that  it  has  been  suocesBful. 

M.  Dutartre  also  exhibited  a  machine  for  printing  in  two  colours, 
for  which  he  received  the  silver  medal.  O^ers  were  exhibited  for 
printing  newspapers ;  but  their  rapidity  vras  not  equal  to  ours,  as  it 
appears  from  ike  report,  6000  sheets  perifect  being  the  highest  number 
stated ;  but  several  ingenious  adaptations  and  movefnents  are  noticed 
in  Mr.  Fairbaim's  report. 

In  England,  however,  the  demands  of  the  newspaper  press  had  not 
been  met  by  even  such  improved  machines  as  above  described.  The 
'  Times'  could  not  be  produced  sufficiently  early  at  the  rate  of  5000  or 
6000  an  hour.  Mr.  Applegath  again  employed  his  inventive  faculty, 
and  produced  a  printing-machine  on  the  vertical  cylindrical  system, 
which  could  produce  on  one  side  from  10,000  to  13,000  copies  an  hour. 
With  such  machines  the  '  Times '  has  been  worked  since  1848 ;  and 
the  machine  has  been  used  for  the  production  of  the '  London 
Illustrated  News,'  and  other  newspapers  having  a  laige  circulation. ' 

In  this  maohine  a  central  dnun  200  inches  in  circumference,  or 
64  inches  in  diameter,  turns  on  a  vertical  axis.  We  copy  the  following 
description  from  C.  Tomlinson's  'Cyclopaedia  of  Useful  Arts  and  Manu- 
foctures ' :— "  The  inking-table  and  the  columns  of  type  are  secured  to 
the  surface  of  tiiis  drum ;  the  columns  of  type  are  placed  vertically, 
not  conforming  to  the  curve  of  the  drum.  This  is  contrived  in  the 
following  manner.  A  slab  of  iron  is  curved  on  its  under  side,  so  as  to 
fit  the  laige  cylinder,  while  its  upper  surface  is  fitted  into  facets,  or 
flat  parts,  corresponding  in  width  and  number  to  the  width  and  num- 
ber of  the  colunms  of  £e  newspaper.  Between  each  column  there  is 
a  strip  of  steel,  with  a  thin  edge,  to  print  the  '  rule,'  the  body  of  this 
strip  being  wedge-shaped,  so  as  to  fill  up  the  angular  space  left  between 
the  colunms  of  the  type,  and  to  press  the  type  together  sideways,  or  in 
the  direction  of  the  lines ;  the  type  is  pressed  together  in  the  other 
direction  by  means  of  screws,  and  is  firmly  held  together.  The  surface 
of  the  type  thus  forms  a  portion  of  a  polygon,  as  aJready  noticed ;  and 
the  regularity  of  the  impression  is  obtained  by  pasting  slips  of  paper 
on  the  paper  cylinder.  The  laige  central  drum  is  surrounded  by  eight 
cylinders,  each  about  IS  inches  in  diameter,  also  with  vertical  axes. 
They  are  covered  with  cloth,  and  upon  them  the  paper  to  be  printed  is 
carried  by  means  of  tapes.  Each  of  these  cylinders  is  so  connected 
with  the  central  drum,  by  means  of  toothed  wheels,  that  the  surface  of 
each  must  move  with  the  same  velocity  as  the  surface  of  the  drum. 
It  will  thus  be  evident  that  if  the  tvpe  on  the  drum  be  inked,  and  each 
of  the  cylinders  be  properly  supplied  with  a  ^eet  of  poper,  a  single 
resolution  of  the  drum  will  cause  the  eight  cylinders  to  revolve  also, 
aii.d  produce  an  impression  on  one  side  of  each  of  the  sheets  of  paper. 
But  for  this  purpose  it  is  necessary  that  the  type  be  inked  eight  times 
during  one  revolution  of  the  drum.  This  is  accomplished  by  means  of 
eight  sets  of  inking-rollers — one  for  each  paper-cylinder.  The  ink  is 
hald  in  a  vertical  reservoir  (supplied  from  above),  formed  of  a  ductor- 
roUer,  against  which  rests  the  two  straight  edges  connected  at  the  back, 
so  as  to  prevent  the  ink  running  out.  It  is  conveyed  from  the  ductor- 
roUer  by  one  of  the  inking-rollers  in  the  following  manner : — As  the 
inking-table  on  the  revolving  drum  passes  the  ductor-roller,  it  receives 
from  it  a  coatiog  of  ink,  and  then  coming  immediately  in  contact  with 
the  inking-rollers,  it  inks  them ;  the  types  next  follow  and  receive  from 
the  inking-rollers  their  coating  of  ink ;  and  the  drum,  still  revolving, 
brings  the  inked  type  into  contact  with  the  paper-cylinders,  and 
the  sheet  is  printed.  It  must  not  be  foi^gotten,  as  one  of  the  distin- 
guishing features  of  this  machine,  that  the  various  processes  which 
have  just  been  enumerated  for  one  set  of  inking-rollers  and  one  paper- 
cylinder  are  repeated  eight  times  for  every  single  revolution  of  the 
central  drum,  so  that  in  this  period  eight  sheets  ai-e  printed  and  turned 
out  of  the  machine.  For  this  purpose  it  is  necessaxy  to  supply  the 
eight  cylinders  each  with  a  sheet  of  paper.  Over  each  cylinder  is  a 
sloping  desk,  upon  which  a  number  of  sheets  of  white  paper  are  placed. 
The  layer-on  stands  by  the  side  of  this  desk,  and  pushes  forward  the 
paper  a  sheet  at  a  time  toward  the  tape-fingers  of  the  machine.  These 
tapes  seize  it  and  draw  it  down  in  a  vertical  direction,  between  tapes, 
in  the  eight  vertical  frames,  until  its  vertical  edges  correspond  with 
the  position  of  the  form  of  type  on  the  drum.  When  in  this  position 
its  vertical  motion  is  arrested  for  a  moment ;  it  then  moves  horizon- 
tally, and  is  carried  towards  the  printing  cylinder  by  the  tapes. 
Passing  round  this  cylinder,  it  is  instantly  printed.  It  is  then  con- 
veyed horizontally,  by  means  of  tapes,  to  the  other  side  of  the  frame, 
and  is  moved  along  to  another  desk,  where  the  taker-off  pulls  it  down. 
As  soon  as  the  sheet  is  thus  disposed  of,  accommodation  is  made  for 
another;  and  as  each  layer-on  delivers  to  the  machine  two  sheets  every 
five  seconds,  sixteen  sheets  are  thus  printed  in  that  brief  space ;  and 
this  is  continued  for  any  length  of  time,  supposing  no  accident  occurs, 


such  as  a  sheet  going  wrong,  in  which  case  it  is  the  duty  of  the  taker- 
ofif  to  pull  a  bell-handle,  and  the  machine  is  instantiy  stopped  by  the 
engine-man.  As  the  type-form  on  the  central  drum  moves  at  the  rate 
of  70  inches  per  second,  and  the  paper  to  be  printed  moves  at  the  same 
rate,  if  by  any  error  in  the  delivery  and  motion  of  a  sheet  of  paper  it 
arrive  at  the  printing  cylinder  l-70th  of  a  second  too  soon  or  too  late, 
the  relative  position  oi  the  columns  on  oqc  side  as  compared  with 
those  on  the  other  side  of  the  paper  will  be  out  of  register  by  l-70th  of 
70  inches,— naniely,  one  inch,— in  which  case  the  edge  of  the  printed 
matter  on  one  side  will  be  an  inch  nearer  to  the  edge  of  the  paper  *H<^n 

on  the  other  side. AH  the  layer-on  has  to  do  is  to  draw 

forward  the  sheets  so  as  always  to  have  the  edge  of  one  ready  for  the 
machine  to  take  in.  If  the  steam-engine  which  works  the  machine  be 
put  on  a  greater  speed,  the  central  drum,  and  all  the  attendant  appa- 
ratus, would  work  with  greater  rapidity;  and  such  a  speed  might 
easily  be  obtaihed  as  to  render  it  impossible  for  the  layers-on  to  pre- 
sent the  paper  fast  enough  to  satisfy  the  improved  appetite  of  the 
machine ;  but  in  any  case  the  machine  would  not  take  in  the  sheets  as 
the  layers-on  choose  to  present  them,  but  only  at  those  periods,  rapidly 
recurring  though  they  be,  which  are  provided  by  the  peculiar  functions 
of  the  machine." 

Another  machine,  likewise  on  the  vertical  principle,  has  been  invented 
by  the  Messrs.  Hoe,  of  America,  and  several  of  these  have  been  brought 
into  use  in  London. 

Stereotyping. — The  art  of  stereotype  printing  is  the  printing  from 
cast  plates  of  type-metal  in  lieu  of  moveable  letters  or  types,  and 
derives  its  name  from  the  Greek  artp^is,  firm  or  fixed,  and  r(nroSf  a 
figure  or  type.  This  art  is  a  remarkable  illustration  of  the  tendency 
of  some  inventions  to  return,  after  a  long  course  of  improvement^  very 
near  to  their  original  simplicity.  In  the  commencement  of  the  art  of 
printing,  solid  blocks  of  wood  were  used,  containing,  in  one  piece,  all 
the  words  of  which  a  page  was  composed.  A  great  improvement  upon 
this  plan  was  the  use  of  single  letters  or  types,  which  might  be  com- 
bined into  words  and  pages,  and,  after  being  printed  from,  might  be 
distributed  and  re-arranged  for  another  work.  Then  followed  the 
process  of  type-founding,  or  casting  the  letters  individually  in  moulds, 
by  which  they  might  be  multiplied  with  fieuiility,  and  being  engraved 
originally  upon  steel  punchesi  might  be  executed  with  greater  neatness. 
Whether  the  early  printers  employed  logotypes,  that  is,  types  for 
printing  whole  syllables  or  words,  to  any  material  extent,  is  not  very 
certain ;  but  it  is  well  known  that  many  persons  have  proposed,  since 
the  introduction  of  moveable  types,  the  use  of  such  logotypes  for  the 
purpose  of  facilitating  the  operation  of  printing;  wfaHe  others  have 
adopted  processes  which  approach  more  nearly  to  the  old  plan  of 
printing  irom.  page-blocks,  either  by  fusing  the  types  composing  a  page 
into  a  solid  mass,  or,  as  in  the  modem  art  of  stereotyping,  by  taking  a 
mould  from  the  page  or  form  of  moveable  types,  and  using  it  as  the 
matrix  in  which  to  make  a  solid  cast  or  plate  of  metaL  The  face  of 
such  a  cast  is  a  fac-simile  of  the  types  from  which  the  mould  is  taken, 
and  may  be  printed  from  in  the  same  manner  as  the  original  form  or 
page. 

Many  of  the  accounts  of  the  various  projects  which  bear  an  affinity 
to  the  art  of  stereotyping,  as  practised  by  moderii  printers,  are  very 
indistinct ;  and  the  claixns  of  some  of  the  projectors  are  exceedingly 
perplexing.  Those  readers  who  desire  minute  information  may  consult 
works  which  enter  at  length  into  the  history  of  printing,  and  especially 
a  very  interesting  *  Essay  on  the  Origin  and  Progress  of  Stereotype 
Printing,'  published  in  1820,  by  Mr.  Hodgson,  of  Newcastle.  The 
subject  is  also  treated  at  considerable  length  in  Hansard's  'Typo- 
graphia ; '  but  much  of  the  history  contained  in  that  work  is  derived 
from  the  volume  before  mentioned. 

One  of  the  earliest  schemes  which  claims  notice  in  this  brief  sketch 
is  that  which  was  tried  at  the  beginning  of  the  last  century  by  a 
Dutchman  named  Van  der  Mey.  The  booksellers  Luchtmans,  of 
Leyden,  in  a  letter  dated  1801,  which  was  printed  by  M.  Camus,  m  his 
'  Histoire  et  Procddds  du  Polytypage  et  de  la  St^rtSotypie/  described 
some  plates  or  blocks  formed  by  Van  der  Mey,  which  had  been  used 
in  their  establishment  ever  since  1711.  These  were  the  forms  for  a 
quarto  Bible;  but  a  few  other  works  were  executed  in  the  same 
way.  They  were  not  cast  solid,  but  consisted  of  ordinary  types,  which, 
after  being  set  up  in  the  usual  way,  were  converted  into  a  solid 
mass  by  soldering  them  together  at  the  back.  The  great  expense  of 
forms  prepared  in  this  way,  as  well  as  their  inconvenient  weight  and 
bulk,  is  quite  sufficient  to  account  for  the  plan  having  &llen  into 
disuse.  It  was  indeed  only  applu^ble  in  those  very  rare  cases  in  which 
it  was  desirable,  in  order  to  meet  a  constant  demand,  to  keep  the  forms 
of  type  standing ;  and  was  preferable  to  that  practice  only  inasmuch  as 
it  avoided  the  nt^  of  ^ome  of  the  letters  being  accidentally  loosened 
and  misplaced. 

William  Ged,  a  goldsmith  of  Edinbui^gh,  if  not  absolutely  the  first, 
was  one  of  the  first  to  practise  stereotyping,  according  to  the  common 
acceptation  of  the  word.  His  claim  to  tms  honoiu*  is  recorded  in  a 
rare  pamphlet  published  by  Nichols  in  1781,  and  reprinted  in  1819  by 
Hodgson  of  Newcastie,  entiUed  'Biographical  Memoirs  of  William 
Ged,  including  a  particular  account  of  his  progress  in  the  art  of  Block- 
printing.'  From  this  work  it  appears  that  Ged  invented  a  process  for 
casting  whole  pages* about  the  year  1725,  and  that  a  few  years,  after- 
wards he  and  others  who  were  associated  with  him  attempted  to  apply 
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his  invention  to  the  production  of  bibles  and  prayer-books  for  the 
university  of  Cambridge.  One  of  the  difficulties  to  be  encountered  in 
the  introduction  of  this  innovation  was  tHe  prejudice  and  opposition  of 
the  compositors,  who,  by  the  artful  production  of  errors  in  the  forms 
of  type,  rendered  the  casts  so  incorrect  as  to  bring  them  into  discredit. 
The  scheme  was  abandoned  by  the  Um'versity,  and  most  of  the  plates 
were  destroyed.  A  battered  and  otherwise  imperfect  specimen,  which 
escaped  the  melting-pot,  is  printed  in  Hausard^s  *  Typographia.'  Ged 
cast  plates  for  a  few  other  works,  one  of  which  wafi  an  edition  of 
Sallust,  in  18mo,  which,  according  to  bis  son  and  daughter,  was 
executed  in  1736,  though  Hodgson  says  that  he  never  saw  a  copy  dated 
earlier  than  1789,  and  that  the  edition  comtnonly  bears  the  date  1744. 
In  Hodgson's  Essay  a  page  of  this  work  is  reprinted,  which  is  a  far 
better  specimen  of  stereotyping  than  that  given  by  Hansard.  This 
plate,  which  had  been  previously  printed  in  Sie  tenth  volume  of  the 
*  Philosophical  Magazine/  is  about  a  quarter  of  an  inch  thick. 

About  the  year  1780,  Mr.  Tilloch,  editor  of  the  '  Philosophical 
Magazine,'  conceived  the  possibility  of  founding  whole  pages ;  he  being 
at  that  time  unacqnamted  Viith  the  prior  experiments  of  Ged.  He 
communicated  his  idea  to  Foulis,  printer  to  the  university  of  Glasgow ; 
and  they  jointly  produced  several  works ;  some  of  which  were  cu*cu- 
lated  without  any  intimation  of  the  process  by  which  they  were 
printed.  Hodgson  gives  very  good  specimens  of  their  work.  Finding 
some  inconvenience  in  the  use  of  blocks  of  wood  for  mounting  the 
plates,  in  order  to  raise  them  to  the  same  height  as  type,  theae  experi- 
mentiUists  Uied  blocks  of  brass,  having  slits  through  which  small 
screws  might  paas  to  secure  the  stereotype  plates ;  the  screws  being 
fastened  by  nuts  on  the  under  side  of  the  brass  mounts.  In  order  to 
bed  the  plates  as  evenly  as  postible,  whether  the  mount  were  of  brass 
or  wood,  they  interposed  a  layer  of  cement  between  the  plate  and  the 
mount.  In  the  latter  case  the  thickness  and  level  were  adjusted  by 
planing  the  back  or  under  side  of  the  wood ;  and  in  the  former  by 
warming  the  mount,  and  then  placing  it,  with  the  plate,  into  a  press, 
and  squeezing  out  the  superfluous  cement.  An  account  of  the 
experiments  of  Tilloch  and  Foulis  wad  published  in  the  tenth  volume 
of  the  '  Philosophical  Magazine.'  Satisfactory  as  they  were,  they  did 
not  immediately  lead  to  the  adoption  of  stereotype  printing. 

Towards  the  latter  end  of  the  18th  century,  many  projects  were 
brought  forward  in  ¥^nc6  for  multiplying  engraved  blocks  or  forms 
of  type  by  processes  more  or  less  resembling  that  of  stereotyping, 
under  the  names  of  polytype,  stereotype,  &c.  In  some  of  these,  the 
form  was  imitated  by  striking  upon  a  mass  of  soft  metal  in  a  state 
intermediate  between  perfect  fusion  and  perfect  solidity,  on  the  prin- 
ciple of  the  process  now  practised  in  Fhmoe  under  the  name  of 
cUehAge,  The  extensive  issues  of  assignats  by  the  revolutionary 
government  gave  an  impulse  to  such  schemes,'  of  which  many  were 
devised,  and  some  were  brought  into  operation,  in  order  to  render  the 
aadgnatB  more  difficult  of  imitation.  In  1798  a  stereotype  edition  of 
Virgil  was  published  by  the  Didots  and  M.  Herman ;  and  it  appears 
irom  Hodgson  that,  before  thecloeeof  the  centuiy^the  wood-engravers 
of  Paris  sold  metal  casts  of  their  wood-cuts. 

Some  of  the  early  experiments  of  S^iefelder,  the  inventor  of  litho- 
graphy [Sknepelder,  in  Bioo.  Div.l,  were  directed  to  the  discovery  of 
a  means  of  stemotyping  by  which  he  might  be  enabled  to  print  his 
own  works  with  a  very  small  stock  of  type.  He  formed  a  composition 
of  clay,  fine  sand,  flour,  and  pulverised  charcoal,  mixed'  with  a  Uttle 
water,  and  kneaded  as  stiff  as  possible ;  and  with  this  paste  he  mode  a 
mould  from  a  page  of  types,  which  became,  in  a  quarter  of  an  hour, 
so  hard  that  he  could  take  a  very  perfect  cast  from  it  in  melted  sealing- 
wax,  by  means  of  a  hand-press.  He  states  that,  by  mixing  a  little 
pulverised  plaster  of  Paris  with  the  sealing-wax,  the  stereotype  plates 
thus  produced  were  much  harder  than  the  common  type-metal  of  lead 
and  antimony.  The  want  of  pecuniary  means  for  carrying  on  this 
project  led  him  t6  abandon  it,  and  to  contrive  a  plan  for  printing  from 
stone.  Another  ingenious  proposal  which  may  be  here  mentioned,  is 
that  of  Professor  Wilson,  of  Glasgow,  who,  in  1797,  devised  a  method 
of  multiplying  engraved  blocks  or  plates  by  stereotype,  or  rather  poly- 
type, impressions,  in  glass  or  enamel,  which,  it  was  anticipated,  would 
prove  very  durable,  and  nught  be  applied  with  advantage  to  the  pre- 
vention of  forgery.  Hodgson  gives  specimens  of  two  casts  of  small 
wood-cut3  produced  in  this  manner. 

The  revival  and  introduction  into  common  use  ol  the  stereotyping 
process  is,  in  a  great  measure,  due  to  the  exertions  of  Earl  Stanhope, 
about  the  commencement  of  th»  present  century.  Mr.  Tilloch  com- 
municated to  him  the  result  of  ids  experiments,  and  Foulis,  who,  as 
before  stated,  bad  been  associated  with  Tilloch,  asnoted  in  the  trials 
made  at  his  lordship's  seat  at  Ghevening,  in  Kent.  Andrew  Wilson 
also  was  connected  with  these  operations,  and  exerted  himself  much 
to  introduce  the  process.  The  latter  individual,  who  received  a  gold 
medal  from  the  Society  of  Arts  in  1810,  for  his  "great  skill  and 
exertions  in  stereotype  printing,"  prodoced  several  important  stereo- 
typed  works,  of  which  Hodgson  oonsiders  his  edition  of  Walker's 
'  Pronouncing  Dictionary,"  executed  in  1809,  to  be  the  best  A  speci- 
men of  his  work,  which  was  printed  in  the  28th  volume  of  the 
'Transactions'  of  the  Society  of  Arts  (pp.  323-4),  shows  that  he  was 
then  able  to  produce  very  good  casting  from  type  as  small  as  NonpsreU 
and  PearL  In  1^08  or  1804  the  process  which  had  been  perfected  at 
Ghevening  was  communicated  to  the  university  of  Cambridge,  and 


shortly  afterwards  to  that  of  Oxford;  but  the  first  work  printed  in 
this  way  at  the  former  place  did  not  appear  imtil  1807,  and  1809  is  ths 
date  of  the  eai-liest  stereotyped  book  issued  at  Oxford. 

In  setting-up  a  form  intended  for  stereotyping  from,  the  spocei,  or 
short  pieces  of  metal  by  which  the  words  are  separated  £rom  t&^L 
other,  and  the  quadraUs,  or  larger  spaces  by  which  blank  lines  are  ^lUi 
up,  are  cast  higher  than  usual.  The  types  are  set  up  and  formed  ii^t 
pages  in  the  usual  manner,  with  the  illustrative  wood-cuts,  .if  there  U 
any ;  but,  instead  of  these  pages  being  arranged  into  a  form  of  soS- 
cicnt  size  to  print  a  whole  sheet,  each  page,  if  large,  or  every  two «.: 
four  pages,  if  small,  is  separately  locked  up  in  a  small  frame  or  eiaai ; 
the  pages  being  surrounded  by  fillets  of  wood  or  metal,  which  serve  ii 
the  cast  to  form  a  border  for  attaching  the  plate  to  its  mount.  TLr 
face  of  the  types  is  then  moistened  with  ou,  to  prevent  the  mot^ 
from  adhering  to  them.  A  brass  frame,  rather  larger  than  the  po^ 
is  laid  upon  Sie  chase,  in  order  to  retain  the  plaster  while  in  a  f  oii 
state,  and  to  regulate  the  thickness  of  the  mould.  The  plaster  is  thea 
poured  on  the  types,  and  it  soon  sets  into  a  solid  mass,  which  must  he 
removed  from  the  types  with  great  care,  and  trimmed  on  the  edg&j 
with  a  knife.  The  plaster  moulds  are,  in  the  next  place,  baked  in  as 
oven  heated  to  about  400*  Fahr.,  until  thoroughly  dry  and  hard.  The; 
are  placed  upright  in  a  rack,  and  are  usually  dried  in  about  two  hooTL 
Great  care  is  required  in  this  process,  especially  when  the  moulds  art 
large,  to  prevent  them  from  warping. 

After  t>eing  baked«  the  mould  .is  placed,  with  its  face  downwardi . 
upon  a  smooth  plate  of  iron,  called  a  Jloating-plate,  which  lies  at  tint 
bottom  of  a  cast-iron  box  rather  larger  than  t^e  mould.  The  box  i» 
then  covered  in  by  a  lid,  the  uuder  surface  of  which  is  made  periecUj 
flat,  and  which  has  the  comers  cut  off,  to  allow  the  melted  metal  to 
enter  the  box.  The  cover  is  firmly  held  down  by  a  screx-,  which  is 
attached  to  on  apparatus  by  which  the  box  ia  suspended  from  a  cnse. 
It  should  be  observed  that  the  coaUngbox  and  plate  are  heated  to  ti&e 
same  temperature  as  the  mould,  before  it  is  inserted.  The  box  i> 
then  swung  by  the  crane  over  the  metal-pit>  which  is  an  open  ira 
vessel  containing  a  lu-ge  quantity  of  melted  metal,  resembling  in  iti 
composition  that  used  for  casting  types ;  and  it  is  lowered  into  tbr 
metal  in  a  nearly  horizontal  position,  being  a  very  Utile  inclined^  tc 
facilitate  the  escape  of  air  from  the  mould  and  box.  The  melted 
metal  runs  in  at  itie  comers  of  the  box;  and,  by  its  greater  epoak 
gravity,  floats  up  the  plate  with  the  mould,  forcing  the  latter  tigbd^ 
against  the  lid  of  the  box.  By  this  contrivance  the  metal  is  forced,  bj 
hydrostatic  pressure,  into  every  part  of  the  mould,  in  the  margin  d 
which  notches  are  cut  to  allow  iree  passage  for  the  metal  between  it 
and  i^e  floating-plate.  After  remaining  immersed  in  the  metai  ica 
about  ten  minutes,  the  box  is  gently  raised,  and  removed  by  the  eroLr 
to  a  trough  in  which  its  lower  part  is  rapidly  cooled  1^  contact  «ith 
cold  water.  While  the  box  is  cooling,  the  caster  pours  in  a  litUe 
metal  at  the  comers,  to  fill  the  space  left  by  the  contraction  of  thr 
metal,  and  so  to  keep  up  the  necessary  pressure  upon  the  cast.  Who. 
cold,  the  contents  of  the  box  are  removed  in  a  mass,  from  which  tbr 
superfluous  metal  is  broken  off  by  blows  from  a  mallet.  The  plast<a- 
mould  is  then  broken  away  from  the  cast,  the  face  of  which  is  a  i&? 
simile  of  the  types  and  engravings  from  which  the  mould  was  taj^o.. 
Al  the  mould  is  destroyed  by  this  process,  it  ia  necessary,  v.hci 
several  stereotype  plates  of  the  same  page  are  required,  to  take  a 
distinct  plaster  mould  for  each. 

Another  plan,  which  has  been  tried  for  the  production  of  stereotypi' 
plates  too  lai^e  for  casting  in  the  ordinary  way,  but  which  has  cv: 
proved  very  successful,  is  to  place  the  mould  in  a  flat  iron  box,  hariD^ 
a  trough-shaped  mouth  at  one  end,  and  to  pour  in  the  metal  with  tht- 
mould-bo<,  which  must  be  previously  heated,  in  an  inclined  positicn. 
The  method  of  striking  the  moulds,  and  from  them  the  plates  theao* 
selves,  by  letting  the  original  or  pattern  types  or  blocks  faD  upoQ  a 
mass  of  soft  metal  in  a  half -melted  state,  is  practised  in  France,  and 
has  been  repeatedly  tried  in  this  country :  it  is  especially  adapted  ftf 
the  production  of  copies  of  wood  engravings,  but  it  is  very  liabla  t» 
injure  a  delicately  engraved  block.  In  this,  as  in  the  ordinary  castiog 
process,  the  original  engr.ived  blocks  should  be  smeared  with  aoae 
substance  that  may  prevent  the  cast  from  adhering  to  them. 

A  process  of  stereotyping,  which  was  several  years  in  attainii:^  its 
present  practical  efficiency,  has  been  introduced  from  Paifai  On 
receiving  the  type,  moistened  sheets  of  imsized  tissue  p&per  are  laid 
over  it,  one  above  the  other,  to  the  number  of  six  or  seven,  aligbtly 
pasted  together,  and  upon  these  is  laid  a  stouter  paper ;  the  whok 
is  then  struck  with  a  large  flat  brush  till  the  softened  paper  has 
received  a  perfect  impression  of  the  type.  This  being  done,  the  paper 
is  removed,  placed  u}>on  a  hot  iron  table,  a  blanket  laid  over  it, 
and  screwed  down  moderately  tight,  in  order  to  harden  it  and  extraci 
the  moisture.  The  whole  operation  (paper  having  been  prepared  bj 
wetting  a  few  hours  in  advance)  occupies  less  than  an  hour.  Fnna 
this  mould  a  stereotype  cast  can  be  taken  by  merely  pouring  in  the 
molten  metal  on  it  when  placed  in  a  receptacle,  in  which  a  simple 
contrivance  at  once  regulates  the  thickness  and  the  size  of  the  plate, 
that  is,  how  much  or  how  little  margin  is  left  outside  the  type  for  the 
purpose  of  fastening  it  to  the  blocks.  A  couple  of  hours  suffices  fur 
the  whole  process ;  and  it  is  now  adopted  upon  several  newspapers 
and  other  publications  of  large  circulation,  as  many  casts  can  be 
taken   from  one  mould.     A  plurality  ol  machines  or  presses  are 
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thus  enabled  to  be  set  to  work  for  the  production  of  the  requiBite 

supply* 

Another  considerable  advantage  is,  that  the  moulds  may  be  pre- 
served, so  as  to  be  used  whenever  wanted.  It  is  only  necessary  that 
they  should  be  stored  so  as  to  be  neither  too  warm,  nor  too  damp,  nor 
too  dry,  as  the  paste  will  fennent»  or  the  sheets  crack  and  separate 
With  care  however  they  may  be  kept  safe  for  a  considerable  time,  and 
thus  the  locking  up  of  a  large  ampunt  of  metal  may  be  avoided. 

The  alloys  used  for  various  kinds  of  stereotyping  differ  slightly  in 
their  composition,  but  generally  consist  of  type  metal. 

Stereotype-plates  need  careful  examination  and  picking ^  to  remove 
the  imperfections  in  the  casting.  Small  hollows,  such  as  the  loops  of 
an  a,  an  e,  or  an  o,  are  liable  to  be  filled  up  with  metal,  owing  to  blobs 
of  air  in  the  mould,  and  the  fine  white  lines  in  wood-engravings  are 
sometimes  filled  up.  Such  matters  should  be  corrected  by  the  picker, 
who  should  also  cut  down,  with  suitable  tools,  such  blank  spaces  as 
might  be  liable  to  soil  in  printing.  Before  printing,  also,  defective 
letters  or  words  which  cannot  be  corrected  by  the  picker  should  be  cut 
away,  and  types  inserted  in  their  place.  These  types  are  soldered  into 
holes  drilled  through  the  plate ;  their  stems  being  sawn  oiT  flush  with 
tbo  back. 

Although  the  plates  j^re  cast  ol  aa  equal  a  thickness  as  possible,  they 
require,  before  printing  from,  to  be  accurately  flattened  at  the  baci  by 
means  of  a  peculiar  kmd  of  lathe*  in  which  a  steel  cutter,  or  knife, 
mounted  in  a  elide-rest,  shaves  off  the  metal  from  ,the  back  of  the 
plate  in  concentric  circles,  until  it  is  made  perfectly  even.  They  are 
then  moimted  upon  blocks  of  wood  or  metal,  to  raise  them  to  the 
same  height  aa  common  types.  The  tendency  of  wood  to  warp  when 
exposed  to  changes  of  temperature,  or  to  occasional  wetting,  has  led  to 
many  projects  for  mounting  stereotype-plates  upon  blocks  of  cement, 
or  upon  metallic  mounts  which  might  be  applicable  to  plates  of  various 
fiizes.  When  wooden  blocks  are  used,  the  plates  are  usually  secured 
tu  them  by  clips  at  the  edges,  and  sometimes  by  screws. 

The  process  of  stereotyping  is  one  of  the  most  important  means  by 
which  the  production  of  cheap  books  has  been  facilitated  of  late  years. 
For  a  work  of  limited  and  temporary  demand  it  is  lumecessary ;  but 
where  tbe  demand  is  very  great,  and  likely  to  last  for  several  years,  it 
is  all-important,  since  it  enables  the  publisher  to  keep  up  the  supply 
without  the  expense  of  having  a  very  large  edition  printed  at  once. 
In  most  coses  where  the  demand  is  uncertain,  and  in  almost  all  where 
the  demand  is  sure  to  be  large,  it  is  desirable  to  resort  to  stereotyping, 
because,  although  it  increases  the  first  cost  of  productioi^,  it  enables 
the  publisher  to  avoid,  on  the  one  hand,  the  risk  of  printing  a  great 
number  of  copies  which  may  prove  imsaleable,  and,  on  the  other,  the 
outlay  neccdsary  for  the  re-composition  of  the  types,  in  case  the 
demand  should  exceed  the  number  of  copies  first  printed. 

It  has  often  been  urged  as  an  objection  to  stereotype  printing  that 
it  tends  to  perpetuate  errors ;  but  the  fallacy  of  such  a  statement  may 
be  easily  shown.  In  re-composition  new  typographical  errors  are 
pretty  sure  to  arise,  while  the  expurgation  of  old  ones  is  by  no  means 
certain ;  but  in  stereotype  plates  the  occurrence  of  new  errors 
((excepting  by  the  breaking  off  of  a  letter  or  figure)  is  impossible,  and 
"riginal  errors  may  be  altered  whenever  they  are  discovered.  Such 
•UteratiouB  are  not  necessarily  confined  to  the  insertion  of  a  letter  or 
a  word ;  for  whole  sentences  and  paragraphs  may  be  altered  in  like 
^vay,  provided  that  the  new  matter  be  made  the  same  in  extent  as  that 
which  is  cut  away.  Hence  a  stereotyped  work  may  be  gradually 
rendered  almost  immaculate;  and  an  error  which  would  otherwise 
have  run  through  the  whole  edition,  may  be  corrected  when  only  a 
few  hundred  copies  have  been  circulated. 

The  interest  connected  with  the  question  of  Printing  for  the  Blind, 
tj  which  considerable  impetus  was  given  by  the  Society  of  Arts  for 
'Scotland  at  Kdinburgh,  who  offered  their  gold  medal  for  the  best 
alphabet  for  the  blind,  has  tended  greatly  to  bring  about  a  change  in 
the  intellectual  education  of  the  bUnd.  The  publication  of  the  article 
BiiUii)  in  the  '  Penny  Cyclopaedia'  at  a  time  when  the  minds  of  many 
were  thus  directed,  and  the  strictures  therein  contained  on  the  absence 
of  intellectual  training  in  most  of  the  asylums,  also  rendered  essential 
|>SQefits  on  this  point  Dr.  S.  G.  Howe,  of  Boston  in  the  United  States, 
in  1833  contrived  an  alphabet,  founded  upon  that  of  Haiiy,  of  a  very 
compact  form,  in  which  the  New  Testament  was  printed  in  1834,  and 
is  now  in  general  use  in  America.  The  late  Mr.  John  Alston,  the 
treasurer  of  the  Glasgow  Asylum,  than  whom  no  man  connected  with 
the  blind  deserves  more  honourable  mention,  contributed  greatly  to 
thia  educational  movement.  He  saw  that,  by  adopting  any  character 
iQore  or  less  arbitrary,  the  evil  would  necessarily  follow  of  isolating 
the  blind  by  putting  them  in  a  position  to  require  special  teachers. 
He  therefore  adopted  the  plain  Koman  characters  deprived  of  their 
small  extremities — tbe  sans-<en/ of  type-founders;  and,  finding  that  it 
could  be  easily  read,  that  it  would  enable  any  seeing  person  who  could 
I'ead  to  be  a  teacher  of  the  blind,  he  at  once  procured  founts  of  type, 
^^  published  several  works  in  raised  letters ;  the  success  of  these  for 
^l^eir  special  object  established  the  pre-eminence  of  his  alphabet.  Having 
thus  laboured  for  several  years,  he  visited  more  than  once  the  principal 
•isyluiQa  for  the  blind  in  the  kingdom.  In  his  work  *  Statements,'  &a, 
published  in  1846,  he  says,  that  after  the  introduction  of  his  system, 
'  ^  found  a  considerable  improvement.  Subsequently  I  visited  the 
I'^ngliah  inatititions  a  third  time,  and  found  a  very  great  number  who 


could  read  with  ease  and  intelligence ;  and  I  have  reason  to  know  that 
there  are  some  hundreds  reading  these  books,  and  that  many  famiUes 
are  in  possession  of  the  whole  of  the  Bible  in  raised  types  :  thus  in  a 
short  time  showing  the  sufficiency  of  the  system  placed  before  the 
public."  It  may  be  added,  that  Mr.  Alston  also  brought  out  some 
beautiful  music  and  maps,  and  that  he  published  the  Old  and  New 
Testament  in  19  vols.,  super-royal  4to.  The  paper  used  for  these 
works  is  strongly  sized,  to  retain  the  impression.  In  order  to  account 
for  the  great  extent  of  the  Bible,  it  must  be  borne  in  mind  that  the 
paper  can  only  be  printed  on  one  side,  and  that  the  letters  require  to 
be  of  considerable  size  in  order  to  be  distinct  to  the  touch.  The  print* 
ing  is  effected  by  a  copper-plate  press.  The  types  being  strongly 
relieved,  and  liable  frequently  to  give  way  under  the  heavy  pressure 
required,  it  was  necessary  to  have  them  re-cast  four  times  during  the 
progress  of  the  work.  The  whole  of  the  works  were  completed  within 
the  walls  of  the  Glasgow  Ai^lum,  a  man  and  a  boy  acting  as  composi* 
tors,  there  being  one  pressman,  and  the  ordinary  teacher  acting  as 
corrector  of  the  press.  These  books  are  now  used  in  most  of  the 
British  asylums  for  the  blind,  and  also  in  America.  The  success  which 
has  attended  Mr.  Alston's  exertions  was  a  new  assurance  to  the  Society 
of  Arts  for  Scotland  that  they  had  acted  wisely  in  regarding  the  steno> 
graphic  and  all  other  arbitrary  characters,  as  weU  aa  the  angular 
modifications  of  the  Roman  alphabets,  unfavourably. 

Nature-printing,  also  called  Autotj/pography,  is  an  invention  introduced 
from  the  Impenal  printing-office  in  Vienna,  by  the  late  Mr.  Henry 
Bradbury.  The  merit  of  &e  discovery  has  been  a  matter  of  contist 
into  which  we  shall  not  enter,  but  we  may  remark  that  M.  Worrino  (in 
Bioa  Div.),  to  whom  we  have  attributed  much  of  it,  has  disclaimed  all 
beyond  carrying  into  effect  the  su^estions  of  Councillor  Auer,  the 
director  of  the  Imperial  printing-omce.  The  invention  successfully 
pretends  to  give  an  exact  reproduction  of  natural  objects,  such  aa 
plants,  the  grain  of  woo<i,  &c. ;  and  of  other  flat  substances,  such  as 
lace,  &C.,  in  a  form  which  enables  a  large  number  of  impressions  to  be 
printed,  and  in  their  natural  colours.  The  transference  of  the  forms  of 
plants  to  paper  had  been  effected  even  centuries  since,  either  by  staining 
the  plants,  or  by  simple  pressure.  In  this  manner,  however,  the  object, 
after  taking  a  few  impressions^  was  rendered  useless.  At  Vienna  the  art 
was  rendered  more  perfect  by  taking  an  impression  on  poUshed  lead,  from 
which  impressions  could  be  printed,  though  still  in  only  a  very  limited 
number.  Softetned  copper-plates  were  then  adopted,  which  were  found 
equally  capable  of  receiving  the  impression,  to  its  minutest  markings, 
of  the  substance  pressed  on  it.  The  object  Is  arranged  on  the  plate  in 
the  desired  form,  and  is  then  subjected  to  an  enormous  pressure  for  a 
sulticient  time,  when  it  is  found  Uiat  the  object  has  left  its  form  deeply 
impressed  upon  the  plate.  This  plate  is  subsequently  hardened,  and 
is  fitted  to  furnish  a  large  number  of  impressions.  The  plates  are 
coloured,  or  inked  as  it  is  termed,  with  the  proper  colours  of  the  plant, 
which  is  easily  done,  as  the  face  of  the  plate  is  wiped  after  each 
colour  has  been  laid  on ;  the  paper  is  laid  upon  the  plate  and  passed 
through  a  press  formed  of  two  cylinders  pressing  against  each  other, 
of  which  one  is  covered  with  thick  blanketing,  and  with  a  regulated 
pressure,  the  impression  is  produced  in  a  low  relief.  In  Vienna, 
several  works  of  a  magnificent  character  have  been  produced.  In  Eng- 
land there  have  been  three,  *  The  Ferns  of  Great  Britain ; '  '  British 
Sea  Weeds ; '  and  *  Trees  of  Great  Britain ; '  all  of  which  po&<3ess  a 
high  degree  of  excellence  as  works  of  art,  and  are  of  course  of  unexcep- 
tionable correctness. 

EUctro-priniing. — The  processes  of  the  **  Electro  Printing -Block 
Company  "  (patented  by  Mr.  H.  G.  Collins)  supply  the  means  of  repro- 
ducing drawings,  engravings,  &a,  without  the  aid  of  copyist  or  engraver, 
not  only  of  the  same  size  as  the  original,  but  enlarged  or  reduced  with 
strict  accuracy  to  any  extent  that  may  be  desired.  Thus,  from  a  wood- 
cut or  steel  engraving,  say  of  6  inches  by  4,  a  working  plate  or  block 
can  be  produced  that  will  yield  impressions  12  inches  by  8,  or  8  inchea 
by  2,  or  of  any  other  required  proportion.  We  will  briefly  describe  the 
beautifully  simple  means  by  which  this  is  effected,  and  then  indicate 
a  few  of  its  actual  or  probable  appUcatious. 

The  whole,  in  fact,  depends  on  the  cs^aacify  of  india-rubber  for 
extension  in  any  direction,  and  its  property  of  returning  to  its  original 
size  when  the  tension  is  removed.  Let  us  suppose  that  it  is  desired  to 
obtain  an  enlarged  copy  of  an  engraving.  The  surface  of  a  sheet  of 
galvanised  india-rubber,  the  siae  of  the  print,  is  covered  with  a  film  of 
an  elastic  composition,  and  upon  thia  film,  when  dry,  an  impression  of 
the  print  is  taken  by  means  of  transfer-ink.  The  sheet  so  printed  upon 
ia  then  placed  in  a  rectangular  steel  frame,  hooks  from  the  sides  of  thn 
frame  passing  through  holes  pierced  at  equal  intervals  in  the  edges  of 
the  india-rubber.  By  a  simple  but  ingenious  double  screw  action,  two 
opposite  sides  of  the  frame  are  now  gradually  drawn  apart,  till  it  is 
seen,  by  a  scale  engraved  on  the  sides,  that  the  india-rubber  sheet  in 
Buihciently  extended.  The  same  is  done  with  the  other  two  sides ;  and 
the  whole  having  been  carefully  examined  to  see  that  the  enlargement 
is  imiform,  tbe  frame  is  fixed,  in  order  that  the  strained  sheet  may  not 
be  in  any  way  disturbed  during  the  next  operation.  The  impression 
thus  enlarged  on  the  india.rubber  is  now  tmnsferred  by  the  ordinary 
lithographic  transfer  process  to  a  Uthographic  stone,  or  sdnc  plate,  which, 
after  the  usual  treatment  [Lithoobapht],  yields  impressions  exactly 
like  any  other  prepared  lithographic  stone. 

For  a  reduced  copy,  the  only  difference  in  tlie  process  is,  that  an 
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india-rubber  sheet  of  the  desired  size  is  strained  to  the  dimensions  of 
the  print  to  be  copied,  before  the  impression  is  placed  upon  it,  and 
then  allowed  to  contract  to  its  original  size,  when  the  impression  is 
transferred  to  the  stone.  It  ought  perhaps  to  be  mentioned  that  first 
of  all  the  india-rubber  sheet  has  printed  upon  it  thin  lines,  which 
divide  its  whole  surface  into  squares  of  a  quarter  of  an  inch  each,  thus 
affording,  by  means  of  the  T  square  and  compasses,  an  easy  means  of 
detecting  the  slightest-  inequality  of  extension  in  any  part  during  the 
process  of  enlarging,  whilst  the  frame  is  so  constructed  as  to  permit 
any  deviation  to  be  at  once  remedied. 

For  obtaining  blocks  for  gurf ace-printing ,  an  additional  process  is 
required.  After  the  enlarged  (or  reduced)  impression  is  transferred  to 
the  lithographic  stone  or  zinc  plate,  the  surface  of  the  stone  or  zinc  is 
exposed  to  the  action  of  an  add,  which  eats  away  all  the  parts  not  pro- 
tected by  the  ink.  The  print  is  thus  left  in  raised  lines  corresponding 
to  those  of  an  engraved  wood-block.  A  matrix  is  taken  in  some  suitable 
material,  and  upon  tius  a  cast,  corresponding  to  the  original  wood- 
block, or  a  stereotype  from  it,  is  formed  by  the  ordinary  method  of 
electrotype  deposit.    [Electro-Metallurot.] 

The  processes  we  have  described  suffice  for  all  the  usual  purposes  of 
lithographic  printing,  and  printing  by  the  ordinary  type-press.  To 
both  there  are  limitations  within  which  only  success  can  be  at  present 
assured.  Mezzotiot,  or  finely  stippled  plates,  for  instance,  cannot  be 
successfully  reproduced ;  but  ordinary  steel  plates,  wood-cuts,  music, 
maps,  and  plans,  can  be  enlarged  or,  reduced  with  minute  accuracy, 
and  printed  as  lithographs  with  perfect  certainty.  The  surface^block 
is  somewhat  less  certain ;  but  very  beautiful  results  have  been 
obtained,  and  the  manipulative  difficulties  appear  in  a  fair  way  of 
being  overcome.  | 

The  further  applications  of  the  process  seem  almost  illimitable.  For 
surveying  and  engineering  purposes,  for  example,  a  sheet  of  the 
Ordnance  map  could  be  taJcen,  and  in  a  few  hours  a  copy  be  produced 
large  enough  to  admit  of  the  insertion  of  any  amount  of  load  detail 
For  the  potter^s  use,  from  a  single  small  drawing  or  print  of  a  pattern, 
copies  to  any  extent  may  be  produced,  to  suit  the  various  sizes  of  all 
the  articles  of  a  tea-  or  dinner-service ;  and  if  the  original  pattern  be 
circular,  it  may  be  altered  to  an  oval  for  dishes,  &c.  Its  application  to 
various  other  branches  of  ornamental  art  and  manufacture,  where 
variations  of  the  size  or  form  of  designs  are  required,  is  obvious: 
whilst  in  fine  art,  the  small  pen  or  pencil  sketch  of  an  artist  may  at 
once,  by  mere  mechanical  means,  be  reproduced  as  a  good-sized  litho- 
graph ;  the  original  study  of  a  painter,  if  he  choose  so  to  work,  be 
enlarged  ready  to  his  hand  on  his  canvas,  preparatory  to  painting ; 
the  diagram  of  the  man  of  science  speedily  be  reproduced  of  a  size 
suitable  for  the  lecture-room.  Another  application  which  the  process 
is  said  to  be  already  quite  capable  of  carrying  into  practice  is,  that  of 
reproducing  impressions  (of  course  of  any  size  required)  of  books  or 
engravings,  even  though  a  couple  of  centuries  may  have  elapsed  since 
they  were  printed.  And  any  of  these  applications  of  the  meUiod  is 
obtainable  at  a  comparatively  small  cost. 

PRINTING,  CALICO.    [Calico-Printino.] 

PRIOR,  PRIORY,  ecdeeiastical  terms  denoting  certain  monastic 
foundations  and  the  heads  of  such  foimdations.  They  differ  in  nothing 
essentially  from  the  terms  abbot  and  abbey.  There  were  in  England 
religious  houses  the  chiefs  of  which  were  called  priors,  quite  as  rich 
and  as  powerful  as  many  that  had  a  chief  who  was  cidled  the  abbot 
Thus  in  Yorkshire  there  were  two  houses  at  no  creat  distance  from 
each  other,  called  Roche  and  Nostel,  the  head  of  the  former  being  an 
abbot,  and  of  the  latter  a  prior,  though  Nostel  was  the  more  ancient 
and  more  considerable  foundation.  The  prior  of  St.  John  of  Jeru- 
salem  was  equal  to  any  abbot;  yet  in  the  main  we  find  the  greater 
monastic  foundations  presided  over  by  monks  who  were  called  abbots. 
In  some  cases  there  was  both  an  abbot  and  a  prior,  when  the  abbot  w&s 
regarded  as  the  superior  officer;  and  in  the  priories  tiiere  was  often  a 
second  officer  called  the  sub-prior. 

PRIORITY.    [Notice.] 

PRISM  (ir/»f(r/ia),  in  Mathematics,  is  a  solid  formed  by  a  straight 
line  which  moves  parallel  to  a  given  straight  line,  and  one  end  of  which 
traces  out  the  contour  of  a  given  rectilinear  polygon.  The  other 
extremity  of  the  moving  straight  line  traces  out  an  equal  and  similar 
polygon,  placed  parallel  to  l£e  former  one:  and  the  prism  is  thus 
bounded  by  two  equal  and  parallel  polygons,  joined  by  as  many 
parallelograms  as  each  polygon  has  sides.  When  these  parallelograms 
are  at  right  angles  to  the  planes  of  the  polygons,  the  solid  is  called  a 
right  prism ;  in  all  other  cases,  an  oblique  prism.  The  prism  is  among 
plane  solids  what  the  cylinder  is  among  curvilinear  ones :  it  is  also  called 
triangular,  quadrangular,  pentagonal,  &c.,  according  as  the  jpolygons 
have  three,  four,  five,  &c.,  sides.  Thus  the  prism  used  in  optics  is  a 
triangular  prism,  while  the  parallelepiped  is  a  quadrangular  prism. 

The  number  of  cubic  units  in  the  contents  of  a  prism  is  found  ^ 
multiplying  the  number  of  square  units  in  either  of  the  polygons  by 
the  number  of  linear  units  in  the  perpendicular  distance  between  the 
planesof  the  two  polygons;  and  all  prisms,  however  much  they  may 
differ  in  obliquity,  which  have  equal  bases,  and  equal  heights  or 
{)erpendicular  distuices  between  opposite,  polygons,  are  equal  in  mag- 
nitude. 

No  other  rule  can  be  given  for  computing  the  surface  of  a  prism 
except  the  simple  direction  to  add  the  areas  of  the  two  polygons  to 


those  of  the  joining  parallelograms.  But  in  the  case  of  a  right  prism 
the  finding  of  the  parallelograms  may  be  shortened  by  multiplying  tl» 
number  of  linear  miits  in  the  contour  of  one  polygon  by  the  altitods 
of  the  prism. 

PRISM.    [Optics;  Refraction.] 

PRIVATE  ACT.    [Parliament.] 

PRIVATEER,  a  private  ship  of  war,  fitted  out  at  the  cost  of  aa 
individual  for  the  purpose  of  carrying  on  hostifities  on  his  own  aocouci, 
but  under  the  sanction  of  a  belligerent  state,  against  the  public  enemy. 
It  is  the  practice  of 'most  nations  to  commission  vesselB  of  this  kind  as 
auxiliaries  to  the  public  force.  The  owners  of  tliem  are  licensed  to 
attack  and  plunder  the  enemy,  and  their  entenpriae  ia  enoouraged  bj 
allowing  them  a  large  portion  of  any  property  tney  may  capturei  ^ 
the  law  of  nations  they  are  not  considered  pirates.  It  is  usual  for  ths 
country  on  whose  behalf  they  carry  on  war  to  take  security  for  thesr 
duly  respecting  the  rights  of  neutrals  and  allies,  and  observing  geoe- 
rally  the  law  of  nations.  [Prize.]  (45  Geo.  IIL  o.  72 ;  I  Ksnts 
'  Commentaries,'  96.) 

PRIVILEGE  {PrimUgium,  from  the  sense  of  which  however  it  has 
been  perverted),  a  particular  beneficial  exemption  from  the  genefil 
rules  of  law.  Privilege  is  of  two  kinds ;  real,  attaching  to  place,  and 
perianal,  attaching  to  persons,  as  ambassadors,  peers,  members  of  par- 
liament, attorneys,  &c.,  whose  peculiar  privllegeB  are  stated  uada 
these  heads  respectively. 

Formerly  many  places  conferred  the  privilege  of  freedom  from  arrest, 
even  in  criminal  matters,  upon  those  entering  them  fSANCTirART] ;  sod 
even  in  later  times  many  places  existed  which  privil^ed  those  within 
them  from  arrest  in  civil  sidts.  Of  these  the  most  notorious  were 
White  Fryars,  the  Savoy,  the  Mint,  and  other  places  in  their  ndgfa- 
l^ourhood.  But  by  8  &  9  Wm.  III.  c.  27,  the  privileges  of  all  these 
places  were  abolished.  However  at  the  present  time,  no  srrsst  can  be 
made  in  the  king's  presence,  nor  within  the  verge  of  the  pslace  of 
Westminster,  nor  in  any  palace  where  he  resides,  nor  in  anypisee 
where  the  king's  justices  are  sitting.  (S  '  lust,*  141.)  Penmal  privi- 
lege, conferring  freedom  from  arrest,  is  enjoyed  by  all  saitora,  oouosl, 
witnesses,  or  other  persons  attending  any  courts  of  record  upon  boa- 
ness,  or  an  arbitrator  under  a  rule  of  Nisi  prius.  This  exemption  is  to 
be  interpreted  liberally,  and  will  not  therefoiip  be  forfeited  by  taking 
refreshment  after  a  suit,  or  by  going  other  than  the  direct  road  to  or 
from  a  court.    (Com., '  Dig.,'  tit.  Privileges.) 

PRIVILE'GIUM.    [Law.] 

PRIVY  COUNCIL  (Consilium  regis  privatum,  concilium  secretom 
et  continuum  concilium  regis).  The  privy  council,  or  council  tabk, 
consists  of  the  assembly  qf  the  queen's  privy  councillors  for  matten  of 
state.  Their  number  was  anciently  about  twelve,  but  is  now  iiiM- 
nitely  increased.  The  present  usage  is,  that  no  members  attend  the 
deliberations  of  the  council  who  are  not  especially  summoned  for  tbt 
purpose.  They  must  be  natural-bom  subjects  of  England,  and  ize 
nominated  by  the  crown  without  any  patent  or  grant.  After  n<Roin»- 
tion  and  talung  the  oatii  of  office,  they  immediately  become  priry 
ooimdllors.  Formerly  they  remained  in  office  only  during  the  life  d 
the  sovereign,  who  chose  them  subiect  to  removal  at  his  diacretiflo; 
but  by  6  Anne,  c.  7,  the  privy  council  continues  in  existence  six  mostb 
after  the  demise  of  the  crown,  unless  sooner  determined  by  the  soe- 
cessor,  and  they  are  to  cause  the  successor  to  be  proclaimed  The 
privy  council  of  Scotland  ia  now  merged  in  that  of  England,  by  6  Anae. 
c,  6.  The  duties  of  a  privy  councillor,  as  stated  in  the  oath  of  office, 
are,  to  the  best  of  lus  discretion  truly  and  xmparttally  to  advise  ths 
king ;  to  keep  secret  his  counsel,  to  avoid  corruption,  to  strengtheB 
the  king's  council  in  all  that  by  them  is  thought  good  for  the  king  and 
his  land,  to  withstand  those  who  attempt  the  contraiy,  and  to  do  aD 
that  a  good  councillor  ought  to  do  unto  his  sovereign  lord.  By  the 
Act  of  Settlement  (12  &  18  Wm.  IIL  c.  2)  all  matters  relating  to  the 
government  properly  cognizable  in  the  privy  council  are  to  be  trans* 
acted  there ;  and  all  the  resolutions  taken  thereon  are  to  be  signed  bj 
such  of  the  privy  ooimcil  as  adrise  and  consent  to  them. 

The  court  of  privy  council  is  of  great  antiquity ;  and  during  eaiiier 
periods  of  our  history  appears  not  always  to  have  confined  itself  to  the 
entertainment  of  mere  matters  of  state.  It  had  always  and  still  has 
power  to  inquire  into  all  offences  against  the  government;  but  it  often 
assumed  the  cognizance  of  questions  merely  affiscting  the  property  and 
liberties  of  individuals.  This  is  evident  from  the  complaints  and 
remonstrances  that  so  frequently  occur  in  out  history,  and  ultimately 
from  the  declaratory  law  of  the  16  Chas.  I.  referring  to  such  piacticea. 
Probably  the  very  statement  of  Sir  Edward  Coke,  that  the  subjects  of 
their  deuberation  are  the  "  publique  good,  and  the  honour,  defence, 
safety,  and  profit  of  the  r^Jm ....  private  causes,  lest  they  should 
hinder  the  publique.  they  leave  to  the  justices  of  the  kingfs  courts  of 
justice,  and  meddle  not  with  them,"  proceeded  from  his  knowledge 
that  such  limits  had  not  always  been  observed,  and  his  jealousy  of 
their  invasion.  Several  other  passages  in  his  works  seem  to  show  that 
this  was  so.  The  attempts  to  enhuge  the  jurisdiction  of  the  oouseil 
appear  always  to  have  been  resisted  as  illc^ ;  and  they  were  finallj 
checked  by  the  16  Chas.  I.  c.  10.  That  statute  recites  that  of  late 
years  "  the  council-table  hath  assumed  unto  itself  a  power  to  inter- 
meddle in  civil  causes,  and  matters  only  of  private  interest  between 
party  and  party,  and  have  adventured  to  deteiinine  of  the  estates  and 
liberties  of  the  subject,  contrary  to  the  laws  of  the  land,  and  the  righti 
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and  privileges  of  the  subjeci."  By  the  aame  statute  it  is  declared  and 
enacted  that  neither  his  majesty  nor  his  privy  council  have  or  ought 
to  have  any  jurisdiction  in  such  matters,  but  that  they  ought  to  be 
tried  and  determined  in  the  ordinary  courts  of  justice,  and  by  the 
ordinary  courtA|f  law. 

Subaequentl^Mowever  to  this  statute,  in  matters  arising  out  of  the 
jurisdiction  of  the  courts  of  the  kingdom,  as  in  colonial  and  admiralty 
causes,  and  also  in  otiier  matters,  where  the  appeal  was  to-  the  king 
himself  in  council,  the  privy  council  continued  to  iiave  cognisance, 
even  though  the  questions  related  merely  to  the  property  of  individuals. 
By  2  A;  3  Wm.  I Y.  c.  92,  the  powers  of  the*  high  courts  of  delegates, 
both  in  ecclesiastical  and  maritime  causes,  were  transferred  to  the  king, 
in  counciL  The  decision  of  these  matters  being  purely  legal,  it  was 
found  expedient  to  make  some  alterations  in  the  court,  for  the  purpose 
of  better  adapting  it  to  the  dischai^ge  of  this  branch  of  its  duties. 
Instances  had  before  occiured  where  the  judges  had  been  called  in  and 
had-^ven  extra-judicial  opinions  to  the  privy  council ;  but  the  practice 
was  inconvenient  and  unsatisfactory,  and  all  necessity  for  it  is  now 
wholly  removed.  By  the  8  ft  4  Wm.  lY.  o.  41,  the  junsdiction  of  the 
privy  council  is  further  enlai^fed,  and  there  Sa  constructed  from  it  a 
body  entitled  "  the  judicial  committee  of  the  privy  council,"  which 
now  consists  of  the  keeper  of  the  great  seal,  the  chief  justices,  the 
master  of  the  roUs,  the  chief  baron,  and  other  great  judicial  ofi&cers. 
Power  is  also  given  to  the  king  by  his  sign  manual  to  appoint  any  two 
other  persons  who  are  privy  councillors  to  be  members  of  the  com- 
mittee. The  same  powers  for  enforcing  their  decrees,  ftc,  are  given 
to  the  judicial  committee  as  are  possessed  by  the  Court  of  Chancery, 
Queen's  Bench,  &c. 

The  privileges  of  a  privy  councillor,  beyond  those  of  mere  honoraiy 
precedence,  formerly  related  to  the  security  of  his  person.  If  any  one 
struck  another  a  blow  in  the  house  or  presence  of  a  privy  councillor, 
he  was  fineablo.  Conspiracy  by  the  king*s  menial  servants  against  the 
life  of  a  privy  councillor  was  felony,  though  nothing  were  done  upon 
it  And  by  9^  Anne,  o.  16,  any  unlawful  assault  by  any  person  on  a 
privy  councillor  in  the  execution  of  his  office  was  felony. 

Those  statutes  have  however  been  now  repealed,  by  9  G^.  lY.  c.  81, 
and  any  o£fence  against  a  privy  councillor  stands  on  the  same  footing 
as  oflfences  against  any  other  individual  (1 '  Co.  Lit./  110,  a.  n.  5 ;  3 
<  Inst.,'  182;  4  ' Inst,'  52;  1  'Blackst.  Com.'  Mr.  Kerr's  edit,  oh.  5; 
Hallam's '  Constitutional  History.') 

PRIVY  SEAL.    [Sign  Manual.] 

PRIZE,  property  taken  from  an  enemy  at  sea,  the  law  as  to  which  is 
regulated  by  the  general  law  of  nations.  As  between  the  belligerent 
powers  themselves,  the  property  in  a  ship  or  other  thing  captured 
passes  at  once,  by  tJie  mere  taking  itself,  to  the  captor.  But  the  thing 
captured  may  be  purchased  from  the  captor  by  a  person  belonging  to 
a  neutral  state,  or  it  may  be  recaptured.  It  becomes  therefore  neces- 
sary, as  between  the  original  owner  and  such  purchaser,  or  between 
the  original  owner  and  the  recaptor,  to  lay  down  some  nde  for  deter- 
mining at  what  time  and  under  what  circumstances  the  thing  captured 
becomes  prize,  so  that  the  property  in  it  passes  to  the  captor  for  all 
purposes.  The  law  of  nations  upon  this  point  ¥ras  very  vague  and 
unsettled.  It  used  to  be  said  that  property  was  not  devested  by 
capture  imtil  after  possession  had  been  retained  twenty-four  hours,  or 
until  the  prize  had  been  taken  infra  prsesidia;  or  again,  until  the  spes 
recuperandi  was  gone.  The  present  rule  is  thus  expressed  by  Lord 
Stowell : — **  By  uie  general  practice  of  the  law  of  nations  a  sentence  of 
condemnation  is  at  present  deemed  generallv  necessary,  and  a  neutral 
purchaser  in  Europe  during  war  looks  to  the  legal  sentence  of  con- 
demnation as  one  of  the  title-deeds  of  a  ship,  if  he  buys  a  prise  vesseL" 
Sentence  of  condemnation,  that  is,  sentence  that  the  thing  captured  is 
prize,  and  that  consequently  the  property  of  the  original  owner  in  it  Iei 
entirely  devested,  must  be  pronounced  by  a  court  of  the  capturing 
power  duly  constituted  according  to  the  law  of  nations.  The  prize 
court  of  the  captor  may  sit  in  the  territoiy  of  an  ally,  but  not  in  that 
of  a  neutral.  Questions  of  prize  are  by  the  English  law  disposed  of  in 
the  courts  of  Admiralty.    [ADMnuLTr.]    (45  Geo.  III.  a  72.) 

PRIZE-MONEY.  All  the  acts  relatmg  to  army  prize-money  have 
been  repealed  by  the  2  ft  8  Will  lY.  c.  53,  which  also  enacts  that  all 
captures  made  by  the  army  shall  be  divided  according  to  such  general 
rule  of  distribution  as  the  king  shall  direct 

PROBABILITY,  PROBABILITIES,  THEORY  OF.  A  conclusion 
is  said  to  be  known)  in  two  distinct  ways ;  first,  when  it  is  derived 
from  those  principles  (as  we  oUl  them)  which  may  be  considered  as 
common  to  all  mankind,  or  which  at  least  no  one  Iei  found  to  deny ; 
secondly,  when  it  results,  by  a  sure  process  of  inference,  from  prenuses 
which  are  believed  to  be  known.  Whether  these  premises  be  properly 
known,  that  is  to  say,  whether  another  person  assuming  to  decide  on 
the  propriety  or  impropriety  will  be  satisfied  or  not,  is  not  a  part  of 
the  present  inquiiy.  That  knowledge  of  the  first  kind  exists  is  un- 
questioned, and  most  of  the  results  of  such  knowledge  are  agreed  upon. 
That  knowledge  of  the  second  kind  exists  is  also  unquestioned,  though 
two  men  may  differ  as  to  whether  a  given  conclusion  be  part  of  it  er 
not.  The  distinction,  as  elsewhere  noticed  [Mathematics],  is  positive, 
eafiUy  apprehended,  and  useful;  it  exists  moreover,  and  must  exist, 
whatever  may  be  the  system  of  psychology  en  which  one  man  or 
another  may  explain  it 

In  the  exact  sciences,  demonstration  is  always  effected  in  such  a  way 
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as  to  show  that  nothing  contradictory  of  the  proposition  demonstrated 
either  is  true  or  can  have  been  tnie  at  any  tmie.  Two  sides  of  a 
triangle  are,  were,  and  always  will  be,  greater  than  the  tUid ;  l>y  which 
we  mean  that  persons  with  minds  constituted  as  ours  are,  must  have 
admitted  this,  must  now  admit  it,  and  must  admit  it  in  all  time  to 
come.  Those  who  should  deny  the  proposition  must  really  hold  that 
a  whole  may  be  less  than  its  contained  part :  such  Iei  the  alternative 
which  geometrical  demonstration  offers  for  acceptance,  and  we  should 
cease  to  consider  a  mind  as  the  proper  object  of  instruction  which 
should  prefer  the  alternative  to  the  proposition.  Such  truths  as  these 
are  not  the  subject  of  the  present  artide. 

The  other  dain  of  conclusions  consists  of  those  which  may  be  false, 
or  which  may  have  been  false  at  one  time,  or  may  become  so,  without 
the  necessity  of  our  supposing  an  absolute  and  inconceivable  difference 
of  mental  constitution  between  ourselves  and  the  person  who  may 
have  seen  this  falsehood,  may  now  see  it»  or  is  to  see  it  Many  such 
conclusions  appear  to  be  as  certain  as  if  they  were  absolutely  demon- 
strated, until  a  close  and  (to  those  who  have  not  considered  the  sub- 
ject) a  captious  test  is  applied,  which  shows  that  this  certainty  is  not 
what  is  <»lled  mathematical  certainty.  One  of  the  most  certain  per- 
haps of  all  is  this :  a  baU  of  iron  suspended  by  a  thread  will  fall  to 
the  ground  when  the  thread  is  cut ;  eveiy  one  is  as  well  persuaded  of 
ihis  truth  as  of  the  two  sides  of  a  triangle  being  together  greater  than 
the  third;  those  who  have  not  studied  geometry  know  the  fonner 
much  better  than  the  latter.  But  let  any  one  aascrt  ^t  he  has  seen, 
in  a  part  of  Africa  unexplored  except  by  himself,  a  ball  of  iron  sus- 
pended in  the  ur,  which,  though  iron  to  the  sight  and  touch  and  iron 
to  every  dianioal  experiment,  not  only  remains  in  the  air  without  sup- 
port, but,  when  forced  to  the  ground,  rises  again  of  itself  to  the  same 
height  We  should  laugh  and  disbelieve  it,  but  we  could  not  disprove 
it ;  in  spite  of  our  laughter  and  unbelief,  no  man  can  know  such  a  thing 
to  be  false.  Let  a  number  of  credible  persons  solemnly  declue  that  they 
have  seen  the  same  phenomenon,  and  our  unbelief  would  be  shaken: 
finally,  let  it  be  a  matter,  as  it  is  called,  of  common  notoriety,  and  let 
a  continual  succession  of  good  witnesses  passing  and  repassing  con- 
stantly confirm  each  other  in  the  recital  above  mentioned,  and  our 
positive  disbelief  would  be  changed  into  as  positive  a  beliel  But  let 
a  new  witness  declare  that  the  natives  use  bows  and  arrows  of  the 
common  form,  in  which  the  straight  string  of  the  bow,  meaning  that 
part  of  it  which  joins  the  extrenuties  of  we  bow,  is  four  or  five  times 
as  long  as  the  curved  bow  itself;  though  our  disbelief  of  this  first  wit- 
ness would  not  be  sensibly  stronger  than  our  disbelief  of  the  first 
witness  in  the  preceding  case,  yet  it  must  be  of  this  kind,  that  any 
succession  of  respectable  witaieases,  however  numerous,  could  never 
add  any  force  to  the  fact  in  a  mind  which  can  properly  appreciate  the 
grounds  of  the  assertion  that  a  strai^t  line  is  the  shortest  distance 
between  two  points.  A  million  of  witnesses  could  do  no  more  than 
one  to  establish  the  fact  stated,  in  the  mind  of  a  person  who  knows 
what  geometrical  demonstration  is;  though  it  is  just  possible  that 
another,  who  only  learns  the  connection  of  the  sides  of  a  triangle 
from  experiment}  may  be  capable  of  being  oonvinced  of  the  second 
assertion  hj  evidence,  as  well  as  of  the  first 

The  prwabUUjf  of  an  asserted  fact  or  conclusion  means,  in  conmion 
language,  the  degree  of  belief  which  we  think  we  ought  to  accord  to 
it,  and  it  depends  in  each  mind  upon  the  amount  of  evidence  offered, 
the  degree  in  which  that  evidence  is  understood,  the  fitness  of  that 
mind  to  receive  and  be  acted  on  by  evidence,  and  in  particular  by  the 
evidence  which  is  offered.  Evidence  insufficient,  or  ill  understood,  or 
offered  to  a  mind  which  is  unduly  credulous  or  sceptical,  whether  to 
the  particular  sort  of  evidence  in  question  or  to  evidence  in  general, 
may  give  a  low  degree  of  probability,  or  none  at  all,  to  what  another 
mind  considers  as  indisputable ;  or  the  contrary.  In  the  common  use 
of  the  word,  a  result  is  said  to  be  probable  only  when  the  mind  inclines 
more  or  less  to  brieve  it,  and  improbable  in  the  oontraiy  case.  The 
math6matiqal  use  of  the  term  is  rather  different;  but,  till  further 
notice,  we  retain  the  conmion  signification. 

We  are  going  to  treat  belief  as  a  QuaktiTt,  not  only  to  speak  of  its 
more  and  less,  but  to  submit  that  more  and  less  to  measurement  The 
phrase  is  unusual,  but  when  a  halfpenny  is  in  the  air,  we  half  believe 
that  head  will  fall  uppermost,  and  we  half  believe  in  teal;  this  is  what 
we  mean  when  we  say  the  chances  are  even.  But  the  reader  must 
remember  that  in  our  present  subject  belief  does  not  mean  that  result 
of  self-will  which  a  person  puts  forward  as  his  opinion.  Without  any 
wilful  falsehood,  men  can  contrive  vexy  frequently  to  disguise  the  real 
state  of  their  minds  with  respect  to  a  'proi>osition,  and  to  substitute 
their  wishes  for  their  beliefs ;  not  their  prejudices,  for  real  prejudice 
is  belief,  but  their  wishes.  The  conclusion  of  tiie  mind  is  thrust  into 
a  comer ;  and  when,  after  all,  it  is  necessary  fo  declare  it,  we  hear — ^I 
had  all  the  time  a  harking  belief,  &e.  That  lurking  belief  was  the 
rightf id  owner,  but  the  sovereign  will  had  put  a  U8un>er  in  his  place. 
The  verb  to  bdieve  has  only  one  future  form ;  what  we  ^all  believe,  and 
what  you  will  believe,  are  legitimate  matters  of  conjecture.  But  *'  I 
will  .believe"  is  a  declaration  which  vi  no  more  in  our  own  power  than 
"  thou  shalt  believe  "  is  in  our  own  ri^t  It  has  cost  England  cen- 
turies of  struggle  to  tear  the  second  out  of  the  grammar  of  statesmen 
and  divines ;  but  how  much  longer  it  will  take  to  get  as  well  rid  of  the 
first  \b  beyond  the  theory  of  probabilities  to  guess. 

We  mean  by  evidence,  in  the  present  inquiiy,  not  merely  oral  or 
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written  tertimony,  bat  everjthmg  which  diBposM  the  mind,  however 
little,  to  adopt  or  reject,  induding  even  the  effect  of  preyious  know- 
ledge. The  value  of  evidence,  that  h,  the  extent  it  should  go  towards 
inducing  belief,  is  really  the  subject  of  inquiry  in  a  branch  of  exact 
science  known  by  the  name  of  the  theory  of  prtihahUities.  But  how 
can  the  value  of  evidence  be  made  a  subject  of  measurement  ?  why 
can  this  be  done  in  the  case  of  an  amount  of  credibility  more  than  in 
that  of  an  amount  *  of  benevolence,  courage,  or  talent  ?  We  should 
atturedly  think  any  one  must  be  in  a  curious  delusion  who  should 
suppose  himself  to  have  ascertained,  from  the  data  given  by  Homer, 
that  the  warlike  skill  of  Achilles  waa  exactly  552  times  that  of  Ther- 
aitee,  and  that  Shakspere  had  done  the  former  a  foul  wrong,  for  that 
he  had  made  it  only  237  times  and  a  fraction.  But  what  is  the 
difference,  in  the  nature  of  the  inquiry  we  see]^  to  institute,  b^ween 
attempts  to  measure  prowess  and  probability?  On  the  mode  of 
angering  this  question  it  depends  whether  we  are  to  make  our  subject 
merely,  aa  heretofore,  a  kind  of  artificial  method  of  judging  the  chances 
of  a  game  of  hazard ;  or  a  rational  and  exact  mode  of  doing,  when 
data  are  sufficient,  that  which  we  daily  attempt  to  do,  as  well  as  we 
can,  with 'our  inaccurate  appreciations  of  the  circumstances  of  common 
life ;  and  a  science  to  be  used,  as  are  others  of  a  mathematical  nature, 
for  accustoming  ourselves  to  estimate  or  guess  with  something  IIke> 
accuracy,  by  habitual  acquaintance  with  cases  in  which  absolute  accu- 
racy is  attainable. 

When  we  consider  all  the  circumstances  which  affect  belief  or  opinion, 
both  those  which  are  external  and  those  which  depend  on  the  mind 
which  is  exposed  to  them,  it  may  well  bewilder  the  imagination  of  a 
person  not  accustomed  to  the  idea,  when  he  hears  of  an  attempt  to 
reckon  credibility  in  numbers,  and  to  deduce  what  are  called  exact 
conclusions  from  hypotheses  as  to  the  force  of  assertions.  To  remove 
txojn.  the  threshold  of  the  subject  the  incredulity  which  must  exist, 
and  ought  to  exist  in  the  first  instance,  let  us  suppose  the  other 
branches  of  science  presented  to  a  student  not  in  their  simple  begin- 
nings, but  by  a  description  of  their  ultimate  physical  objects.  To  put 
this  beginner  in  a  state  parallel  to  that  of  readers  ixt  general  with 
respect  to  the  subject  of  probabilities,  he  must  be  of  mature  age,  with 
very  little  knowledge  of  number,  none  of  any  other  branch  of  mathe- 
matics, and  no  conception  of  the  construction  or  use  of  any  physical 
instrument,  nor  of  the  object  and  procedure  of  any  one  experi- 
ment. He  might  then  be  addressed  as  follows  :;— "  You  are.  without 
moving  from  this  eartii,  to  track  the  motions  of  all  the  heavenly  bodies, 
to  be  able  to  ascertain  where  they  were  or  will  be  at  any  moment  of 
time  past  or  future,  to  measure  their  sizes,  to  weigh  their  contents, 
and  to  find  the  species  and  amount  of  insensible  forces  which,  by  some 
unknown  means,  they  exercise  on  one  another.  You  are  to  detect  tlje 
existence  of  a  subtle  fluid  which  can  neither  be  seen,  heard,  nor  felt, 
to  measure  vibrations  of  which  there  are  miUions  in  a  minute,  and  to 
trace  the  course  of  effects  which  travel  hundreds  of  thousands  of 
mike  in  a  second.  You  are  to  weigh  against  each  other  atoms  of 
matter  of  which  it  cannot  be  shown  that  miUions  put  together  would 
be  visible  to  the  eye."  The  person  so  addressed  would  not  be  less 
bewildered  nor  more  disposed  to  treat  the  proposed  results  m  fictions, 
than  he  who  hears  for  the  first  time  of  a  numerical  theory  of  probabili- 
ties. But  let  us  now  reverse  the  method,  and  suppose  the  learner  allowed 
to  begin  at  the  beginning.  He  first  finds  that,  step  by  step,  his  rude 
notions  of  number  are  organised  into  a  method  of  computation  which 
enables  him  easily  to  perform  more  than  he  could  have  imagined  the 
most  snbtle  brain  to  have  devised.  From  notions  of  the  simplest  kind 
connected  with  space,  |fti>pertie8  of  figure  become  almost  intuitive,  of 
whiuh  he  could  at  one  time  not  have  comprehended  the  description, 
far  less  the  demonstration.  By  reasoning  on  the  simplest  properties 
of  matter,  such  as  can  be  proved  to  his  senses,  he  finds  no  difficulty  in 
tradng  remote  and  complicated  combinations  of  effects  from  the 
plainest  causes,  by  which  he  learns  to  invert  this  process,  and  to 
reduce  observed  combinations  to  their  simplest  elements.  But  if, 
during  this  long  and  very  gradual  process,  he  were  to  keep  continually 
before  his  mind  those  greot  results  the  knowledge  of  which  he  had  been 
promised,  looking  to  arrive  at  the  fulfilment  of  the  promise  by  some 
sudden  acquisition  of  power,  his  whole  course  would  be  one  of  dis- 
appointment. He  would  be  peeping  forward  a  few  pages  in  his  Euclid, 
in  the  hope  of  seeing  himself  ahnost  arrived  at  the  means  of  calcula- 
ting an  eclipse  or  explaming  the  theory  of  colours,  and  would  find  that 
he  was  to  leun  how  to  make  a  square  equal  to  a  given  figiu^  instead. 

Now  the  appHoation  of  the  prece^g  description  to  our  present 
subject  is  as  follows : — The  beginner  in  exact  science  has  usually  no 
definite  notions  as  to  the  end  which  he  is  to  arrive  at ;  nor  do  the  terms 

*  It  is  rather  for  the  argument  that  we  endeayoor,  however  imperfectly,  to 
make  nomerioal  standards  of  use  in  estimating  erery  one  of  these  qualities, 
whieh  ure  put  down  at  hazard  before  the  matter  of  this  note  suggested  itself. 
"We  are  apt  to  eompare  the  benevolence  of  two  persons  by  the  pecuniary  results 
of  their  liberality ;  eoafoandiag  the  two  qualities,  but  perhaps  the  very  eon. 
fusion  arises  partly  from  the  nomerical  meaeure  which  is  thereby  supposed 
attainable.  We  form  a  vague  notion  of  the  comparative  courage  of  two  soldiers, 
by  comparing  the  different  amounts  of  danger  which  we  think  they  have  faced ; 
a  most  unfair  and  bllacious  test,  bat  stUl  indicative  of  the  tendency  to  measure. 
Finally,  we  compare  talent  in  what,  speaking  of  the  way  It  is  now  done,  wo 
can  hardly  call  a  more  rational  manner,  by  trials  of  what  competitors  can  do 
QBder  the  same  drcttmstances  end  in  the  same  time. 


algebra,  geometry,  mechanics,  &c.,  suggest  any  associations^  beyond  i 
vague  notion  that  they  are  pa^  of  a  learned  system.  But  it  is  imps»- 
sible  that  the  beginner  in  the  subject  of  this  article  should  be  withcj* 
an  explicit  and  probably  an  exaggerated  notion  of  what  he  is  ^»- 
attain.  There  is  no  unknown  Greek  or  Arabic  term  the  meaning  s. 
which  must  be  slowly  learned  by  the  study  of  the  science  of  whirl  r. 
is  the  name;  the  word  probcUnUty,  so  well  knqwn  in  the  conin.  i 
affairs  of  life,  stares  him  in  the  face  at  the  head  of  every  pa^,  ani 
reminds  him  to  be  dissatisfied  with  the  extent  of  power  gained,  up : 
the  point  at  which  be  has  arrived.  Unless  then  he  can  make  up  lis 
mind  to  descend,  as  a  student  would  do  v^ho,  having  in  his  head  dk 
theory  of  gravitation  and  the  laws  of  light,  should  lay  by  these  jmd 
ideas,  and  set  himself  to  trace  the  consequences  of  the  aimple  n.  i-n 
that  two  straight  lines  cannot  enclose  a  space — he  must  be  warned  th::: 
he  will^  be  likely  to  quit  the  subject  in  disgust.  We  now  i^xweed  Vj 
the  fundamental  points  of  the  theory. 

That  opinion  may  be  formed  with  ihore  or  less  strength,  particuhrir 
when  the  subject-matters  are  of  different  species,  is  well  knows  t:- 
every  one  from  his  own  experience.  The  most  decided  republicaa  z 
England,  for  instance,  is  not  so  sure  of  the  wisdom  of  the  Long  P*'- 
liamcnt  as  he  is  that  all  its  members  are  now  dead ;  and  no  n«ph£. 
however  well  persuaded  of  his  tenets,  thinks  the  Kestoration  was  of  at 
much  consequence  to  this  country  as  sun,  wind,  and  rain.  It  m^tes 
nothing  that  the  different  degrees  of  assurance  refer  to  very  dbferti^ 
matters,  and  are  obtained  in  very  different  ways ;  that  they  are  shtjo.'U? 
amounts  of  the  same  kind  of  feeling  is  universally  felt  and  admitted. 
To  make  something  like  a  gauge  for  these  degrees  of  belief  ii  uA 
difficult ;  to  apply  it  is  a  harder  task,  seeing  thjitthe  cases  which  j>rtsci> 
circimistances  of  sufficiently  definite  character  are  seldonct  met  witL 

Suppose  a  box  to  contain  3  white  and  4  black  balls  ;  it  is  ea£r 
admitted  that  it  is  more  likely  that  a  black  ball  should  be  dr^wn  tks 
a  white  one,  on  the  supposition  that  the  drawer  does  not  see  the  lau. 
Or  rather  we  should  say  it  is  easily  admitted  that  every  well  reguhi<ii 
mind  ought  to  think  a  black  ball  more  likely  than  a  white  one :  isi 
that  if  any  one  should  imagine  the  contrary,  he  has  formed  an  opiate 
from  prejudice,  fancy,  or  want  of  proper  consideration.  Just  as  ve 
should  say  that  if  all  tibe  balls  were  black,  a  black  ball  would  certih.} 
be  drawn,  so  when  a  majority  of  the  balls  is  black,  and  eadi  one  laH .» 
as  likely  to  be  drawn  as  any  other,  there  are  more  ways  of  dnv7^ 
black  than  white,  and  we  look  upon  the  former  as  more  obtaicall-:. 
and  more  likely  to  be  obtained,  than  the  latter.  Common  expeiiri.:' 
makes  us  consider  the  black  as  more  likely  than  white,  when  ti^ 
number  of  black  balls  is  much  greater  than  that  of  white  balls ;  as,  if 
there  were  only  3  white  balls,  and  a  million  of  black  ones.  Here,  lo  !a 
other  questions  of  magnitude,  we  can  see  a  difference  when  tk 
difference  is  great,  which  we  must  perhaps  learn  to  see  when  it  e 
small :  it  is  plain  enough  that  the  black  is  more  likely  Uian  the  wiit; 
when  there  are  a  million  of  black  balls  to  one  white ;  but  not  so  eas^ 
grasped  that  the  black  is  more  likely  than  the  white  when  there  sp^ 
five  hxmdred  thousand  and  one  black  balls  to  five  hundred  thovsuii 
white. 

The  next  step  to  be  made  is  the  assertion  that  when  there  are  3 
white  and  4  black  balls,  the  probability  of  diuwing  white  is  to  that  c: 
^drawing  black  in  the  proportion  of  3  to  4 ;  that  is,  if  we  could  tj  a 
voluntary  act  make  our  impressions  about  the  probability  of  fatuv 
events  of  that  strength  which  our  reason  tells  us  they  ought  to  bsTs, 
we  should  choose  to  expect  a  black  ball  more  strongly  than  a  white  o&e 
in  the  proportion  of  4  to  3.  The  principle  on  which  we  do  this  ii  th^e 
main  point  of  the  theory,  the  only  objectionable  part,  if  there  be  cce : 
for  all  the  rest  is  mathematical  deduction. 

The  principle  is  as  follows : — When  any  number  of  events,  i,B,  c. 
&C.,  are  such  that  one  and  only  one  can  happen  at  a  time,  and  wLcs 
a,  b,  c,  Ac,  are  the  numbers  of  ways  in  which  they  can  severally  happer^, 
the  probabilities  of  the  several  events  are  in  the  proportions  of  ibc 
numbers  a,  b,  c,  &c  Ketuming  to  the  preceding  simple  instance,  wp 
have  an  obvious  negative  reaton  for  supposing  that  the  probabilitiei 
should  be  as  4  to  3,  since  there  is  no  imaginable  ground  for  aasui&isg. 
while  the  excess  of  black  balls  is  the  sole  cause  of  the  superior  \t^ 
bability  of  drawing  one  of  them,  that  this  excess  of  probability  ehouli 
be  in  any  other  proportion  than  that  of  the  excess  of  black  haik  if 
we  gi'ant  the  following,  namely,  that  the  probability  of  having  <^^  ^^ 
other  out  of  two  of  the  different  results  which  a  trial  naay  gire,  is,  it 
ought  to  be,  the  mm  *  of  the  probabilities  of  the  two  sepantrlv,  wp 
shall  be  obliged  to  admit  positive  reason  for  the  preceding  priociple.  as 
follows : — Suppose  a  box  to  contain  10  balls,  marked  1,  2,  &<k  \ip  w  l-"^, 
and  no  others.  A  ball  is  to  be  drawn,  and  the  drawer  has  in  his  mind 
an  amount  of  hope,  fear,  or  simple  admission  of  possibility,  as  the  els'.* 
may  be,  as  to  the  happening  of  each  nimiber.  If  the  drawing  oi  Xc.  I 
be  to  gain  him  a  prize,  there  is  a  certain  amount  of  hope ;  if  it  be  to 
procure  him  a  loss,  of  fear ;  if  neither  one  nor  the  other,  of  feeling  tUt 
No.  1  may  be  that  which  is  drawn.  Now  let  either  1  or  2  brliij:  tL* 
gain  or  loss ;  is  the  feeling  of  hope  or  fear  doubled  in  strength  ?  <' 
rather,  ought  it  to   be  doubled?    He  who  admits  this,  admitd  tk 

*  Disjunctive  mention  is  a  logical  a^refatkm,  a,8ommatioa»  of  tHat/et. 
When  we  say  **  He  is  either  fool  or  mad,*'  we  say  he  belongs  to  the  grass  vkieh 
contains  the  species /oo/  and  mad.  To  describe  him  in  a  word,  we  want  a  asac 
for  fool  +  mad.  We  neTcr  say  **  it  is  either  man  or  brute ;"  we  sav  **  it  is 
animal,''* 
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wbole  theory  of  probabilities,  for  all  the  rest  is  mathematical  deduction. 
Let  X  be  the  proper  numerical  measure  of  the  probability  of  drawing 
1,  or  of  drawing  2,  hfi. ;  these  probabilities  being  equal,  since  there  is, 
by  the  hypothesis,  nothing  to  render  one  more  likely  than  the  other. 
Then,  if  the  preceding  be  admitted,  2g;  is  the  probability  that  either  1 
or  2  is  drawn ;  3a;,  that  either  1,  2,  or  3  is  drawn ;  and  so  on  up  to  IOj:, 

which  is  the  probability  that  one  or  other  of  the  set  1,  2,  3 10, 

shall  be  drawn.  But  since  that  a  drawing  shall  take  place  is  an 
absolute  condition,  one  of  the  ten  numbers  must  be  drawn ;  hence  x 
must  be  so  taken  that  lOx  shall  be  the  numerical  measure  of  certainty. 
It  is  indifferent  what  number  is  taken  to  stand  for  the  exponent  of 
certainty,  so  far  as  principles  are  concerned ;  but  in  a  mathematical 
point  of  view,  imity  is  more  convenient  than  anything  else.    Let 

unity  be  adopted,  then  10j;=1,  or  a;= —   Hence  the  chance  of  draw- 

ing,  say  one  of  the  three,  1, 2,  3,  is — ;  and  that  of  drawing  one  of  the 

remaining  7  is^.    If  then  the  first  three  should  be  white  balls,  and 
10 

3 
the  last  seven  black,  the  chance  of  a  white  ball  is  --. ,  that  of  a  black 

10 

7 

one  is — ;   and  a  black  ball  is  more  likely  than  a  white  one  in 

10  ^ 

the  proportion  of  7  to  3,  which  being  inequality  in  the  proportion 
of  2\  to  1,  the  oddi  are  said  to  be  2j^  to  one  in  favour  of  a  black  ball,  or 
against  a  white  one.  By  this  we  do  not  mean  that  ev^ry  man  dotz, 
in  such  a  case,  look  for  a  black  ball  with  an  expectation  2|  times  as 
great  as  his  expectation  of  a  white  ball,  but  that,  if  he  coM  measure 
the  strength  of  his  own  feelings  and  adjust  them  with  mathematical 
precision,  he  •wo^iJld  proportion  the  strength  of  the  two  expectations  in 
the  preceding  manner.  And  if  money  were  to  be  spent  upon  the 
expectations,  he  may  as  reasonably  give  2^/.  for  a  black  ball,  before  it 
appears,  as  \l,  tor  a  white  one.  We  do  not  naturally  reckon  probabi- 
lities by  numbers ;  but  nevertheless,  we  have  some  kind  of  estimating 
apparatus  in  our  brains :  Kant  called  it  a  wdyhing  machine  wUk 
unstamped  weights. 

It  thus  appears  that  the  theory  of  probabilities  is  simply  the  re- 
duction to  a  numerical  estimation,  in  cases  which  are  perfectly  known 
as  to  the  number  of  events  which  may  happen,  of  our  comparative 
right  to  expect  one  or  another  event  in  preference  to  the  rest.  In  the , 
events  of  conunon  life,  we  make  estimations  of  this  comparative  right, 
but  not  numericaUi/,  because  we  are  not  in  sufficient  possession  of  the 
events  which  might  have  happened  instead  of  the  one  which  does 
happen.  In  such  terms  as  bjurely  possible,  veir  unlikely,  improbable, 
not  improbable,  as  likely  as  not,  rather  likely,  highly  probable,  almost 
certain,  &c.,  we  see  a  gradation  which  amounts  to  a  rough  attempt 
to  make  those  comparisons  which  might  be  made  numerically  if 
the  proper  data  could  be  obtained.  The  truth  is,  that  every  one 
naturally  admits  and  practises  the  fundamental  principles  of  this 
theory,  though  often,  it  may  be,  unskilfully.  But  it  is  not  to  be 
imagined  that  persons  in  general  make  an  investigation  like  the  pre- 
ceding, nor  indeed  any  investigation  at  all :  how  is  it  then  that  not 
only  are  these  principles  acquired,  however  imperfectly,  by  the 
majority  of  manlund,  but  the  mathematical  results  which  are  obtained 
by  those  who  professedly  study  the  subject,  are  received  almost  univer- 
sally ;  not  only  are  they  felt  to  be  agreeable  to  conmion  sense  in  a 
great  majority  of  cases,  but  they  are  soon  admitted  to  be  sufficient 
indications  Uiat  common  sense  is  wrong,  in  the'few  cases  in  which  they 
at  first  appear  repugnant  to  it?  The  answer  to  this  question  leads  to 
another  view  of  the  subject. 

We  all  find,  by  every-di^y  observation,  that  whenever  an  event  of  one 
kind  happens  permanently  more  often  than  one  of  another  kind,  there 
exists  some  reason  for  such  frequency  of  occurrence,  which,  had  it  been 
inquired  into  before  any  event  happened,  would  have  enabled  us  to 
predict  the  frequency  in  question.  So  much  is  this  the  case,  that  if 
we  were  to  take  an  observer  to  an  urn  in  which  were  black  and  white 
bsdls,  but  how  many  of  each  he  is  not  told,  and  were  to  make  1000  draw- 
ings, replacing  the  ball  drawn  after  each  drawing,  and  shaking  the  urn 
before  every  trial;  if  of  the  thousand  drawings  822  were  white  and 
173  black,  he  would  be  irresistibly  led  to  conclude  that  there  must  be 
more  white  balls  than  black  ones  in  the  urn.  Not  that  this  ia  abso- 
lutely necessary ;  for  it  is  Rarely  possible  that  there  may  be  only  one 
white  ball  and  999  black  ones,  and  that  by  a  remarkable  coincidence 
the  sole  white  ball  may  have  come  up  822  times  out  of  the  1000  trials. 
More  than  this,  a  person  used  to  observation  would  conclude,  not  only 
that  there  are  more  white  balls  in  the  urn,  but  that  the  proportion  of 
white  and  black  balls  does  not  differ  very  greatly  from  that  of  822  to 
178.  There  is  a  dirooBition,  derived  from  experience,  to  think  that 
events  happen  in  the  long  run  in  some  sort  of  manner  connected  with 
the  facilities  afforded  for  their  happening  beforehand :  and  hence 
follows  a  disposition  to  judge  what  those  facilities  were  from  observed 
events,  as  well  as  to  predict  events  from  observation  of  those  faciUties ; 
and  it  may  happen  that  one  person  would  draw  his  notion  of  likelihood 
from  the  first,  and  another  from  the  second.  Thus,  if  we  were  to  put 
the  question,  "  What  do  you  mean  by  saying  that  it  is  5  to  3  for  ▲ 
against  B  ? "  one  person  might  reply,  "  I  mean  that  in  the  long  run 


A  will  happen  5  times  for  every  3  times  which  B  happens;"  while 
another  might  say,  "I  mean  that  precedent  circumstances  are  so 
arranged  that  for  every  three  contingencies  under  which  B  may  happen, 
there  are  5  under  which  ▲  may  happen."  If  these  two  persons  were  to 
dispute  which  was  the  true  mode  of  viewing  the  subject,  they  would 
be  fighting  about  nothing ;  for  both  are  true,  and  each  of  them  follows 
from  the  other :  but  if  they  were  to  diffpr  as  to  which  is  the  common 
mode,  we  should  feel  rather  disposed  to  side  with  the  one  who  was  for 
the  first  answer. 

The  following  problems,  illustrative  of  the  connection  between  the 
two  niodes,  are  the  results  of  mathematical  investigation.  The  table 
used  is  that  given  in  Mean  :  but  two  decimal  places  miist  be  made  in 
column  A,  and  four  in  column  B ;  thus  451  opponte  to  4  must  be  read 
as  '0451  opposite  to  '04,  similarly  '8931  comes  opposite  to  1'14,  and 
•9825  opposite  to  1'68. 

Pbobleic  1. — The  probabilities  of  F  and  Q,  at  any  one  trial,  are  as 
a  to  6,  that  is,  it  is  a  to  6  for  F  against  q,  and  6  to  a  for  Q  against  p.  A 
lai^  number  of  trials  n{a+b)  is  made ;  what  are  the  chances  that  the 
number  of  Fs  which  happen  shall  lie  between  na  +  l  and  n  a—  I,  and  (of 
course)  the  number  of  qs  between  nb^l  and  nh-^l  {I  being  small 
oompu^  with  naornb)1 

Rule.— Calculate  (2  J +l).^Vf^^^l;  let  this  be  the  A  of  the 

1  \  a-t-o  / 

table  (altered  as  above) ;  then  the  corresponding  B,  altered  as  above, 

is  the  probability  required. 

Example.— It  ia  2  to  1  that  a  throw  with  a  die  shall  give  8,  4,  5,  or 

6,  and  not  1  or  2 ;  what  is  the  chance  that,  in  12,000  throws,  the 

number  which  gives  3,  4,  5,  or  6  shall  lie  between  8000  -i- 100  and 

8000-100.      Here  o=2,  6=1,  «=40e0,  1=100,  and  the  complete 

calculation  by  logarithms  *  (which  we  insert  merely  as  a  guide  to  the 

readiest  mode  of  treating  more  complicated  cases)  is  aa  foUows : — 


»=4000 
o=   2 
b=       1 

3-6021 
•3010 
•0000 
•9031 

2Z-hl=201 

• 

1-376 

2-3032 
21646 

8 

•138R 

a  +  &=3 

4-8062 
•4771 

2)4-3291 

2-1646 

In  the  table^  A  being  1*38,  B  is  ^9490,  which  is  more  than  near 
enough  for  the  purpose,  say  -95 :  the  result  then  ia  that  -95  is  the 
chance  in  favour  of  the  throws  which  give  3,  4,  6,  or  6  out  of  12,000 
throws  lying  between  8000  +  100  and  8000  —  100,  whence '05  is  the 
chance  against  it;  that  is,  it  is  about  95  to  5,  or  19  to  1,  that  the 
throws  shall  so  lie.  A  few  instances  of  tUs  kind  will  show  how  com- 
pletely, in  the  long  run,  events  may  be  expected  to  happen  in  numbers 
nearly  proportional  to  what  are  called,  when  the  precedent  circum- 
stances  are  fully  known,  their  probabilities  of  happening. 

Problem  2.— In  the  preceding  problem,  to  find  I  so  that  there  may 
be  a  given  probability  that  the  Fs  shall  lie  between  na  +  l  and  n a—L 

Rule. — ^Keduce  the  fraction  which  represents  the  given  probability 
to  a  decimal  fraction,  and  take  the  a  corresponding  to  the  b  which  is 
nearest  to  this  fraction  in  the  table ;  multiply  by  l£e  square  root  above 
described,  subtract  1,  and  divide  by  2 ;  the  whole  number  nearest  to 
the  result  is  the  answer  required  for  2. 

Example. — In  the  preceding  example,  find  2  so  that  it  is  an  even 
chance  that  the  number  of  throws  out  of  12,000  which  give  3,  4,  5,  or 
6  shall  lie  between  8000—2  and  8000  + 1.  Here  4  or  5  is  the  given 
probability,  the  nearest  to  it  in  column  B  is  '5027  to  which  A  is  *48, 
which  multiplied  by  the  square  root  (or  the  number  whose  logarithm 
is  2^1 646)  is  669 :  subtract  1  and  divide  by  2,  which  gives  83  very 
nearly :  hence  it  is  an  even  chance  (very  nearly)  thai  the  number  of 
throws  out  of  12,000,  which  give  3,  4,  5,  or  6  lie  between  8000—33 
and  8000  +  33. 

Problem  3. — In  a  +  h  trials,  a  and  h  not  being  small  numbers,  and 
nothing  whatever  being  known  except  what  these  trials  tell,  it  is  found 
that  F  happens  <t  times,  and  Q  happens  b  times ;  from  which  it  is  ex- 
ceedingly likely  that  the  probabilities  of  p  and  Q  happening  at  a  single 
trial  would  have  been  nearly  as  a  to  6,  if  we  had  known  enough  to 
form  an  &  priori  opinion.  This  we  cannot  do,  by  hypothesis :  but, 
judging  from  ihe  preceding  events,  with  what  degree  of  probabih'ty 
may  we  infer  that  if  we  had  been  able  to  form  an  d  priori  opinion,  the 
odds  for  p  against  Q  would  have  appeared  to  us  to  lie  between  a—k  to 
6  +  Jfc  and  a  +  ifc  to  6— if 

Rule.— Calculate  k-^y/Il^);  let  this  be  A  (in  the  table) :  then 

the  corresponding  B  is  the  probability  required. 

Example. — In  600  drawings  from  an  urn,  the  ball  being  replaced 
after  each  drawing,  there  were  418  white  balls  and  182  black  ones. 
What  is  the  probability  that  the  proportion  of  white  and  black  balls  in 

*  In  this,  and  many  other  cases,  the  four.figare  lo^rithms,  published  by 
Taylor  and  Walton  on  a  card,  will  be  found  by  far  the  most  convenient* 
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the  urn  lies  between  that  of  418-^10  to  182  +  10  and  418  +  10  to 
182-10,  or  that  of  1000  to  471  and  1000  to  402?  Here  a=418, 
5=182,  i;=  10;  the  square  root  above  mentioned  has  1'2021  for  its 
logarithm,  and  10  divided  by  thia  square  root  gives  "68  nearly.  And 
A  being  '68,  B  is  also  *63  very  nearly,  which  is  the  probability  required ; 
or  it  is  68  to  87,  or  nearly  2  to  1,  that  for  every  1000  white  balls  in  the 
urn,  there  are  between  402  and  471  black  ones. 

PftOBLBM  4. — When  p  happens  much  oftener  than  Q,  we  feel  a  very 
high  degree  of  probability  (moral  certainty)  that  the  same  thing  would 
happen  in  the  long  run,  or  would  continue  how  long  soever  we  might 
go  on  trying,  unless  there  should  arrive  some  chsoge  of  circumstanoes. 
But  when  p  does  not  happen  much  oftener  than  Q,  we  do  not  feel  the 
same  degree  of  assurance ;  for  though  Q  might  really  happen  oftener 
than  p  in  the  long  run,  yet  the  cauiual  fluctuations  of  events  might 
make  the  contrary  appear  in  any  one  set  of  trials.  Suppose  then  that 
in  a  +  6  trials,  p  has  happened  a  times,  and  Q  has  happened  h  times,  a 
and  b  being  nearly  equal :  what  presumption  can  thence  be  derived 
that  the  excess  will  be  oo  the  same  side  in  the  long  mn  on  which  it  is 
intiiea  +  itrials? 

Bulk. — ^Divide  the  difference  of  a  and  h  by  the  square  root  of  twice 
their  sum :  let  the  result  be  A,  and  find  the  corresponding  B ;  to  this 
add  ] ,  and  divide  by  2 :  the^iesult  is  the  probability  requited. 

Example. — Buffon,  in  a  particular  experiment,  had  to  throw  a  coin 
(say  a  halfpenny)  4140  times ;  the  result  was  2048  heads  and  •2092 
tails :  what  is  the  probability  that  some  excess  of  tail  over  head  would 
have  continued  for  ever ;  that  is,  that  the  coin  he  used  had  in  its  con- 
struction some  mechanical  tendency  to  fall  tail  rather  than  head? 
Here  a =2048,  6  =--2092 ;  the  difference  divided  by  the  square  root  of 
twice  the  sum  is  *48,  which  being  A,  B  is  *60,  and  1*50  divided  by  2  is 
*75,  the  probability  required.  ThiB  is  },  so  that  it  is  8  to  1  that  some 
excess  or  other  of  tails  would  be  found  in  the  long  run.  Observe  how- 
ever that  this  does  not  mean  an  excess  to  the  amount  of  44  in  eveiy 
4140  trials ;  but  only  iome  excess,  small  or  great :  observe  also  that  tlie 
character  of  the  mint  and  its  processes  are  supposed  wholly  unknown, 
so  that  no  conclusion  can  be  formed  about  the  character  of  the  coin 
except  from  the  observed  event. 

The  experiment  of  Buffon,  and  its  particular  object,  will  be  found  in 
the '  Essay  on  PkY>babilities  and  Life  Contingencies,'  in  the  '  Cabinet 
Cyclopaedia ; '  in  which  work  will  also  be  f oimd  a  larger  collection  of 
such  problems  as  the  preceding,  with  fuller  explanation  and  more 
extensive  tables.  These  problems  have  been  her^  introduced  that  the 
reader  may  have  an  opportunity  of  comparing  and  verifying  the  general 
sameness  of  results  which  follows  from  the  two  (permipe)  apparently 
differing  notions  from  which  the  idea  of  the  measure  of  probability 
may  be  derived. 

Previously  to  laying  down  a  few  general  rules,  we  shall  notice  the 
error  to  which  persons  who  have  not  thought  on  the  subject  are  most 
liable  :  this  is  a  confusion  between  the  sort  of  confidence  which  is  to 
be  given  to  a  result  of  the  theory  of  probabilities,  and  that  which  is 
dauned  by  actual  demonstration.  Many  persons  are  not  aware  that 
out  of  mathematics  the  greater  number  of  conclusions  are  probable 
results :  many  of  them,  it  is  true,  so  highly  probable  that  their  chance 
of  falsehood  does  not  amount  to  that  of  drawing  a  black  ball  from 
among  a  million  of  white  ones ;  but  still  not  absolutely  demonstrated. 
These  highly  probable  results  (so  probable  that  the  word  probable  in 
its  common  sense  is  weak  as  applied  to  them)  form  the  ordinary  know- 
ledge of  common  life,  and  bemg  practical  certainties,  are  considered 
and  mentioned  as  certainties,  the  imperceptibly  small  chance  that  they 
may  not  be  true  being  disregarded.  Hence  it  happens  Uiat  when  a 
result  of  this  theory  is  announced,  with  its  proper  chance  annexed, 
and  though  the  probability  of  its  truth  is  so  high  that  it  may  rank 
with  the  moral  certainties  of  ordinary  life,  there  is  a  morbid  disposition 
to  dwell  rather  upon  the  one  way  in  which  the  proposition  may  fail, 
than  upon  the  million  of  equally  possible  ways  in  which  it  may  be 
true.  Thus  if  it  be  said  that  it  is  ten  millions  to  one  that  p  will 
happen,  and  not  Q,  therefore  it  is  morally  certain  that  p  will  happen — 
it  is  objected.  But  how  dc  we  know  that  the  very  next  event  will  not 
be  precisely  Uie  one  of  ten  millions  which  is  Q  and  not  P  ?  The  answer 
is,  we  do  not  know  it  in  the  absolute  sense  of  the  word;  if  we  thus 
knew  it,  it  would  be  a  certainty  that  p  would  happen,  and  whether  p 
would  happen  or  not  would  not  be  a  question  for  the  theory  of  proba- 
bihties  at  all :  but  we  do  know  it  in  the  conunon  sense  of  tiie  word, 
since  there  are  hundreds  of  conclusions  which  all  men  call  knowledge, 
which  are  not  so  probable  that  they  can  be  reasonably  shown  to  have 
ten  millions  to  one  in  their  favour. 

Another  way  in  which  the  confusion  we  have  mentioned  shows 
itself  is,  in  the  habit  of  reasoning  against  the  probable  truths  just 
alluded  to,  by  arguments  which  could  oxdy  be  vidid  against  an  assertion 
that  these  truths  were  absolutely  demonstrated.  In  compliance  with 
the  forms  of  ^  language,  those  who  advance  such  truths  treat  them  as 
(moral)  certaintiea :  the  opponent  overthrows  their  (mathematical) 
certainty,  and  the  fallacy  lies  in  his  supposing  that  he  has  thereby 
shown  them  not  to  possess  that  sort  of  truth  which  was  claimed  for 
them.  For  example,  a  medical  man  gives  his  opinion  that  a  crime 
committed  without  any  apparent  motive  is  an  indication  of  insanity :  a 
newspaper  ridiculejs  this  opinion,  and  asks.  Are  there  no  motives  then 
which  cannot  be  discovered  f  Now,  if  by  apparent  was  meant  apparent 
on  the  surface,  or  with  slight  examination,  and  if  by  indication  was 


meant  an  absolute  judication,  certainly  inexplicable  except  by  the  sap- 
position  of  insanity,  the  answer  is  complete,  and  the  opinion  shown  to 
be  untenable.  But  suppose  the  energies  of  many  acute  persons  and 
the  resources  of  a  whole  nation  to  fail  in  making  the  motive  of  a  cri2» 
apparent,  and  that  this  is  what  is  meant  by  there  being  no  aj^Brent 
motive ;  suppose  moreover  that  by  an  indication  of  insanity  is  meant  ^ 
circumstance  which  renders  insanity  so  moderately  probable  that  ihs 
hypothesis  deserves  to  be  weighed :  the  answer  then  is  wholly  irren;- 
vantb  The  opinion,  expanded  into  an  alignment,  is — a  crime  oommitteii 
absolutely  without  motive  or  object  shows  inssnity ;  a  motive,  if  is 
exist,  may  almost  certainly  be  discovered  by  proper  exertions;  coo- 
sequently  the  appearance  of  no  motive,  after  all  exertions  to  discoTer 
one  have  been  tried,  makes  it  most  likely  *  that  the  crime  was  an  act  <h 
insanity ;  it  is  in  fact  as  likely  that  the  crime  was  an  act  of  insanitr, 
as  it  was  unlikely  that  the  exertions  to  dlBoover  a  motive  ahould  hsTc 
failed,  if  there  had  been  a  motive. 

The  application  of  this  theory  to  pure  logic  is  contained  in  the  eoo- 
sideration  of  testimony,  argument,  and  their' combination.  Tb« 
following  rules  f  will  be  found  demonstrated  in  De  Morgan's '  Fomal 
Logic/  dh.  x. 

Testimony,  or  authorify — ^which  means  oidy  testunony  of  gnst 
force,  as  the  word  is  commonly  used — speaks  to  the  truth  or  b^ad^ood 
of  the  assertion.  But  argument  speaks,  not  to  the  truth  or  false- 
hood of  the  conclusion,  but  to  the  validity  of  the  mode  of  establidh- 
ing  it.  An  argument  may  be  invalid,  either  by  false  prenuses  or  had 
logic :  and  yet  the  conclusion  may  be  true.  Consequently,  the  proU- 
bUity  of  an  aigument  being  valid  is  a  totally  different  thmg  from  thai 
of  the  conclusion  being  true. 

The  effect  of  testimony,  as  also  of  aigument,  must  depend  upon  the 
initial  state  of  the  receiver's  mind  with  referenoe  to  the  coodasicm 
asserted.     But  though  the  receiver  himself  may  stand  in  a  very 
different  position  from  the  witnesses  who  bring  him  testimony,  yet  in 
the  mathematical  formula)  he  ranks  but  as  one  of  those  witnesses :  if 
his  initial  state  be  that  it  is  999  to  1  against  the  oonduaion,  the  results 
of  the  theory  are  the  same  as  if  he,  being  imbiassed,  fouiid  an  addi- 
tional witness  to  deny  the  assertion  for  whose  correctness  it  is  in  ha 
mind,  d  priori,  999  to  1.    A  person  without  any  bias  on  his  mind  begizs 
with  an  even  chance  for  the  assertion.    And  a  witness  of  credibility  ^ 
who  asserts,  ranks  as  a  witness  of  credibility  l—fi,  who  denies.    Tke 
following  rules  are  given  in  mathematical  form,  for  consistency  vitli 
the  rest  of  the  artide :  the  non-mathematical  reader  wiU  find  thea 
reduced  to  arithmetical  rules  in  Be  Morgan's '  Syllabua  of  a  Proposed 
System  of  Logic/  1860. 

Let  a  number  of  witnesses,  of  credibilities  /i,  ft!,  Ac,  affirm :  let 
others,  of  credibilities  !»,•,•..,  deny.  By  the  credil^ty  of  a  witnee 
we  mean  the  belief  we  have  of  an  assertion  of  his  being  oorreet,  befon 
we  turn  our  attention  to  the  particular  character  of  that  asserttoa. 
Then  the  odds  in  favour  of  the  assertion  axe  fix  ft'  x  ....  x  (l^r)  x 
(1-1'')....  to  (1--/a)x(1  — /*')  X  ....xi»x/....  Let  the  pro- 
babili^  of  the  assertion  thence  obtained  (the  first  of  the  two  divided 
by  their  sum)  be  called  x :  and  remembo*  that  the  receiver  himself  is 
one  of  those  witnesses,  as  before  explained. 

Let  a  number  of  aiguments  of  which  the  several  pirobabilitieB  of 
validity  (that  is,  of  their  proving  their  conclusions  true)  be  a,  a', ... . 
The  probability  that  the  conclusion  is  proved — ^that  is,  that  one  or  mare 
are  valid — ^is  1— (1— a)  (1 — a!)  ....  U.  aiguments  be  produced  for  tbe 
contradictory  conclusion,  of  validities  6,  b',  &c.,  then  1— (1— 4) 
(1 — b')  ....  is  the  probability  that  the  conclusion  is  disproved.  We 
speak  of  separate  esses :  the  combination  of  aiguments  for  and  agaiost 
will  be  instantly  seen.  Let  these  results  be  a  and  B.  We  may  treat 
the  conclusion,  as  now  asserted  to  an  unbiassed  mind  by  a  singk 
witness  of  credibility  x,  supported  by  one  argument  of  validitf  a, 
and  opposed  by  one  aigument  of  validity  b.  The  only  difference  u 
that  if  there  be  a  plurality  of  witnesses  or  of  srguments,  we  have  w 
calculate  x,  a,  B ;  which,  when  there  ill  one  oxdy  of  eadi  kind,  are 
supposed  given. 

When  testimony  and  argument  are  combined,  the  odds  in  favour  of 
the  ^conclusion  are  u  (1— B)|to  (1— x)  (1— a).  The  following  cases 
may  be  distinguished : — 

1.  No  evidence;  arguments  on  both  sides.  Here  x=4«*i^  ^^ 
oddtt  we  1—B  to  1— A.    When  a  and  B  are  very  near  to  unity,  or 

*  When  this  paragraph  was  written,  there  was  a  nm  against  tbt  hjpoCheua 
of  insanity  in  criminal  cases :  since  that  time  there  has  heca  a  longer  and 
■Ironger  nm  in  faToor  of  it.  Hod  thii  article  heen  bow  iint  ^Rittea,  in  all 
probability  the  illnstration  would  have  been  drawn  tnm.  the  ezceea  oppotite  to 
tiiat  chosen  for  ccnnment  in  the  text. 

f  The  account  of  this  matter  giren  in  the  '  Penny  Cyelppwdia  *  is  not  correct, 
though  something  nearer  the  mark  than  anything  which  preoeded.  The  \ogidaa* 
had  constantly  confoonded  the  pxobabiiity  of  validity  of  an  argument  with  the 
probability  of  tmth  of  its  condnsion ;  and  the  article  Just  retered  to  foUovei 
them  in  their  principle,  thongh  not  in  their  details. 

X  Thli  word  ia  connected  with  gambling  associations ;  and  so  is  the  word 
ehanes.  We  substitute  probdbiliijf  for  the  second  word,  which  is  used  unl»- 
guously  [CsASf  cs] :  but  we  cannot  conveniently  dispense  with  odds ;  tbe 
following  anecdote,  however,  may  go  some  way  to  purify  the  polluted  word.  It 
is  told  by  the  distinguished  experimenter,  Professer  Faraday,  in  a  lecture  *  Oa 
Mental  Training'  (12mo,  1S54).  "When  I  was  young,  I  received  from  nee 
well  able  to  aid  a  learner  in  his  endeaTours  towards  self-improvemait,  a  curioui 
leason  in  the  mode  of  estimating  the  amount  of  belief  one  might  be  induced  to 
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both  arguments  very  powerful,  it  Sb  to  be  aasuxned  that  the  mind  does 
not  see  the  ratio  of  the  small  quantities,  and  the  question  is  erenly 
balanced. 

2.  No  evidence;  only  argument  for.  The  odds  are  1  to  1— a; 
taken  by  all  ti^e  logicians  who  have  considered  the  subject  to  be  a  to 
1— A.  The  first  result  is  alwavs  ^eater  than  the  second;  which 
means  that  even  if  the  argument  be  mvalid,  the  conclusion  may  still 
be  true,  and  has  some  probability  left. 

8.  A  witness  of  given  credibility  does  not  add  so  much  to  the  force 
of  the  conclusion  as  an  argument  of  the  same  probability  of  validity. 
We  introduce  this  assertion  as  one  of  common  sense :  if  Uie  witness  be 
wrong  the  assertion  is  false :  if  the  argument  be  invalid,  the  assertion 
may  still  be  true;  consequently  the  argument  is  better  than  the 
witness.  How  do  the  formulas  verify  this  ?  As  follows  : — ^if  a  be  the 
probability  of  both,  Uie  odds  for  the  truth  are  altered  by  the  witness 
in  the  proportion  of  a  to  1  — a  and^  by  the  argument  in  the  greater 
proportion  of  1  to  1 — a. 

4.  Any  argument,  however  slight  its  force,  addff  something  to  the 
force  of  its  conclusion:  for  alteration  in  the  ratio  of  1  to  1— a  is 
increase,  let  a  be  ever  so  smalL  But  it  must  be  remembered  that  this 
is  only  true  of  the  argument  jper  m,  and  has  no  reference  to  the  possi- 
bility of  the  weakness  of  the  argument  being  itself  an  argument  on  the 
other  side.  If  a  weak  argument  be  brought  forward  by  a  person  who 
most  probably  would  know  the  stronger  ones,  if  there  were  an^,  the 
argument  on  the  other  side  just  spcken  of  may  arise.  On  this,  how- 
ever, and  other  points,  our  space  obliges  us  to  content  ourselves  with 
the  reference  already  made. 

The  various  problems  of  which  the  solutions  have  been  given  are 
mathematical  consequences  of  the  definition  of  probability.  Eveir 
such  problem  is  simply  one  of  combinations,  however  much  the  length 
of  detail,  and  the  number  of  mathematical  abbreviations  of  the  process 
of  combining,  may  tend  to  make  us  lose  sight  of  the  first  principle. 
At  the  same  time  it  is  found  requisite  to  establish  a  few  simple  funda- 
mental propositions,  which  we  shall  cite,  with  some  consequences. 
Aa  we  are  not  writing  an  elementary  treatiiBe,  we  shall  not  demonstrate 
these  propositions,  referring  the  student  to  any  of  the  modem  works 
hereinafter  cited.  The  probabilities  of  the  events  a,  b,  o,  kc,  are 
denoted  by  a,  b,  c,  fta 

1.  By  a,  the  probability  of  a,  is  meant  the  fraction  which  the  number 
of  cases  favourable  to  the  happening  of  a  is  of  the  whole  number^  of 
cases,  that  is,  both  of  those  in  which  a  can  happen,  and  those  in  which 
it  cannot :  aU  cases  being  equally  likely.  And  the  probability  that  a 
will  not  happen  is  1  —a.    ^ 

2.  When  a  and  b  are  events  independent  of  each  other,  so  that  the 
happening  of  either  in  no  way  promotes  nor  retards  the  happening  of 
ihe  other,  the  probability  that  both  shall  happen  is  a6 ;  that  neither 
shoUhappen,  1— a— 6  +  a6;  that  one  onlyshidl  happen,  a +6— 2 aft; 
that  one  or  both  shall  happen,  a+h^a  b, 

3.  When  a  and  b  are  mutually  exclusive,  that  is,  when  if  one  happen 
the  other  cannot,  the  probabiHty  that  one  or  other  shall  happen  is  a + 6 ; 
and  that  neither  shall  happen,  1— a— 6.'        i 

4.  If  either  a  or  B  must  happen,  a+b=l ;  and  if  n  trials  are  to  be 
made,  the  several  terms  in  the  expansion  of  (a  +6)*  are  the  chances  of 
the  arrivals  denoted  by  their  exponents.    Thus — 

o^  is  the  chance  that  all  are  AS. 

n  a*-^b,  that  i»—  1  are  as  and  one  is  B. 

-a J 

n a*~%,  that  n— 2  are  as  and  two  are  Bs,  && 

2 

5.  When  an  event  has  happened  which  may  have  sprung  from  any 
one  of  the  sets  of  circumstances  which  we  may  describe  by  a,  b,  o,  d, 
kc,  and' it  is  desired  to  find  what  is  the  probability  of  the  event  which 
did  happen  having  arisen  from  one  or  another  set,  proceed  as  follows  : 
— Had  the  circumstances  denoted  by  a  certainly  existed,  and  the 
event  been  a  contingency,  let  a  be  the  {probability  that  those  circum- 
stances would  have  produced  the  event ;  or  briefly,  let  a  be  the  pro- 
bability that  A,  when  certain,  brings  about  the  event.  Let  b  be  the 
same  for  B  certain,  c  for  c,  Ac.  Then  the  probabilitv  that  it  was  a 
which  brought  about  the  event  which  did  happen,  is  the  first  of  the 
following  set : — 


o+6+c+&a. 


a+6  +  c+&c.,    0+6+C+&C. 


,  &6. 


the  probability  that  it  was  b  is  the  second,  that  it  was  o  the  third,  and 
so  on.    Or,  jmea  convenient,  instead  of  a,  b,  e,  &c.,  may  be  substituted 

attach  to  our  ooaelaaions.  That  penon  was  Dr.  Wollsston,  who,  upon  a  given 
point,  wsa  indneod  to  offer  me  a  wager  of  two  to  one  on  the  ofBrmatiTS.  I 
ratlier  impertinsntly  qnoted  Butler's  welUuiown  lines— 

*  Quoth  she,  rve  heard  old  cunning  stagers 
Say  fools  for  arguments  use  wagers,' 

about  the  Und  of  persons  who  use  wagers  for  argument,  and  he  gently  explained 
to  me  that  he  oonsldered  rach  a  wager  not  as  a  thoughtless  thing,  hut  as  the 
expression  of  the  amount  of  belief  in  the  mind  of  the  person  offering  it ;  com- 
bining this  curious  application  of  the  wager,  aa  a  meter,  with  the  necessity  that 
ever  existed  of  drawing  conclusions,  not  absolute,  but  proportionate  to  the 
tridenee." 


any  whole  numbers  which  are  proportional  to  them.    For  example,  let 
there  be  three  lotteries,  containing  balls  as  follows : — 


all  white. 


4  white,  1  black. 


2  white,  7  bhusk. 


A  drawing  has  been  made  three  times  from  one  of  these,  but  from 
which  is  not  known,  the  ball  being  replaced  after  the  drawing,  and 
every  drawing  has  given  a  white  ball.  Bequired  the  chances  in  favour 
of  each  of  these  lotteriea  having  been  the  one  dMwn  from.  If  it  had 
been  the  first,  the  chance  of  the  event  would  have  been  1  (or  certainty) ; 
if  it  had  been  the  second,  the  chance  of  the  event  would  have  been 

4      4      4  64     .  . 

z-  X  -r  X  ^ ,  or,  Y25  *  ^  it  had  been  the  third,  the  chance  would  have 

2      2      2  8 

'^^^^"^  0  '^  0  '^  9  >  ^'  729*    ^®  nmnerators  of  these  fractions,  reduced 

to  a  common  denominator,  are  91125,  46656,  and  1000;  whence  the 
probability  that  the  lottery  drawn  from  was  the  first,  is 

91125  91125 

91125+46656  +  1000'  ""  188781 ' 

and  the  probabilities  of  the  second  and  third  lotteries  are 


46656 
188781 


and 


1000 
188781- 


The  preceding  question  is  well  calculated  to  show  the  meaning  of 
questions  in  this  theory,  which  is  thus  seen  to  be  applied  to  events, 
not  because  they  are  uneertaiii,  but  because  they  ore  unJbiowA.  So 
soon  aa  the  lottery  is  chosen,  it  is  certsin  which  it  is,  but  since  it  is 
not  known  to  the  drawer,  it  is  to  him  as  much  a  contingency  as  it  was 
before  it  was  chosen. 

6.  When,  in  such  a  case  as  the  preceding,  it  is  required  to  know  the 
probabilities  of  the  events  which  may  happen  at  any  further  trials,  the 
probabili^  of  each  lottery  having  been  the  one  in  question  is  to  be 
multiplied  by  the  probability  of  tiie  new  event  arising  from  that  lottery 
taken  as  certain,  snd  the  results  added  together.  Thus,  suppose  thero 
aro  two  lotteries,  one  having  all  white  balls,  and  the  other  equal  numbers 
of  white  and  black  baUs ;  two  drawings  have  been  made  from  one  of 
them  (not  known)  and  both  drawings  have  given  a  white  boll ;  what 
is  the  probability  that  a  third  drawing  from  the  same  lottery  would 
also  give  a  white  ball  f    The  chances  for  the  two  lotteries  oro  found 

by  the  lost  to  be  -7  and  y,  while  the  chances  of  a  white  boll  from 

one  and  the  other  are  1  and  -q**    ^^  follows  that  T  x  1  +  -?  x  -^ » or 

9 
77,  is  the  chance  of  the  third  drawing  giving  a  white  bsll. 

7.  If  A  or  B  must  happen  at  every  trial,  and  if  in  m  trials  nothing 
but  A  has  happened,  and  if  we  know  nothing  whatever  about  the 
nature  of  preceding  ciroumstances,  then  it  is  m+ 1  to  1  that  a  shall 
happen  at  the  next  trial,  and  m  + 1  to  1;  that  a  shall  happen  throughout 
the  next  k  trials.  But  if  in  m+ » trials  a  have  occuned  m  times  and 
B  n  times,  itisst  +  lton+l  that  a  ahall  occur  at  the  next  trial. 

8.  Every  event  that  can  happen  mutt  happen,  if  trials  enough  be 
made ;  and  not  only  must  happen,  but  must  happen  any  number  of 
times  in  succession*  For  example,  if  thero  be  only  one  white  ball  to 
100  black  ones  in  an  urn,  and  if  drawings  enough  be  made,  the  ball 
drawn  being  always  rotumed  and  the  urn  properly  ahaken  before  a 
new  trial,  a  person  who  goes  on  must  at  last  draw  that  aingle  white 
baU  1000  times  running.  This  is  a  conclusion  which  the  beginner 
cannot  receive,  porticulurly  when  he  is  told  that  1,000,000  mi^t  be 
written  for  1000,  or  any  other  number  however  high.  Nevertheless, 
it  will,  in  the  course  of  his  studies,  not  only  be  made  clear  to  him,  but 
it  will  also  be  ahown  that  it  is  a  conclusion  which  may  be  made  obvious 
to  common  sense  without  any  veiy  profound  mathematics. 

9.  If  the  odds  sgainst  an  event  happening  at  any  one  trial  be  m  to  1, 
there  is  an  even  chance  of  its  happenmg  in  *69  x  » trials,*  it  is  10  to  1 
that  it  happens  in  2'40  x  » trials,  100  to  1  that  it  happens  in  4*62  x» 
trials,  1000  to  1  that  it  happens  in  6*91  x  m  trials,  and  10,000  to  1  that  it 
happens  in  9*21  x  n  trials.  Thus  if  it  be  200  to  1  against  success  in 
any  one  trial,  9*21  x  200  bemg  1842,  it  ia  10,000  to  1  that  there  shall 
be  one  success  at  least  in  about  1 842  trials.  But  if  a  person  should  moke 
1000  trials  without  one  success,  he  would  have  no  right  to  say  that 
it  is  10,000  to  1  in  favour  of  one  or  more  successes  in  the  next  842 
trials. 

10.  When  any  sum  depends  upon  a  conlingent  event,  the  present 
value  of  that  sum  is  such  a  fraction  of  it  as  the  probability  of  the 
event  happening  is  of  unity.  Thus  20L  to  be  gained  if  an  event 
happen  against  which  it  is  7  to  1,  is  now  worth  only  the  eighth  part 
of  202. 

There  are  no  ouestions  in  the  whole  range  of  applied  mathematics 
which  require  miok  close  attention,  and  in  which  it  is  so  difficult  to 
escape  error,  as  those  which  occur  in  the  theorv  of  probabilities.  This 
miJLes  it  hard  to  lay  down  in  a  short  space  either  maxims  or  examples 
sufficient  to  be  really  of  use  in  advancing  the  student's  progress :  and 

*  The  numbers  *69,  2*10,  &c.,  are  all  aiiproximations. 
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of  all  subjects,  there  if  no  one  in  which  writers  of  every  grade  have 
BO  frequently  or  so  strangely  ipade  mistakes  of  mere  inadvertence. 
One  was  pointed  out  about  twenty  years  ago  ('  Camb.  Phil.  Trans.") 
into  which  both  Laplace  and  Poisson  had  fallen,  one  after  the  other ; 
but  the  discoverer  of  their  slip  proved  himself  signally  liable  to 
greater  ones  a  very  little  while  after.  ('  Cab.  Cyclop. :  Probability  and 
life  Insurance,'  p.  28.) 

We  shall  oondude  by  a  brief  account  of  the  historical  progress  of 
this  branoh  of  science ;  refenring  the  reader  for  more  detail  to  Hon- 
toda,  and  to  the  Treatise  *  On  Probability,'  in  the  '  Library  of  Useful 
Knowledge.'  Those  who  cultivated  games  of  chance  must  at  all  times 
have  had  a  general  notion  of  combinations  which  were  more  probable 
than  others,  and  must  have  seen  that  those  cases  of  which  there  were 
most  to  happen,  al^Ays  did  in  reality  happen  most  often.  They  could 
not  fail  to  know,  by  reckoning  on  their  fingers,  that  out  of,  for  instance, 
all  the  throws  of  a  pair  of  dice,  there  are  only  six  doublets,  and  thirty 
other  equally  possible  cases;  nor  could  they  have  missed  knowing  that 
this  must  be  the  reason  Why  doublets  occur  seldom  in  comparison  with 
other  throws.  Kotwithstanding  this,  the  mathematical  history  of  the 
subject  usually  dates  from  a  fragment  by  Oalileo,  which  merely  shows 
why  10  can  be  oftener  thrown  on  three  dice  than  0,  and  two  problems 
proposed  by  Chevalier  de  Mir^  to  Pascal,  in  1654,  concerning  certain 
pointe  connected  with  games  of  chai^ce. 

That  the  history  of  correct  investigation  dates  from  this  period 
there  can  be  little  doubt,  but  the  subject  had  been  previously  considered 
by  Cardan,  in  a  work, '  De  Ludo  Aleae/  published  from  his  manuscript 
in  the  first  volume  of  the  collected  edition  of  his  works,  and  never 
separately ;  and  also  so  badly  printed  as  to  be  almost  unintelligible ; 
circumstances  both  of  whic  i  have  probably  contributed  to  keep  it,  aa 
it  haa  been  kept,  totally  out  of  view.  Cardan  s  theory  is  perfectly 
false :  he  supposes,  for  example,  that  since  there  are  six  faces  to  a  die, 
it  will  happen  in  the  long  run  that  each  face  will  oome  up  once  in  six 
throws,  which  is  true  when  many  collections  of  six  throws  are 
averaged;  but  from  this  he  draws  the  false  conclusion  that  it  is  an 
even  chance  that  any  one  face  comes  up  in  three  throws.  His 
numerical  reasoning  is  therefore  totally  incorrect ;  but  his  notions  on 
the  general  subject  of  probability  are  reasonably  sound.  Fortune, 
aooording  to  him,  does  not  decide  the  general  average  of  the  play,  but 
only  the  deviations  on  one  side  and  the  other  which  a  small  number  of 
cases  present;  and  experiment  would,  he  says,  prove  that  the  long  run 
would  agree  with  the  predictions  of  theory ;  it  were  to  be  wished  that 
he  had  tried  it  on  his  own  theory.  This  treatise  was  written  about 
1564.  and  published  in  1663.  But  before  this,  in  1657,  the  tract  of 
Huyghens, '  De  Ratiociniis  in  Ludo  Alein/  was  published  as  an  appendix 
to  Schooten's  '  Exercitationes  Geometries^,'  being  not  only  the  first 
regular  treatise,  but  the  first  which  applies  the  theory  to  chances  of 
loss  or  gain.  It  was  translated  into  English,  with  additions,  in  1692, 
the  reputed  translator  being  Motte,  the  secretary  of  the  Royal  Society. 
Then  followed  the  *  Analyse  des  Jeux  de  Hasard,'  by  Montmort  (first 
edition  1708,  second,  enlarged,  1718),  a  work  of  higher  mathematical 
pretepsiona.  The  'Ars  Conjectandi,'  of  James  Bernoulli,  posthu- 
mously published  by  his  nephew  Nicolas,  in  1718  (and  which,  it  may 
be  worth  noting,  is  not  contained  in  the.ooUection  of  James  Bernoulli's 
works),  gives  the  first  glimpse  of  the  more  difficult  class  of  problems 
in  which  processes  containing  very  large  numbers  are  abbreviated  by 
mathematical  analysis.  This  wav  carried  still  further  by  De  Moivre, 
whose  first  work,  a  paper, '  De  Mensura  Sortia '  ('  PhlL  IVans.,'  1711), 
waa  expanded  into  his  celebrated  treatise  on  the  doctrine  of  chances, 
first  edition  1718  (not  1716,  as  frequently  stated),  second  edition  1738, 
third  edition,  with  his '  Treatise  on  Life  Annuities,'  1766.  The  next 
step  was  made  by  Bayes  fPhiL  Trans.,'  1768  and  1764),  who  first 
considered  the  probability  of  hypotheses  as  deduced  from  observed 
events. 

The  great  work  of  Laplace  (first  edition  1812,  third  1820)  had  in 
great  part  appeared  at  various  previous  times  in  the  '  Memoirs'  of  the 
Academy  of  Sciences.  It  is  remarkable,  first  by  the  extension  of 
methods  which  it  furnishes ;  secondly,  l^  ite  giving  at  one  view  the 
whole  state^  of  the  science  and  its  applications ;  thirdly,  by  the  particular 
attention  given  to  the  application  of  the  theory  to  the  resulte  of  obser- 
vation. [MiBAV;  Least  Squabes.]  The  next  step  in  the  history  is 
Poisson's  'Reoherches  sur  les  Probability  des  Jugemens,'  1887,  which 


Paris,  1785.  It  may  also  be  worth  while  to  mention  the  ♦  Traits  de 
Calcul  Conjectural,'  of  Parisot,  Paris,  1810,  a  work  which  deals  largely 
in  the  theory  of  simple««ombination8.  The  elementary  work  of  longest 
standing,  which  exhibite  some  view  of  the  higher  mathematical  appli- 
cations, is  the  *  Traits  EWmentaire  du  Calcul  des  Probabilitds,'  by  M. 
Lacroix  (second  edition,  1822).  The '  Essai  Philosophique'  of  Laplace, 
which  is  an  introduction  to  the  third  edition  of  his  theory,  contains  no 
mathematics,  and  may  be  usefully  read  with  any  elementary  treatise. 
The  *  Instructions  Populaires  sur  le  Caloul  des  Probability'  by  M. 
Quetelet,  Brussels,  1828,  contains  the  most  elementary  view  of  the 
feubject,  and  uses  only  simple  arithmetic. 

In  Eogland,.  since  the  publication  of  Simpson's  *  Laws  of  Chance,* 
1740,  and  the  *  Laws  of  Chance,'  by  Samuel  Clark,  1758,  little  was 


written  on  the  mathematical  theory  except  so  for  as  it  had  reference  to 
life  annuities  and  assurance,  until  a  very  recent  period.  About  1830 
Messrs.  Lubbock  and  Drinkwater  (Bethune)  published  a  tract  '  On 
Probability,'  in  the '  Library  of  Useful  Elnowledge,' giving  more  general 
methods  of  applying  modem  algebraical  investigation  than  had  before 
appeared  in  this  country :  by  a  binder's  mistake  this  work  ia  often  attri- 
buted to  Mr.  De  Morgan.  In  1837,  the  article '  Theory  of  ProbahOitiee,' 
in  the  '  Encyclopaedia  Metropolitano,'  vrritten  by  Mr.  De  Morgan,  ^lt^ 
the  resulte  and  methods  of  Laplace  on  most  of  the  great  questions  of 
the  theory.  The  '  Essay  on  Probabilities,  and  on  their  Ap^cation  to 
Life  Contingencies  and  Insurance  Offices,'  published  by  the  same 
writer  in  the '  Cabinet  Cyclopaedia,'  1838,  exhibite  the  principles  with- 
out mathematical  investigation,  and  the  resulte  arranged  in  rules  for 
use.  The  article  on  '  Probability '  in  the  new  edition  of  the  '  Ency- 
clopccdia  Metropolitana,'  by  Mr.  Qalloway,  gives  the  mathexnatk^ 
investigation  of  the  higher  parte  of  the  theory,  following  the  methods 
of  Poisson.    This  treatise  is  published  separately. 

On  subjecte  connected  with  this  article,  see  Qamjkq  ;  Risk  ;  Wager; 
Mean;  Least  Squares;  Observation  and  Experdcent;  WzicBTor 
Observations;  Annuitt;  Mortalitt;  Reversion,  && 

PROBATE.    [Will.] 

PROBATE,  COURT  OF.  The  grant  of  letters  of  admmistration  of  ihs 
e£fecte  of  persons  dying  intestate,  and  of  probate  of  the  wills  of  testa- 
tors, which  were  formerly  the  prerogative  of  the  EcclesiastiGal  Courts 
[Ecclesiastical  Courts],  have  been  recently  (20  &  21  Vict,  c  77) 
vested  in  a  newly  established  court,  called  the  Court  of  Probata. 
The  functions  of  this  court  are  confined  entirely  to  deciding  upon  the 
authenticity  of  wills,  and  upon  the  proper  persons  to  whom  administra- 
tion is  to  be  committed,  when  no  will  existo.    With  the  distribution  a£ 
the  property  of  deceased  persons,  and  the  righte  of  the  varioos  parties 
who  claim  it  beneficially,  the  court  has  nothing  to  do.    These  matters 
must  be  decided  by  the  courte  of  law  and  equity,  as  before  the  passing 
of  the  Act.    The  duties  of  executors  and  administrators  remain  the 
same  as  formerly.    A  central  registry  of  wills  and  administration  is 
established  in  London,  and  district  registrars  are  established  in  fortj 
of  the  principal  towns  of  England.    The  office  or  registry  in  which 
probate  or  a  grant  of  administration  is  to  be  sought,  is  no  longer  to  be 
determined  by  the  locality  of  the  cuseU  of  the  deceased  person,  but  bj 
the  place  where  the  deceased  had  a  fixed  abode  at  the  time  of  death. 
Should  the  testator  or  intestate  have  a  permanent  place  of  residence 
in  one  of  the  registry  districte  at  the  time  of  his  decease,  probate  or 
grant  of  administration  may  be  obtained  there ;  but  the  executors  or 
parties  claiming  ad  ministration  may,  if  they  think  fit,  apply  to  the 
principal  or  metropolitan  registry,  and  this  may  in  some  cases  be 
found  more  convenient.    Original  wills  proved  in  the  country  will 
be  preserved  in  the  district  registries;  but  copies  of  them  will  be 
transmitted  to*  the  principal  registry  in  London,  so  that  in  future  the 
metropolitan  registry  will  be  the  most  convenient  office  of  search  fcr 
any  will  whatsoever. 

The  practice  of  ^the  Court  of  Probate  has  been  thrown  open  to  the 
whole  legal  profession,  so  thi^t  the  close  monopoly  of  testamentary 
business  formerly  enjoyed  by  advocates  and  proctors  is  at  an  end. 
The  court  is  presided  over  by  a  single  judge,  who  site  at  Westminster. 
An  appeal  lies  from  his  decision  direct  to  the  House  of  Lords. 

In  cases  where  a  person  dies  in  one  of  the  forty  districts,  learing 
personal  property  under  200^,  the  judge  of  the  County  Court  of  the 
district  has  jurisdiction  should  any  contention  arise,  but  from  hii 
decision  an  appeal,  which  is  final,  lies  to  the  Court  of  I^bate. 

One  principal  advantage  of  the  new  system  lies  in  the  removal  of  all 
difficulty  as  to  the  question  where  a  unll  ought  to  be  proved,  and  the 
old  question  of  boM  notabilia,  on  which  the  neceesity  of  obtaiaiog 
prerogative  probate  or  administration  was  founded.  The  fules  of 
evidence  in  the  Court  of  Probate  are  to  be  the  same  as  those  in  courts 
of  law  and  equity,  while  ite  proceedings  are  likewise  awirimilatfrfi  to 
those  of  the  courte  of  common  law. 

The  duties  raised  in  the  Probate  Court  yielded  in  the  year  ending 
March  81, 1860,  the  sum  of  8,468,2262.,  including  the  succession  duiim. 
The  legacy  duty  is  charged  on  legacies  of  the  value  of  20^  and  upwards 
out  of  personal  eatete  or  charged  upon  real  estate,  and  upon  every  share 
of  residue.  Legacy  to  a  husband  or  wife  is  exempt  from  dutf .  To  a 
child,  the  husband  of  a  child,  a  parent,  or  any  lineal  descendant  or 
ancestor  pi  the  deceased,  the  duty  is  1/.  per.  cent. ;  to  a  brother  or 
sister  or  their  descendonte,  HI.  per  cent. ;  to  an  uncle  or  aunt  or  their 
descendante,  51.  per  cent. ;  to  a  great  uncle  or  great  aunt  or  their 
descendonte,  fU,  per  cent. ;  to  any  other  relation  or  any  stnoger  in 
blood,  lOl,  per  cent.  The  probate  duty  is  payable  on  the  total  sum 
left  by  the  deceased.  For  sums  above  20L  and  not  exceeding  lOOl  the 
duty  is  10«.  if  there  is  a  will ;  and  if  there  is  no  will  the  duty  of  10a 
is  chargeable  on  sums  of  202.  and  not  exceeding  SOL  The  duties  con« 
tinue  to  increase  according  to  a  certain  scale.  The  succession  duties 
on  real  esteto  have  the  same  scale,  and  the  valuation  is  made  according 
to  the  worth  as  an  annuity. 

PROBLEM  {Tp6fi?irifM)  means  simply  a  thing  put  forward  or  pro- 
posed. In  mathematical  language  it  is  anything  which  is  required  to 
be  done,  and  in  the  earlier  writers  is  distinguished  from  a  theorem,  or 
assertion  to  be  proved,  in  that  the  latter  does  not  require  any  qpediic 
object  to  be  effected.  Thus, "  oU  the  angles  of  a  triangle  are  together 
equal  to  two  right  angles  "  is  to  be  shown  or  made  evident,  and  is  a 
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tlieorem ;  but "  to  draw  a  circle  tlxrough.  three  given  points  "  presents 
an  object  to  be  e£fected,  and  is  a  problem.  But  it  must  be  remembered 
that  this  difference  lies  more  in  the  nature  of  the  result  than  in  the 
method ;  for  the  solution  o£  this  problem,  so  called,  is  an  intuitive 
corollary  Irom  the  theorem  that  if  three  points  be  joined,  and  perpen- 
ciiculars  be  drawn  bisecting  two  of  the  joining  lines,  the  intersection  of 
these  perpendiculars  is  equidistant  from  the  three  points.  It  is  also  to 
be  noted  that  this  distinction  of  theorem  and  problem  appears  neither 
in  the  Oreek  of  Euclid,  ApoUonius,  nor  Archimedes, -the  general  term 
employed  by  all  three,  ana  in  all  cases,  being  vpdraais,  which  is  trans- 
lated by  proposition.  The  distinction  then  is  of  a  later  date,  and  is 
the  wcH-k  of  annotators ;  it  spears  in  Pappus,  according  to  the  Iiatin 
of  Commandine.  It  does  not  appear  in  tne  translation  of  Euclid  by 
Athelard  (which  goes  by  the  name  of  Campanus);  and  the  first 
edition  of  the  Elements  in  which  we  find  it  is  the  subsequent  edition 
of  ^unbertus.  If  we  leave  the  modem  followers  of  the  old  geometers, 
we  find  the  word  problem  used  in  its  simple  etymological  sense  of 
something  proposed ;  but  for  the  most  part  employed  when  the  some- 
thing proposed  contains,  or  has  contained,  a  remarkable  difficulty. 
Thus  to  this  day  we  talk  of  the  problem  of  three  bodies,  as  being 
one  of  the  methods  which  are  hoped  to  be  found  capable  of  decided 
improvement.  In  algebra  the  word  is  variously  used,  though,  accord- 
ing to  the  ancient  distinction,  the  solution  of  any  equation  of  condition 
shoxild  be  called  a  problem,  and  the  establishment  of  any  identity 
a  theorem. 

PROCESS.  This  term,  in  its  original  sense,  comprehends  the  whole 
of  the  proceedings  which  take  place,  and  are  recorded  by  the 
court,  in  the  course  of  a  suit,  criminal  or  civil,  previous  to  final  judg- 
ment. In  this  sense  the  word  (proeasM,  prods)  is  used  in  the  French 
and  Scotch  laws.  In  its  more  ordinary  and  limited  signification, 
the  term  is  applied  to  the  writs  which  issue  out  of  any  court  for 
the  purpose  of  compelling  the  parties  to  a  suit,  and  ofcher  persons 
whose  co-operation  is  required,  to  do  some  act  connected  with  the 
progress  of  the  suit.  In  this  sense,  also,  process  is  either  civil  or 
criminal 

Civil  process  was  formerly,  and  until  lately,  practically  divided  into 
original,  mesne  (intermediate),  and  final  process. 

Original  process,  more  commonly  known  as  original  writs,  issued  out 
of  tile  conunon-law  aide  or  department  of  the  Court  of  Chancexy. 
Since  the  substitution  for  it  of  icrUt  of  nunmonj,  the  latter  are  some- 
times, though  erroneously,  called  original  process. 

Mesne  procem  is  that  which  issues  between  the  first  writ  and  final 
judgment,  including  writs  iuued  for  the  purpose  of  compelling  the 
attendance  of  jurors  and  of  witnesses,  and  for  other  collateral  pur- 
poses. To  avoid  the  expense  and  delay  of  an  original  writ,  it  was 
usual  to  commence  actions  by  mesne  process,  founded  upon  asupposred 
original  writ  whidh  never  had  in  fact  issued ;  and,  by  degrees,  all  pro- 
cess before  final  judgment,  except  the  original  writ,  acquired  the  name 
of  mesne  process,  even  in  cases  where  it  formed  the  legal  as  well  as 
the  actual  commencement  of  the  suit,  as  in  scire  facias,  auditd 
quereld,  &c. 

Final  process  is  the  term  applied  to  express  writs  if  execution. 
[Execution.] 

Mesne  and  final  proce«  are  sometimes  called  judicial  process, 
because  they  issue  under  the  authority  of  the  court  in  which  the 
acUon  18  pending.  A  great  variety  existed  in  the  difi*erent  forms  of 
process  by  which  actions  were  formerly  commenced  in  the  three  supe- 
rior common-law  courts ;  but  in  all  actions  the  process  is  now  a  writ 
of  tummons,  in  a  form  prescribed  by  statute,  which  is  addressed  to  the 
defendant,  and  requires  him  to  cause  an  appearance  to  be  entered 
within  eight  days  from  the  service  of  the  writ.  If  the  writ  be  served 
on  the  defendant,  pr  so  served  that  it  must  have  come  to  his  know- 
ledge, and  he  does  not  enter  an  appearance,  the  plaintiff  may  sign 
judgment  by  default. 

Arrest  upon  mesne  process  (as  it  is  called  in  the  statute)  was  taken 
away  by  1  &;  2  Vict  c.  110,  except  in  cases  where  an  arrest  is  ordered 
by  the  com-t  or  a  judge ;  in  which  case  a  capias  may  issue  at  the  same 
time  as  the  writ  of  summons. 

(See  3  &  4  WUl.  IV.  c.  27,  s.  36 ;  2  &  3  Vict.  c.  27,  s.  8 ;  the  Common 
Law  Procedure  Acts  of  1852,  1854,  and  1860 ;  the  Bills  of  Exchange 
Act,  1855 ;  and  the  Bankrupt  Law  Consolidation  Act.) 

Criminal  Process, — ^Where  an  indictment  [Indicti^ie^'t]  for  treason 
or  felony  is  found  by  a  grand  jury,  process  of  capias  issues  to  the 
sheriff,  commanding  him  to  arrest  the  indictee.  But  where  an  indict- 
ment found,  or  an  information  filed,  charges  the  party  with  a  misde- 
meanor only,  the  process  is  at  common  law  a  venire  facias,  being  a 
command  to  the  sheriff  to  cause  the  indictee,  &c.,  to  come  into  court, 
which,  imder  this  process,  must  be  done  by  summoning  him.  If  the 
indictee,  &c,  do  not  obey  the  summons,  and  it  appears  by  the  return 
that  the  indictee,  &c.,  has  lands  in  the  county,  a  writ  of  distringas 
issues,  commanding  the  sheriff  to  compel  the  indictee  to  appear,  by 
distraining  him  by  the  issues  (the  produce)  of  those  lands,  to  appear. 
If  the  return  to  the  venire  facias  shows  that  the  indictee  has  norlands, 
process  of  capias  issues. 

Before  any  indictment  is  found,  a  party  charged  upon  oath  with 
treason  or  felony  may  be  brought  before  a  magistrate  by  virtue  of  a 
warrant  issued  for  his  apprehension  by  the  same  or  some  other  magis* 
trate  of  the  district,  and  may  by  another  warrant  be  committed  to 


prison  for  trial,  if  upon  the  examination  there  appear  to  be  grounds  to 
suspect  that  the  party  is  ^uUty.    (11  &  12  Vict.  c.  42.) 
*  A  bench  warrant,  as  it  is  termed,  may  also  be  issued  by  the  justices 
of  assize  when  an  indictment  is  found. 

PROCESS-VERBAL  {Procis-verbal)  is  a  term  derived  from  French 
jurisprudence,  in  which  it  signifies  a  memorandum  or  instrument 
drawn  up  and  attested  by  officers  of  justice,  containing  a  statement  of 
the  circumstances  which  have  taken  place  upon  the  execution  of  a 
commission,  upon  an  arrest,  upon  a,  precognition  or  preliminary  exami- 
nation of  a  party  accused,  or  in  the  course  of  other  legal  investigations, 
and  set  forth  in  the  order  in  which  they  have  occurred.  The  term  is 
now  frequently  app^6d  to  a  contemporaneous  detailed  minute  or  note 
of  any  formal  proceeding,  though  not  occurring  in  the  course  of  any 
legal  inquiry :  ex.  gra,,  a  note  of  the  discussions  which  are  taking 
place  during  the  negotiation  of  a  treaty,  &c. 

PROCLAMATION.  By  the  constitution  of  England,  the  crown 
possesses  the  exclusive  prerogative  of  issuing  proclamations ;  for 
although  this  authority  is  exercised  by  the  lord  mayor  in  the  city  of 
London,  and  by  the  heads  of  some  other  corporations  in  other  cities, 
for  certain  hmited  purposes,  it  is  always  founded  upon  custom  or 
charter,  and  consequently  only  exists  in  such  cases  by  delegation  from 
the  crown. 

The  nature  and  objects  of  rpyal  proclamations  are  various.  In  some 
instances  they  are  merely  an  authoritative  promulgation  of  matters  of 
state,  or  of  acts  of  the  executive  government  which  it  is  necessary  that 
all  persona  should  know,  and  upon  notice  of  which,  as  presumed  to  be 
conveyed  by  a  public  proclamation,  certain  duties  and  obligations 
attach  to  subjects.  Proclamations  of  the  accession  of  a  new  king  or  a 
demise  of  the  crown,  and  proclamations  for  reprisals  upon  a  declaration 
of  war  with  a  foreign  state,  and  for  rendering  coin  current  within  the 
realm,  are  examples  of  this  kind.  Another  class  of  {HXHslamatious  coa- 
sists  of  those  which  declare  the  intention  of  the  crown  to  exerdse 
some  prerogative  or  enforce  the  execution  of  some  law  which  may 
have  been  for  a  time  dormant  or  suspended,  but  which  a  change  of 
circumstances  renders  it  necessary  to  call  into  operation.  Thus  the 
crown  might,  by  a  proclamation  in  time  of  war,  lay  an  embargo  upon 
shipping,  and  order  the  ports  to  be  shut,  by  virtue  of  its  ancient  and 
imdoubted  prerogative  of  prohibiting  any  of  its  subjects  from  leaving 
the  realm.  Another,  and  by  far  ine  most  usual,  class  of  proclamations 
issued  by  the  crown  consists  of  formal  declarations  of  existing  laws  and 
penalties,  and  of  the  intentions  of  government  to  enforce  them, 
designed,  as  some  of  the  early  books  term  it,  ^uoad  terrorem, pcpuU,saA 
merely  as  admonitory  notices  for  the  prevention  of  offenoes.  A  familiar 
instance  of  this  kind  of  declaxktio;a  is  the  proclamation  against  vice  and 
immorality,  appointed  to  be  read  at  the  opening  of  all  courts  of  quarter- 
sessions. 

At  present  the  royal  prerogative  does  not  sutborise  the  creatioit  c/t 
ai)  offence  by  proclamation  wfalch  is  not  a  crime  by  the  law  of  the  land. 
In  early  periods  of  our  history  after  the  Korman  conquest,  the  power 
of  the  crown  in  this  respect  appears  to  have  been  much  more  ext<»isive, 
and  instances  of  proclamations  may  be  found  in  Rymer's  *  Koederak,'  and 
elsewhere,  evincing  an  assumption  of  almost  despotic  authority  br  the 
orown.  In  the  reign  of  Henry  VIII.  the  king  was  enabled,  with  the 
advice  of  his  council,  to  set  forth  proclamations  under  such  penalties 
and  pains  as  to  him  might  seem  necessary ;  but  this  was  by  Act  of 
Parliament,  and  the  statute  was  repealed  about  five  years  afterwards. 
A  strenuous  attempt  was  made  in  the  reign  of  James  L  to  strengthen 
the  orown  by  increasing  the  prerogative  of  making  proclamations, 
which,  though  encouraged  and  promoted  by  the  Lord  Chancellor 
Ellesmere  and  Bacon,  were  resisted  by  Coke,  and  occasioned  great 
alarm  and  dissatiBfaction  among  the  people.  The  encroachmenta 
which  had  been  made  and  attempted  in  this  respect  are  enumerated 
and  complained  of  in  the '  Petition  of  Grievances'  by  the  Commons,  in 
1610  (Howell's  'State  Trials,'  voLii.);  and  in  the  same  year  it  was 
expressly  resolved  by  the  judges  (of  whom  Sir  Edward  Coke  was  one) 
that  the  king  could  not  by  his  proclamation  create  an^  offence  which 
was  not  an  offence  before ;  "  for  if  so,  he  might  alter  the  law  of  the 
land  by  his  proclamation."    (Coke's '  Reports,'  part  12.) 

PROCONSUL.    [Consul;  Provincia.] 

PROCTOR,  derived  from  the  civil  law  term  "  procurator  "—one 
that  seeth  after  another  man's  affiurs.  It  is  the  designation  of  those 
who  in  the  Ecclesiastical  and  Admiralty  courts  (where  the  forma  of 
the  civil  law  prevail),  conduct  the  business  of  their  dients  as  attorneys 
and  solicitors  do  in  the  courts  of  law  and  equity,  but  in  order  to  enable 
them  to  act  in  the  Ecclesiastical  court>  they  must  be  formally  autho- 
rised by  a  *'  proxy  "  from  their  clients  to  do  so  (129  «.  Canon).  Proc- 
tors also  act  as  notaries  public,  in  attesting  acts  and  cooducting 
proceedings  in  their  own  courts,  but  they  do  not  possess  the  authori^ 
of  notaries  generally.  In  order  to  practise  in  the  Ecdesiastical  courts, 
they  must  be  admitted  by  the  archbishope  of  the  respective  provinces, 
by  application  to  their  vicar-genend  or  official  principaL  In  the 
Admiralty  court  they  are  admitted  by  the  judge  of  the  court. 

The  recent  Acts  of  Parliament,  however,  the  20  &  21  Vict.  e.  77 
(the  Act  to  amend  the  law  relating  to  Probates  and  Letters  of  Ad- 
ministration), and  the  20  &  21  Viot^  c  85  (the  Act  to  amend  the  law 
relating  to  Divorce  and  Matrimonial  Causes),  have  transferred  to  the 
temporal  courts  the  jurisdiction  of  the  Ecclesiastical  courts  over  wills, 
j  intestacies,  and  divorce,  and  in  so  doing,  the  practice  is  no  longw  con- 
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fined  to  proctors,  but  is  thrown  open  to  barristers,  attorneys,  and 
solicitors.  The  22  &  28  Vict.  c.  6,  also  empowers  barristers,  attorneys, 
and  solicitors,  to  practise  in  the  court  of  Admiralty.  Thus  Uie  practice 
in  the  testamentary  and  matrimonial  business  of  the  Ecclesiastical 
courts  and  that  of  the  court  of  Admiralty  is  no  longer  confined  to  the 
advocates  and  proctors  of  Doctors'  Commons.  Marriage  licences  are 
obtained  through  the  medium  of  proctors:  they  prepare,  the  affidavit 
containing  the  particulars  required  to  enable  parties  to  be  n^arried 
without  uie  publication  of  banns.  The  5  Geo''.  II.  c.  18,  s.  2,  pro- 
hibits practising  proctors  from  being  justices  of  the  peace.  But  toey 
are  exempt  from  serving  on  juries,  or  being  made  parish  officers,  as 
churchwudens,  Ac  The  term  "  proctor  "  is  aJso  applied  to  those  of  the 
cleigy,  who  are  selected  by  their  brother  clergy  to  represent  them  in 
conTocation  [CoirvooATioir].  For  the  practice  of  the  Ecclesiastical 
courts,  see  Cottbts,  Eoclesiastioal. 

The  two  proctors  in  the  universities  of  Oxford  and  Cambridge  are 
nominated  by  each  college  in  rotation  from  among  the  resident 
masters  of  arts.  They  hold  office  for  a  year ;  they  each  have  two  pro- 
proctors.  Their  office  is  of  great  dignity  and  importance ;  they  rank 
after  the  vice-chancellor.  Their  duties  are  to  preserve  order  and 
discipline  among  the  under-graduates,  and  to  aid  the  authorities  In  all 
their  important  functions. 

PROCURATOR,  a  manager  or  agent,  whence  the  word  proctor  is 
formed. 

A  Roman  procurator  was  a  person  appointed  by  another  to  conduct 
a  cause  for  him,  and  it  required  no  particular  words  to  constitute  a 
procurator.  A  man  might  commence  a  suit  as  a  procurator,  without 
showing  his  authorily ;  but  he  was  obliged  to  produce  it  before  the 
judges  came  to  a  decision,  or  to  enter  into  security  that  the  plaintiff 
would  abide  by  his  acts.    (Gaius,  iv.  84.) 

Under  the  Empire  the  governor  of  a  province  was,  in  certain  cases, 
called  a  Procurator,  or  Procurator  Canuris.  Sometimes  this  Procuntor 
had  not  the  goyanment  of  a  province,  but  only  managed  affiiirs  of 
revenue  (res  fisci).    [Pbotdtcia.] 

Solicitors  in  Scotland  who  practise  in  the  courts  of  the  Sheriflb,  are 
usually  called  Procurators;  and  in  judgments  the  courts  generally 
recite  the  hearing  of  the  Procurators  of  the  parties. 
'■     Procurator  JHacal,  in  Scotland,  is  the  term  used  to  denote  the  public 
prosecutor. 
,    PROCYON.    [SiRiUB  and  Prooton.] 

PRODUCT,  a  term  really  equivalent  to  result,  but  used  only  when 
the  result  is  tiie  one  obtained  by  the  multiplication  of  two  or  more 
quantities. 

PR0FANENES8.    [Blabphbmt.] 

PROFIT,  one  of  the  three  parts  mto  which  all  that  is  derived  from 
the  soil  by  labour  and  capital  is  distributed,  the  other  two  being  wages 
and  rent :  from  these  thrise  sources  arise  all  the  revenues  of  the  com- 
munity. Profit  is  therefore  the  surplus  which  remains  to  the  capitalist 
after  he  has  been  reimbursed  for  the  wages  advanced  and  the  capital 
expended  during  the  process  of  production.  To  obtain  this  surplus  is 
the  only  object  for  which  capital  is  employed. 

Profits  have  a  tendencjr  to  &11  to  the  same  level  in  all  branches  of 
industiT;  for  if  the  ratio  of  profit  in  proportion  to  the  capital  em- 
ployed be  ^;reater  in  one  than  in  another,  more  capital  will  be  directed 
to  that  which  affords  the  highest  profit ;  and  the  powers  of  production 
being  increased,  the  supply  is  greater,  prices  fall,  and  the  equilibrium 
of  profit  is  restored.  A  distinction  must  however  be  made  between 
real  and  apparent  profit.  When  the  employment  of  capital  is  attended 
with  extraordinary  risk,  jwofits  are  nominally  high ;  but  after  deduct- 
ing thp  losses  to  which  it  is  exposed,  the  real  profits  tend  to  the  same 
level  as  the  ordinary  nte.  The  case  is  similar  in  occupations  of  a 
disagreeable  or  agreeable  nature,  the  pleasantness  of  the  latter  counter- 
balancing the  low  rate  of  profit.  A  wholesale  merchant  and  a  retail 
trader  both  dealing  in  the  same  commodities  may  appear  to  obtain 
different  rates  of  profit;  but  in  the  latter  case  wages  are  confounded 
with  profits,  and  when  they  are  properly  distinguished,  the  apparent 
disproportion  is  diminished.  Unless  we  reduce  profits  from  their 
apparent  to  their  real  value,  there  is  no  truth  in  the  maxim  that  the 
rate  of  profit  is  unif onn  in  the  same  countiy  at  the  same  time. 

The  natural  tendency  of  profits  (whether  arising  from  capital  em- 
P.5!y*^ -^'i,  agriculture  or  in  manufactures)  is  to  decline  as  the  neces- 
sities ofthe  population  render  it  necessary  to  have  recourse  to  inferior 
soils.  Happily,  improvements  in  machinery  and  in  the  art  of  agri- 
culture,  better  combmations  of  labour  and  capital,  and  greater  freed&m 
of  commerce,  are  calculated  to  arrest  this  retrograde  movement ;  and 
to  such  sources  of  reKef  eveiy  highly  advanced  country  must  look  as  a 
means  of  sustaining  its  prosperity;  for  whatever  diminishes  the  neces- 
sity of  raising  food  from  the  poorer  soils,  tends  to  maintain  the  rate  of 
profit. 

Two  other  causes  have  great  influence  upon  the  rate  of  profit, 
namely,  wages  and  taxation.  A  rise  in  wages  will  duninish  wofits! 
unlMs  mdustry  becomes  more  productive ;  but  if  the  latter  take  place! 
both  may  nse  at  the  same  time,  either  in  the  same  or  in  different  pro! 
portions  according  to  circumstances. 

Taxation  will  dimmish  profits,  unl^  wages  faU  or  industry  become 
more  productive.  Taxes  on  profits,  when  they  fall  alike  upon  all 
capital  engaged  m  productive  industry,  are  paid  by  the  owners  of 
capital,  who  have  not  the  power  of  chaiging  the  tax  upon  oonsumerv. 


The  means  of  accumulation  are  diminished  when  the  profits  of  only 
certain  classes  of  traders  are  taxed,  and  they  would  betake  thenMelvei 
to  other  occupations  not  taxed,  imleas  they  could  charge  the  consamen 
with  the  tax :  the  tax  therefore  falls  upon  the  consumers. 

The  competition  of  capitalists  also  acts  in  reducing  the  rate  oi  profit, 
though  this  has  been  denied  by  some  writers.  Capitalists  who  have 
accumulated  at  the  old  rate  of  profit  are  content  with  a  new  invest- 
ment producing  a  lower  rate,  instead  of  consuming  their  aavin^  ub- 
productively. 

PROGNOSIS  (in  Medicine)  is  the  opinion  formed  respectlog  the 
probable  future  events  of  any  disease,  as.  for  example,  whether  it  will 
terminate  in  recovery  or  in  death,  how  long  it  is  likely  to  cuntiBue, 
what  other  diseases  may  be  enacted  to  arise  in  its  course,  what  are  the 
chances  of  relapse,  and  what  those  of  some  x>erinanent  injuiy  of  8tnie> 
ture  or  function  being  produced  by  the  morbid  processes. 

PROGRESSION.  A  series  of  numbers  following  any  law  shovild  be 
called  a  progression,  but  the  word  is  ubually  restricted  to  two  BottB  d 
progression,  which  are  called,  but  by  no  means  correctly,  aHtfametical 
and  geometrical:  the  analogies  pointed  out  in  Rbotakgle  give  the 
origin  of  these  terms. 

An  arithmetical  progremon  is  one  in  which  the  terms  oontinuaBT 
increase  or  diminish  equally,  including,  as  an  extreme  caae,  that  xb 
which  they  do  not  increase  or  diminish  at  all.    Thus 


7,  7,  7,  7,  &c 
10,  94,  9,  84,  ftc 


7,  8,  9,  10,  &c. 
2,  8i,  44.  61,  &c 


are  sets  of  terms  in  arithmetical  progression.    The  f ollowii^  proposi- 
tion contains  the  principal  pait  of  their  theoir  :— 

If  a  be  the  first  term  of  an  arithmetical  progression,  and  Aa  the 
diffsrence  between  any  two  teims  (negative,  if  the  terms  diminiah) ; 
and  if  Oa  be  the  nth  term  from  and  after  a  exdkuiffef  and  s^  the  turn 
of  n  terms,  we  have 

On  =  a  -f  n  Aa ; 
»— 1 
f s  »  fia  -t-  n  — 2~"  ^** 

From  these  two  equations  between  a,  n,  a^ ,  Aa,  and  «.  >  any  thi«e  of 
these  being  given,  the  other  two  can  be  foimd,  subject  howerer  to 
this  restriction,  that  the  problem  is  unmeaning  when  n  is  not  a  whak 
number,  whether  it  be  given  or  found.  These  theorems  are  only  the 
simplest  case  of  a  more  general  pair,  in  which,  takhig  any  series,  and 
suppoBiDg  neither  the  differences  nor  the  difi^noes  of  the  differenoee, 
&c,  to  be  equal,  an  enression  is  given  for  any  term  of  a  aeries,  or  fer 
the  sum  of  n  terms,  which  frequentiy  gives  definite  forms  in  the  plan 
of  indefinite  ones.  CSalculate,  as  in  the  article  DnrFSKEircs,  the  valtie 
of  Aa,  A'a,  ftc.,  from  a,  a^,  a,,  fta,  and  let 


•n,  n^^n 


n  —  1  ^      ^n  —  In  —  2    . 

,  *a^l»  ■  .  ■,    CEO. 

2       ^  2  8    ' 


Then 


On  =  a + <ij  Aa + »,A-o  +  fiiA'a + ,  Ac. 
«s  =  n^a  +  n,Aa + n^A'a + n^  A'a  + ,  &e. 


Thus  in  the  series  1  -I-  5  -I-  17  +  48  +  89  +  161  +  fto.,  the  law  d 
whose  terms  is  undisooverable  at  first  sight,  we  shall,  by  what  the 
beginner  may,  till  he  knows  better,  call  an  accidental  circumstance, 
discover  both  the  law  of  the  terms  and  that  of  their  sum,  as 
follows : — 


1 

5 

17 

43 

89 
161 


4 
12 

26 
46 
72 


8 
14 
20 
26 


6 
6 
6 


0 
0 


o=l,  Aa=4,  A^a^S, 
A«o«6,  A*a«0,  A^sO, 
&c. 


a,  =  1  +  4»i  +  8ii,  +  6fij  =  n*  +  (»  +  1)« 
»»  =  »  -I-  4iig  +  8»,  +  6»4 


i-'-^r 


n(»  +  l)(2n  +  l) 
1 ^ 


Thus  the  seventh  term  (the  sixtii  after  1,  n=6)  is  6>+ 7*,  or  265, 
and  the  sum  of  6  terms  (make  n=6  in  the  second  formuli^  in  which 
remember  that  «"  is  the  sum  of  n  terms,  not  of  n  terms  after  a)  is 
(4.6.6)<  + 1.6.7.18,  or  816,  which  may  easUy  be  verified.    [Sun.] 

The  apparently  accidental  cirtnimstande  above  alluded  to,  is  the 
vanishing  of  all  the  differences  of  a  from  and  aftei*  the  f Curth.  But  it 
is  to  be  observed,  that  the  series  was  originally  constructed  so  as  to 
make  all  differences  vanish  after  the  fourth,  and  that  the  preceding 
theorem  will  never  change  indefinite  into  definite  formulse,  except 
when  all  differences  after  a  certain  one  vanish.  The  rule  is,  when  a.  is 
an  algebraically  rational  and  integral  function  of  n  of  the  j9  order, 
that  is,  of  the  form  it»'  +Zw»  +  ,  Ac.,  all  differences  after  the  pth 
vanish,  and  then  only. 

Geometrical  Progreuion  is  when  the  terms  of  a  series  increase  or 
dimlmsh  by  the  use  of  the  same  multiplier,  whole  or  fractional, 
including,  as  an  extreme  case,  that  in  which  tiie  multiplier  is  uni^. 


rss 
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Thus,  the  multiplien  being  1,  f ,  4i  and  2,  the  four  following  sets  of 
terms  ore  in  geometrical  progression : — 

7,  7,  7,  7,  Ac.  7,  8,  V,  ^Ji,  &c. 

3,  M,  i,  &c  9, 18,  86,  72,  &c. 

If  a  be  the  first  term,  and  b  the  second,  the  nth  term  is  a  (6~a)"~i> 
and  the  sum  of  %  terms  is 


a»  — 6» 


(«  — a" 


according  as  a  is  greater  than  or  less  than  6.  But  when  a-h,  the 
sum  is  of  course  no.  If  h-^a=r,  that  is,  if  the  terms  be  a,  ar*,  or', 
&c.,  the  nth  term  is  or*"^,  and  the  sum  of  n  terms  is 


1-r 


or  a 


y— 1 


according  as  r  is  less  than  or  greater  than  one.    If  r  be  lees  than  one, 
the  series  of  terms,  however  far  it  may  be  carried,  never  reaches  a-^ 
(1  —  r),  though  it  may  approach  this  hmit  with  any  degree  of  near- 
ness by  making  the  numner  of  terms  sufficiently  great. 
Thus  the  following  eqiAtions, 

2=l  +  4  +  J  +  i  +  A+&c. 

though  always  erroneous,  stop  where  we  may,  yet  can  be  brought  as 
near  to  truth  as  we  please  by  writing  down  terms  enough  on  the 
second  side.  In  the  use  of  the  word  iNriKiTE,  as  explained  in  the 
article  on  that  subject,  we  may  then  say  that  the  above  equations 
are  absolutely  true,  if  the  series  be  carried  ad  if^Uum,  The 
general  equation,  made  absolutely  true,  after  stopping  at  ar*  in  the 


senee,  is 


1-r 


—  a  +  ar  +  ,.,-^af*  + 


at* 


+1 


1-r 


Other  points  connected  with  this  equation  will  be  mentioned  in  the 
article  Series. 

There  is  no  doubt  that  every  whole  can  be  subdivided  into  parts 
without  limit,  or,  in  common  language,  can  be  divided  into  an  infinite 
number  of  parts.  An  old  fallacy,  mentioned  in  Motion,  receives  its 
explanation  from  the  preceding.  If  we  make  a= 1  — r,  the  equation 
carried  ad  i^fhiiiuim  becomes 

l  =  {l-r)  +  (l  — r)r  +  (l— r)r»+,&c.,ad«V. 
By  giving  different  values  to  r,  we  have  therefore  an  infinite  num- 
ber of  ways  of  subdividing  uni^  into  an  infinite  niunber  of  parts.  If 
then  we  take  a  problem  in  which  an  antecedent  is  followed  by  a  con- 
sequent ;  and  if  dividing  the  antecedent  into  an  infinite  number  of 
parts,  we  consider  separately  the  parts  of  the  consequent  which 
belong  to  those  of  the  antecedent,  we  shall  of  course  divide  the  conse- 
quent into  an  infinite  number  of  parts.  It  would  be  a  gross  fallacy  to 
hif  er  that  the  consequent  must  be  infinitely  great,  because  it  is  pro- 
duced in  a  never^nding  succession  of  parts,  since  that  never-ending 
succession  was  produced  by  dividing  tne  avowedly  finite  antecedent 
into  an  infinite  number  of  parts.  No  one  could  fail  to  detect  the 
following  : — "  Let  m  be  divided  into  an  infinite  number  of  parts,  a,  6, 
c,  &c. ;  let  each  of  these  parts  be  doubled ;  then  the  result  is  made  up 
of  2a,  26,  2c,  &c.,  ad  infinitum;  consequently  2a  +  26+2c-t-,  &c., 
being  made  up  of  an  infinite  number  of  quantities,  is  infijoite." 
Nevertheless  tlus  fallacy  was  not  only  produced  in  an  ingenious  form, 
as  a  sophism  [Motion],  but  has  even  reappeared  in  modem  times  as  a 
serious  argument.  The  sophism  is  known  by  the  name  of  "  Achilles 
and  ti^e  Tortoise."  The  swiftest  of  men  runs  after  the  slowest  of  besuts, 
without  (says  the  sophism)  the  possibility  of  ever  overtaking  it.  For 
if,  when  they  set  out,  Achilles  be  at  a  and  the  tortoise  at  t,  then  by 
the  time  Achilles  has  run  over  at,  how  fast  soever  he  may  run,  the 
tortoise  will  have  gone  over  some  length,  say  tb  ;  while  the  hero  goes 
over  TB,  bis  dinner  (for  dinner  he  may  have  out  of  it,  in  spite  of  the 
sophism)  goes  over  bo,  and  so  on  ocf  infinitum.    How  ^then,  asks  the 


\ — I — rrn        i 

T       B       C     D    £,     Ac.     M 

objector,  is  it  possible  that  Achilles  can  ever  come  up  with  the 
tortoise,  since  it  is  unquestionable  (and  this  \a  perfectly  correct),  that 
let  him  go  as  &r  as  he  may,  he  must  always  come  up  to  where  the 
tortoise  was  before  he  can  reach  the  point  at  which  he  is ;  so  that  it 
requires  an  infinite  number  of  partt  of  tim^  (but  here  the  sophism 
quietly  introduces  an  ii^nite  time)  to  catch  the  tortoise  ?  The  answer 
is,  that  Achilles  will  certainly  overtake  the  tortoise  at  a  finite  distance 
from  A,  say  at  M:  any  contrivance  which  subdivides  am  into  an 
infinite  number  of  parts,  does  the  same  with  the  time  in  which 
Achilles  runs  over  a  m  ;  and  there  is  no  more  reason  to  say  that  the 
time  is  therefore  infinitely  great,  than  to  say  that  am  is  made  infinitely 
gi'cat  bv  the  subdivision.  This  would  be  a  sufficient  answer,  since 
it  would  throw  upon  the  soplust  the  onua  of  showing  that  the 
infinite  number  of  parts  of  time  makes  an  infinite  time ;  but  &  more 
complete  answer  connsts  in  positive  proof  that  it  is  not  so,  as 
follows : — 
Let  ATbe  called  a,  and  let  AchiUes  move  m  times  as  fast  as  the 

ABTS  AND  ta.  OIY.  VOL.  TL 


tortoise;  then  tb  is  necessarily^  the  mth  part  of  at,  BO  of  tb,  od  of 
B  c,  &c.  Hence,  if  t  be  the  time  in  which  Achilles  moves  over  a  t, 
this  time,  added  to  his  times  of  going  over  t  B,  b  o,  o  D,  &c.,  or  t,  t-i-m, 
t-r-m^  &a,  make  up 

^t  +  m  +  i  +  i  +  i+,&c.,adiV.) 

Now  if  i»  be  greater  than  1  (for  unless  Achilles  move  faster  than 
the  tortoise,  it  is  admitted  he  can  never  catch  it),  the  series  above 

named  is  1  -^fl j,  so  that  the  whole  time  is  tm-T-im—l),  and 

the  whole  length  am  is  am-h(m  —  1),  the  same  answer  as  would  be 
produced  by  common  methods.  The  sophism  divides  this  length  into 
the  infinite  number  of  parts 


a         ±        . 
m         m 

and  taking  the  times  due  to  each, 


<*  «  «L 


t       --       --       ^    &c, 
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assumes  the  sum  of  the  latter  to  be  infinite. 

In  the  work  of  a  celebrated  political  economist  there  is  the  foIlow« 
ing  aiigument,  to  show  that  a  tax  on  wages  must  fall  on  the  labourers ; 
for  if  it  did  not  so  fall,  wages  would  rise,  whence  the  price  of  goods' 
would  rise,  which  would  again  cause  a  rise  of  wages,  and  this  again  a 
rise  in  goods,  and  bo  on  ad  infinitum,  which  is  i^eired  to  be  absurd. 
This  is  of  course  precisely  a  repetition  of  the  preceding  case ;  and 
granting  all  the  premises,  the  conclusion  by  no  means  follows.  For 
that  conclusion  is  that  the  rise  would  go  on  without  limit,  which  need 
not  be  the  case. 

The  best  way  of  remembering  the  summation  of  a  geometrical 
series  is  by  a  verbal  rule,  as  follows :— The  sum  is  the  difference 
between  the  first  term  in  and  the  first  term  out,  divided  by  the  differ- 
ence between  the  common  multiplier  and  unity.  Thus  the  sum  of 
30  +  90+270+810  is  2480  —  80  divided  by  8  —  1,  or  1200. 

PROHIBITION,  a  writ  to  prohibit  a  court  and  parties  to  a  cause 
then  depending  before  it  from  further  proceeding  in  the  cause.  It 
wiU  be  convenient  to  define, — 1,  out  of  what  courts  it  issues ;  2,  to 
what  courts  it  may  be  addressed ;  3,  under  what  ciitjumstances  it  is 
grantable ;  4,  at  whose  instance  it  may  be  obtained ;  6,  at  what  time 
it  may  be  obtained ;  6,  the  form  and  incidents  of  the  proceeding. 

1.  A  writ  of  prohibition  usually  issues  from  one  of  the  three 
superior  courts  of  common  law  at  Westminster.  It  may  issue,  from 
the  Common-Law  Court  at  Lancaster,  and  from  tihe  common-law  side  of 
the  Court  of  Chancery. 

2.  It  may  be  addressed  to  any  other  temporal  cotirt,  such  as  to  the 
Admiralty  Courts,  to  Courts-Martial,  to  any  inferior  court  in  a  dty  or 
borough,  to  the  Duchy  or  County  Palatine  Courts,  to  the  Stannary 
Courts,  to  the  Commissioners  of  Appeals  of  Excise,  to  any  court  by 
usurpation  without  lawful  authority,  or  to  a  court  whose  authority  has 
expired.  When  any  one  has  a  citation  to  a  court  out  of  the  realm,  a 
prohibition  lies  to  prevent  his  answering.  It  seems  also  that  it  might 
issue  to  the  Court  6f  Exchequer,  and  to  the  Court  of  Common  Pleas ; 
but  not  to  the  Court  of  Chancery ;  nor  is  there  any  instance  of  a  pro- 
hibition to  the  King's  Bench.  It  may  be  granted  by  any  of  the  three 
superior  common-law  courts  to  any  spiritxial  court,  and  by  the 
common-law  courts  of  Chester  and  Lancaster  to  the  spiritual  courts 
within  the  county  palatine  and  duchy. 

3.  The  writ  is  grantable  in  all  cases  where  a  court  entertains  matter 
not  within  its  jurisdiction ;  or  where,  though  the  matter  is  within  its 
jurisdiction,  it  attempts  to  try  by  rules  other  than  those  recognised  by 
the  law  of  England.  Matter  may  be  said  to  be  not  within  the  juris- 
diction of  a  court  in  two  senses:  1,  when  the  subject-matter  enter- 
tained is  in  its  nature  not  cognisable  by  the  court ;  2,  where  the 
subject-matter  is  in  its  nature  cognisable  by  the  court,  but  lies  out  of  * 
the  local  district  where  only  that  cotirt  has  jurisdiction ;  or,  in  the 
case  of  a  court  whose  jurisdiction  is  general,  when  the  subject-matter 
lies  in  a  local  district  exempt  from  the  general  jurisdiction  of  the 
court,  or  where  the  subject-matter  of  the  cause  rdates  to  persons  over 
whom  the  court  has  no  jurisdiction. 

A  prohibition  will  lie— to  the  courts  of  Admiralty,  if  they  entertain 
questions  of  a  contract  made  or  to  be  executed  within  the  kingdom ; 
to  the  county  court,  if  an  action  be  brought  in  it  on  a  judgment  in 
one  of  the  superior  courts ;  to  a  spiritual  court,  if  it  takes  cognisance 
of  any  plea  concerning  a  title  to  an  advowson,  or  an  office,  or  goods, 
money,  or  chattels ;  and  this  applies  even  in  the  case  of  goods  or  orna- 
ments given  to  a  church,  or  matters  of  a  criminal  nature  punishable 
only  temporarily :  in  short,  as  it  has  been  said,  anything  for  which  a 
remedy  exists  at  common  law.  ^ 

Prohibition  lies  equally  both  where  the  matter  of  the  suit  is  not 
cognisable  by  the  court,  and  Where,  though  the  substance  is  cognisable, 
matter  arises  during  the  progress  of  it,  and  is  clearly  about  io  be  tried, 
over  which  the  court  has  no  cognisance.  Thus,  if  in  a  cause  properly 
cognisable  by  a  spuritual  court,  a  question  arises,  and  is  necessarily 
about  to  be  tried,  as  to  the  existence  of  a  custom,  or  a  prescription,  or 
the  limits  o^  a  parish,  or  where  in  a  suit  for  tithes  there  is  plea  of  a 
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modus,  or  that  the  lands  ar^  discharged  by  statute,  od  tithes  are 
claimed  of  thiugs  for  which  no  tithes  are  due,  or  the  defendant  makes 
title  by  lease,  &c.,  a  prohibition  will  lie  immediately.  And  a  pro- 
hibition is  in  all  cases  grantable  where  a  court  allows  illegal  or  disallows 
legal  evidence,  as  where  the  Commissioners  of  Appeals  for  the  Excise 
determine  by  the  minutes  of  evidence  taken  by  a  justice  of  the  peace, 
instead  of  examining  the  witnesses  vivd  voce,  or  a  spiritual  court 
disallows  proof  of  payment,  &c.,  because  proof  of  it  is  made  only  by  a 
single  witiiess,  or  wbere  it  has  misconstrued  an  Act  of  Parliament,  or 
disallows  an  award  when  it  is  good  by  law. 

A  prohibition  will  also  lie  where  a  court  attempts  to  extend  its 
jurisdiction  to  parties  over  whom  it  has  none,  as  where  a  court-martial 
inquires  into  the  conduct  of  a  person  not  a  soldier  or  sailor;  the 
Stannary  courts,  where  neither  parties  are  tinners,  nor  the  matter  in 
question  respecting  tin,  &c. 

4.  A  prohibition  may  be  obtained  at  the  instance  of  either  party  to 
an  ecclesiastical  suitb  In  the  case  of  a  suit  for  tithes  against  a  lessee 
it  may  be  obtained  by  the  reversioner.  Where  a  court  has  no  juris- 
diction over'the  matter  of  the  suit,  a  prohibition  is  grantable  «t  the 
request  of  a  mere  stranger. 

5.  If  a  court  has  no  cognisance  of  the  matter  of  a  suit,  prohibition 
will  lie  immediately  after  appearance,  and  it  may  be  obtained  by  either 
plaintiff  or  defendant  at  any  future  time,  even  after  sentence,  appeal, 
and  affirmation ;  or  after  judgment  and  execution,  provided  it  appears 
by  the  proceedings  that  the  court  had  no  jurittUction.  When  the 
court  has  cognisance  of  a  cause,  prohibition  will  not  He  until  the 
matter  out  of  its  jurisdiction  has  not  only  arisen,  but  is  also  clearly  in 
progress  of  being  tried.  If  the  matter  is  then  admitted  by  the  litigant 
parties,  the  court  is  still  entitled  to  certain  cognisance  of  the  suit.  If 
not  admitted,  and  these  circumstances,  though  not  appearing  on  the 
face  of  the  proceedings,  are  duly  brought  forward  before  judgment,  a 
prohibition  will  then  He.  If,  however,  a  prohibition  is  not  then  applied 
for,  but  the  party  submit  to  the  trial  in  the  court  where  the  suit  has 
been  commenced  and  judgment  is  pronounced,  no  prohibition  will  lie 
imleas  it  appear  on  the  proceedings,  not  only  that  matter  out  of  the 
jurisdiction  of  the  court  has  arisen,  but  also  that  the  matter  baa  been 
wrongly  decided.  These  observations  only  apply  to  permanent  courts, 
and  where  something  still  remains  to  be  done.  In  the  case  of  an  occa- 
sional court,  as  a  court-martial,  it  would  be  impossible  to  cany  the 
principle  into  execution. 

6.  A  writ  of  prohibition  is  applied  for  by  motion  in  court,  which 
sets  out  the  proceedings  in  the  suit.  If  the  proceedings  are  not  suffi- 
cient to  show  the  want  of  jurisdiction  in  the  court  against  which 
prohibition  is  prayed,  suggestions  must  be  added,  verified  by  s^davit, 
showing  such  want  of  jurisdiction. 

If  the  court  grants  a  rule,  the  other  party  is  heard  in  answer.  T&e 
court  may  then  decide,  either  to  refuse  the  prohibition,  or,  if  they 
incline  to  grant  it,  direct  the  party  applying  to  dedare  in  prohibition. 
The  declaration  must  contain  a  concise  statement  of  the  grounds  of 
the  aoplication,  and  conclude  by  praying  that  the  writ  may  issue.  To 
this  tne  other  party  may  demur  on  the  ground  that  no  sufficient  cause 
appears  for  a  prohibition,  or  he  may  pl^  such  matters  as  he  thinks 
proper  to  show  that  the  writ  ought  not  to  issue,  and  conclude  by 
praying  that  it  may  not  issue.  If  matters  of  fact  are  put  in  issue, 
they  are  tried  by  a  jury.  Judgment  is  given  either  on  the  demurrer 
or  after  noxisuit  or  verdict.  The  party  suoceeding  is  entitled  to  the 
costs  of  these  proceedings,  and,  if  a  trial  takes  pSaoe,  the  jury  may 
assess  damages.  If  the  court  decide  in  favour  of  the  party  applying, 
the  writ  issues  and  forbids  the  court  and  other  party  from  further 
proceeding.  In  such  cases,  if  the  ground  of  application  was  that  the 
court  had  no  jurisdiction  at  all  in  &e  suit,  the  writ  of  prohibition  is 
final.  But  if  the  ground  is  that  something  had  arisen  not  cognisable 
by  the  court,  during  the  progress  of  a  suit,  concerning  a  matter  pro- 
perly within  its  jurisdiction,  the  prohibition  is  not  final.  In  such  case 
the  question  is  referred  to  the  proper  tribunal  for  trial,  and  if  found 
against  the  applicant,  the  suit  may  be  then  resumed.  In  either  case, 
where  the  court  decides  in  favour  of  the  party  against  whom  prohibition 
is  prayed,  or  the  verdict  has  been  afterwards  in  his  fav<)ur,  the  court 
awards  a  consultation,  as  it  is  called,  by  which  the  cause  is  again 
remitted  to  the  original  court.  If  pi^es  proceed  after  a  writ  of  pro- 
hibition has  been  obtained  and  served,  they  are  liable  to  an  attachment 
for  contempt.  No  prohibition  for  the  same  matter  lies  after  a  con- 
sultation has  been  awarded  upon  the  merits. 

There  can  be  no  pleadings  in  a  prohibition  to  the  County  Courts, 
the  merits  of  which  must  be  determined  on  the  application  for  the 
writ. 

jComyns's  JHgegt ;  2  Inst,,  599 ;  3  Blackst.'(?oj».,Mr.  Kerr's  ed.,  c.  7.) 
The  right  of  the  common-law  courts  to  issue  writs  of  prohibition, 
and  the  mode  in  which  they  exercised  that  right,  have  often  been  the 
subject  of  great  dispute  between  the  conmion-law  judges  and  the  eccle- 
siastics. The  latter  have  several  times  exhibited  many  articles  of 
grievance  before  the  parliament  and  privy  coundl  against  the  former. 
The  most  famous  of  these  are  the  *  Articuli  deri,*  exhibited  by  Arch- 
bishop Bancroft,  in  the  name  of  the  whole  clergy,  in  the  third  year  of 
the  reign  of  James  I.  They  are  gyren  at  length  by  Lord  Coke  (2 
'  Inst.,'  599),  with  a  full  view  of  the  nature  of  the  controversy  between 
the  parties  and  the  unanimous  answers  of  the  judges. 
PROJECTILES,  THEORY  OF.    This   subject  usually  compro- 


hends  the  investigation  of  the  relations  between  the  spaoe  deseribed, 
the  time  of  motion,  and  the  velocity  acquired  by  ft  body  when  impelled 
in  any  direction  by  some  motive  force. 

The  circumstances  of  a  body  descending  from  a  high  place  towards 
the  earth  by  the  action  of  gravity,  and  those  of  a  body  projected 
vertically  upwards  from  the  earth,  on  the  supposition,  in  both  case^, 
that  the  body  moves  in  a  non-resisting  medium,  have  been  noticed  in 
the  article  Fall  of  Bodies;  and  t£e  circumstances  attending  the 
motion,  both  in  a  resisting  and  a  non-resisting  medinmy  of  a  body 
impelled  by  fired  gunpowder,  when  the  impulse  is  in  a  diredioo 
parallel  or  oblique  to  the  horizon,  have  been  investigated  in  the  artida 
GuwEBT.  It  is  intended  tiierefore  in  this  place  only  to  oonaader  ti» 
laws  of  the  vertical  ascent  and  desoent  of  bodies  in  rasiating  media,  the 
foroe  of  gravity,  or  of  terrestrial  attraction,  being  supposed  to  be 
constant;  and  m  non-resisting  media,  under  the  oondition  that  the 
foroe  of  gravity  is  variable. 

Let  a  spherical  body  descend  verticaUy  from  a  ibata  of  rest  in  a 
resisting  medium  (air,  water,  &&)  supposed  to  be  of  uniform  deoatjr; 
and  let  it  be  admitted,  agreeably  to  the  Newtonian  hypothesis 
('  Princip.',  Ub.  iL  sec.  1 ;  S^oL),  imi  the  resistanoe  of  the  mediom 
is  proportional  to  the  square  of  the  velocity,  v,  acquired  at  any  monwnt 
in  the  descent ;  then,  if  we  suppose  n  to  be  Uie  velocity  which  a  body 
falling  towards  the  earth  in  the  resisting  ^  medium  would  aoquire  when 
that  resistance  becomes  equal  to  the  aoc^olerative  force  of  gravity,  the 
latter  being,  as  usual,  ropresented  by  g  (=S2*2  feet),  we  shaU  have 

v^  ig  :  :v^ i—r-g ;  and  the  last  term  represents  the  resistanoe  of  the 

medium  at  the  instant  when  the  velocity  is  « ;  hence  the  acoelentire 
force  by  which  the  fallingj  body  is  lU^ged  at  such  moment  is  expressed 

u- 

Now  «  being  the  space  descended  by  the  body  in-  the  time  £,  and  v 

being  the  velocity  as  beforo,  an  accelerative    foroe  is  repreaent<xl 

dv  €P$  dv  ffl 

by^  and  hy -t-^-.  [Force.]  Therefore  j7=^  -  =5^;  whenoe  gdt  = 

— ^ ;   and  hitegmting  this  equation,  observing  that  9  »  0  when 

V 

u  TJ  -h  V        2gt  u  +  r 

«  =  0,  we  have  t  =  ^hyp.log.  5— 7,  or  —  =  hyp.  log.  ^-^7-^;  or 

again,  passing  from  logarithms  to  numbers,     ^     —  c      (e  bdng  the 

V 

e    —1 
base  of  the  hyperbolic  logaiithniB) ;  idienoe  9  s  u ^,  and  thia 

second  member  being  developed,  gives  v  »  p<  —  ^  ^  fto»    Sabs^- 

d* 
tuting,  in  this  equation,  ^  for  v,  and  again  integrating,  ve  hxn 

^  ^       ^^       ^ 

These  equations  for  f  and  v  give  the  space  descended  and  the  vdodty 
acquired  at  the  end  of  any  given  time  i  from  the  moment  when  th« 
motion  commenced.  For  tables  of  the  values  of  u  (the  terminal  vdo- 
cities)  for  iron  balls,  see  Dr.  Button's  Tracts,  tract  87. 

Next,  let  a  body  be  projected  vertically  upwards  in  a  nniformly 
resisting  medium  with  an  initial  velocity  =  v ;  and  let  the  body  be  oS. 
a  spherical  form  so  that  u  may  be  tiie  same  as  before :  then,  the  force 
of  gravity  and  the  resistance  of  the  medium  acting  in  a  directioD 

opposite  to  that  of  the  projectile  foroe,  we  have  nOw  "j:  =^ "  y "  "^ ' 


whence  —  flwfc  =  u- 


^-l 


1+3 


V 


5^ 


This  equation,  bebg  integrated,  gives 


—  ^  ss  n  arc  tan.  =  »  '^  WMt, ;  and  considering  that  v  =  t  when 
t  =  0,  the  constant  is  equal  to  —  v  am  taD.»  ~* ;  putting— c  to  repre- 


sent this  term,  we  have 


Q-gt 


tangents,  we  have  ~  »  tan. 


u 
Q  —  gt 


arotan.-;  and  passing  from  ares  to 


u 


or  •  V  =  U  tan. 


o  ~g| 


Multiplying 


XT    '  "• V 

both  members  of  the  last  equation  bynf^,  and  putting  dx  for  iti  equal 


vdt,  this  equation  becomes  dso  —  v  tan. 


0— .9i 


dt;   which  integrated 


tj"  c  —  at 

gives  X  ^  —  hyp.  log.  00a.  -  ^     4-  coni^^The  constant iadetciraiBed 
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no. 


by coDstderiiig thftt « ^  Owhen <  s 0 ;  whence emtU ^  ~ "T ^yp* ^^ ^^^ 


ff* 


IT :  therefore  *  ^  'Z  l^TP*  ^^« 


eoa.     u, 
a 

COS.  0 


SCAking  V  =  0  in  the  abore  equation  for  v,  we  get  the  value  of  i 
when  the  body  has  attained  itB  greatest  height ;  and  substituting  the 
Talue  of  <  BO  found  in  the  last  equation  for  x,  we  have  that  greatest 
height. 

When  arrived  at  the  greatest  height,  the  body  would  begin  to  return 
towards  the  earth ;  and  it  may  be  shown  that  the  velocity  acquired  by 
the  body  on  arriving  at  the  place  from  whence  it  was  projected  would 
be  less  than  the  initial  veloeity;  also  that  the  time  of  the  descent 
would  differ  from  the  time  of  ascenti 

If  we  imagine  the  earth  to  be  perforated  hi  the  direction  of  a 
diameter ;  and  if  a  body  be  allowed  to  descend  towards  the  centre  in  a 
non-resisting  medium  from  any  point  in  the  line  of  perforation :  the 
law  of  attraction  being  in  such  a  case  directly  proportional  to  the 
dis^tance  of  the  body  at  any  time  from  the  centre  of  the  earth  (Newton, 
lib.  L  prop.  78),  tJie  relation  between  the  space  descended  and  the  time 
of  descent  may  be  thus  investigated. 

Let  r  be  the  radius  of  the  earth,  and  let  the  force  of  gravity  at  the 

surface  be  represented  by  g ;  then  x  being  any  distance  from  the 

centre,  the  attracting  force  acting  on  the  body  at  that  distance  will 

ox 
be  ^    Therefore  since  the  distonoe  of  the  body  from  the  centre 

T 

diminishes,  while  the  time  reckoned  from  the  moment  of  departure 

6pa;  gx 

increases,  we  shall  have  "^Ti  =  —  "T"'    This  equation  wiH  be  found  to 

be  verified  by  assuming  «=ocos.<V~  +  &  sm.  <V;:;  which  being  dif- 
ferentiated onoe,gives^  =  —et  V^sin. i  Vj:  +6  Vjroo8.  t  V^.    Now, 

in  the  equation  for  ar,  making  x=ir'  (any  given  distance  from  the 

dx 
centre)  when  <=0,  we  have  a—r';  and  in  the  equation  for  •^,  making 

dx 

—  (the  velocity)  =0  when  «=0,  we  have  6=0.    Consequently  x=r 


dt 


,9 


coa^V"*;  whence  x  is  found  when  t  is  given:  but  when  a;=0,  we 

Vg        It      ' 
-  s  ^  (where  ir  represents  the  half  cireumference  of  a 

circle  whose  radius  is  equal  to  unity)  whatever  be  the  value  of  /. 

IT       /r 
Therefore  <=  ^  a/  —  wiU  express  the  time  of  falling  from  the  surface 

to  the  centre  of  the  earth. 

Let  it  now  be  required  to  mvestigate  the  relations  between  the 
times,  the  spaces  described,  and  the  acquired  velocities  when  a  body 
falls  in  vacuo  from  a  point  at  such  a  distance  from  the  earth  that  the 
attraction  of  gravity  ux)on  it  may  be  considered  aa  variable ;  and  when, 
agreeably  to  the  law  of  nature,  its  intensity  is  inversely  proportional 
to  the  square  of  the  distance.  ('  Princip.,'  lib.  i.,  prop.  74.)  Then,  if 
r  be  the  radius  of  the  earth.,  p  the  distance  from  the  centre  of  the 
earth  to  the  point  above  the  latter  from  whence  the  body  is  let  fall ; 
and  if  x  be  the  space  descended  in  any  time  t :  also  if  .7  be  the  force 

of  gravity  at  the  earth's  surface,  wo  shall  have  ^ :  !7 : :  /    ^^y. :  /    1   \2 ' 

and  the  last  term  expresses  the  force  of  gravity  at  the  place  of  the 
body  when  the  space  descended  is  x  and  the  time  of  descent  is  t  : 

drx  gr^ 

therefore -jjT  =  ^fZ^t- 

In  order  to  integrate  this  equation,  multiply  both  sides  of  it  by  2dx  ; 

djfi         2gi^ 
and  then  the  first  integnd  will  l>o  37J  =  "TZT"  +  contt.   The  constant 

dx 
may  be  found  on  considering  that  -jsr  (the  velocity)  =0  when  <=0, 

2gr^         da?  ^/    1  1\ 

whenalsoxsO:  therefore eofuf.  =  — ,and"j7;  =2flrr'( -) ; 

'  p  '        at'       *    \jp— X      p/ 

dx  /  r  2^r*       X    1 

.  whence  t^  =  a/  *{■■""•  r — Jr.    This  equation  may  be  put  in  the 


form 


{p—x)  dx        2gr^ 


^/px—x^ 


dt;  and  by  the  rules  of  integration  we  have 


,      ,  -y.  . -     1  p—2x 

^  ^  '  -—  =  ^/px—x*  -f-  -g  j3  arc  cos.  =  — —  :  there  is  no  constant 

to  be  added,  because  x=0  when  t=0.    From  this  equation  t  may 

,  dx 

sasily  be  found  when  x  is  given :  likewise  from  the  equation  for  ^ 

we  have  the  velocity  when  x  is  given.  And  if  or  be  made  equal  to 
i>— r,  the  whole  distance  of  the  body  from  the  surface  of  the  earth,  we 
shall  obtain  the  whole  time  of  the  descent  and  the  velocity  acquired  at 
the  end  of  that  tima 


Again :  let  it  be  supposed  that  a  body  may  be  projected  vertically 
upwards  in  vacuo  from  the  surface  of  thfe  earth,  and  be  subject  to  a 
variably  accelerative  force  of  attraction  downwards.  Let  r  be  the 
semidiameter  of  the  earth  as  before;  and  now  let  x  be  the  height 
ascended  from  the  surface  at  the  end  of  the  time  t :  also  let  h  be  the 
height  due  to  the  initial  velocity,  supposing  the  latter  to  have  been 
acquired  by  a  body  falling  in  vacuo  with  a  uniformly  accelerative 
force ;  then  2gh  will  express  the  square  of  that  velocity.    By  the  law 

of  attraction  we  have  "^igii  (^T^  •  (7+^ »  *^^  *^®  '^^^  *c™^  e^t- 

presses  the  intensity  of  the  attractive  force  at  the  end  of  the  time  ( 

^x  gi^ 

from  the  commencement  of  the  ascent.    Hence  Ti^  =  /    .    s« . 

d^         (r-f-ar)* 

In  order  to  integrate  this  equanon,  multiply  both  sides  by  2(2x  / 

then  we  get  '^  =  "  ITT^  +  wmU  :  and  to  find  the  constant,  it  must 

da? 
be  observed  that  x=0  when  -^  =2gK;  therefore  coma,  =2^(A+r) 

2«/{Ar  +  (A  +  r)a:} 


cfx» 


^ 


aod  -^  =?j7(A+r)-  -— ,  or  =  - 


r-^a? 


r+x 
\/r+x 


.  Taking  the  square 


roots  and  transposing,  we  have  ^ij^^^^^^^i  ^  =  V2^  •  dt, and 

this  equation  may  be  put  in  the  form 

{r+x)dx 

V{  At^  +  (2A + r)rx  +  (h+ r)a?\  =^'dt; 

or  {h  being  small  compared  with  r)  rejecting  k  when  added  to  r,  the 
equation  becomes 

(r+x)dx      •  

Now,  multiplying  the  numerator  and  denominator  of  the  first  member 
by  2r,  and  putting  the  whole  in  the  form 


(r*  4-  2rx)dx  r  dx 

2rV{A»^+r««-|-ru;«|   "*"  2V{Ar^  +  »''«  +  rx«»}. 


=  V2^.d<, 


the  ruletf  of  integration  give 


2 


-  V{*'^+»"'JJ+»*^}  +  '^typ-iog-ja  +^Vr+ 


The  constant  may  be  determined  by  considering  that  x=0  when  ^=0; 
and  thus  t  may  be  found  when  x  is  given. 

What  has  been  stated  respecting  the  vertical  descent  and  ascent  of 
bodies  may  be  understood  to  apply  fdso  to  bodies  descending  and 
ascending  on  inclined  planes ;  the  force  of  gravity  on  the  plane  being 
represented  by  g  sin.  a,  where  a  is  the  inclination  of  the  plane  to  the 
horizon. 

In  Dr.  Hutton's  Tracts  there  is  given  a  problem  for  determining 
the  height  ascended  by  a  ball  when  projected  vertically  upwards  with 
a  given  velocity,  and  resisted  by  the  air ;  the  force  of  gravity  being 
supposed  to  be  constant,  and  allowance  being  mnde  for  the  decrease  in 
the  density  of  the  air  as  the  ^ball  ascends.  (Tract  37*  prob.  v.)  In 
the  same  tract  there  is  also  given  (prob.  xl)  an  investigation  of  the 
circumstances  attending  the  motion  of  a  body  in  air  when  projected 
horizontally  on  a  smooth  surfiice  so  that  the  action  of  gravity  may 
produce  no  effect  on  the  motion  of  Uie  body,  the  resistance  varying 
as  the  square  of  the  velocity.  Also  in  Poisson's  '  Traitd  de  Mdcanique/ 
the  following  remarkable  circumstance  is  demonstrated : — If  a  body  be 
projected,  as  in  the  last  case,  and  if  the  resistance  of  the  air  vary  as 
the  square  root  of  the  velocity ;  the  motion  of  the  body  will  at  first 
diminish  gradually  till  it  becomes  equal  to  zero ;  and  afterwards  it  will 
go  on  increasing  indefinitely.  ('  Tom.'  1.,  no.  136,  ed.  1833.)  But  for 
the  demonstrations  of  these  problems  our  limits  oblige  us  to  refer  the 
reader  to  the  works  just  mentioned. 

PKOJECTIGN.  The  practical  parts  of  this  most  import^t  appli- 
cation of  geometry  are  noticed  in  the  articles  Map;  Perspkctivb; 
Gnomonic;  Qlobular;  Orthogonal,  Orthoobaphio;  Stebeoqrafbic; 
&c  The  present  article  is  merely  intended  to  point  out  the  general 
principle  of  all  projections,  and  also  to  note  the  theoretical  importance 
of  the  subject. 

Imagine  a  surface  of  any  kind,  through  every  point  of  which  passes 
a  curve  the  character  of  which  depends  upon  that  point,  insomuch 
that,  given  a  point  of  the  surface,  the  curve  which  passes  Ihrough  that 
point  is  given  in  character  and  position.  If  any  second  surface  be 
taken,  which  is  cut  by  all  the  curves  emanating  from  the  points  of  the 
first,  every  point  of  the  first  surface  has  a  x)oint  corresponding  to  it  on 
the  second.  Thus  if  the  curve  x>as8ing  tlm>ugh  a  on  the  first  surface 
cut  the  second  surface  in  a,  the  point  a  is  said  to  be  projected  on  the 
second  surface  at  a  by  means  of  the  projecting  curve  a  o.  Similarly 
any  line  on  the  first  surface  is  projected  into  a  line  on  the  second, 
which  last* contains  the  projections  of  aU  the  points  on  the  first ;  and 
the  projections  of  the  several  boundaries  of  a  figure  on  the  first  surface 
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Kre  boimdAxies  of  a  figure  on  the  second,  which  ib  the  projection  *  of 
the  first  figure. 

It  is  perhaps  not  usual  to  make  so  wide  a  definition  of  projection  in 
cenend,  since  the  only  cases  which  are  commonly  considered  are  those 
m  whicli  the  projecting  lines  are  all  straight^  and  either  parallel  to  one 

,  another,  as  in  the  orthographic  projection,  or  all  passing  throu^  the 
same  point,  as  in  common  perspective.  But  such  a  conception  of 
projection  is  necessary :  in  Mercator*s  projection,  for  eaounple,  [Map] 
the  points  of  a  sphere  are  projected  on  a  circumscribing  cylinder,  not 

-  by  straight  lines  passing  through  a  point,  but  either  <by  s^rtight  lines 
disposed  according  to  a  complicated  law,  or  else  by  curves.  If  a 
relation  between  any  point  and  its  projection  be  given,  so  that  either 
lean  be  found  from  the  other, the  passage  from  one  to  the  other  maybe 
made  either  on  a  straight  line  or  on  an  infinite  variety  of  curves ;  but 
it  may  happen  that  the  law  which  the  disposition  of  the  projecting 
straight  lines  follows  may  be  of  a  more  difficult  character  than  that 
whidb  would  be  required  if  a  curve,  not  in  itself  so  simple  as  a  straight 
.line,  were  substituted. 

When  the  foundations  of  plane  geometry  were  fixed,  and  the  first 
principles  of  solid  geometry  were  superadded,  it  was  natural  that  the 
«reiy  simple  idea  of  the  perspective  projection  should  excite  attention. 
In  a  country  in  which  the  first  principles  at  least  of  drawing  were 

'  fpractically  known,  the  following  problem  must  have  suggested  itself  to 
«the  geometers  :  If  through  a'  given  point  lines  be  drawn  through  all 
;the  points  of  the  boundary  of  a  plane  figure,  until  they  are  stoppied  by 
anoUier  plane,  required  Uie  figure  traced  out  upon  the  second  plane. 
'A  straight  line  was  known  thus  to  give  a  straight  line  :  a  moment's 
consideration  of  the  circle,  the  only  other  line  then  considered,  would 
dhow  that  a  projection  of  a  circle  and  a  plane  section  of  a  cone  are  the 
same  things.  Hence  probably  the  first  idea  of  a  conic  section ;  and 
thus,  if  the  conjecture  be  correct,  the  attention  was  turned  from  that 
.point,  which  would,  if  properly  kept  in  view,  have  led  to  the  theory  of 
projections  in  place  of  one  isolated  branch  of  it.  The  properties  of  the 
Iconic  sections,  as  deduced  in  the  ancient  manner  from  the  cone,  are 
-neither  so  general  nor  so  easy  as  they  might  be  made ;  and  it  may  be 
confidently  expected,  considering  the  progress  which  the  doctrine  of 
.projections  has  made  of  late  years,  that  the  method  of  considering  the 
ellipse,  hyperbola,  and  paranoia  as  projections  of  the  circle,  will 
become  established  in  dementaiy  t^'hing,  in  ptreference  to  the 
detached  geometrical  and  algebraic^  methods  now  in  use. 

We  have  already  spoken  of  the  geometry  of  projections  [Qeometrt]  : 
imfortunately  there  is  no  elementary  work  which  gives  a  general  view 
oi  its  first  principles  supported  by  suiSicient  application ;  and  until 
such  a  work  shall  appear,  the  student  must  search  for  himself  the 
writmgs  of  Monge,  Camdt,  Chasles,  Poncelet,  &c.  The  *  History  of 
Geometry,'  by  M.  Chasles,  referred  to  in  the  article  cited,  will  furnish 
many  more  references ;  and  the '  Propridt^s  Proiectives  dee  Figures,' 
by  M.  Poncelet,  is  perhaps  the  work  in  which  vie  student  may  most 
easily  make  an  advantageous  beginning  of  the  subj^bt.  Much  has  been 
done  of  late  years  to  introduce  some  elements  into  works  on  the  conic 
sections :  but  projection  has  not  yet  been  properly  treated  as  a 
distinct  subject. 

The  basis  of  the  theory  of  projections  must  be  the  investigation  of 
properties  which,  bemg  true  of  a  figure,  are  therefore  true  of  its 
projections.  Some  of  these  are  evident  enough :  tibus  the  projection 
Df  an  intersection  of  two.lines  is  the  intersection  of  their  projections ;  if 
cwo  curves  touch  one  another,  their  projections  touch  at  a  point  which 
is  the  projection  of  the  point  of  contact.  But  the  following  property, 
which  is  projective,  that  is,  true  of  the  projections  of  every  figure  of 
which  it  is  true  in  the  first  instance,  will  give  a  good  idea  of  the 
facility  with  which  certain  properties  of  the  conic  sections  may  be 
ieduced  from  the  circle. 

Let  there  be  any  figure  in  which  the  product  of  certain  straight  lines 
IS  equal  to,  or  in  any  absolutely  given  ratio  to,  the  product  of  certain 
others,  each  line  being  denoted  by  an  initial  and  terminal  letter  in  the 
asual  way.  We  might  say,  in  more  geometrical  language,  let  there  be 
any  number  of  ratios  which,  compounded  together,  give  either  a  ratio 
of  equality  or  a  given  ratio.  Two  simple  conditions  being  fulfilled, 
this  property  will  be  as  true  of  the  projections  as  it  is  of  the  figure 
itsell  These  conditions  are,  first,  that  every  initial  and  terminal 
letter  shall  occur  the  same  number  of  times  on  both  sides  of  the 
equation ;  secondly,  that  for  eveiy  line  on  the  first  side,  there  shall  be 
a  distinct  line  on  the  other  side,  which  is  in  the  same  straight  line. 
For  example  (the  reader  may  draw  the  diagram  for  himself),  let  each 

•of  the  sides  of  the  triangle  abo  cut  one  circle,  namely,  ab  in  p 
and  g,  BC  in  B  and  8,  0  A  in  T  and  v;  the  order  of  the  points  being 
APQBB8CTVA.  Then  by  the  properties  of  the  circle,  it  is  easily 
seen  that  '' 

AY.  AT.  0  8.  0«.  B  Q.  BP=A  P.  AQ.  B  R.  BS.  OT.  0  Y. 

In  this  equation,  a,  b,  and  c  occur  twice  on  each  ride,  and  each  of 
^t  Q>  Rj  8,  T,  Y,  once.  Moreover,  out  of  ab  there  are  two  segments, 
A  p  and  A  Q,  on  the  first  side,  and  as  many,  B  Q  and  B  p,  on  the  second ; 
and  the  same  of  bc  and  ca.  He  then  who  is  acquainted  with  the 
theory  of  projections,  immediately  knows  that  this  property  is  true  of 

•  The  projection  of  a  line  or  figure  has  seldom  any  other  name ;  in  astro, 
nomy  however,  the  projection  of  a  planet's  disUncc  from  the  son  on  the  plane  of 
the  ecliptic  is  sometimes  called  the  curtate  distance. 


any  projection  of  a  circle,  or  of  any  conic  section :  but  he  would  be  an 
energetic  algebraist  who  should  attempt  to  prove  this  (or  still  moie 
the  equally  demonstrable  similar  property  in  the  case  of  a  polygon  of 
n  rides)  by  the  conmion  algebraic  metliodB. 

The  proof  of  the  preceding  general  proftcUve  property  is  not  difficult 
Take  a  point  o  outside  the  pluie  for  the  centre  of  projection,  and  let 
o  A=a,  o  B=&,  ftc. ;  moreover  let  the  an^e  made  by  a  and  b  be  called 
(a 6).  Let  a',  b',  &c.,  be  the  projections  of  a,  b,  Ac,  ]etOA'=s', 
OB'=h',  &c,  and  let  {a*b')  be  tiie  angle  of  a'  and  2^,  whldi  is  =(«&). 
Moreover  let  [a  b]  mean  the  perpendicular  let  foil  from  o  upon  ▲  B,  ft& 
It  is  then  easily  proved  that 

or^^njcw)    ^^_of.  Bin(g<)  ^ 

[AY]        '  [AT]        ' 

Substitute  these  values  in  the  equation,  and  it  will  be  readily  bccd 
that  the  existence  of  the  two  conditions  above  named  amoonts  to  all 
the  quantities  except  the  sines  of  the  angles  being  climlnable  by  diviaoo. 
There  remains  then 

sin  (a  v),  sin  (a  Q.  &e.     =    sin  (ap).  sin  (a  o).  Ac. 
or  rin  (aV).  sin  {of  <')•  &c.  »     sin  {a'p^,  tan  (a'^ko. 

In  this  write  a',  h',  [a'  y^,  &c.,  where  there  were  previously  a,  6,  [Avf 
&c.,  which  will  amount  (by  the  conditions)  to  multiplying  both  sides 
by  the  same  quantities  :  there  will  then  remain  an  equation  which  ii 
obviously 

aV.  aV.  &c.=a'p'.  a'  q'.  &a, 

and  in  the  same  way  any  other  case  may  be  proved. 

PROJECTION  OF  MATHEMATICAL  DIAGRAMS.  The  dia- 
grams  bv  which  mathematical  students  (and  even  writen)  icpiesait 
Uieir  solid  figures  are  generally  so  imperfect,  that  it  may  be  worth 
while  to  explain  how,  in  all  cases  of  sufficient  importance,  a  good 
drawing  may  be  made  with  veiy  little  trouble.  The  demoostntioD 
may  be  foimd  in  the '  Cambridge  Mathematical  Journal,'  No.  8,  p.  91 
The  projection  is  supposed  to  be  the  Orthoorafhic,  in  which  the 
eye  is  at  an  infiixite  distance,  and  all  panJleli  ax«  pcojeeted  into 
parallels,  &0. 


Let  o  X,  o  T,  o  z,  be  the  intended  projections  of  the  three  axes  of 
co-ordinates,  the  dark  lines  being  supposed  to  belong  to  that  quarter 
of  space  in  which  lies  a  line  drawn  to  the  eye  from  the  origin  o.  Each 
of  the  angles  t  o  z,  z  o  z,  x  o  T,  is  then  greater  than  a  right  an^e.  The 
following  table  contains  numbers  sufficiently  near  for  the  purpose, 
proportional  to  the  square  roots  of  the  sines  ox  twioe  the  angles  written 
in  die  opporite  columns. 


91-179 


92-178 


98-177 


90—180  000 
132 
187 
229 
264 
295 
328 
849 
878 
896 
417 
487 
456 
474 
492 
509 
525 
541 


94-176 


95-175 


96-174 


97-173 


98-172 


108-162 


109-161 


110-160 


100-170 


101-169 


99-171  556 
571 
585 
599 
612 
625 
638 

!650 

108-167|662 

674 

104-166  685 
1696 


102-168 


o     o  I 

105-165  707 

718 

106-164  728 

1 738 

107-168  748 
757 
767 
776 
785 
793 
802 
811 
818 
826 
884 
841 
848 
855 
862 
869 
875 
882 
888 
894 
900 
905 
911 

1916 

119-151921 
926 


121-149 


111-159 
112-158 


118-157 


114-156 


115-156 
116-154 


117-158 
118-152' 


122-148 


123-147 


124-146 


125-145 


126  >.  144 


127-148 


120-150  981 
935 
940 
944 
948 
952 
956 
959 
963 
966 
969 
972 
975 
978 
980 
983 
935 
987 
989 
991 
992 
994 
995 
996 
997 
998 
999 
999 
1000 
1000 

135-185il000 


128-142 


129—141 


130-140 


181-139 


132-188 


133-137 


134-186 


793 
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PROOF. 


7M 


The  lines  between  the  degrees  are  to  be  understood  as  representing 
half  degrees:  thus  opposite  to  991  should  come  129^**— 140i^  The 
use  of  this  table  is  as  follows : — suppose  the  angles  T  o  z^  z  o  z,  x  o  y^ 
to  be  seyerally  123°,  1044%  and  1824" :  thus  :-^ 


TOZ=123' 

zox=104i* 

X0T=182i 


956 
696 
998 


y 

z 


Opposite  to  the  angles  put  down  the  numbers  belonging  to  them  in 
the  table,  and  opposite  to  each  number  the  coordinate  whose  capital 
letter  does  not  appear  in  the  angle.  Then  opposite  to  x,  y,  and  2,  we 
have  956,  696,  and  998.  These  numbers  show  the  proportions  which 
the  projections  of  equal  lines  bear  to  one  another  on  the  three  axes. 
Thus  a  foot  parallel  to  a;  is  to  a  foot  parallel  to  y,  as  956  to  696  in  the 
projection.  If  then  a  card  be  taken,  and  the  angle  z  o  x  be  cut  out ; 
and  if  a  slit  be  made  in  the  direction  of  o  T,  just  wide  enough  to  permit 
a  pencil  to  travel,  scales  of  equal  parts  may  be  laid  down  on  o  x,  o  y, 
and  o  z,  which  shall  represent  the  projections  of  equal  lines  in  the 
three  directions ;  and  this  may  be  done  once  for  alL  It  would  be  easy 
enough  to  make  a  general  scale  by  which  the  equal  parts  proper  for  any 
angle  should  be  taken  out  at  once. 

The  isometrical  perspective  of  Professor  Parish  [Perspective,  col. 
41 6]  is  the  simplest  case  of  this,  namely,  that  in  which  the  angles  are  each 
120*.  The  only  difference  between  this  particular  case  and  any  other 
is,  that  the  former  requires  only  one  scale  of  equal  parts,  whereas  t^e 
latter  requires  eith^  two  or  three.  In  other  respects  this  method  of 
using  them  iB  precisely  the  same. 

PROJECTION    OF   THE   SPHERE,   SHADOWS,   &c     [Per- 

BPICTIVE.] 

PROLOCUTOR.    [CoNVOCATiow.] 

PROLOGUE  {Trp6Koyos^  from  irp&,  before,  and  \iyos,  tpeech),  is 
usually  applied  in  Knglish  to  the  short  poem  or  verses,  which  are 
sometimes  prefixed  to  new  plays  to  recommend  them  to  IJie  favour  of 
the  reader  or  spectators.  In  the  comedies  of  Plautus  and  Terence  we 
find  prologues  of  this  kind.  Aristotle  ('  Poetik.'  c.  12),  gives  the  name 
of  prologue  to  that  part  of  the  Greek  tragedy  wUch  precedes  the 
parodosy  or  first  speech  of  the  chorus. 

PROKE'THEUS  {Upo/iiiet^).  The  story  of  Prometheus  takes  dif- 
ferent forms  in  the  Greek  l^ends,  but  they  agree  generally  in  repre- 
senting the  close  connection  between  him  and  the  hiunan  race.  He  is 
represented  by  ^schylus  as  one  of  the  Titans,  who  incurred  the 
resentment  of  Zeus  for  taking  the  part  of  mortals  when  Zeus  intended 
to  crush  them  and  to  send  them  to  the  abode  of  Hades,  and  also  for 
giving  them  fire  and  teaching  them  all  the  arts.  As  a  punishment, 
Zeus  binds  him  to  a  rock  in  S^rthia,  and  appoints  a  vulture  to  prey  on 
his  liver.  This  is  the  subject  of  the  '  Prometheus  Desmotes,'  or '  Pro- 
metheus Bound,'  of  .^scbylus. 

Another  old  fonn  of  the  legend,  which  closely  resembles  that  which 
.^Ischvlus  followed,  is  given  in  the  'Theogony'  of  Hesiod:  Hesiod 
says  that  when  the  gods  and  men  were  engaged  in  a  controversy  with 
one  another  at  Mecone  (an  ancient  name  of  Sicyon),  Prometheus, 
wishing  to  deceive  Zeus,  too^  an  ox,  and  dividing  it,  placed  the  flesh 
and  the  viscera  in  the  hide,  and  the  bones  of  the  ox  in  the  inside  fat, 
and  then  asked  Zeua  to^make  his  choice.  Zeus,  though  aware  of  the 
deception,  chose  the  bones  and  the  fat,  "  designing  evil  in  his  mind 
against  mortal  man,"  and  in  revenge  withheld  fire  from  man.  Pro- 
metheus however  secretly  stole  fire  from  heaven  and  gave  it  to  man, 
and  Zeus  in  return  bound  Prometheus  with  chains  to  a  pillar,  and  sent 
an  eagle  to  prey  upon  his  liver.  Zeus  also,  in  order  to  injure  man, 
created  Pandora,  and,  after  bestowing  upon  her  nimierous  gifts,  sent 
her  to  man  a  "  beautiful  mischief,  for  from  her  is  sprung  the  race  of 
women,  of  whom  the  race  is  thoroughly  destructive."  Hesiod,  in  his 
poem  entitled  '  Works  and  Days,'  gives  at  greater  length  the  legend  of 
Pandora,  and  says  that  SSeus  sent  her  to  Epimetheus ;  and  that  he,  not 
following  the  advice  of  Prometheus,  who  had  told  him  never  to  receive 
a  gift  from  Zeus,  but  to  send  it  back  again,  took  her  into  his  house. 
These  stories  are  supposed  to  have  a  meaning :  Prometheus  is  the  per- 
sonification ot  firC'tluntglU,  and  Epimetheiis  of  after-ikoughi. 

There  is  another  form  of  the  legend  respecting  Prometheus,  in  which 
he  is  represented  not  merely  as  the  friend  and  protector  of  the  human 
race,  but  as  their  creator.  This  form  is  an  old  one,  though  neither 
Hesiod  nor  ..^schylus  has  followed  it.  There  is  a  fragment  of 
Callimachus,  in  which  he  says,  **  If  Prometheus  formed  thee,  and  thou 
art  not  sprung  from  some  oUier  clay."  Plato  has  adopted  tUs  form  of 
the  legend  in  the  '  Protagoras,'  but  with  the  variation  that  Prometheus 
is  not  the  creator,  but  only  the  person  who  endowed  man  with  his 
senses.  He  says  that  the  gods  formed  all  mortal  animals  within  the 
earth,  out  of  the  mixture  of  earth  and  fire,  and  of  as  many  things  as 
are  mingled  with  earth  and  fire,  and  that  they  entrusted  to  Pk)metheus 
and  Epimetheus  the  business  of  providing  tiiem  with  all  the  faculties 
necessary  for  their  preservation.  He  then  proceeds  to  say  that 
Epimetheus  begged  of  Prometheus  that  he  might  have  the  business 
himself  in  the  first  place,  and  that  Prometheus  should  overlook  his 
work  when  he  had  done  it.  Epimetheus  accordingly  proceeds  to  his 
work,  and  bestows  upon  the  different  animals  the  means  of  preserving 
themselves;  but  when  man  catne  to  be  provided  for,  who  was  to  be 
superior  to  all  other  animals,  Epimetheus  had  been  so  prodigal  of  all 


his  resources,  that  he  had  nothing  left  to  bestow  upon  man.  Pro- 
metheus, being  at  a  loss  how  to  remedy  the  omission  of  Epimetheus, 
steals  from  Hephaestus  and  Athena  fire  and  the  intelligence  which  is 
displayed  in  works  of  art,  and  gave  them  to  man ;  so  that  by  means 
of  this  wisdom,  and  fire  as  its  instrument,  men  were  endowed  with  the 
power  of  providing  for  themselves. 

Some  modem  writers  suppose  that,  in  the  earliest  form  of  the 
legend,  Prometheus  was  not  considered  as  a  deity,  but  simply  as  the 
representative  of  the  human  race,  and  that  afterwards  he  was  made  a 
god,  the  friend  and  protector  of  man,  and  at  last  their  creator. 

Representations  of  Prometheus  are  frequent  in  the  latter  ages  of 
ancient  art,  especially  in  allegorical  representations  of  human  life  on 
sarcophagi,  and  in  connection  with  the  Fates,  Eros  and  Psyche,  and 
other  legends.    (Muller, '  Arohaologie  der  Kunst/  §  896.) 

PROMISSORY  NOTE.    [Bill  of  Exohanoe.] 

PROMULGATION.  Promulgation  is  from  the  Latm  Promulgo, 
which  is  equivalent  to  Provulgo,  and  means  "  to  make  public."  Bhbck- 
stone  observ^  of  the  promulgation  of  a  law,  "  It  may  be  notified  by 
universal  tradition  and  long  practice,  which  supposes  a  previous  publi- 
cation, and  is  the  case  of  the  common  law  of  England.  It  may  be. 
notified  vivd  voce  by  officers  appointed  for  that  purpose,  as  is  done  with 
regard  to  proclamations,  and  such  acts  of  parliament  as  are  appointed  to 
be  publicly  read  in  churches  and  other  assemblies.  It  may  lastly  be 
notified  bv  writing,  printing,  or  the  like,  which  is  the  general  course 
taken  wiui  all  our  acts  of  parliament."  A  law  being  a  command  from 
a  political  superior  to  a  political  inferior  to  do  or  not  to  do  something, 
with  a  penalty  attached  to  the  violation  of  the  command,  it  is  assumed 
that  the  command  is  made  known  in  some  way  to  all  who  are  bound  to 
obey  it ;  or  that  it  is  known  to  alL  But  as  to  "  a  universal  tradition 
and  long  usage/'  it  is  a  mistake  to  sav  that  it  supposes  a  previous 
publication.  A  long  usage  does  not  of  itself  make  law :  the  usage 
must^  be  pronounced  to  be  law  by  some  competent  authority,  and 
that  is  the  only  promulgation  which  it  has.  Promulgation  by  pro- 
clamation only  reaches  those  who  hear  it,  and  everybody  cannot 
hear  an  act  of  parliament  which  is  read  in  churches,  for  the  churches 
would  not  hold  one-fourth  of  the  people  if  they  all  went  to  hear  it 
read;^  and  if  they  heard  it  read,  very  few  would  understand  it^ 
Printing  is  at  present  the  most  efficient  means  of  promulg^ing  a  new 
statute ;  but  to  all  those  who  cannot  read  it  is  ineffectual ;  and  so  it  is 
indeed  to  those  who  cannot  understand  it,  which  sometimes  the  judges 
themselves  say  they  cannot  do. 

No  remedy  can  be  provided  for  these  difficulties,  and  it  is  simply  a 
positive  rule  of  law  that  a  new  statute  is  binding  on  lUl  persons  who 
are  imder  the  authority  of  the  power  which  makes  the  stotute,  from 
the  moment  that  the  statute  is  made  and  completed  in  due  form.  A 
person  is  presumed  to  know  the  law,  because  if  he  were  allowed  to 
urge  ignorance  of  it  as  an  excuse,  it  might  be  urged  in  so  many 
cases  as  to  give  imbounded  room  for  fraud.  The  positive  rule  that  aU 
the  members  of  a  state  are  bound  by  its  laws,  causes  less  evil  than  the 
admission  of  the  excuse  would. 

Promulgation  of  a  law  among  the  Romans  meant  the  placing  of  the 
bill  (rogatio)  in  some  public  place  where  it  could  be  read  before  it  was 
voted  upon  in  the  Comitia.  The  Roman  rule,  which  we  also  adopt, 
was  that  ignorance  of  law  (ignorantia  juris)  was  no  excuse.  (Paulus, 
Dig,  22,  tit.  6.  s.  9.) 

PRONOUNS,  the  name  given  by  grammarians  to  certain  words 
which  are  used  as  substitutes  for  the  names  of  persons  and  things. 
Pronouns  properly  so  called  are  commonly  divided  into  personal, 
demonstrative,  relative,  and  interrogative  pronouns  ,*  but  it  appears 
probable  that  all  pronouns,  at  least  with  the  exception  of  the  first  and 
second  personal  pronouns,  wera  originally  demonstrative.  William  / 
Humboldt  romarks  that  the  first  and  second  personal  pronouns  "  are 
not  mere  substitutes  for  the  names  of  the  persons  for  whom  they 
stand,  but  involve  the  personality  of  the  speaker  and  of  the  person 
spoken  to,  and  the  relation  between  them ;  '  and  in  writing  and  con- 
versation there  is  frequently  hardlv  any  name  which  can  so  clearly 
designate  the  person  intended  as  uie  appropriate  personal  pronoun. 
The  third  personal  pronoun  in  English  appears  to  have  been  originally 
a  demonstrative,  and  to  contain  the  same  root,  ia,  aa,  or  Aa,  which 
occurs  in  the  demonstrative  pronoun  in  the  Latin,  Greek,  and  other 
cognate  languages. 

The  relative  pronoim  may  also  be  regarded  as  a  demonstrative ;  for 
whether  the  pronoun  is  used  to  denote  an  object  pointed  out  at  the 
time  by  the  speaker,  or  an  object  mentioned  just  before,  or  one  which 
is  to  be  immediately  brought  before  the  hearer's  mind,  it  is  equally 
demonstrative.  In  the  last  of  these  cases  the  pronoun  is  called  a 
relative,  as  "  I  saw  the  man  whom  you  mentioned."  In  English  we 
have  two  forms  for  the  relative,  tnat  and  who  or  which.  The  former 
is  the  same  word  as  the  demonstrative ;  the  latter  contains  the  same 
root  as  we  find  in  the  Latin  qui,  the  Sanscrit,  Zend,  and  Lithuanian  ka, 
and  the  .Gothic  hver  and  kva.  The  interrogative  pronoun  is  the 
same  as  the  relative  in  English  and  many  of  the  cognate  languages, 
and  only  differs  from  the  relative  in  referring  to  something  subsequent 
and  unknown ;  whereas  the  latter  refers  to  an  antecedent  and  definite 
subject. 

PRONUNCIATION.    [Oratory.] 

PROOF.    [D£m02;stration;  Evii;£270s;  Miracle;  Oath;  Pro* 

BABILITT.] 


fM 


PROOF  SPIRIT. 


PROPELLER. 


IM 


PROOF  SPIRIT.  A  mixture  of  equal  ^ftuis  of  water  and  alcohol 
is  generally  bo  termed,  but  liwally  proof  spirit  is  defined  by  act  of 
parliament  to  be  "  such  as  shalli  at  the  temperature  of  51^  Fahr.,  weigh 
exactly  Mths  of  an  equal  measure  of  distilled  water."  Such  a  mixture 
consLsts  by  weight  of  50*76  water,  and  49'24  alcohol ;  and  its  specific 
gravity  IB '920.    [Alcohol.] 

PROPELLER.  In  works  upon  the  construction  of  machinery  the 
word  propdUr  is  used  to  indicate  the  arrangement  by  means  of  which 
motion  is  given  to  a  carriage  bearing  a  portion  of  the  working  gear 
required  to  traverse  regularly  in  a  horizontal  direction ;  or  to  indicate 
a  peculiar  mechanism,  set  m  motion  by  some  mechanical  power  in 
vessels  or  ships  which  causes  the  latter  to  advance  by  the  resist- 
ance offered  by  the  water.  The  former  class  of  propellers  are  most 
frequently  employed. in  tooU,  and  metal-working  machinery,  and  con- 
sist of  a  fixed  shaft  bearing  a  screw  thread,  gearing  into  a  nut  work- 
ing upon  guides,  so  as  only  to  be  able  to  move  laterally.  The  latter 
are  more  numerous,  and  may  be  said  to  consist  of  oars,  sails,  paddle- 
wheelB,  and  screw-propellers.  Sometimes  the  locomotive  engine  is  used 
to  propel  loads  on  land ;  but  this  is  so  manifestly  a  modification  of 
its  tractive  powers  that  it  may  for  the  present  at  least  be  neglected. 
Attention  will  in  the  following  article  be  principally  caJled  to  the 
propellers  used  for  steam  navigation,  unquestionably  the  most  impor- 
tant machines  of  this  description  now  in  use. 

Until  the  application  of  the  steam  engine  to  the  purposea  of  naviga- 
tion, oars  and  sails  were  the  only  propellers  used.  Oars  are,  in  fact, 
levers  worked  by  hand  against  a  fulcrum  fixed  on  the  boat  itself,  and 
causing  the  latter  to  advance  by  the  reaction  of  the  water  upon  the 
boatw  Sails  are  propellers  by  reason  of  the  resistance  they  offer  to  the 
movement  of  the  wind,  which  thus  exercises  a  motive  power  upon  the 
vessel  by  its  transmission  to  the  hull,  through  Uie  masts.  Accordingly, 
therefore,  aa  the  sails  are  fixed  with  regard  to  ,the  longitudinal  axis 
of  the  ship,  do  they  cause  it  to  advance  either  in  the  line  of  the  keel, 
to  drop  to  leeward,  or  to  txan  on  its  vertical  axis,  with  a  velocity 
depending  upon  the  size  of  the  sails,  the  velocitv  of  the  movement 
of  the  wind,  and  upon  the  shape  of  the  vesseL  These  various  condi- 
tions come  more  especially  under  the  province  of  i^p-building,  or 
of  navigation,  and  are  therefore  only  alluded  to  here  incidentally. 

The  use  of  wheels  bearing  floats  working  in  the  water  by  the  side  of 
the  boats  to  which  they  were  fixed,  hiM  been  known  from  a  very 
remote  period ;  but  it  was  not  until  the  steam  engine  was  applied  as  a 
motive  power  to  them  that  they  were  commonly  introduced  as  pro- 
pellers. At  the  present  day  the  majority  of  steam-boats  designed  to 
work  in  comparatively  still  water,  and  even  the  majority  of  the  vessels 
used  in  the  deep-sea  packet  service,  are  provided  with  these  organs  of 
locomotion.  It  is  found,  indeed,  that  paddle-wheel  steamers  can  attain 
a  greater  economical  velocity  than  screw  steamers  hitherto  have  done ; 
and  the  noise  and  vibration  of  the  screw  renders  the  class  of  vessel  to 
which  it  is  applied  so  uncomfortable,  that  it  cannot  be  considered  applic- 
able to  passenger  traffic  Upon  some  rivers  and  lai^  artificial  canals, 
the  waves  caused  by  paddle-wheels  are  thought  to  be  so  injurious  to 
the  banks,  that  screw-propellers  are  substituted  for.  them ;  but  the 
agitation  of  the  water  below  the  surface  produced  by  the  revolution  of 
the  screw  seems  to  be  nearly  as  mischievous  as  thesur&ce  waves  caused 
by  the  paddles ;  so  that  ^e  most  important  advantage  possessed  by 
the  screw  propeller  over  the  paddle-wheel,  for  narrow  water-courses, 
finally  resolves  itself  into  the  smaller  width  it  allows  to  be  given  to  the 
iVessel.  In  deep-sea-going  vessels,  whidb  do  not  carry  passengers,  the 
advantages  of  the  screw  are  so  great  that  nearly  idl  the  new  traffic 
steamers  are  fitted  with  propellers  of  that  description;  and  the 
oom^y  founded  by  Mr.  Smith,  in  1836,  which  built  the  Archimedes, 
has  indeed  already  changed  the  whole  condition  of  our  commercial 
marine. 

When  paddle-wheels  are  used  as  propellers,  they  are  placed  upon  a 
horizontal  shaft  or  axis,  and  in  front  of  the  centre  of  gravity  of  the 
vessel;  but  there  does  not  yet  seem  to  be  any  imiformity  of  practice 
amongst  constructors  with  regard  to  the  precise  position  of  those  parts 
of  the  machinery ;  and  even  in  the  case  of  some  of  the  canal  boats 
used  in  Belgium  the  wheels  are  fixed  at  the  stern,  without  any 
apparently  disadvantageous  results.  In  sea-going  boats  the  wheels  are, 
however,  always  placed  on  the  outside,  and  about  the  middle  of  the 
boat ;  they  are  keyed  upon  a  horizontal  shaft  bearing  upon  the  solid 
framework  of  the  ship's  side,  and  almost  always  upon  an  external  seat- 
ing, carried  by  the  framework  of  the  paddle-box.  The  paddle-wheel 
sho^  is  continuous  through  the  vessel  when  only  one  engine  is  used, 
and  it  is  made  in  two  pieces,  with  a  movable  clutch  or  coupling  joint, 
when  two  engines  are  required,  as  is  the  case  in  all  sea-going  vessels! 
Motion  is  communicated  to  the  shafts,  either  by  means  of  cranks  con- 
nected with  the  ends  of  balance  beams,  or  with  the  piston  heads  of 
direct  acting,  or  of  oscillating,  engines;  and  the  position  of  the  cnmks 
towards  one  another  is  made  such  that  the  piston  of  one  engine  shall 
be  able  to  exenose  its  full  power,  when  the  other  is  over  its  dead 
points.  The  wheels  themselven  consist  of  a  series  of  radial  arms,  con- 
nected with  one  another  by  means  of  concentric  rings  (both  the  arms 
and  circles  being  made  of  uTought  iron),  and  upon  the  arms  are 
fastened  the  floats,  or  the  boards,  whose  revolution  in  the  water  pro- 
duces the  propulsive  action.  Very  warm  discussions  have  taken  place 
with  respect  to  the  loss  of  power  which  necessarily  attends  the 
ordinary  form  of  wheel,  in  which  the  floats  are  fixed  radially  to 


the  wheel;  and  many  ingenious  contrivances  have  been  jiropoaed 
for  the  purpose  of  causing  the  floats  to  enter  and  to  leave  the 
water,  in  a  perpendicular  direction.  For  vessels  making  short  ruiu, 
the  feathering  paddles  appear  to  produce  satisfactory  results ;  but  it 
seems  to  be  more  than  questionable  whether  the  complication  of 
the  machinery,  the  additional  weight  of  the  wheels,  and  the  con- 
sequent increase  of  power  required  to  move  tiiem,  do  not  more  tK*Ti 
compensate  for  the  theoretical  advantage  gained  by  diminishing  the 
slip  observable  in  ordinary  paddles.  It  is  to  be  observtsd  also,  that 
nnmerous  modifications  of  the  form  of  the  float  boards  have  been 
introduced  in  order  to  diminish  their  inconveniences;  and  Field's 
wheel,  in  which  the  boards  are  divided  into  narrow  slipe,  arranged  zd 
cydloidal  curves,  so  as  to  enter  the  water  at  the  same  place  in 
immediate  succession,  seems  to  be  the  beet  of  its  kind.  Hoigani 
feathering  wheel  is  one  of  the  most  successful  of  those  eoginei; 
but  after  all  the  effective  gain  is  very  small,  even  with  it.  Qtnt- 
raliy  speaking,  the  proportion  of  the  useful  effect  of  paddle-wheel 
engmes  to  the  power  exerted  is  considered  to  be  aa  C^  to  1*0  in 
the  case  of  radial  paddles ;  in  the  case  of  the  feathering  paddles  it 
hardly  exceeds  0*66  to  1*00,  although  at  times  it  may  rise  to  0'833  to 
1-000. 

Whatever  description  of  wheel  be  used,  there  la  a  point  on  its  radii 
which  describes  a  circle,  known  as  the  rolling  circle,  equal  in  its  de- 
veloped length  to  the  distance  actually  traversed  by  the  vess^  dorzng 
one  stroke  of  the  piston,  and  which  serves  to  measure  ihe  ratio  of  the 
usaf ul  effect  to  the  power  exercised.  It  is  important  that  the  floats 
should  be  placed  beyond  thia  line,  and  in  sea-going  vessels  exposed  to 
cross,  or  rolling  seas,  the  inner  edge  of  the  floats  should  eves  be  kept 
at  some  considerable  distance  beyond  it.  There  is  stilT  a  remarkable 
discrepancy  in  the  proportions  assigned  by  different  constructors  to  the 
various  detidls  of  paddle-wheels,  but  the  most  generally  received  ones 
seem  to  be  as  follows.  The  diameter  of  the  wheels  is  made  equal  to 
about  from  4  to  44  times  the  length  of  the  stroke,  in  ordinary  con- 
densing engines  of  vessels  designed  for  deep-sea  sailing ;  the  breadth 
of  the  wheel  is  made  from  ^  to  |  of  the  diameter;  the  width  of  the 
floats  is  made  about  ^  of  the  diameter  of  the  wheel ;  and  their  dis- 
tance apart  is  made  about  3  feet  to  3  feet  6  inches.  Some  constmctcn 
make  the  surface  of  their  floats  dependent  upon  the  area  of  the  mid- 
ship section ;  and  its  proportion  then  varies  between  ^  and  jf  of  the 
latter,  the  best  proportion  seeming  to  be  about  A  of  the  said  aectioa. 
The  best  velocity  to  be  given  to  the  outer  edges  of  the  floats  appears  to 
be  J  of  that  of  the  horizontal  velocity  of  the  vesseL  Wheels  of  Urge 
diameter  may  be  used  on  rivers  without  inconvenience ;  but  in  sea- 
going vessels  a  practical  limit  is  placed  to  the  increase  of  this  dimca- 
sion  by  the  effect  of  the  rolling  of  the  ship,  and  the  wheels  are  rarely 
made  more  than  \  greater  in  diameter  than  the  depth  of  the  hold ;  hat 
it  must  be  repeateid  that  at  present  all  these  Tules  are  little  better 
than  empirical  ones. 

The  screw  has  been  occasionally  used  as  a  propeller  for  many  yean, 
but  it  was  not  until  1836,  as  above  stated,  that  its  use  became  suffi- 
ciently understood  to  allow  of  its  being  applied  commercially.  In  that 
year  Mr.  Smith  attracted  attention  seriously  to  the  subject;  but  Cap- 
tain Ericsson  may  fairly  be  considered  to  be  entitled  to  the  merit  of 
having  been  the  first  to  overcome  the  practical  difficulties  connected 
with  Uie  application  of  this  description  of  propeller.  At  the  pree«nt 
day  it  certainly  seems  that  for  all  ordinary  deep  sea  goods  traffic,  and, 
the  experience  of  the  Dutch  also  shows,  for  steam  transport  on  canals 
and  narrow  rivers,  this  description  of  mechanism  will  ultimately  super- 
sede every  other  one  used  for  the  same  purpose.  For  vessels  of  war 
the  sheltered  position  of  the  screw,  and  of  the  engines,  give  that 
description  of  propeller  an  incomparable  advantage  over  the  expoacd 
engines  and  wheels  of  paddle-boats. 

The  screw-propeller  ordinarily  used  may  be  described  as  consisting  of 
two  or  more  arms  (though  at  the  present  day  it  is  very  rarely  th«t 
more  than  three  arms  are  used),  forming  parte  of  screws  of  huge 
diameter  arranged  upon  a  central  shaft.    This  shaft  is  set  in  motion, 
either  by  means  of  gearing,  or  by  direct-acting  engines  working  upon 
the  crank  of  the  shaft ;  so  that  the  screw,  being  set  in  revulutioo, 
advances  in  the  water  in  the  same  manner  that  a  wood  screw  would 
advance  in  that  material    The  width  of  the  screw  is  usually  made 
equal  to  about  I  of  the  convolution  of  the  thread  in  snuJl  scrsTrs,  and 
to  nearly  |  of  that  dimension  in  lai^er  ones,  whilst  the  pitch  is  fonnd 
to  be  of  the  most  advantageous  proportion  when  it  bean  to  the 
diameter  the  ratios  of  1*2  to  1  in  large  screws,  and  of  r4  to  1  in  small 
ones.    All  these  dimensions.  However,  must  vary  with  the  peculiar 
form  of  the  ship,  and  its  resistance  to  motion  in  the  water;  and  in 
Bourne's  '  Catechism  of  the  Steam  Kngine,'  or,  better  still,  in  his 
'  Treatise  on  the  Screw-Propeller,'  the  several  conditions  affecting  the 
proportions  of  the  screw  are  carefully  discussed.    The  screw  is  usually 
placed  in  the  dead  wood  of  the  ship,  immediately  before  the  rudder ; 
and  its  efficiency  materially  depends  on  the  depth  of  its  immersion ;  as 
also  upon  the  fineness  of  the  stem  of  the  vessel,  perhaps  almost  as 
much  as  upon  the  entry,  or  upon  the  midship  section.     The  velocity 
of  revolution  of  the  screw  seems  to  range  between  50  and  70  revolu- 
tions per  minute,  according  to  the  shape  of  the  vessel  and  to  the 
dimensions  of  the  screw  itself.    The  size  of  the  vessel  to  which  the 
screw-propeller  is  applied  seems  to  have  a  more  ^vourable  influence 
upon  the  useful  effect  produced,  than  is  the  case  when  the  paddle- 
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wheel  is  used ;  and  for  tluB  reason  also  it  is  pref eired  for  vesselfl  of 
heavy  burden  and  deep  immersion. 

In  a  well  proportioned  vessel,  provided  with  a  screw-propeller  of 
the  best  form  and  mechanical  conditions,  there  is  very  little  slip  or 
loss  of  the  velooitv  attained  by  the  screw  itself ;  and  it  may  be  con- 
sidered  to  range  between  10  and  30  per  cent.  There  is,  however,  a 
greater  loss  of  the  power  developed  by  the  engine  in  screw  steamers 
>than  in  paddle  boats,  in  consequence  of  the  friction  and  of  the  passive 
resistances  to  be  overcome.  This  fact  renders  the  use  of  the  screw- 
propeller  inadvisable  on  board  vessels  which  trust  mainly  to  their 
steam  power ;  because  it  renders  necessary  the  transport  of  a  larger 
quantity  of  coal  Under  ordinary  circumstances  it  seems,  however, 
that  in  cases  where  the  paddle-wheels  are  kept  at  their  normal 
immersion,  and  Ihey  are  so  proportioned  as  not  to  give  an  unnecessary 
amount  of  slip,  they  possess  a  slight  mechanical  advantage  over  the 
aorew,  for  the  purposes  of  propulsion.  When  the  vessel  is  brought  too 
deep  in  the  water,  or  when  the  action  of  the  sea  disturbs  the  woiUng 
conditions  pf  the  wheels,  or  when  a  side  wind  depresses  one  wheel 
whilst  it  leaves  the  other  with  an  insufficient  unmersion,  the  advantage 
is  inl^fiivour  of  the  screw-propeUer.  Perhaps  the  screw  interferes 
more  with  the  steering  properties  of  a  ship  than  the  paddle-wheels  do ; 
because  when  it  ceases  to  be  in  motion  its  blades  form  a  speciee  of 
fan  which  intercepts  the  stream  of  water  which  would  otherwise  strike 
the  rudder.  The  greater  facility  with  which  the  screw-propeller  can 
be  adapted  to  the  combination  of  steam  and  sail  power  more  than 
compensates  for  this  occasional  inconvenience,  which  after  all  ceases  to 
be  felt  when  the  ship  is  in  the  hands  of  an  able  seaman.  The  screw 
is  least  advantageous  against  head  winds. 

The  majority  of  the  screws  used  in  the  merchant  service  are  made  of 
cast  iron,  and  they  are  cast  solid.  In  the  Royal  Navy  theyare  often  made 
of  brass ;  and  on  some  occasions  they  are  even  forged  of  wrought  iron. 
A  very  great  number 'of  modifications  of  their  forms  has  been  proposed, 
both  for  the  purpose  of  obviating  the  loss  of  power  occasioned  by  the 
slip,  and  of  preventing  the  interference  with  the  action  of  the  rudder. 
Feathering  screws,  movable  screws,  converging  blades,  screws  with  a 
pitch  increasing  at  their  extremities,  corrugated  screws,  Qriffith's  screw, 
with  a  circular  boss  upon  the  shaft,  Beattie's  screw,  placed  behind  the 
rudder,  lifting  screws,  and  other  contrivances,  literally  too  numerous 
to  mention,  testify  at  least  to  the  earnest  character  of  the  efforts  made 
to  remedy  the  inconveniences,  real  or  imaginary,  of  a  mechanical  agent 
of  such  importance.  Hitherto  tiie  results  attained  b^  these  modi- 
fications have  been  far  from  satisfactory,  and  for  ordinary  traffic  at 
least  the  screw  is  made  upon  nearly  the  same  principles  as  it  was  in 
the  earlier  essays.  It  may  perhaps  be  fair  here  to  state  that  much  of 
the  merit  of  overcoming  the  difficulties  attending  the  application  of 
the  screw-propeller  was  due  to  the  late  Mr.  Brunei,  on  the  occasion  of 
the  construction  of  the  Great  Britain ;  and  he,  in  conjunction  with 
Mr.  Scott  Russell,  subsequently  tried  an  experiment  on  a  lai^ger  scale, 
in  the  application  of  botii  paddle  and  screw  propulsion  in  uie  Great 
Eastern — ^with  what  conmierdal  success  remains  yet  to  be  seen. 

(The  best  treatises  in  English  upon  the  subject  of  steam  propulsion 
in  its  different  forms  are  Tredgold  on  the  Sleam-Bngine  and  its 
Supplements^.  Hann  and  Genner  on  the  Steam^EngiTte  ;  Bourne,  on  ^e 
Screvf-Prcpdier,  and  his  Treatise  on  the  Steam-Engine,) 

PROPERTY  is  derived,  probably  through  the  French  language, 
from  the  Latin  word  Proprietas,  which  is  used  by  Gains  (ii.  89)  as 
equivalent  to  ownership  {dominium),  and  is  opposed  to  poueuio,  [Po8- 
SEsaiON.]  The  etvmology  of  the  word  proprietaa  (propriut)  suggests 
the  notion  of  a  thing  being  a  man's  own,  which  general  notion  is 
contained  in  every  definition  of  prox)erty.  Blackstone  (ii.  1)  defines 
**  the  right  of  property  "  to  be  "  that  sole  and  despotic  dominion  which 
one  man  claims  and  exercises  over  the  external  things  of  the  world,  in 
total  exclusion  of  the  right  of  any  other  individual  in  the  universe."  A 
foreign  writer  defines  ownership  or  property  to  be  "the  right  to  deal 
with  a  corporeal  thing  according  to  a  man's  pleasure,  and  to  the 
exclusion  of  all  other  persons." 

Tins  definition  excludes  incorporeal  things,  which  however  are  con* 
sidered  objects  of  properiy  in  our  law,  and  were  also  considered  as 
objects  of  property  m  the  Roman  law,  under  the  general  name  of  Jura, 
ar  jura  in  re;  they  were  considered  as  detached  parts  of  ownership, 
and  so  opposed  to  domtntum,  a  word  which  represented  the  totality  of 
the  rights  of  ownership.  (Savigny, '  Das  Recht  des  Besitzes,'  5th  eO., 
p.  166.)  This  definition  also  describes  property  as  consisting  in  a 
right,  by  which  word  right  is  meant  "a  legal  power  to  operate  on  a 
thing,  by  which  it  is  essentially  distinguished  from  the  mere  possession 
of  the  thing,  or  the  physical  power  to  operate  upon  it.  Consequentiy 
such  a  right  is  not  established  by  the  possession  of  the  thing ;  and  it  is 
not  lost,  when  the  posseasioh  of  the  thing  is  lost.  Such  a  right  can 
also  be  enforced  by  him  who  possesses  the  right  by  an  actio  in  rem 
against  every  person  who  possesses  the  thing,  or  disputes  his  right  to 
it."  (Mackeldey, '  Lehrbuch  des  heutigen  Rom.  Rechts/  ii.,  pp.  1-86.) 
This  definition,  which  is  characterised  by  a  precision  and  accuracy 
which  are  altogether  wanting  in  that  of  Blackstone,  is  here  adopted. 
By  property,  then,  is  here  understood  only  that  which  the  positive  law 
of  a  country  recognises  as  property,  and  for  the  protection  or  recovery 
3f  which  it  gives  a  remedy  by  legel  forms  against  every  person  who 
invades  the  property,  or  has  Uie  possession  of  it. 
Austin  observes  ('  An  Outline  of  a  Course  of  Lectures  on  General 


Jurisprudence')  that  "dominion,  property,  or  ownership  is  a  name 
liable  to  objection.  For,  first,  it  may  import  that  the  right  in  question 
is  a  right  of  uiuneasured  duration,  as  well  as  indicate  the  indefinite 
extent  of  the  purposes  to  which  the  entitled  person  may  turn  the 
subject.  Secondly,  it  often  signifies  property,  with  the  meaning 
wherein  property  is  distinguished  from  uxe  right  of  possession.  [Pos« 
SESSION.]  Thirdly,  dominion,  as  taken  with  on^  of  its  significationB,  Is 
exactly  co-extensive  with  j^s  in  rem,  and  applies  to  every  right  that  is 
notyiM  in  peraonam,**  The  first  sense  of  the  word  property  is  expounded 
by  determining,  as  hereafter  explained,  the  quantity  and  quali^  of  aa 
estate  as  understood  in  EngUsh  law.  As  to  tiie  second,  posMsdon  Is  of 
itself  no  right,  but  a  We  tact,  and  its  relation  to  rights  in  rem  is  ths 
same  as  the  physical  to  the  l^gal  power  to  operate  on  a  thing.  The 
doctrine  of  possession  is  therefore  distinct  from  and  should  precede 
the  doctrine  of  property.  [Possession.]  The  third  sense  of  property 
has  reference  to  the  legal  modes  of  obtaining  the  possession  ox  a  thing 
in  which  a  man  can  prove  that  he  has  property  and  a  present  right  to 

A  complete  view  of  property,  as  recognised  by  any  given  system  of 
law,  would  embrace  the  following  heads,  which  it  woiSd  be  necessary 
to  exhaust,  in  order  that  the  view  should  be  complete.  It  would 
embrace  an  enumeration  of  all  the  kinds  or  classes  of  things  which  are 
objects  of  property :  the  exposition  of  the  greatest  amount  of  power 
over  such  things  as  are  objects  of  property,  which  a  man  can  legally 
exercise— and  connected  with  tUs,  l^e  difibrent  parts  or  portions  into 
which  the  totality  of  the  right  of  property  may  be  divided,  or  con« 
ceived  to  be  divided :  the  modes  in  which  property  is  legally  trans- 
ferred from  one  person  to  another — ^that  is,  acquued  and  lost:  the 
capacity  of  particular  classes  of  penons  to  acquire  and  transfer  property 
as  above  undemtood ;  or,  to  take  the  other  view  of  this  division,  ah 
enumeration  of  persons  who  labour  under  legal  incapacities  as  to  the 
acquisition  and  loss  of  property. 

The  following  general  outline  of  property  is  adapted  to  the  Engjirik 
i^stem  of  Law ;  it  may  be  filled  up  by  references  to  other  articles  in 
this  work,  or  to  treatises : — 

1.  The  kinds  or  classes  of  things  which  are  objects  of  property. 
The  general  division  is  into  Things  Real  and  Things  Personal,  the 

incidents  to  which  are  so  different  in  the  system  of  iRnglia^  law  that 
they  must  be  separately  considered. 

Things  Real  are  comprehended  under  the  terms  of  Lands,  Tenements, 
and  Hereditaments.  The  word  hereditaments  is  the  most  compre- 
hensive of  these  terms,  because  it  comprehends  every  thing  which 
may  be  an  object  of  inheritance,  both  things  real  and  also  some 
personal  things,  such  as  heirlooms,  which  are  objects  of  inheritance. 

Hereditaments  are  divided  into  Things  Gorporeal  and  InoorporeaL 
A  Corporeal  Hereditament  is  land,  in  the  legal  sense  of  the  term.  An 
Incorporeal  Hereditament  is  defined  by  Blackstone  to  be  "a  right 
issuing  out  of  a  thing  corporate  (corporeal),  whether  real  or  personal, 
or  concerning  or  annexed  to,  or  exercisable  within  the  same.**  Perhaps 
the  definition  is  not  quite  exact,  and  it  would  not  be  easy  to  make  an 
exact  definition.  The  Things  Incorporeal  of  the  English  law  correspond 
in  their  general  character  to  the  res  ineorporalet  of  the  Roman  law,  one 
distinguishing  character  of  which  is  that  thev  are  incapable  of  tradition 
or  delivery  (Ghuus,  H.  28) :  the  res  corporcUei  of  the  Roman  law  are 
things  which  are  capable  of  tradition,  whether  moveable,  as  a  horse,  or 
immoveable,  as  a  house.  The  incorporeal  hereditaments  enumerated 
by  Blackstone  are,  advowsons,  tithes,  commons,  ways,  offices,  dignities, 
franchises,  corodies  or  pensions,  aimuities,  and  rente. 

2.  The  greatest  amount  of  power  over  such  things  as  are  objecte  of 
property  which  a  man  can  legally  ei^ercise.' 

To  this  head  belongs  the  &glish  doctrine  of  Tenure,  or  the  various 
ways  in  which  land  is  said  to  be  hdd.  Though  this  was  a  much  mora 
important  part  of  English  la^  than  it  now  is,  it  is  stiU  of  importance : 
for  tenure  alwavs  existe  wherever  there  is  the  relation  of  landlord  and 
tenant,  As  all  land  iii  the  kingdom  is  held  mediately  or  immediately 
of  the  crown,  it  follows  that  a  man  cannot  have  a  property  in  land 
which  shall,  not  be  subject  to  this  right  of  the  crown.  He  cannot 
operate  upon  his  propei^  in  land  in  any  way  so  as  to  destroy  this 
right;  and  consequenUy  the  utmost  amount  of  property  in  land  which 
a  man  can  have  is  limited.  The  interest  which  a  man  can  have  in  any 
land,  tenement,  or  hereditament;  is  called  an  Estete;  and  this  word 
compriseis  the  greatest  amount  of  power  and  enjoyment,  both  as  to 
time  and  manner,  which  a  man  can  legally  have  over  and  in  any  of  the 
three  things  just  enumerated,  as  well  as  the  smallest  legal  amount  of 
such  power  and  enjoyment :  it  also  comprises,  under  the  notion  of 
time,  the  determination  of  the  period  when  his  power  and  enjoyment 
shall  commence,  as  well  as  when  they  shall  cease.  Lands,  tenemento, 
and  hereditamente  then  being  objecte  of  propoiy,  a  man  may  either 
Mve  the  most  complete  property  in  such  things  which  is  legally 
allowed,  or  he  may  have  the  least  property  in  them  which  the  law 
allows ;  and  both  this  complete  and  this  limited  property  is  expreawd 
by  the  word  estete.    An  estete  in  a  thing  is  propeily  in  a  thing,  and 

Sroperty  in  a  thing  is  legally  considered  to  be  capable  of  division  into 
efineable  parte,  ciuled  estetes,  each  of  which  estetes  has  ite  deflneablo 
legal  incidents.  With  reference  to  an  estete,  the  time  during  which 
the  right  of  enjoyment  continues  is  usually  expressed  by  this  term 
quantity  of  estete.  The  maimer  in  which  the  enjoyment  is  to  be  exer» 
oised  during  this  time  is  often  expressed  by  the  term  quidity  of  estete : 
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fchuB  a  man  may  enjoy  an  estate  solely  or  in  joint-tenancy;  his  enjoy- 
ment may  be  co-extensive  with  the  lai^gest  amount  of  leg^  enjoyment 
of  any  estate,  or  it  may  be  limited  by  the  contemporaneous  rights  of 
others  in  or  to  the  property  in  which  he  has  an  estate ;  that  is,  he  may 
have  the  legal  enjoyment  for  a  determinate  time,  subject  to  various 
limitations  and  abridgments  of  the  fullest  enjoyment  of  property.  The 
time  when  the  enjoyment  of.  the  estate  shidl  commence  is  ajBo  con- 
sidered a  part  of  its  quality ;  and  the  timp  of  enjoyment  commencing 
is  either  present — that  is,  contemporaneous  with  the  acquisition  of  the 
estate — or  future.  It  may  not  be  useless  to  remark,  that  here  and 
elsewhere,  where  the  word  estate  is  used  in  ite  technical  sense,  it  does 
not  mean  the  thing  enjoyed,  but  the  quantity  and  quality  of  enjoyment 
of  the  thing. 

Independent  of  the  quality  and  quantity  of  an  estate,  there  is  another 
modification  of  property  which  requires  notice.  A  person  may  have 
the  estate  both  as  to  quantity  and  quality  in  the  sense  above  explained, 
either  with  or  without  the  right  to  the  beneficial  enjoyment.  The 
person  who  has  merely  the  estate  in  quantity  and  quality,  has  the  bare 
fegsl  estate.  He  who  has  not  the  right  to  the  estate  in  quantity  and 
quality,  as  above  explained,  but  merely  to  the  enjoyment  of  such 
estate,  while  the  other  has  not,  is  said  to  have  the  equitable  estate. 
The  term  quality  of  estate  might  be  used  to  express  this  equitable 
interest ;  but  inasmuch  as  we  want  a  word  to  express  the  manner  and 
mode  of  enjoying  an  estate  as  distinct  from  the  time  of  enjoyment, 
and  as  quality  is  the  word  used  to  express  that  manner  and  mode,  it 
must  not  be  used  in  a  different  sense.  The  explanation  of  the  nature 
of  an  equitable  aa  distinguished  from  a  legal  estate  belongs  to  Uses  and 
Trusts. 

It  has  been  said  that  this  distinction  between  legal  and  beneficial 
or  equitable  property  is  peculiar  to  the  English  law.  (Lord  Mansfield, 
1 '  T.  R.,'  769,  n.)  But  these  two  kinds  of  property  existed  in  the 
Roman  law,  and  the  theory  of  the  division  of  ownership  or  property 
into  quiritarian,  or  legal,  and  bonitarian,  beneficial,  or  equitable,  was 
fully  developed.  Its  origin  in  the  Roman  law  is  not  certain ;  but  it  is 
a  probable  conjecture  that  its  origin  so  far  resembled  the  origin  of  the 
like  division  in  English  law,  that  it  was  due  to  the  attempt  to  get  rid 
of  the  difficulties  attending  the  alienation  of  property  by  the  old  legal 
forms.  ''There  is,"  says  Gaius  (ii  40),  "among  other  nations  {pei'e- 
grini)  only  one  kind  of  ownership  or  property  {dominium),  so  that  a 
man  ia  either  owner  or  not ;  and  it  waa  the  same  in  the  old  Roman 
law,  for  a  man  was  either  owner  ex  Jure  quiritium,  or  he  was  not.  But 
ownership  was  afterwarda  divided,  so  that  one  man  may  now  be  owner 
of  a  thing  ex  jure  muriHumy  and  another  may  have  the  same  thing  m 
5o»if.  For  if,  in  tne  case  of  a  ret  mancipi,  I  do  not  transfer  it  to  you 
by  mancipatio,  or  in  jure  ceatio,  but  only  deUver  it,  the  thing  indeed 
will  become  yours  beneficially  {in  bonis),  but  it  will  remain  mine 
legally  {ex  jure  quiritium),  till  you  have  acquired  the  property  by 
usucapion ;  for  as  soon  as  the  time  of  usucapion  is  completed,  from 
that  time  it  begins  to  be  yours  in  full  ownership  {pUno  jure) ;  that  is, 
the  thing  begins  to  be  yours  both  in  bonie  and  in  jure,  just  as  if  it  had 
been  transferred  by  mandpaiio  or  in  jure  ceuio*'  Tbis  passage  seems 
to'  suggest  a  conjecture  as  to  the  origin  ^of  the  distinction  between  legal 
and  equitable  property  which  was  of  so  much  importance  in  Roman 
law.  The  distinction  between  the  two  kinds  of  ownership  or  property 
was  as  clearly  marked  as  in  our  system,  though  it  waa  not  applied  to 
all  the  purposes  to  which  this  divided  or  double  ownership  is  applied 
in  our  system. 

8.  The  modes  in  which  property  is  legally  transferred  from  one 
person  to  another. 

Property  may  either  be  acquired  in  a  single  thing,  or  in  several 
things  of  the  same  kind  at  one  time ;  or  it  may  be  acquired  in  a  great 
variety  of  different  kinds  of  things  at  the  same  time,  which  pass  to  the 
new  owner,  not  as  individual  things,  byt  as  the  component  parts  of  a 
whole  property.  The  Roman  law  designated  tiie  former  mode  of 
acquisition  by  the  term  €Le^p»iaUio  rtrum  ringularum  ;  and  the  latter  by 
the  term  (icquiiUio  per  univertitatem.  Though  Uie  two  modes  of 
acquisition  exist  in  our  law,  there  are  no  names  for  them  by  which 
they  are  placed  in  opposition  to  one  another.  The  case  of  acquisitio 
per  univermtaiem,  or  of  universal  succession,  occurs  when  a  man  is 
made  a  bankrupt  or  insolvent,  and  an  assignee  or  assignees  are 
appointed  [Bankrupt;  Insolvent],  in  which  cases  the  whole  of  a 
man's  property,  real  and  personal,  as  well  as  his  rights  and  obligations 
peneraUy,  become  the  legid  property  of  the  assignee  or  assignees,  and 
18  applicable  and  must  be  applied  according  to  &e  rules  of  law  in  the 
cases  of  bankruptcy  and  insolvency.  With  respect  to  personal  pro- 
perty, universal  succession  occurs  when  a  man  by  his  last  will  appoints 
an  executor ;  and  an  admimstrator  with  the  will  annexed,  or  without 
the  will  annexed  when  there  is  none,  thereby  acquires  the  whole  per- 
sonal property  of  the  intestate.  Both  the  heir  and  devisee  also,  in 
a  sense  tuce  by  universal  succession. 

Aa  to  both  singular  and  universal  succession,  the  modes  of  acquisition 
of  estates  in  things  real  are  reducible  to  two  general  heads--descent 
and  purchase.  *'  Descent,  or  hereditary  succession,  is  the  title  whereby 
a  man  on  the  death  of  his  ancestor  acquires  his  estate  by  right  of  repre- 
sentation ajB  his  heir  at  law  "  (Blackstone) ;  and  an  estate  so  acquired  is 
commonly  called  an  estate  of  inheritance. 

Purchase,  which  is  corrupted  from  the  Latin  word  perquititio,  is 
defined  by  Littleton  (i.  12)  to  be  "the  possession  of  iands  or  tene- 


ments that  a  man  hath  by  his  deed  or  agreement,  unto  which 
he  Cometh  not  by  title  of  descent  from  any  of  his  ancestors,  or  of  kb 
cousins  {contanguinei),  but  by  his  own  deed."  Purchase,  as  thm 
defined,  comprehends  all  the  modes  of  acquiring  property  by  deed  or 
agreement,  and  not  by  descent ;  but  it  is  not  a  complete  dBscription  of 
purchase,  as  now  understood,  for  it  omits  the  mode  of  aoqiraption  by 
will  or  testament,  which,  however,  when  Littleton  wrote,  was  of  com- 
paratively  small  importance,  as  the  power  of  devising  lands  did  noi 
then  exists  except  by  the  custom  of  particular  places.  Blackstoae 
makes  the  following  enumeration  of  the  modes  of  purchase  :  Karhfsit, 
Occupancy,  Forfeiture,fand  Alienation.  As  to  eschea:^  there  is  aoaat 
difficulty  in  the  classification,  aa  the  title  appears  to  be  partly  ty 
descent  snd  partly  by  purchase. 

The  head  of  iJienation  comprehends  every  form  by  wrbidiamaD 
transfers  property  to  snother  :  it  comprehends,  therefore,  both  aliea- 
ations  made  by  a  person  during  his  life,  and  the  disposition  of  his 
property  by  his  last  will  and  testament.  The  disposition  of  propertjr 
by  will  has  this  peculiarity  about  it,  that  though  the  instnimeot  miut 
be  completed  in  legal  form  during  the  lifetime  of  the  giver,  the  penoib 
to  whom  the  property  is  given  do  not  thereby  obtain  the  propetty ; 
they  only  obtain  it  by  we  death  of  the  giver,  who  by, that  ereot 
becomes  incapable  of  giving,  but  whose  continuing  intentjon  to  giie  u 
testified  by  the  continuing  existence  of  the  instrument  of  gift 

The  particuhur  modes  of  alienation  by  deed  are  to  a  certain  ezieni 
determined  by  the  estate  which  the  alienorposseeses,  and  the  state 
or  estates  which  he  intends  to  transfer.  The  forms  of  alienatinn  are 
noticed  under  their  various  heads. 

4.  The  legal  capacity  for  the  acquisition  of  estates  in  lands,  tene- 
mtants,  and  hereditaments,  is  most  briefly  and  convenient^  shown  by 
the  enumeration  of  the  classes  of  persons  who  labour  under  legal 
incapacity ;  and  in  like  manner,  as  to  the  alienation  or  losa  ol  estates, 
it  is  most  conveniently  shown  by  enumerating  the  persons  who,  owing 
to  mental  incapacity,  infancy,  or  other  causes,  labour  nader  legal 
incapacity  to  transfer  or  lose  estates.  This  division  comprehends  so 
mucn  of  the  status  of  aliens,  infants,  lunatics,  and  maniea  women,  ai 
relates  to  the  acquisi^on  or  loss  of  estates. 

Personal  property  is  not  sufficiently  described  by  the  term  "  move- 
ables," for  certain  estates  in  land  are  personal  property,  and  an 
comprehended  under  the  term  chattels  reaL  Terms  for  yean  are  as 
example  of  chattels  real;  and  they  pass  t<^gether  with  the  rest  of  a 
man's  personal  estate  to  the  executor,  the  universal  successor.  Chatt^ 
personal  are  all  other  personal  property,  and  are  said  by  Rlackrtoiw* 
"  to  be  properly  and  strictly  speaking  ti^gs  moveable,  which  may  be 
annexed  to  or  attendant  on  the  person  of  the  owner,  and  carried  about 
with  him  from  one  part  of  the  world  to  another.  Such  are  animaUy 
household  stufi,  money,  jewels,  coin,  garments,  and  everything  eJae 
that  can  properly  be  put  in  motion,  and  transferred  from  place  to 
place."  Personal  prop<uty  as  thus  defined  corresponds  to  the  mMia 
or  res  m/jbiles  of  the  Roman  law;  but  this  is  a  very  inadflqTiat* 
description  of  personal  property  as  recognised  by  the  Bngliah  lav. 
And  herein  we  first  perceive  the  greater  certainty  and  distinctneH  of 
the  law  relating  to  real  property  compared  with  the  law  relating  to 
chattels;  the  things  which  can  be  the  objects  of  real  property  are 
defineable,  as  well  as  the  estates  that  can  be  had  in  them ;  the  tfaiogi 
that  can  be  the  objects  of  personal  property  are  hardly  determinabk, 
and  the  estates,  or  more  properly  the  interests,  whi^  a  man  may 
have  in  them,  are  perhaps  also  leas  determinate.  As  examples  of 
objects  of  personal  property,  which  in  no  way  come  within  Black* 
stone's  description,  we  may  instance  patent-rights,  which  are  thxa^ 
incorporeal,  though  not  hereditaments,  and  are  the  objects  of  property. 

A  quandty  of  stock  in  the  public  funds  is  not  money,  though  often 
talked  of  as  such,  but  still  it  is  property.  Even  debts  due  to  a 
testator  or  intestate  are  considered  as  prepay  with  respect  to  probate 
and  letters  of  admioistration ;  still  they  are  not  expressed  by  the  term 
goods  and  chattels  in  the  letters  of  administration,  but  by  the  term 
'*  credits,"  for  as  debts  are  not  the  property  of  a  man  to  whom  they 
are  due,  so  they  cannot  become  property  because  he  himpens  to  die. 
Things  can  be  assigned  by  the  person  who  has  a  claim  to  them,  though 
they  may  be  things  which  cannot  be  called  his  property :  a  chose  ia 
action  is  an  instance  of  this.  Blackstone  observes :  "  the  mon^due 
on  a  bond  is  a  chose  in  action :  for  a  property  in  the  debt  vests  at  the 
time  of  forfeiture  mentioned  in  the  obligation,  but  there  is  no 
possession  till  recovered  by  course  of  law."  He  had  just  before  spoken 
of  the  nature  of  property  in  action  being  such  that  a  man  "  hath  not 
the  occupation,  but  merely  a  bare  right  to  occupy  the  thing  in  question.* 
From  this  it  appears  that  he.  treats  a  debt  due  to  a  man  as  a  property 
belonging  to  him,  whereas  the  debt  due  merely  gives  a  right  of  action 
to  recover  a  detOTininate  sum  of  money,  or  a  sum  which  ia  less  than 
some  determinate  sum.  In  this  instance,  says  Blackstone,  "the 
property  or  right  of  action  depends  upon  an  express  contract  or 
obligation  to  pay  a  stated  sum."  Here  he  uses  property  and  right  of 
action  as  synonymous,  which  is  incorrect;  for  property  im^es  a 
determinate  thing,  and  a  ri^t  of  action  may  be  either  for  a  determi- 
nate thing  or  to  compel  a  person  to  do  some  determinate  act.  The 
thing  claimed  is  properly  enough  called  a  "  thing  in  action,"  but  the 
action  is  not  to  have  a  thing,  but  that  the  defendant  shall  do  a  certain 
act.  Blackstone  observes,  in  a  note,  that  the  same  idea  and  the  same 
denomination  of  property  prevailed  in  the  civil  law,  but  this  ts  a 
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mistake.  In  the  first  pana^^e  ('Dig/  41,  tit  1,8.  52),  to  which  he 
refers  in  support  of  his  statement,  it  is  clear  that  a  corporeal  definite 
thing  is  spoken  of,  which  the  commentator  oould  hardly  have  doubted 
about,  if  he  had  given  in  his  note  the  whole  of  the  passage  instead  of  a 
part  of  it.  The  passage  is  this  :  "  a  thing  is  a  man's  in  (oaif,  whenever 
he  can  defend  his  possession  of  it  by  a  plea  (exe^iio),  or  recover  it 
when  lost  by  an  actio,**  This  actio  would  be  in  rem :  the  declara- 
tion of  the  plamtiff  would  affinn  that  the  thing  was  his.  In  the  other 
passage  quoted  b^Blackstone  ('Dig.'  50,  tit.  16, s.  49), things  which 
consist  "  m  acHiombiiu,  petitioniXnUt  peneeukonibut "  are  included  among 
the  things  in  honia  ;  but  the  things  in  action  so  rooken  of  are  things 
which  a  man  has  not,  as  contrasted  with  things  which  a  man  has,  in 
his  possession,  and  these  are  things  corporeal,  things  detenninate. 
Besides,  even  it  we  should  admit  that  the  Roman  law  treated  a  debt 
as  a  thing  in  honii,  it  did  not  treat  it  as  property,  for  a  thing  tn  honia 
was  not  property  in  ^e  sense  in  which  JBladcstone  is  here  using 
property.  Further,  when  a  Rcnnan  claimed  a  debt,  his  declaration  was 
that  something  ought  to  be  given  to  him  or  done  for  his  benefit  by 
the  defendant;  and  this  "giving"  alwajrs  meant  giving  something 
which  did  not  belong  to  the  plaintifP,  for  it  was  a  principle  of  Roman 
law  that  you  could  not  give  to  a"  man  what  already  belonged  to  him. 
But  the  Roman  law  had  a  precision  in  these  matters  of  which  the 
commentator  had  not  the  slightest  idea. 

From  these  remarks  it  will  appear,  first,  that  there  is  a  difficulty  in 
classifying  iJie  things  that  are  objects  of  personal  property ;  second, 
that  things,  as  choses  in  action,  are  not  property,  and  yet  they  can  be 
transferr^  (in  equity)  as  if  they  weiie  property.  Accordingly  it 
happens  that  it  is  sometimes  difficult  to.  say  whether  a  particular  thing 
is  an  assignable  thing  or  not,  whether  in  its  nature  it  is  capable  of  any 
transfer. 

Property  in  chattels  may,  like  property  in  things  real,  vary  as  to 
quantity  and  quality  of  interest,  though  things  personal  are  not 
capable  of  such  extended  and  various  modifications,  analogous  to 
estates,  as  things  real  are.  As  to  quantity,  that  is,  duration,  a  man 
may  have  the  use  of  a  personal  thing  for  life,  and  another  may  have 
the  absolute  property  in  it  after  lus  death.  As  to  quality,  persons  may 
own  a  thing  personal  as  joint  tenants  and  as  tenants  m  common. 
There  is  an  equitable  -properfy  in  chattels  as  well  as  in  things  real 
Money,  for  instance,  is  often  paid  to  a  trustee,  in  order  that  he  may 
give  the  interest  of  it  to  one  person  for  life,  and  after  his  death 
pay  the  money  to  another.  The  trustee,  so  k)ng  as  he  holds  the 
money,  'has  ihe  legal  property  in  the  money,  and  in  the  thing  in 
which  tiie  money  is  invested.  A  legatee  has  only  an  equitable 
interest,  even  in  a  specific  legsoy>  sft^r  his  testator's  will  is  proved, 
until  the  executor  gives  the  thmg  to  him,  or  in  some  clear  way  admite 
his  right  to  it 

The  modes  of  acquiring  and  losing  personal  property  are  reduced  by 
Blackstone  to  the  following  principal  modes : — Occupancy ;  preroga- 
tive, wherebv  a  right  accrues  to  tke  crown  or  the  crown's  grantee ; 
forfeiture,  which  is  a  punishment  for  a  crime  or  misdemeanour; 
custom,  as  heriots,  &c. ;  succession,  by  which  term  Blackstone  under- 
stands the  capacity  of  a  corporation  aggregate  to  take  what  their 
predecessors  had;  marriage,  by  which  the  husband  acquires  the 
chattels  of  the  wHe,  and  the  right  of  suing  for  her  choses  in  action,  and 
a  peculiar  kind  of  interest  in  her  chattels  real ;  judgment ;  gift  or 
grant;  contract;  bankruptcy  and  insolvency,  so  far  as  relates  to 
chattds;  testament;  administration.  The  enimieration  taken  from 
Blackstone  is  not  here  offered  as  one  that  is  complete  or  altogether 
unexceptionable.  Under  contract  Blackstone  includes  sale,  as  to 
which  it  may  be  observed  that  the  formalities  required  by  the  law  for 
the  transfer  of  ownership  in  things  personal  are  few;  but  the  difficult 
questions  whidi  arise  as  to  the  transfer  of  property  in  personal  things 
are  jprobably  much  more  numerous  than  in  the  case  of  estates  in 
thing^reaL 

Under  contract  he  also  comprehends  bailment,  by  which  ''a  special 
qualified  property  is  transferred  from  the  bailor  to  the  bailee  together 
with  the  possession."  This  qualified  property,  as  it  is  called,  gives  the 
bailee  a  right  of  action  against  all  persons  who  injure  or  take  awav  the 
chattels;  and  Blackstone,  as  usual,  finds  a  reason  for  this  ri^t  of 
action.  This  right  of  action  is  however  really  founded  on  the  right  of 
possession,  and  it  is  just  the  same  right  of  action  that  a  man  has  who 
finds  a  thing,  against  any  person,  except  the  owner,  who  injures  or 
takes  away  Uie  thing.  This  right,  when  imderstood,  is  in  all  respects 
consistent  with  sound  principles ;  and  there  is  no  objection  to  calUng 
it  a  right  founded  on  a  qualified  property,  when  the  term  qualified 
property  is  rightly  understood.  Under  contract,  he  also  includes 
liiruig  and  borrowing,  and  these  also  are  contracts  which,  he  says,  may 
transfer  a  qualified  property  to  the  hirer  or  borrower.  The  same 
remarks  apply  to  this  kind  of  property  as  to  that  acquired  by  bailment 
There  is,  however,  a  case  in  which  a  man  must  acquire  an  absolute 
property  by  borrowing,  as  in  the  case  of  the  Roman  mutuum,  when 
the  thing  borrowed  is  a  thing  which  consiste  "pondere,  nvmero,  or 
menaurd"  as,  for  instance,  so  many  pounds  of  butter.  The  distinc- 
tions of  the  Roman  law  between  hiring, "  locatio  et  condvctio"  lending, 
"  nKuiuum"  **  eommodcUum"  and  *'  dapoeUum"  are  founded  on 
unciiangeable  principles,  and  are  expounded  in  that  system  with  a 
clearness  which,  in  this  respect,  ours  perhaps  does  not  aomit 

The  incapacities  of  peraona  as  to  acquiring  personal  property  are 
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fewer  than  those  as  to  real  property;  and  the  incapacities  to  transfer 
and  lose  are  also  fewer.  But  a  complete  enumeration  of  the  classes 
of  persons  who  labour  under  either  of  these  incapacities,  and  the 
particular  incapacities  of  each  of  such  classes,  would  probably  be  mora 
difficult  than  a  like  enumeration  as  to  estates  in  real  property. 

PROPERTY-TAX.    [Taxatiok.] 

PROPHECY  {jrpoinrala,  a  foretelling,  or  the  power  of  foretelling) 
in  its  popular  acceptation  is  a  foretelling,  or  a  thing  f o^tdd.  In 
classical  Greek,  prophitea  {npo^irns)  corresponds  with  the  Latin  vatea, 
which  indeed  may  be  rogaided  as  the  same  word  without  tlie  pre- 
position. In  the  Old  Testament,  the  Hebrew  nevuah  (to  bubble  forth) 
iimslies  something  of  inspiration ;  but  in  Numbers  xii.  6,  there  is  a 
di&renoe  made  between  Moses,  with  whom  God  spake  '*  mouth 
to  mouth,"  and  other  prophets,  with  whom  he  spoke  "  in  a 
dream."  In  Exodus  viL  1,  Aaron  is  directed  to  be  the  "  prophet"  of 
Moses,  or,  as  is  explained  in  Exodus  iv.  16,  his  interpreter,  or  to  "  be 
to  him  as  a  mouth."  St.  Pftul  uses  propheUa  (Tit  i.  12),  which  is 
rendered  "  prophet "  in  the  authorised  version,  but "  poet "  by  Tjndale ; 
and  probably  Epimenides  is  meant  S.  Chrysostom  ('  Hom.  in  1  Cor.') 
says  that  prcpketea  is  the  same  as  harmSneutea  {fyfofifavriis),  an  inter- 
preter; and  Festus  says  that  the  chief  priests  of  the  temples  and 
interpreters  of  the  oracles  were  by  the  andents  called  prophets. 

Under  Oraolx  it  is  observed  that  there  were  current  in  ancient 
Greece  numerous  so-called  prophecies,  but  they  were  dark  and 
ambiguous.  This  is  not  the  case  with  the  prophedes  recorded  in  the 
Bible.  Some  of  these  were  extant  in  books  written  long  before  the 
evente  took  plaoe  to  which  they  refer,  such  as  the  prophecy  concerning 
Abraham's  posterity,  their  extraordinary  increase,  their  si^erings  in 
Egypt  four  hundred  yean,  their  sojourning  in  the  wilderness,  and  their 
possessmg  at  length  tiie  Umd  of  Canaan.  The  numerous  prophecies  in 
the  Old  Testament  pertaining  to  the  Messiah,  with  their  accomplish- 
ment recorded  in  the  New  Testament,  and  the  prophecies  of  Jesus  and 
his  Apostles,  are  so  familiar  to  the  minds  of  all,  that  they  need  not  be 
specified.  The  prophecies  of  the  Old  and  New  Testament,  which  have 
been  long  fulfilled,  affi)rd  altogether  an  amount  of  evidence  which,  if 
really  understood,  it  seems  impossible  to  resist,  in  proof  of  the  Bible 
being  a  revelation  from  God. 

The  prophecies  of  the  Old  and  New  Testament  are  understood  by 
all  believers  in  scriptural  prophecy  to  be  predictions  of  future  evente 
pronounced  by  persons  who,  on  the  occasion  of  delivering  such  pre- 
dictions, were  directed  and  governed  by  the  Deity.  The  first  thing  to 
establish  in  the  examination  of  these  precedes  is  the  genuineness  of 
the  books  in  which  they  are  oontained.  The  question  is,  whether  the 
prophedes  in  the  form  in  whidi  we  have  th^,  were  delivered  before 
the  evente  to  which  it  is  alleged  that  they  refer.  This  is  purely  a 
matter  of  historical  critidsm,  aaad.  in  no  respect  differs  in  the  manner 
of  carrying  on  the  investigation,  from  an  inquiry  of  a  Uke  kind  as  to 
any  other  book.  The  next  inquiry  is  to  compare  the  alleged  prophecy 
with  the  evente  of  which  it  is  alleged  that  it  was  a  prediction.  This, 
though  apparentiy  the  easier  part  of  the  inquiry,  is  one  wherein  much 
difference  of  opinion  may  exist  Some  of  md  prophedes  are  clear  and 
predse  in  their  terms ;  and  when  the  former  part  of  the  inquiry  has 
had  a  satisfactory  result,  no  unprejudiced  person  can  doubt  that  the 
prophedes  do  redter  to  certain  definite  events.  Some  of  the  prophedes 
are  in  their  terms  vague  and  general ;  and  others  refer  to  evente  which, 
it  is  admitted,  have  not  yet  been  accomplished.  So  far  a^  it  is  admitted 
that  any  prophecy  has  not  been  accomplished,  so  far  it  must  be 
admitted  that  prophecy  fails  in  being  substontiated  by  the  only  evidence 
that  can  esteblish  ite  truth.  It  is  then  on  those  evente  which  all 
believers  allege  to  be  evente  accomplished,  in  conformity  to  genuine 
predictions,  that  the  proof  of  prophecy  depends.  The  method  of 
investigation  is  that  which  has  been  already  mentioned,  and  every  man 
should  come  to  it  with  an  unprejudiced  mind. 

PROPIONAMIDE.    [Pbofiontl.] 

PROPIONE.    [PBOPioirrL.] 

PROPIONIC  ACID.    [Propiontl.] 

PROPIONIC  ALDEHYDE.    [Pbopiokyl.] 

PROPIONITRYL.    [Etbyl,  cyanide  of .] 

PROPIONYL  (CeHjOa).  The  radical  assumed  to  exist  hi  a  Qumbet 
of  organic  compounds  collectively  known  as  the  propionic  group, 
and  of  which  the  chief  member  is  propionic  add.  The  name  is 
derived  from  xp&ros,  firat,  and  irlcty,fat,  because  propionic  add  is 
the  first  in  the  series  of  fatty  acids,  which  separates  as  an  oily  layer 
when  liberated  in  aqueous  solutions  of  ite  salts. 

Hydride  ofpropiomyl  {OJB.fi^  H).  Metaeetie  or  propionic  aldehyde,-- 
This  is  one  of  tiie  producto  of|tiie  oxidation  of  albumen,  fibrin,  or  casein, 
bv  a  mixture  of  sulphuric  add  with  dther  binoxide  of  manganese,  or 
bichromate  of  potash.  It  is  isolated  from  other  matters  that  are 
obtained  at  the  same  time,  by  fractional  distillation. 

Hydride  of  propionyl  is  a  limpid  liquid,  of  agreeable  ethereal  odour, 
sp.  gr.  079  ;  boiling  pohit  between  180"  and  150*"  Fahr.,  and  vapour 
density  2*111.    It  slowly  addifies  when  exposed  to  the  air. 

ffydrideofpentctcfUoropropionyl  (C.CI5O,,  H),  or  propiomc  chloral,  is 

e  of  the  producto  of  tiie  action  of  hydrochloric  add  and  binoxide  of 


one 


manganese  upon  starch.    It  is  an  oily  liquid,  crystallising  in  rhombic 
tebles  on  exposing  to  a  temperature  of  82**  Fahr. 

Propione  (CjoHi^O,),  or  the  eihyUde  of  propionyl  (C„H,Oa,  C.HJ.— 
Tho  product  of  the  destructive  distillation  of  propionate  of  ban^ta.    It 
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is  a  ooIourleM  or  slightiy  yeUow-ooloored  liqtdd  of  agreeable  odour,  | 
Insoluble  in  water,  but  soluble  in  aloohol  or  ether.    Its  boiling  point  is 
212"*  lUir.    It  is  inflaxmnable,  burning  with  a  pale  blue  flame.    Nitrie 
add  oonverts  it  into  proplonio  aoid. 

PrcpUmie  anhydride,  or  anhydroui  profkme  aeid  (q'h'o'  j  )  "*  * 

oolourleBB  liquid  formed  an.  distilling  a  mixture  of  two  equiTslents  of 
oxyohloride  of  phosphorus,  uid  six  of  dried  propionate  of  soda.  It 
•has  a  disagreeable  odour,  is  not  soluble  in  water,  and  boils  at  829*  Fahr. 

PropiotUoaoidf^  &\\    Metaeetie  add,  or  mtiaedonic  add,^ 

Tbia  acid  is  one  of  the  products  of  the  oxidation  of  oleic  aoid ;  it  is 
also  produced  by  the  action  o^  strong  caustie  potash  upon  sugar, 
starch,  gum,  or  mannite,  and  by  the  action  of  ferments  upon  glycerin. 
The  most  convenient  method  of  preparing  it  is  to  add  cyanide  of 
ethyl  drop  by  drop  to  a  concentrated  alcoholic  solution  of  potash 
contained  in  a  retort  The  reaction  that  tUco  takes  plaoo  is  thus 
expressed: — 


2no    +    Ko.no    =    KO,  C,H,0,    +    Nil, 


Cyanide  of  ethyl.     Water. 


Pota»b. 


Propionate  of 
potash. 


Ammonia. 


On  distilling  the  residue  with  sulphurie  acid,  or  with  syrupy  phos- 
phoric acid,  pure  propionic  aoid  passes  over. 

Propionic  aoid  orystallises  in  plates.  On  the  applioation  of  a  gentle 
heat  it  fuses,  and  at  284°  Fahr.  boils.  It  is  very  sour,  and  has  a 
pungent  odour,  somewhat  like  a  mixture  of  butyric  and  acrylic  adds. 
Water  takes  up  a  large  qtiantity  of  it,  exeess  floating  like  an  oil  upon 
the  saturated  solution. 

Propionate,  or  the  salts  of  propionio  acid,  are  meetly  oryatalline, 
and  soluble  in  water.  They  are  all  monometallic,  and  easUy  decom- 
posed by  atrong  adds.  Propionate  o/  poiatk  is  very  deliquescent. 
FropionaU  cf  $oda  crystallises  with  difficulty «  it  fonns  a  diuhle  taU 
with  aoetato  of  aoda»  crystallising  in  needles,  and  containing  (C^HsNa 
0^  CaHgNaO^+9  Aq).  Propionate  of  baryta  (OeHsBaO^)  crystallises 
hi  prisms.  Propionate  of  Ume  forms  silky  fibres.  Propionate  of  copper 
(CgH.CuO^+Aq.)  crystallises  in  small  oblique  m^sms:  it  is  verj 
soluble  in  alcohol,  but  only  slightly  so  in  water,  propionate  of  lead  is 
unorystiJlisable.  Propionate  of  tilver  {GJEL^Ag.O^  orystaUiseB  in 
tufts  of  needles ;  it  forms  a  double  taU  with  acetate  of  silver,  ocmtain- 
ing  (C.HgAgO^yGQHsAgO^).  Propionate  of  ethyl j  propUmie  ether; 
VietaeeUe  e£er  (QJS.Jififi.^0^  is  obtained  on  distilling  propionate 
of  soda  with  alcohol  and  sulphuric  add.  It  is  lighter  than  water, 
boils  at  213'''8  Fahr.,  and  has  an  odour  resembling  rum. 
«  Nitropropiimie  acid  (CqHc(NO^)O^),  mtrowtetaeetie  aeid,  is  a  heavy 
yellow  oil  slightly  soluble  in  water,  but  very  soluble  in  alcohol.  It 
poasesses  an  aromatic  odour  and  a  sweet  taste,  and  is  inflammable, 
burning  with  a  reddish  flame.  It  fonns  cr3r8taUine  moDometallio  salts 
with  bases.  For  the  method  of  preparing  it,  sea  Buttbio  aoid, 
hUyrcne, 

PropiaMmide,ornitrid4  afpropienyil  i      H       ^  K  )  results  from  the 

action  of  ammonia  on  propbnate  of  ethyl. 

PROPORTION.  There  must  be  in  the  mind  of  every  person, 
antecedently  to  all  mathematical  instruction,  a  perfect  oono^^ion  of 
proportion,  though  not  perhaps  of  the  manner  of  measuring  magnitudes 
with  a  view  to  express  their  proportions  by  means  of  numbers.  All 
who  can  trace  the  resemblanoe  of  a  drawing  to  the  original,  or  have 
the  least  notion  of  the  use  of  a  map,  are  in  possession  oi  the  funda* 
mental  notions  on  which  a  theory  of  proportion  can  be  founded.  The 
term  Ratio  is  that  under  which  the  first  part  of  the  subject  should  be 
treated,  and  the  article  cited  will  contain  matter  preUminary  to  the 
present  one.  It  will  be  sufficient  for  our  present  purpose  to  stats  that 
the  ratio  or  relative  magnitude  of  two  nangnitudes  is  to  be  measured 
by  the  number  of  times  or  parts  of  times  which  one  is  eontained  in 
the  other,  whenever  the  two  are  commensurable ;  and  we  shall  now 
eonfine  ourselves  to  the  purely  mathematical  treatment  of  the  theory 
of  proportion,  and  shall  avoid,  as  much  as  the  nature  of  the  subject 
will  admit,  all  discussion  of  the  notion  of  ratio  considered  as  a 
magnitude. 

We  cannot  well  explain  the  nature  of  the  difficulty  whidi  occurs  in 
the  theory  of  proportion,  without  a  prior  refereooa,  first,  to  the  purely 
arithmetical  treatment  of  the  subject,  and  secondly,  to  the  practical 
sufficiency  of  this  method  which  is  the  neoessary  consequence  of  our 
phydoal  constitution. 

If  all  magnitudes  of  the  same  kind  were  necessarily  oommensurable, 
that  is,  if  any  one  among  them  being  taken  ss  a  unit,  the  rest  were  all 
expressible  by  multiples,  aliquot  parts  or  submultiples,  and  multiples 
of  aliquot  parts,  of  the  unit  chosen,  no  difficulty  would  arise  in  making 
the  subject  of  proportion  purely  arithmetical.  For  let  a  and  6  repre- 
sent the  units,  parte  of  units,  or  both,  in  two  magnitudes  of  the  same 
kind  (as  two  lines) ;  any  suffident  demonstration  of  the  rule  for  the 
division  of  one  fniction  by  another  will  show  that  a  contains  6  precisely 
a  number  of  times  and  parts  of  times.  If  then  we  say  that  a  is  to  6 
in  the  same  proportion  as  e  to  c2,  we  mean  that  a  contains  h  predseil^ 


such  times  and  parts  of  times  as  c  contidns  d :  iha^  iB,  we  assert  lb 
equation 

•»  ^  ««  • 

the  mathematical  treatment  of  which  is  bo  enqr,  that  no  one  who  caa 
solve  a  simple  equation  can  be  Stopped  for  a  moment  by  the  diffico!:? 
of  any  consequence  of  it.  The  following  proportion,  whidi  maj  l« 
proved  generally,  contains  all  the  consequences  which  are  moit  usetol 
Let  a,  b,  e,  and  cf  be  (in  the  arithmetical  sense)  proportional :  take  u; 
two  functions  of  a  and  b,  which  are  homogeneous  and  of  the  saicr 
dimension  (such  as  oi+fi*  and  a'— &*).  Take  oorreeponding  functions 
of  e  and  d  (which  are  ed  +  d*  and  c^— rf*) ;  then  the  four  nnmben  » 
obtained  are  also  proportional  (that  is,  o6  +  6*  contains  »*— 6*  ss  msny 
times  and  parts  of  times  as  ce^  +  cE'  contains  (^— ei^. 

In  measuring  magnitudes  of  which  the  numerieal  lepreeentattres 
are  afterwards  to  be  submitted  to  calculation,  it  neoeasarily  foUova. 
from  the  imperfections  of  our  senses,  that  some  imperoeptible  amdon; 
of  magnitude  must  always  be  neglected  or  added ;  ao  that,  for  example. 
that  which  we  call  a  line  of  3  inches  long  means  Bomething  betveo. 
2*9  and  8*1,  or  2*99  and  8*01,  or  2*999  and  8*001,  aocori^  to  tb 
degree  of  accuracy  of  the  measurement.  All  magnitudes  thereforB  arr 
practically  commensurable;  for  suppose,  in  the  oaae  of  wcaghti  lor 
example,  that  a  grain  is  taken  aa  the  unit,  and  thai  the  teD-thoosaodtL 
part  of  a  unit  is  considered  as  of  no  consequenoe ;  tlien  by  t4kio;r 
every  weight  only  to  the  nearest  ten-thousand^  of  a  grain,  they  m^ 
everv  one  be  expressed  arithmetically  with  a  oonventional  degree  oi 
precision,  which  for  every  purpose  ox  application  will  do  as  wall  ai 
though  it  were  perfectly  accurate. 

The  discovery  of  incohhenburable  magnitudes,  one  o!  the  most 
striking  triumphs  of  reason  over  the  imperfection  of  tlie  seoKs,  was 
made  at  a  very  early  period ;  since  the  demonstration  of  ther  east' 
ence,  the  dasafication  (to  a  certain  extant)  of  their  speoiea  [Ibratiosai. 
QuANTiTiBs],  and  the  means  of  overcoming  the  difficulties  which  thej 
present,  appear  in  the  writings  of  Eudid.  A  moment^s  consideTaticc 
will  ri^ow  that  a  property  of  numbers,  a  relation  of  figure  in  geometrr. 
a  general  law  of  nature,  may  be  inferred  from  ioduotion  with  a  degn^ 
of  probability  whieh  will  smount  to  moral  certainty,  both  as  to  tik 
exactness  and  universality  of  the  property,  relation,  or  law.  Botth? 
existence  of  incommensurable  magnitudes  can  never  be  made  oeitais. 
except  by  absolute  deduction  :  no  attempt  at  measurement^  a  snttsMr. 
vieibiie  existing,  could  show  the  non-existence  of  say  oomnion  meanm:. 
however  small.  Suppose  for  instance  that,  having  provided  mesas  «<i 
measurement  which  can  always  be  depended  on  to  show  tbe  tkomeoMiut 
of  an  inoh,  but  nothing  less,  a  person  should  securately  <aa  the  vord 
is  commonly  used)  lay  down  squares  of  one,  two,  &a,  indies  in  the 
side,  with  a  view  to  render  the  ezistenee  of  a  oommon  measure  to  th- 
dde  and  diagimal  exceedingly  improbable  by  experiraeni.  If  v-: 
before,  he  would  be  baffled  by  the  aquare  whose  side  is  2878  inches, 
the  diagonal  of  which  could  not  by  his  measures  be  diatinguisfaed  fram 
8868  inches,  from  which  it  differs  only  by  about  the  Jhe4kemeamdik 
part  of  an  inch.  And  let  any  greater  degree  of  exactness  be  attained 
in  the  means  o{  measurement,  short  of  positive  accuraoy,  a  ressooff  oo 
the  subject  eould  still  predict  a  square  which  should  defeat  the  attva- 
ment  of  the  object  sought 

The  mere  existence  of  incommensurables,  to  say  nothing  of  their 
frequent  occurrence,  and  the  impossibility  of  avoiding  tiiem,  renders 
the  arithmetical  theoiy  of  proportion  inexaet  in  its  very  definitioD.  If 
we  would  say,  for  instance,  that  the  diagonal  of  a  larger  square  is  to  xt.- 
mde  as  the  diagonal  of  a  smaller  square  ia  to  ita  side,  we  eoundate  a 
proposition  the  meaning  dE  which  is  unsettled.  For  if  ws  uesn 
to  assert  that  the  laiger  diagonal  contains  the  larger  side  ss  many 
times  or  fractions  of  times  as  the  smaller  disgonai  onntahw  th<^ 
smaller,  it  is  answered,  by  those  who  wish  for  precise  notiuw. 
that  ndther  disgonai  oontahia  its  dde  any  exact  number  of  tUn*';> 
or  parts  of  times.  If  we  should  say  that  the  larger  dtsgooal  lies 
between  1-414218  and  1*414214  times  the  larger  dde,  and  that 
the  smsller  disgonai  also  Use  between  1*414218  and  1*414214  tisoti 
the  smaller  aide,  and  if  we  ahould  ahow  thia  to  be  true,  we  oertatsi j 
ahow  that  we  could  produce  lines  very  nearly  equal  to  the  diaguoak, 
which  are,  under  the  arithmetical  definition,  proportional  to  the  adee ; 
and  that  this  might  be  done  without  altering  dther  diagonal  by  eu 
much  as  the  millionth  part  of  the  side.  And  the  ten-millioath,  hundred- 
millionth,  or  fny  aliquot  part  of  the  dde,  however  small,  miglit  Xtc 
Bubstituted  for  the  millionth,  witiiout  detriment  to  our  power  of 
showing  the  truth  of  the  propodtion.  If  we  use  the  means  by  which 
this  process  may  be  carried  on  adet^/bvitum,  we  may  perhaps  be  said  !•' 
have  estabUdied  the  truth  ol  the  propodtion  that  the  diagonaLi  of 
squsrss  are  as  theii*  ddea.  But  if  we  in  any  manner  stop  short  of  Uur. 
we  destroy  the  rigorous  character  of  geometry,  and  produee  a  system 
of  mathematics  which,  like  a  oommon  table  of  logarithms,  is  true  to  i 
certain  number  of  places  of  decimals,  snd  not  farther.  It  is  obrioos 
that  such  a  system  of  mathematics,  like  the  table  with  which  we  harr 
compared  it,  is  suffident  for  the  purposes  of  practicd  application ;  nor 
have  we  the  least  quarrel  with  those  who,  desiring  an  instrument  aclr, 
are  content  wi^  one  which  is  sharp  enough  for  their  purpose.  ^y> 
only  complain  of  them  when  they  assert  and  teach  othen  that  their 
tool  has  an  edge  keen  enough  to  separate  the  minutest  truth  from  ihe 
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minittett  lalsehood ;  whereM,  on  examinixig  it  with  a  powerful  micrO' 
Bcopej  we  And  the  so-called  aharp  edge  capable  of  being  magnified  into 
a  pleme  of  any  dimennons,  though  it  may  appear  a  smup  edge  to  the 
imasfiisted  senses. 

The  imperf  eotion  of  the  definite  arithmeticsl  definition  of  proportion 
is  imiversally  admitted,  while  the  oomplezity  of  the  rigoroos  desnitioii 
by  which  Euclid  supi^ied  its  place  is  umost  as  iiniveraally  felt  to  be  a 
gnevanoe.  ICony  attempts  have  been  made  to  avoid  the  tvoubls 
without  incurring  tha  reproach  of  inaccuracy.  One  or  two  of  these 
we  shall  notice* 

Legendre,  in  hii  otherwise  excellent  waA  on  geometry,  refers  the 
student  to  works  on  arithmetic  for  the  theory  of  proportion ;  and, 
having  stated  that  when  ▲  is  to  B  as  o  to  D,  it  is  known  that 
A  X  D=B  X  0,  adds  (twelfth  edition,  page  61), ''  This  is  certainly  true 
for  numbers  i;  it  ia  true  also  for  any  magnitudes,  provided  they  can 
be  expressed,  or  that  we  imagine  them  expressed  by  numbers,  and 
this  we  may  always  suppose."  A  system  of  geometry  which  tells  the 
learner  in  so  many  words  that  he  may  always  suppose  that  which  is 
not  true,  needs  no  further  comment,  even  though  Legendre  were  its 
author.  It  is  true  that  in  subsequent  jxirts  of  the  work  we  find 
demonstrations  adapted  to  the  case  of  incommensurable  quantities, 
but  they  want  that  most  important  element  of  a  proposition  involving 
projwrtions,  namely,  a  definition  of  what  the  term  means;  these 
demonstrations  turn  upon  the  theorem  that  when  four  quantities  are 
proportional,  the  first  is  greater  than,  equal  to,  or  less  than  the  second, 
according  as  the  third  is  greater  than,  equal  to,  or  less  than  the  fourth ; 
but  it  has  not  been  previouslv  stated  what  the  author  means  by  four 
quantities  being  proportional.  In  the  English  translation  of  the  pre- 
ceding work,  a  preliminary  chapter  is  added  on  proportion,  in  which 
the  definition  given  as  toincommensiuiible  magnitudes  amounts  to  the 
following : — ^when  a  and  B  are  incommensurable,  and  also  0  and  D,  the 
four  are  said  to  be  proportional  when  a'  and  o'  can  be  found,  as  near 
as  we  please  to  a  and  c,  and  which,  being  commensurable  with  B  and 
D,  are  proportional  to  them,  in  the  arithmetical  sense  of  the  term. 
This  is  a  sufficient  definition ;  but  it  really  amounts  to  that  of  Euclid 
(aa  do  all  sufficient  definitions  which  we  have  seen),  and  is  not  so 
easily  used. 

M.  Lacroix  ('  Siemens  de  Q4om4trie,'  p.  5)  makes  the  approximate 
finding  of  a  common  measure  stand  in  place  of  an  exact  process,  and, 
fairly  stating  that  the  error  of  the  process  may  be  made  too  small  to  be 
visible,  rests  the  exactness  of  his  geometry  on  its  not  being  sensibly 
erroneous. 

The  author  of  the  '  Elements  of  Geometnr,*  in  the  *  Libruy  of 
Useful  Knowledge,'  states  the  proportion  of  incommensurable  mag- 
nitudes to  consist  in  "  their  ratios  admitting  of  being  approximately 
represented  by  the  same  numbers,  to  how  great  an  extent  toever  the 
degree  of  approximation  may  be  carried.'*  In  virtue  of  the  words  in 
itdics,  this  definition  may  be  considered  as  being,  when  properly  used, 
capable  of  forming  the  basis  of  an  exact  theory ;  and  that  it  is  properly 
used  in  the  work  cited  we  fully  admit,  since  its  first  application  is  to 
the  establishment  of  the  definition  of  Euclid.  The  only  objection  we 
should  make  to  the  work  in  question  is  that  its  expressions  (page  48) 
would  lead  the  student  to  imply  that  commensurabillty  is  the  general 
rule,  and  incommensurability  the  exception;  an  extended  theory  is 
given,  because  magnitudes  are  not  always  commensurable.  Now  it  is 
important  the  student  should  know,  ioA  should  always  bear  in  mind, 
that  of  two  magnitudes  of  the  same  kind  taiken  at  luuaunl,  or  one  being 
given  and  the  other  deduced  by  a  geometrical  construction,  it  is  very 
much  more  likely  that  the  two  should  be  incommensmable  than  that 
they  should  be  commensmvble.  So  that  the  apparently  cumbrous 
theory  of  proportion  is  not  introduced  to  meet  a  few  cases  which 
sometimes  occur,  but  to  prevent  the  majority  of  instances  from  being 
treated  incorrectly. 

The  definition*  of  propoiiiooal  quantities  given  by  Budid  is  as 
follows : — **  Magmtudes  are  said  to  have  the  same  ratio  to  one  another, 
the  first  to  the  second,  and  the  third  to  the  fourth,  when  eqoimuItxi^eB 
of  the  first  and  third,  and  equimnltiples  of  the  second  and  f oioth, 
whatever  the  multiplications  may  be,  yield  a  multiple  of  the  first, 
greater  tfara,  equal  to,  or  less  than,  that  of  the  second,  aoeofdlqg  as  the 
multiple  of  tiie  third  is  greater  than,  equal  to,  or  less  than,  that  of  the 
fourtiL**  That  is,  if  a,  b,  o,  and  d  be  the  four  magnitades,  and  fli  and 
n  any  two  whole  numbers  whatsoever,  m  ▲  must  be  greater  than,  equal 
to,  or  less  than  wb,  according  as  m  o  is  greater  thui,  equal  to,  or  less 
than  n  D.  Otherwise  thus :  whfttover  whole  numbers  m  and  n  may  be, 
a  must  exceed,  equal,  or  fall  short  of  n-mtha  of  B,  according  as  o 
exceeds,  equ^ds,  or  falls  short  of  fi-mths  of  D.  A  person  practised  in 
algebra  would  comprehend  the  definition  most  easily  when  stated  thus : 
m  A^H  B  must  have  the  same  sign  as  m  o—nn,  for  all  whole  values  of 
mand  n. 

This  definitian  equally  appfies  whether  a  and  B  be  cotmneasuiable 
or  incommensurable,  smee  no  attempt  is  made  to  measure  B  by  an 

*  The  Gi^k  of  Catillil's  definition  Is  verj  thert,  and  can  only  be  Intelligibly 
rendered  into  Xngflsh  by  chwatloentioaL  "Ep  rf  ahr^  XSrpf  /tty*0ii  hiyerat 
flyoi,  Tp&TW  xphs  9t6T9pop  ml  t^tw  Tpis  TfrapTor,  thcof  rk  rov  w^ov 
Kcd  rphov  whtis  VDAA«rA«(<rift  tSf  rov  9tvr4pav  ad  rrrd^rov  urdius 
1ro^Xea^^Mr(Wf  mlf  Avoiorovr  woKKanrKaffiafffjAp,  iKor4pov  ^  Spa  iW^twji, 


aliquot  part  of  a.    The  two  questions  which  must  be. asked,  and  sstis- 
factorily  answered,  previously  to  its  reception,  are  as  follows : — 

1.  What  right  had  EucUd,  or  any  one  else,  to  expect  that  the 
preceding  most  prolix  and  unwieldy  statement  should  be  received  by 
the  beginner  as  the  definition  of  a  relation  the  perception  of  which  is 
one  of  the  most  common  acts  of  his  mind,  since  it  is  performed  on 
every  occasion  where  similarity  or  dissimilarity  of  figure  is  looked  for 
or  presents  itself  f 

2.  If  the  preceding  question  should  be  clearly  answered^  how  om 
the  definition  of  proportion  ever  be  used;  or  how  is  it  possible  to  com- 
pare every  one  of  the  infinite  ntmiber  of  multiples  of  a  with  every  one 
of  the  multiples  of  b  f 

To  the  iirst  question  we  reply,  that  not  only  is  the  test  proposed  by 
Euclid  tolerably  simple,  when  more  closely  examined,  but  that  it  is,  or 
might  be  made  to  appear,  an  easy  and  natural  consequence  of  those 
fundamental  perceptions  with  which  it  may  at  first  seem  difficult  to 
compare  it.    To  elucidato  this,  suppose  the  following  case : — 

There  is  a  straight  colonnade  composed  of  columns  at  equal  distances 
from  each  other,  the  first  being  distant  from  a  bounding  wall  by  a 
length  equal  to  the  distance  between  any  two  successive  columns.  In 
front  of  the  colonnade  let  there  be  a  row  of  railings  *  equidistant  from 
each  other,  the  first  being  at  the  same  distance  from  ^e  wall  at  which 
the  railings  are  from  each  other.  Let  the  columns  be  numbered  from 
the  wall,  and  also  the  railings ;  remember  also  that  It  is  not  supposed 
that  there  goes  any  exact  number  of  railings  to  the  interval  of  two 
columns,  but  that  &ie  interval  of  the  columns  may  be  to  the  interval 
of  the  railings  in  any  ratio,  commensurable  or  inoommenaurable. 


If  we  may  suppose  this  construction  carried  on  to  any  extent,  it  is 
ebsily  shown  that  a  spectator,  by  mere  inspection,  without  measure- 
ment, may  compare  the  column-distance  (c)  with  the  railing-distance 
(b),  to  any  dsgree  of  accunu^.  For  example,  since  the  tenth  railing 
faUs  between  the  fourth  and  fifth  columns,  it  follows  that  10  B  is 
greater  than  4  o  and  less  than  5  o,  or  that  b  lies  between  A  of  o  and  A 
of  0.  To  get  a  more  aocurato  notion,  he  may  examine  the  I0,000tn 
nuUng :  if  it  fall  between  ihe  4674th  and  4675th  columns,  it  follows 
that  10,000  B  lies  between  4674  o  and  4675  o,  or  R  lies  between  4^ 
and  ^^  of  C.  There  is  no  Hmit  to  the  degree  of  accuracy  thus  obtun^ 
able ;  and  it  can  also  be  shown  that  the  ratio  of  c  and  b  is  determined 
when  the  order  of  distribution  of  the  railings  among  the  columns  is 
assigned  ad  infinitum  ;  or,  which  is  the  same  thhig,  when  the  position 
of  any  given  railing  ean  be  found,  as  to  the  numbers  of  the  columns 
between  which  it  lies.  Any  alteration,  however  small,  in  the  place  of 
the  first  nlliiig,  imist  at  last  aifect  the  order  of  distribution.  Suppose, 
for  instanos,  that  the  first  railing  is  moved  farther  from  the  wall  by 
one  part  in  a  thousand  of  the  distance  between  the  columns,  the 
second  railing  must  then  be  pushed  forward  twice  as  much,  the  third 
three  times  as  much,  and  so  on :   those  after  the  tiioumndth  ere 


poshed  forward  movs  than  a  thonsand  times  as  much,— that  is,  by 

with 
respect  to  the  columns  is  disarranged. 


more  than  the  interval  betweoi  the  oolumns, — or  Uie  order 


Let  it  now  be  proposed  to  tokke  a  model  of  the  preceding  con- 
struction, in  which  e  shall  be  the  distance  between  the  columns,  and  r 
that  between  the  railings.  It  needs  no  definition  of  prcportion,  nor  any- 
»thhig  more  than  the  eonoeption  whidi  we  have  of  that  term  prior  to 
defimtioii  (and  with  which  we  must  show  the  agreement  oi  any 
definitkni  we  mMf  adopt),  to  assure  us  that  0  must  be  to  b  in  the  same 
proportion  as  e  to  r,  if  the  model  be  truly  formed.  Nor  is  it  drawing 
too  largely  00  that  conception  of  nroportion  if  we  assert  that  the 
distribution  of  Uie  railinn  among  tne  oolumns  in  the  model  must  be 
everywhere  the  same  as  in  the  original :  for  example,  that  the  model 
would  be  OHt  f/  pnpottion  if  its  66th  railing  fell  between  the  18th  and 
19th  oolumns,  whik  the  66th  railing  of  the  original  fell  between  ^e 
17th  and  18th  columns.  Here,  then,  the  question  as  to  the  dependeuoe 
of  Eudid's  definition  upon  common  notions  is  settled ;  for  the  obvious 
relation  between  the  constmetion  and  its  modei  which  has  just  been 
described  oonlains  the  coUectioo  of  conditions,  the  fulfilment  of  whidi, 
according  to  Eoctid,  eonstitntes  proportion.  According  to  Euchd, 
wlienever  mo  exceeds,  equals,  or  falls  short  of  wb,  then  mc  must' 
exceed,  equal,  or  fail  short  of  nr :  by  the  most  obrious  property  of 
the  preceding  oonstmetions,  according  as  the  mth  eolumn  comes  after, 
opposite  to,  or  before  the  nth  railing,  in  the  original,  th  mih.  column 
xoust  come  sfter,  opposite  to,  or  before  the  nth  railing,  in  the  correct 
modeL 

That  the  test  pioposed  bjr  Euclid  is  neoessaiy,  appears  from  the 
preceding;  and  also  that  it  is  soflMentw  For,  admitting  that,  to  a 
given  oiigmal,  with  a  given  column-distance  in  the  model,  there  is  one 
correct  model  railtn8^distanoe  (wlndi  must  therefore  be  the  one  which 
distributes  the  railings  among  the  oolumns  as  in  the  original),  we  have 
that  any  other  railing-diiitance,  however  BKghtly  different,  would 


*  By  the  tenms  edomn  and  raillag  we  mtat  fhronghottt  to  dasigMte  vertleal 
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at  last  giye  a  different  diBtribution :  that  is,  the  correct  distance,  and 
the  correct  distance  only,  aatisfies  all  the  conditione  required  by 
Euclid's  definition. 

Let  us  now,  by  the  distribution  of  one  set  of  magnitudes  among 
those  of  another  set,  agree  to  mean  the  placing  of  the  first  magnitudes 
among  those  of  the  second  set,  the  latter  having  been  previously 
arranged  in  ascending  order  of  magnitude.  Thus,  in  the  following 
instance,  we  distribute  the  multiples  of  3  among  those  of  8,  the  latter 
being  in  Roman  numerals : — 

3  6  viii  9  12  15  xvi  18,21  zxiv  27  30  zzxil  &c. 
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This  use  of  the  word  distribution  having  been  well  learnt,  the 
following  way  of  stating  the  definition  will  be  easier  than  that  of 
Euclid  : — "  Four  magnitudes — a  and  B  of  one  kind,  and  o  and  D  of  the 
same  or  the  same  other  kind — are  proportional  when  all  the  multiples 
of  ▲  are  distributed  among  the  multiples  of  b  in  the  same  intervals  as 
the  corresponding  multiples  of  o  among  those  of  D."  Or,  whatever 
numbers  m  and  n  may  be,  if  m  a  lie  between  nB  and  (n  + 1)  b,  m  o  lies 
between  n  B  and  (91  + 1)  D. 

If  the  preceding  test  be  always  satisfied  from  and  after  any  given 
multiples  of  a  and  o,  it  must  be  true  before  those  multiples.  For 
instance,  let  the  test  be  always  satisfied  from  and  after  100  a  a(id  100  c; 
and  let  5  a  and  5  0  be  instances  for  examination,  filing  before  100  a 
and  100  c.  Take  some  multiple  of  5  which  inll  exceed  100,  say  50 
times,  and  let  it  be  found  on  examination  that  250  a  lies  between 
678 Band  679b;  then  250 0  lies  between  678 D  and  679 D.  Divide 
these  by  50,  and  it  follows  that  5  a  lies  between  13  |gB  and  13  gB,  and 
still  more  between  13  B  and  14  b.  Similarly,  5  0  lies  between  13|^D 
and  13  ISd,  and  still  more  between  18  D  and  14  B.  Or  5  a  lies  in  the 
same  interval  among  the  multiples  of  B  iu  which  5  0  lies  among  the 
multiples  of  d;  and  the  same  demonstration  appUes  to  any  other 
instance. 

Again,  the  test  la  also  satisfied  if  the  multiples  of  any  multiple  (m) 
of  A  are  distributed  among  the  multiples  of  any  multiple  (»)  of  b  in 
the  same  manner  as  the  multiples  of  m  0  among  uie  multiples  of  n  D : 
for  instance,  if  the  midtiples  of  3  a  be  distributed  among  those  of  5  B 
in  the  same  manner  as  the  multiples  of  3  c  among  those  of  5  D.  Let 
11 A  and  11 0  be  given  for  examination ;  take  any  multiple  of  3  greater 
than  5,  say  8  X  8,  or  9,  and  examine  11  (9  a)  and  11  (9  0),  or  33  (3  a) 
and  33  (3  c).  Let  83  (3  a)  lie  between  27  (5  b)  and  28  (5  b)  ;  then  by 
hypothesis  S3  (3  c)  lies  between  27  (5  d)  and  28  (5  D).  Divide  all  by  9, 
and  we  find  that  11  a  lies  between  15  b  and  15Jb,  whUe  11  0  lies 
J>etween  15  B  and  15  {  d.  Hence  11  a  lies  between  15  b  and  16  b,  while 
11  c  lies  in  the  same  interval  among  the  multiples  of  d  ;  and  in  the 
same  manner  any  other  instance  may  be  int>ved. 

The  principles  of  the  fifth  book  of  Euclid  are  by  many  supposed  to 
be  inevitably  connected  with  the  apparatus  of  straight  lines  drawn 
parallel  to  one  another,  by  which  EucUd  represents  hia  magnitudes  and 
their  multiples.  This  is  not  the  case ;  and  the  simple  expression  of 
magnitudes  by  large  letters,  and  of  numerical  multipliem  by  small 
ones,  will  very  much  facilitate  the  demonstratioiiB,  without  altering 
any^iing  but  mere  mddes  of  expression. 

The  next  point  to  be  considwed  ia  the  infinite  character  of  the 
definition  of  proportion ;  four  magnitudes  are  not  to  be  called  pro- 
|)ortional,  untU  it  is  shown  that  every  multiple  of  a  falls  in  the  same 
mterval  among  the  multiples  of  b,  in  which  the  same  knultiple  of  0  ia 
found  among  the  multiples  of  D.  So  that  this  definiti^  is  a  negative 
one,  like  that  of  parallel  lines,  which  may  be  thus  stated :  two  lines 
are  parallel  when  every  point  of  one  of  them,  however  far  produced,  is 
on  one  side  of  the  other.  We  might  expect  then  to  find  that  the  test 
of  ditproporiian  is  simple  and  positive,  and  an  examinatioii  of  the 
illustration  already  produced  will  confirm  this. 

Suppose  tiiat  the  distribution  of  the  railings  among  the  columns 
should  be  f oimd  to  agree  in  the  model  and  the  original  as  far  as  the 
millionth  railing.  Tms  proves,  as  we  have  seen,  oxily  that  the  railing- 
distance  of  the  model  does  not  err  by  the  millionth  part  of  the  corre- 
sponding coltmin-distance ;  for  if  it  did  err  so  much,  the  multiplication 
of  the  error  a  million-fold  would  have  placed  the  n^onth  railing  (if 
none  before  it)  wrong  by  at  least  one  interval  It  ia  then  obvious  that 
no  examination  of  individual  cases,  however  extensive,  will  enable  an 
observer  of  the  construction  and  its  model  to  affirm  the  proportion  or 
deny  disproportion :  all  that  it  can  do  is  to  enable  him  to  fix  mnits  (which 
'  he  may  make  as  small  as  he  pleases)  to  the  disproportion,  if  any.  But  a 
sin^e  instance  may  enable  him  to  deny  proportion  or  a^rm  dispropor- 
tion, and  also  to  state  which  way  the  di^uroportion  lies.  Let  the  19th 
railing  m  the  original  fall  beyond  the  11th  column,  while  the  19th  railing 
of  the  (so-called)  model  does  not  come  up  to  the  11th  oolumn.  It  fol- 
lows from  this  one  instance,  that  the  railmg-distance  of  the  model  is  too 
small  relatively  to  the  column-distance,  or  that  the  oolunm-distance  is 
too  great  relatively  to  the  railing-distance ;  that  is,  the  proportion  of  r 
to  c  is  less  than  that  of  b  to  0,  or  the  proportion  of  c  to  r  is  greater 
than  that  of  0  to  b.  Similarly,  with  respect  to  two  straight  lines,  no 
examination  of  pairs  of  points,  one  in  each,  will  enable  th*  examiner  to 
affinn  their  parallelism  or  deny  their  intersection;  while,  at  the  same 
time,  the  examination  of  one  pair  of  points  may  enable  h^m  to  affirm 
intersection  or  deny  parallelism.  Hence  it  appears  that,  obvious  as 
the  netion  of  proportion  may  be,  it  is  more  easy,  in  a  mathematical 


point  of  view,  to  define  disproportion,  and  to  make  proportioii  ooiBist 
in  the  absence  of  all  disproportion.  Similarly,  obvious  as  is  the  notkn 
of  parallelism,  and  the  comiection  of  the  non-intersection  of  twoatzai^t 
lines  with  that  of  their  always  keeping  the  same  distance  with  cadi 
other,  it  is  more  easy  to  define  this  relation  by  the  absence  of  all  inta- 
section  than  by  any  of  its  positive  properties. 

The  negative  character  of  the  definition  of  parallels  does  not  preveat 
it  from  being  very  easily  proved  that  such  Imes  exist ;  and  an  exaisi- 
nation  of  the  first  or  last  propositions  of  the  sixth  book  of  Euclid  will 
show  that  the  existence  of  proportional  quantities  is  as  easily  estar 
blished  on  the  definition  given  as  on  any  other.  To  take  an  instance, 
however,  in  which  nothing  but  lines  shall  be  the  objects  of  considenr 
tion,  we  shall  here  prove,  in  a  different  manner,  the  aecood  propasitiffii 
of  Euclid's  sixth  book,  or  one  to  the  same  effect 


T».i'», 


Let  o  AB  be  a  triangle,  to  one  side  of  which  ah  is  drawn  parallel, and 
in  o  A  produced  set  off  a a^  a,a„  ftc.,  equal  to  o  a,  and  aa„  c^o^  &c, 
equal  to  oa.  Through  every  one  of  the  points  so  obtained  dnw 
parallels  to  ab,  meeting  OB  produced  in  6, 6„  b„  &c.  Then  it  is  easily 
proved  that  b  b^  bjb^  £0.,  are  severally  equal  to  o  5,  and  b  b^  b,Bj,  £&, 
to  OB.  Consequently  a  distribution  of  the  multiples  of  o  a  among 
those  of  o  o  is  made  on  one  line,  and  of  o  B  among  those  of  oft  on  the 
other.  The  examination  of  this  distribution  in  all  its  extent  (which 
is  impossible,  and  hence  the  api)arent  difficulty  of  using  the  definition) 
is  rendered  unneceasaiy  by  the  known  property  of  parallel  lines.  For 
l^ce  A,  lies  between  o^  and  a^  B,  must  he  between  6,  and  6^ ;  for  if 
not,  the  line  a^b,  would  cut  eitiier  ajb^  or  ajb..  Henoe,  without 
inquiring  where  Am  doe»  fall,  we  know  that  if  it  rail  between  a.  and 
fihi-i-i,  Ba  must  fall  between  6»  and  6^-1-1 :  or  if  m  x  o  a  fall  in  magni- 
tude between  nxoa  and  (n+ 1)  x  o  a,  then  m  x  oB  must  fall  between 
n  X  06  and  (»+l)  x  o&.  Thus  it  is  established  that  OAiatooaasoB 
to  06. 

The  propositions  of  the  fifth  book  become  yery  simple  when  the 
definition  is  fully  elucidated,  and  symbolic  egression  is  substituted  for 
the  words  at  length  of  Eudid.  They  will  be  found  thus  treated  is 
Playfaur's  or  Lardner's  editions  of  Euclid,  and  in-  the  '  Connection  ci 
Number  and  Magnitude '  (London,  1886). 

When  quantities  are  commensurable,  a  multiple  of  one  may  be  foand. 
which  is  exactiy  equal  to  a  multiple  of  the  other:  thus  if  a=S^b, 
13  A  =  43  b.  In  this  case  the  arithmetical  definition  of  panoporticai  is 
sufficient,  and  the  other  may  be  shown  to  follow  from  it.  Let  a = 3^b^ 
ando=3j|^D,so  that,  arithmetically  speaking,  A  is  to  b  as  c  to  D.  L^ 
fi»  A  lie  between  nB  and  (n-t-  1)B,  or  (3j^m)  x  b  lies  between  isb and 
(n  +  1)B.  Then  the  number  or  fraction  3Am  must  lie  between  n  and 
n  + 1 ;  whence  (8j^m)  D  lies  between  »D  and  (n  -1- 1) d,  or^mo  lies  between 
nD^d(A-i-l)D. 

It  is  however  perf  ectiy  allowable  to*  leave  out  of  sight  the  possL^e 
ease  in  which  a  multiple  of  a  is  exactiy  equal  to  a  multiple  of  b  ;  sii^ 
if  the  teqit  be  true  in  all  other  cases,  it  is  therefore  true  in  this.  Fifr, 
if  possible,  let  4a=7b,  and  4a  be  (say)  greater  than  7d.  H^m 
1»(4  0)  exceeds  m  (7  d)  by  m  times  this  difieruioe,  which  may  be  made 
as  great  as  we  please,  or  4 mo,  and  multiples  succeedix^  it^  may  be 
made  to  faU  in  an  interval  as  many  intervals  removed  from  tb^  oi 
7fiiD  uid  (7m-f  1)d  as  we  please.  But  4m  a  is  equal  to  7fnB,  whenw 
(4  m  + 1)  A,  Ac,  must  fall  among  the  multiples  of  b  in  intra-vals  of  given 
nearness  *  to  the  interval  of  7  m  b  and  (7  m  -r  1)  b.  Consequently  thxr 
multiples  of  A  following  4mA  cannot  always  iiU.  among  the  multiple.^ 
of  B  in  the  same  intervals  as  the  same  multiples  of  c  among  those  of  d  ; 
and  the  rest  of  the  test  cannot  be  true,  unless  4  o=7d;  that  is,  if  the  rest 
of  tiie  test  be  true,  then  4  0= 7  D. 

The  following  question  will  enable  the  reader  to  see  for  himself  how 
far  he  is  able  to  apply  the  method  of  Euclid : — ^Returning  to  the  Ub^ 
tration,  suppose  that  the  columns,  inatead  of  being  mathematical  lin^ 
are  of  a  given  thickness,  and  that  the  columns  in  the  model  are  of  a 
proportionate  thickness ;  let  it  also  be  supposed  that  when  a  railing  is 
projected  upon  the  column,  there  are  no  means  of  deteimining  on 
which  side  of  the  axis  of  the  column  it  falls.  It  is  to  be  shown  that 
if  the  distribution  be  according  to  the  deBnition  as  to  eveiy  railing 
which  is  not  so  projected,  and  about  which  there  is  therdtore  no 
doubt,  it  must  also  be  true  as  to  every  case  in  which  the  donbt  exists. 

The  advantages  of  the  study  of  proportion  in  the  manner  laid  down 
by  Eudid,  or  some  other  equivalent  in  extent  and  strictness,  are  pie- 
cisely  the  advantagea  of  accuracy  over  inaccuracy,  and  of  real  demon- 
stration over  a  mse  and  slovenly  appearance  of  it,  idiich,  though  a 
close  resemblance,  is  therefore  all  the  more  dangerous.  And  it  must 
be  remembered  what  we  mean  by  demonstration,  namely,  the  proeeas 
of  obtaining  a  conclusion  by  sound  logic  from  premises  known  to  be 
true.  If  the  prolixity  of  Eudid's  method  could  be  avoided  by  an 
assumption,  we  should  not  object,  provided  th^  assumption  were  both 
true  and  easily  seen  to  be  true.  For  instance,  if  the  theory  of  Paral- 
lels could  be  established  without  its  axiom  by  means  of  a  hundred 

*  We  Itave  the  reader  to  pnt  this  demonstration  into  a  more  exact  fonou 
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long  and  intricate  pfopoaitions,  wa  should  agree  with  thoae  who  would 
refuse  to  pboe  those  propoaitionB  before  be^nners,  on  the  ground  that 
unimpeai^ble  demonstration  ia  already  given,  namely,  an  assumption 
which  thoae  who  would  rather  dispense  with  it  do  not  deny  to  be  both 
true  and  easy  (or  capable  of  being  made  easy),  and  logic  which  i«  un- 
contested and  incontestable.  But  the  vice  of  the  system  which  is  sub- 
stituted  for  that  of  Euclid,  consists  in  the  entrance  of  an  assumption 
which  is  not  true ;  for  to  reason  upon  all  mugnit^id^w  as  if  they  were 
commensurable,  and  to  assert  ooncluaionB  deriyed  from  such  reasoningSy 
ia  to  assume  that  all  magnitudes  are  commensurable,  which  is  not  true. 
The  method  of  Laoroix,  aa  above  explained,  la  sound  as  far  aa  it  goes : 
he  asserts  that  the  propositions  of  geometry  are  sensibly  true,  or  if 
fodse,  imperceptibly  false,  and  this  he  proves.  But  he  makes  geometnr 
oeaae  to  be  an  exact  science.  That  of  L^sendre,  on  the  other  hand, 
though  it  proves  no  moro  than  that  of  Lacroix,  professes  to  prove 
moro :  it  treats  geometry  aa  an  exact  science,  while  it  avowedly  states 
that  an  assumption  may  be  made  which  is  demonstrably  incorrect. 

We  do  not  deny  that  a  mind  weU  versed  in  the  doctrine  of  limits 
would  have  a  process  of  its  own,  by  which  it  would  rigorise  the  method 
of  Lacroix,  «rguing  aa  follows : — ^The  same  means  which  show  the  pro- 
positions of  geometry  to  have  no  error  perceptible  to  our  senses, 
would  also  wow  them  to  have  no  error  perceptible  to  any  imperfect 
senses,  however  near  to  perfection  they  might  be;  and  that  eiror 
whidi  is  leas  than  any  assignable  error,  must  be  no  error  at  aU.  All 
this,  when  properly  extended,  we  might  admit ;  but  how  aro  we  to 
suppose,  in  the  student  who  has  just  left  the  fourth  book  of  Eudid,  a 
perception  'of  the  truths  of  the  doctrine  of  limits,  the  notorious  want 
of  which  creates  the  difficulties  of  the  differontud  calculus  f  Sound 
teaohJTig  makes  a  true  theory  of  proportion  one,  out  of  many  previous 
helps,  to  the  attainment  of  the  difierential  calculus :  but  the  inversion 
of  the  pocess  not  only  adds  diffieullnr  to  the  latter,  by  interoqitiDg 
proper  i&ustration,  but  introduces  falsehood  into  the  former;  and  auch 
teaching  ia  the  most  vicious  of  all  vioioua  dtdesy  because  it  propagates 
its  kind. 

The  mathematical  writers  of  this  country  have,  taken  altogether, 
shown  a  superiority  in  exactness  of  demonstration  over  thoae  of  any 
other  of  modem  times,  and  the  deep  and  early  root  which  the  sound 
principles  ai  Euclid  have  taken  has  been  mainly  the  cause  of  this.  If 
those  principles  be  abandoned,  that  superiority  will  ceaso  to  exist ;  but 
this  of  itself  would  be  of  little  consequence ;  not  so  the  loss  of  a  lai^ge 
amoimt  of  formation  of  accurate  habits,  which  would  certainly  follow 
the  substitution  of  a  gross  and  (so  called)  pmetical  instrument  of  cal- 
culation for  an  exact  and  liberal  science. 

Those  to  whom  the  mathematical  sciences  are  taught  aa  aids  to  the 
power  of  distinguishing  truth  from  falsehood,  logic  from  fallacy,  the 
exact  consequence  from  all  incorrect  inference,  very  many  times  exceed 
in  number  those  who  only  wish  for  an  instrument  to  be  used  in  the 
study  of  physics  and  the  arts  of  life.  If  then  practical  mathematics 
mean  those  mathematics  which  beat  answer  the  purpose  of  the  great 
majority  of  leamen,  the  moro  they  aro  rigorous  the  moro  they  aro 
practicaL  But  the  enticing  word  praeUetU  has  been  otherwise  appro- 
priated; and  "exact  enough  for  practicsl  purposes"  is  the  phrase 
applied  to  many  a  result  of  which  the  practical  use  belongs  to  the 
asfaonqmer,  mechanician,  surveyor,  engineer,  or  computer.  To  such  a 
meaning  of  the  word  practical  there  is  no  objection  ss  opposed  to 
liberal  or  diaciplinatoiy,  when  it  is  knowledge  or  teiencs  which  is  spoken 
of ;  but  aa  applied  to  art,  practical  is  opposed  to  unpractical,  which 
cannot  be  carried  into  practioe,  or  useless,  for  that  which  cannot  be 
praetLnd  is  useless  in  ait.  But  those  who  would  consider  the  use  of 
knowledge  in  steadying  the  mind  and  making  it  a  judge  between  the 
true  and  the  false,  and  a  safe  guide  to  the  methods  of  finding  truth, 
must  beware,  in  mathematics,  how  they  allow  the  notions  which  art 
attaches  to  the  word  practical  any  influence  over  their  method  of 
studying  science.  '  For  want  of  such  a  caution  many  have  missed  all 
comprehension  of  the  higher  branches  even  of  the  art  to  which  they 
aspired,  to  say  nothing  of  the  loss  of  that  science  to  which  it  should 
seem  they  did  not  mean  to  aspire. 

PROPORTION,  in  Music,  is  either  ffamumiedl  or  ShyihmieaL 

Harnumieal  ProportUm  is  when,  of  three  numben  representing  the 
relations  of  sounds,  the  first  has  the  same  proportion  to  the  thud  as 
the  difference  between  the  first  and  second  has  to  the  difference  be- 
tween the  second  and  third ;  as  in  the  numben  6, 8, 12 ;  where 

6    :    12    : 
that  is  tp  say,    6    :    12    : 

When  four  numbers  are  in  Harmonical  Proportion,  then  the  first 
has  the  same  proportion  to  the  f  o\u*th  as  the  differonoe  between  the 
first  and  second  has  to  the  difference  between  the  third  and  fourth;  as 
in  the  numben  6, 8, 12, 18 ;  where 


8-6    :    12-8; 
2    :    4. 


8-6    :    18-12; 
2    :    6. 


6    :    18    : 
that  is  to  say,    6    :    18    : 

The  proportions  of  the  somids  of  the  diatonic  scale  [DuTOiao]  are 
as  follows : — 

•       «       •       •111 


The  K^-note 
2nd 
8rd  (major) 


4 

8 

8 

2 

5 

8 

15 

8 

2 

1 

9 
5 


8 

4 


4th 

5th 

6th 

7th 

8th,  or  octave  •        .    , 

[ScALX;  Acoustics.] 

Mythmeal  Proportion  ia  the  proportion,  in  relation  to  time  or  mea- 
sure, between  the  notes  representing  duration.  Thus,  the  semibrove 
to^  the  minim  is  2  :  1 ;  the  semibreve  to  the  crotchet,  4  :  1 ;  the 
minim  to  the  semiquaver,  8  :  1 ;  &c  That  is,  the  semibreve  is  twice 
as  long  in  time  as  the  minim ;  four  times  as  long  as  the  crotbheL  &o. 

PROPORTIONAL  COMPASSES.    [Compasses.] 

PROPORTIONAL  LOGARITHMS,  also  oaUed  logistic  logarithms. 
[Tablbs.]  Suppose  it  frequently  required  to  calculate  the  fourth 
term  of  .a  proportion  of  which  the  first  term  is  one  given  quantity, 
say  A :  that  is,  required  a/oiirth  proportional  to  a,  p,  and  a.  Common 
loguithmic  calculation  here  requires  three  inspections  of  the  table,  one 
addition,  and  one  subtraction.  But  if  a  be  always  the  same  thing,  a 
new  table  may  be  framed,  which  shall  only  requiro  two  inspections 
and  one  addition,  as  follows  : — Opposite  to  p  in  the  table,  write  log  a 
—log  p  instead  of  log  p,  and  call  the  former  the  proportional  loga- 
rithm of  p,  which  must  he  considered  as  the  abbreviation  of  **  logarithm 
of  p  proper  to  be  used  in  proportions  of  which  the  first  term  is  a." 
The  rule  then  is ; — ^to  find  a  fourth  proportional  to  a,  p,  and  q,  add  the 
proportional  log  of  j)  to  that  of  q,  and  the  sum  is  the  proportional 
logarithm  of  the  answer.  For  log  ▲  —  log  j>,  and  log  ▲  —  log  9,  added 
tcgetherj  give 

log  A-log^^j 
A    ' 

which  is,  by  definition,  the  proportional  logarithm  of  p  9  -^  a,  the 
answer  required. 

In  tables  made  to  be  used  with  the  old  Nautical  Almanac,  in  which 
the  moon's  motion  was  given  for  eveiy  three  hours,  A  was  made  =  3^ 
=10800*;  and  p  and  (9  were  given  in  the  table,  not  in  seconds,  but 
reduced  to  houn,  minutes,  and  seconds.    Thus  the  question 

8^  :  1^  23-  18* :  :  14"  13- :  x, 

could  be  answered,  and  x  found,  by  two  inspections  and  an  addition. 
But  the  convenience  of  this  table  lay  much  more  in  the  arrangement 
into  houn,  minutes,  and  seconds,  thim  in  the  nature  of  the  substitute 
foe  the  logarithm :  and  since  a  similar  arrangement  is  now  made  to 
accompany  common  tables  of  logarithms,  it  may  be  doubted  whether 
the  day  of  iMpistio  logarithms  be  not  past. 

PROPORTIONAL  PARTS,  a  name  given  in  logarithmic  and  other 
tables  to  small  tables  which  are  annexed  to  the  differences  of  the 
tabular  number,  and  which  consist  merely  in  setting  down  the  several 
tenths  of  the  differences  or  the  nearest  whole  numben  to  them. 
Thus,  in  the  case  of  953,  the  table  of  proportional  parts  is  as  follows : 

953 


1 

95 

2 

191 

8 

286 

4 

381 

5 

477 

6 

572 

7 

667 

8 

762 

9 

858 

Thus,  286  is  the  whole  number  nearest  to  8-tenths  of  958;  from 
which  we  infer  that  29  is  the  whole  number  nearest  to  3-hundredths 
of  958.  If  then  we  would  have  *74  of  958  to  tiie  nearest  whole 
number,  we  take 

7  tenths  .    667 

4  hundredths  .      38 


705 


or 


705  is  the  nearest  whole  number  required,  subject  to  the  possi- 
bility of  an  error  of  a  unit,  which  is  of  no  consequence  in  the  mattera 
for  which  such  tables  aro  used.  This  is  the  process  required  in 
logarithmio  interpolation,  when  tables  of  seven  decimal  places  are 
used.  Maken  ^of  tables  now  begin  to  give  complete  multiples,  with 
one  figure  separated,  as  ^  a  comma. 

PROPORTIONS,  DEFINITE.    [ATOiao  Thiobt.1 

PROPOSITION.    [Obqahoh.] 

PROPYL  (C^,),  sometimes  called  friTyZ— from  rptros,  third— U 
the  thnd  orgEinio  radical  in  the  series  C.  H.^.].  It  is  the  assumed  root 
of  the  memben  of  the  propylic,  or  tri^lio,  group  of  organic  com- 
pounds. The  following  aro  the  only  memben  of  the  propylic  group 
at  present  known. 

Propylene  (Cja^;^.  TrUylene.  This  gas  is  one  of  the  products  of  the 
decomposition  of  amylic  alcohol  on  passing  through  a  red  hot  porcelain 
tube.    It  is  most  readily  prepared  by  distilling  one  part  of  iodopropy- 
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lene  with,  fire  of  merouiy  and  two  of  ooncentrated  hydrocfaloric  acid. 
It  is  evolved  in  a  tolerably  copiouB  stream,  one  ounce  of  iodopropyl 
yielding  more  than  150  cubic  inches  of  gas. 

Propylene  has  a  peculiar  odour  somewhat  resemblii^  olefiant  gas,  a 
sweetish  suffocatiiig  taste,  and  a  sp.  gr.  of  1*498.  It  is  tolerably 
soluble  in  alcohol,  but  water  absorbs  only  about  one-eighth  of  its  bulk. 
It  may  be  liquified  by  great  pressure. 

lodo-prvpylene,  or  iodide  of  aUyl  (O.H«,  I)  is  formed  on  <^i«tSlHng  a 
mixture  of  equal  parts  of  iodide  of  phosphorus  and  syrupy  £^yoeruL 
It  is  a  colourless  liquid  of  sp.  gr.  l789«  of  ethereal  alliaceous  odour, 
a  sweet  but  irritating  taste,  insoluble  in  water,  but  soluble  in  alcohol 
or  ether.    It  rapidly  becomes  brown  on  exposure  to  air* 

Iodide  of  propylene  (Cfi^  1^,  At  a  i^ghtlv  elevated  temperature, 
iodine  absonMi  propylene  and  forms  a  colounees  liquid  of  ethereal 
odour,  and  dtoatf  2*49.    It  rapidly  decomposes  in  contact  with  air. 

C^loridei  and  bromidet  ofpropylme.  Chlorine  and  bromine  act  upon 
propylene  in  much  the  same  way  as  upon  ErtiTLENi,  and  the  resulting 
compounds  yield  chlor-  or  brom-propylenes  when  treated  with  ^alcoholic 
potash.    The  following  are  the  compounds  referred  to : — 


Boiling 

Kame. 

point. 

Density* 

OhUnide  of  piopyleae  •        • 

.  C.H„  CJ, 

S19*S 

1*151 

Chlor.xffopylena 

.  C«H,C1 

Chloride  of  ohior-propylene  • 

.  C^H^a,  Gl, 

838 

1*847 

Bichlor-propjlene    • 

•  CgH^Cin 

Chloride  of  bichlor^propylenc 

.  C.H^Clj',  CI, 

3S3  to  89S 

1«548 

Trichlor-propylene  • 

•  U^HgClj 

Chloride  of  triohlor-propylene 

•    *'»H$Cl3i  Clj 

428  to  487 

Quadrichlor-propylene     . 

•     C^HaCl^ 

Chloride  of  (|aadrich]or.propyleiie   C^ H,C1«,  Cl, 

4(14  to  478 

1-731 

Qaintiehlor.propyleiie  •        • 

.  C.HQ. 

Chloride  of  quintichlor.propyltne  .  C, HCl,,  Cl^ 

800 

1*781 

Sezchlor.propylene 

.  C^CL^ 

•  C,C1«,  ©, 

889 

1*860 

Bromide  of  propylene      •        • 

•  ^•H«i  ^'« 

293 

1*974 

Bromo-propylene         .        • 

.  C^HgHr 

143*6 

1*472 

Bromide ofbroflBo-propylein    . 

•  CfUf  Br,  Br^ 

877*e 

S*336 

BU»romo.pTopyIene 

.  C^H^Br, 

248 

1*950 

Bromide  of  Ubrom.propylene  • 

.  C^H^Br,,  Br, 

439 

2*469 

Tribrom-propylena 

•  C^n^BT] 

Bromide  of  tribtom-propyleiie  • 

•  CgHjBr^,  BVg 

491 

8-80] 

ffydrate  of  propffi,  or  propylie  alcohol  (0^11,0,  HO),  is  contained, 
along  with  amylic  alcohol,  in  the  last  p<»tions  of  the  «1ia»ini^ff>  in  the 
first  rectification  of  spirits  of  wine.  It  is  separated  by  fractional  dis- 
tillation. It  is  a  limpid  liquid,  lighter  than  water,  and  of  agreeable 
fruity  odour.  It  is  very  soluble  m  water,  and  boils  at  about  205* 
Fahr. 

Chloride  of  propyl  (C.H„  CI).  Fuming  hydrochloric  acid  slowly 
absorbs  propylene  at  212*  Fahr. ;  on  saturating  the  liquid  with  car- 
bonate of  soda,  chloride  of  propyl  is  obtained.  It  is  a  liquid  lighter 
than,  and  insoluble  in,  water;  boils  at  104"  Fahr.,  and  in  odour^  taste, 
and  inflammability,  much  resembles  chloride  of  ethyL 

PropyUulphuric  acid  (C«H,0,  HO,  S,0«)  is  fonned  on  mixing  pro- 
pylie alcohol  with  sulphuric  add. .  Diluted  with  eight  or  ten  times  its 
bulk  of  water,  saturated  with  carbonate  of  potash,  evaporated  to  dryness, 
the  residue  dissolved  in  boiling  absolute  alcohol  and  set  aside,  furnishes 
adcular  crystals  oipropyl-tulphaU  ofpotath  (CoH,0,  KO,  8,0^). 

mine,    Metaeetandne.     Onyla- 


Propylamine  (      h'  In  j.    Tritylami 
\ine.     This  body  is  formed  on  actiniz 


mine.  This  body  is  formed  on  actmg  upon  iodoprapylene  with 
ammonia ;  it  may  be  extracted  by  caustic  potash.  It  u  an  oily  body 
very  soluble  in  water,  of  ammoniacal  odour  and  alkaline  reaetion.  It 
boils  between  122"  and  140*  Fahr.  It  combines  with  acids  to  form 
salts :  the  chloropltiUnate  oontaihs  (C^H^N,  HCl,  PtCl,). 

Arsenide  of  propyl  One  of  the  products  of  the  distillation  of  a 
mixture  of  arsenious  acid  and  diy  butyrate  of  lime  appears  to  be 
arsenide  of  propyl,  but  it  has  not  been  thoroughly  examined.  It  does 
not  jgnite  spontaneously. 

PROPyii^UM  (irpcnrtf^ouir :  the  great  entranee  to  the  Aercwolis  of 
AthOTs  waa  called  «/»ov^Aa<«,in  the  plural  number;  Thu^dides,  iL  18), 
signifymg  literally  a  lor^portal  or  one  detached  fnm  and  pkeed  in 
advanra  of  the  building  to  whidh  it  gave  aeceea,  is  need  as  a  dieiinctife 
term  for  the  structures  through  which  was  the  entraooe  into  the 
enclosure  surrounding  some  of  the  Grecian  tenqplea.  Unlike  the  vast 
truncated  pyramidal  masses  or  moles  that  enekeed  the  loreoourt  of 
£g^>tian  temples,  on  the  entrance  side^  feaving  ooly  a  lol^  aqnaie- 
headed  portal  for  access,  thereby  soreemxtg  the  turn  ediftee  and 
colonnades  within  the  comt,  sod  giving  the  exterior  the  aqiect  of  a 
fortress,— the  propylaea  of  the  Grodca  were  detached  siruotures  pkeed 
m  advance  of  the  sacred  edifice  itself,  so  as  to  mark  veiy  eompiieiiojaaly 
the  appixnch  to  it  through  the  outer  enolosnre  or  bouadair.  They 
seem  to  have  been  intended  in  amn^  degree  to  pteiisBre  the  Um^  to 


which  they  oondneted ;  their  geHenl  appearanoe  in  front  bemg  atmost 
identloaUy  the  same  as  that  of  the  £rontiiqEiieo»>lacade  or  pediment  ead 
of  a  proetyle  temple. 

The  general  arrangement  and  character  of  s  Greek  propylsBaxn  may 
be  described  as  similar  to  those  of  an  amphipnistjie  temple  [TsKnjt j, 
shorter  however  on  Hs  sides  than  the  width  in  Irant,  and  vrithoot  aoy 
cella,  yet  not  eotne^  open  to  both  fronts,  but  divided  hj  aa  nosr 
wall  aerosa  it  from  tide  to  side,  into  two  portioDSy  the  ooter  one  of 
which,  answering  to  theprsnooi  of  a  temple;,  waa  kiger  than  Him  otho'; 
so  that  the  whole  may  be  more  briefly,  if  not  more  jntriligibhr  wipbaiiwi 
by  comparing  the  phn  to  the  pnmaoe  and  opittkadomue  of  an  amphi- 
prostyle  temple,  put  together  without  any  intervening  eeUa>  beiqg 
separated  only  by  the  wall  above  mentiooed,  in  whiflh  were  ns  msay 
open  doorways  as  there  were  interoolumns  in  frcaL 

Such  was  the  dispoaition  of  the  propybea  both  of  the  FartbeooB  at 
Athens  and  ol  the  temple  at  Eleoais,  the  only  two  rTMnpiea  of  sack 
Btructures  known  to  ns,  and  the  latter  now  ao  only  by  the  dx»wiqgs  oi 
it  in  the  xmedited  antiquities  ol  Athens :  there  weroy  indeed,  aa  we 
kam  from  Pawaaniaw  (ii  8)  propyltea  at  Corinth,  but  of  their  arda> 
tectural  design  we  know  nothing.  The  Athenian  atrootuve  stank  m 
the  west  side  of  the  Aeropolk,  but  k  not  on  the  same  udk  or  tine  as 
the  .temple.  Thk  propylanun,  which  was  begun  by  the  aidiitsci 
Mneaicles  in  the  4th  year  of  the  85tb  dympiad,  and  com.pleted  in  fife 
years,  k  of  the  Doric  order,  and  hexastyle  on  both  iroote ;  and  the 
outer  or  western  one  was  greatly  extended  hj  two  flanking  wings  prq- 
jecting  forwaard  at  rij^t  aQglei^  ao  as  to  endoae  the  pktionn  to  which 
an  aaoent  of  steps  led  up  frem  bekw,  and  above  whkh  the  portko  and 
the  two  lesser  oolonnadea  forming  Uie  sides  of  the  wings  wen  raked 
upon  three  other  steps.  Thus  the  pktform  (78  feet  frosa  north  to 
south,  by  40  east  and  west)  became  an  ekvated  open  fora«oiiit,  pn» 
senting  a  prindDal  portico  in  front  crowned  by  a  pediment,  and  two 
colmiiwdfls,  whidi  being  oonaideiatily  lower  (their  eolnnaa  Id  ieei, 
the  others  284  ^^^  ^^)  IF^*  gt«fter  importance  to  the  foimer ;  and 
a  degree  of  scenic  efiect---combination,  contrast,  and  variety — ^waa  pro- 
duoed,  very  unusual  in  Gxeeian  architecture. 

One  of  the  most  remarkabk  circumatanoea  which  aerved  to  dia* 
tingukh  the  Propykna  from  a  portico  k  that  in  the  onter  divisian 
there  were  two  rows  of  inner  eolumns  pkoed  not  parallel  witl^  but  at 
right  anglea  to  the  columna  in  fronts  and  in  a  line  with  the  two  midJk 
onea,  thereby  diriding  the  plan  internally  into  three  oompertmeBU, 
the  centre  one  narrower  than  the  other  two,  and  lormiftg  an  avenue  to 
the  principal  doorway,  which  was  the  largest  and  loftiest  of  the  five 
opemngs  in  the  transverse  wall,  and  the  two  end  |(«ea  the  amailwit 
^eae  inner  eolumns,  too,  instead  ol  being  |0l  the  same  order  aa  the 
exterior,  were  Ionic, — a  veiy  remarkable  peculiarity,  iTnuiniifh  aa  it 
evidencea  an  intermingling  of  stjlea  almost  unknown  to  Gredaa 
architecture.  The  licence — ao  to  call  it — waS|  however,  folly  justified 
by  the  circumstances  of  the  case,  because  columns  of  leaser  diimpttr 
than  the  external  ones  were  required,  and  also  of  such  height  aa  to 
reach  the  architrave  soffita  of  the  internal  ceiling,  which  ava  in  a  hoc 
with  the  top  of  the  architrave  ol  the  external  order. 

The  Eleuak  propylasum  resembled  that  of  the  Aeropolk  in  neariy 
all  particulars,  except  that  it  had  no  wii^  attached  to  iL  Like  the 
Athenian  one,  it  waa  ol  the  Doric  order,  hexaetyk  on  both  froats^  and 
had  six  Ionic  columna  within,  similarly  in  two  rows. 

Aa  modem  structures  partaking  of  the  ancient  Gredt  prooykeua 
character,  may  be  mentioned  Cagnok'a  Porta  T^cinenae  at  Muan,aDd 
the  London  terminus  of  the  London  and  North- Western  Kailway,  k 
Euston  Square,  which,  though  only  a  diatyle  in  antk  in  both  iioBtB,  ic 
a  fine  exam^e  of  Grecian  Doric  upon  a  scak  of  extnordinaiy 
magnitude.  JBoth  the  modem  examples,  however,  differ  from  the 
ancient  ones  in  being  entirely  open,  without  any  internal  transverse 
wall ;  and  the  Italian  one  hM,  moreover,  a  large  open  ardi  on  each 
aide,  forming  a  passage  through  it  in  that  direction. 

PROPYL  AMINE.    [Oaoanio  Bases  ;  PBorxL.] 

PROPYLENE.    [Pbopyl,] 

PROROGATION.    [Parliament.] 

PROSE  comprehends  any  species  of  oonmoaitian  whi^  k  not 
written  in  metre.  Modem  writers  have  difierea  much  respecting  vHiat 
constitutes  the  dktinction  between  prose  and  poetry.  Some  wriien 
maintain  that  the  whole  class  of  compositions,  which  havepleaaure  for 
their  main  object,  ought  to  be  regarded  as  poetry ;  but  Whatc^,  on 
the  other  hand,  contends  that  metre  k  the  essence  of  poetry,  and  con- 
sequently defines  poetry  as  "  elegant  and  decorated  language,  in  metre, 
expressing  such  and  such  thoughts,"  and  good  prosescompositiDn  **  such 
and  such  thoughts  expressed  in  good  language  "  ('  Rhetoric.*)  [Poetbt.] 

PROfiELYTB  (TfocliXwm,  connected  with  wpo^i^ofuu,  la  erne  lo), 
a  new  oomer.  This  word  k  not  found  m  Mnwrfnal  Greek,  hot  oecon 
maiqr  times  In  the  Septoagint,  and  a  few  times  in  the  Hew  Tcrtaaent 

It  answers  to  the  Hebrew,  IJ,  a  stranger.    **  Proselytes,**  says  Suidas, 

"  are  they  who  have  come  out  of  the  Gentiles,  and  Uve  according  to  the 
divine  kws."  The  word  k  applied  almost  exclusively  to  persons  otnh 
verted  to  the  religion  of  the  Jews.  It  k  now  usually  applied  to 
converts  from  one  religion  or  religious  sect  to  another,  but  k  occasion* 
ally  used  in  reference  to  political  theories. 

PROSERPINA.    n^EFHoirs.] 

PROSERPINE.    [AsTSBOiDS.] 


PROSODY. 


PROVEKB. 


PROSODY  {wpo<r(f9ta)  U  derived  from  *  Greek  word,  which  has 
UZBcUy  the  same  meanizig  as  the  Latin  aceentta,  and  was  used  by  the 
Greeka  in  the  same  senae.  (QuintiL,  ^Inat.  Orator/  i  5;  AuIub 
GeDiuB,  xii.  6.)  Moat  modem  writers  however  make  a  distmction 
between  prosody  aind  accent,  understanding  by  the  former  what  is 
usually  C£dled  quantity,  that  is,  the  duration  of  a  sound.  Thus  it  is 
said  that  the  principle  of  Greek  and  Roman  versification  is  quantitp, 
while  that  of  tne  poetry  of  the  modem  European  languages  depends  on 
occctUs,  It  is  not  however  improbable  that  what  the  ancients  meant 
by  quantity  was  not  very  different  from  what  we  call  accent,  [Accent.! 
The  subject  is  well  treated  in  an  able  article  in  the  fourth  volume  of 
the  '  Journal  of  Education/  published  under  the  superintendence  of 
the  Society  for  the  Diflfudon  of  Useful  Knowledge,  1882. 

PROTECTION  ACTS.  ^  The  object  of  these  statutes  is  to  enable  $ 
debtor  in  insolvent  circumstances  to  avert  or  forestall  the  impending 
danger  of  imprisonment;  for  any  person  not  a  trader  witnin  the 
Baxikrupt  Acts,  or  who,  being  a  trader,  owes  less  than  800^,  whether 
in  prison  or  not,  may  apply  in  London  to  the  Insolvent  Court,  in  the 
country  to  the  County  Courts,  for  protection  from  process.  A  schedule 
of  debts,  and  of  the  names  of  his  creditors,  must  accompany  the 
petition ;  which  must  set  forth  an  account  of  Ms  whole  estate  and 
liabilities,  and  be  verified  by  affidavit. 

On  the  petition  being  filed,  the  court  makes  an  interim  order,  which 
protects  the  petitioner  from  all  civil  process  until  his  examination,  but 
he  may  still  be  airested  under  a  judge's  order,  to  hold  him  to  bail.  If 
in  prison,  the  order ^  effects  the  petitioner's  diachaige.  The  presenta- 
tion of  the  petition  vests  all  the  petitioner's  effects  in  the  registrar, 
who,  as  official  assignee,  proceeds  to  possess  himself  of  all  that  can  be 
obtained  without  suit  Notice  of  the  petition  is  given  to  the  creditors, 
and  inserted  in  the '  Gazette '  and  local  newspapers,  a  public  sitting  of 
the  court  being  at  the  same  time  appointed  for  the  first  examination 
of  the  petitioner.  If  it  appear  that  the  allegations  in  the  petition  and 
the  matters  in  the  schedule  ore  true,  and  that  the  debts  have  not  been 
contracted  fraudulently  or  improperly,  and  do  not  arise  from  any  of  the 
acts  of  misconduct  enumerated  in  the  statutes,  a  day  is  fixed  on  which 
a  Jinal  order  shall  be  made,  unless  cause  be  shown  to  the  oonjaury. 
If  made,  its  effect  is  to  permanently  protect  the  jietitioner  from  all 
process,  in  respect  of  the  debts  due,  at  the  time  of  filing  the  petition, 
to  the  creditors  named  in  the  schedule.  On  the  other  hand,  if  cause 
is  shown,  the  court  may  adjourn  the  consideration  of  the  final  order 
sine  die,  or  dismiss  the  petition. 

At  any  time  after  the  final  order,  the  assignees  of  the  estate  may 
claim  property  since  acquired  by  the  insolvent,  which  claim  may  be 
summarily  enforced  by  the  order  of  the  court.  So  that  under  the 
Protection  Acts,  as  in  the  case  of  an  insolvency,  the  future  as  well  as 
present  property  of  the  debtor  may  be  applied  in  payment  of  his  debts. 
In  this  consists  the  great  distinction  between  the  relief  afforded  by  the 
bankrupt  laws  to  a  trader,  and  that  obtainable  by  an  insolvent  debtor, 
or  a  petitioner  under  the  Protection  Acts. 

(Blackstone's  '  Commentaries/  Mr.  Kerr's  edition,  vol.  ii  p.  516.) 

PROTECTOR.    [Settlement.] 

PROTEIN,  ft  substance  obtained  by  Mulder  from  albumen,  casein, 
horn,  and  animal  and  vegetable  fibrin.  When  any  one  of  these  is  dis- 
solved in  a  solution  of  potash,  and  the  filtered  solution  is  mixed  with 
a  slight  excess  of  acid,  a  copious  grayish-white,  flocculent  precipitate  is 
formed,  and  a  slight  smelf  of  hydrosulphuric  acid  is  perceived  This 
white  substance  is  protein,  so  called  from  its  occupying  the  first  or 
most  important  place  in  relation  to  the  lUbuminous  principles. 

Its  properties  are : — While  moist  the  white  flocculi  are  diaphanous, 
but  by  drying  they  become  yellowish,  hard  and  brittle.  It  possesses 
neither  smell  nor  taste,  attracts  moisture  rapidly  from  the  air,  and 
loses  water  at  212*.  It  is  insoluble  in  water,  alcohol,  ether  and  essen- 
tial oils.  By  long  continued  boiling  in  water  it  undergoes  some  change 
of  properties,  ana  is  rendered  soluble. 

Acetic  and  phosphoric  acids,  whatever  may  be  their  state  of  con^ 
centration,  dissolve  it  j  hydrochloric  acid  also  dissolves  protein,  and 
acquires  an  indigo  tint  When  heated  the  solution  blackens.  With 
concentrated  sulphuric  acid  it  produces  a  jelly  which  contracts  in 
water,  and  which,  after  being  washed  with  water  and  alcohol,  though 
it  does  not  reddsn  litmus-paper,  contains  8*34  per  cent  of  sulphuric 
acid.  Mulder  calls  this  compound  5u7pAoproto*c  acirf.  When  protein  is 
boiled  in  dilute  sulphuric  acid,  it  acquires  a  purple  tint 

Protein  is  precipitated  from  its  add  solutions  by  the  ferro  and  ferrid- 
^oide  of  potassium,  by  tannin,  and  by  neutralisation  with  an  aUcalL 
when  strongly  heated,  protein  is  decomposed  with  the  production 
of  ammonia  and  a  charcoal  which  bums  with  difficulty,  but  leaves 
no  residue. 

Pj'otoin  consists  entirely  of  carbon,  hydrogen,  nitrogen,  and  oxygen ; 
•nd  it  will  be  observed,  that  whether  obtained  from  albumen  (1), 
casein  (2),  hom  (3),  animal  fibrin  (4),  or  vegetable  fibrm  (5),  the 
statements  of  its  composition  differ  so  slightly,  as  to  show  that 
it  must  bo  the  same  from  whichsoever  of^uie  sources  named  it  is 
procured. 
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These  analyses  may  be  represented  by  the  formuk  Ci<^H,„N,^0^ 
and  consequently  protein  may  be  regarded  as  albumen  in  wmch  two 
equivalents  of  sulphur  are  replaced  by  oxygen. 

When  protein,  or  the  substances  which  yield  it,  are  boiled  in  a  oon* 
centrated  solution  of  potash  as  long  as  ammonia  Is  evolved,  and  the 
solution  is  afterwards  neutralised  by  sulphuric  acid,  evaporated  to  diy- 
ness,  and  the  residue  treated  with  boiling  alcoho^  three  products  ol 
the  decomposition  are  dissolved,  one  of  which,  erythroprotide,  separates 
in  oily  drops  as  the  solution  cools ;  kuein  is  deposited  in  small  crystal- 
line scales  by  spontaneous  evaporation;  whilst  the  mother  water 
contains  prottde  and  formiate  of  ammonia  in  solution. 

Binoxide,  or  oxyprotein,  and  tritoxide  of  protein  are  produced  by  th^ 
long  continued  action  of  boiling  water  upon  fibrin  in  contact  with 
air.  They  are  the  chief  ingredients  of  the  buffy  coat  of  the  blood 
in  a-  state  of  infiammation,  being  produced  at  the  expense  of  the 
fibrin. 

PROTEST.    [Bill  OF  Exchange ;  Notary;  Lords,  House  of.] 

PROTESTANT,  a  general  term  comprehending  all  those  who,  pro- 
fessing Christianity,  yet  are  not  in  the  communion  of  the  general  chiu-ch 
or  confederacy  of  Christians  of  which  the  jMpe  is  the  head  and  the 
city  of  Rome  the  centre  or  capital.  There  is  great  variety  of  opinion 
among  persons  thus  separated.  In  points  of  ^ith,  church  order,  and 
discipline,  but  this  term  coyers  and  comprehends  them  all,  leaving  the 
varieties  in  opinion  to  be  marks  of  specific  differences  only  imder  the 
genus  Protestant. 

The  term  originated  in  Germany,  and  the  occasion  was  this  r—At 
the  Diet  at  Spire,  in  1526,  decrees  had  been  passed  which  were  so  far 
favourable  to  the  progress  of  the  Reformation  that  they  went  to  forbid 
any  peculiar  exertions  against  it.  The  cons©<}uence  was  tiiat  the  spirit 
of  reformation  gained  strength,  and  spread  itself  more  extensively  hi 
Germany.  Then  arose  also  commotions  which  were  attributed  to  the 
reformed  and  to  the  spirit  kindled  by  them.  Both  the  pope  and  the 
emperor  looked  with  increasing  alarm  on  the  aspect  of  afi'airs,  and  at 
another  Diet,  held  at  the  same  place  in  1529,  the  emperor  directed  an 
imperial  brief  to  the  persons  assembled,  to  the  effect  that  ho  had 
forbidden  all  innovation,  and  proscribed  the  innovators  in  matters  of 
religion,  who  had  notwithstanding  increased  sinee  the  decrees  of  1526, 
but  that  now,  by  virtue  of  the  full  powers  inherent  in  him,  he  annulled 
those  decrees  as  contrary  to  his  intentions.  The  peremptory  tone  of 
these  letters  alarmed  the  persons  present  at  the  Diet ;  and  particularly 
the  elector  of  Saxony  la  reported  to  have  said  to  his  son,  that  no 
former  emperor  had  used  such  language,  and  that  he  ought  to  be 
informed  that  their  rights  were  more  ancient  than  the  elevation  of  his 
family* 

This  strong  measure  of  the  emperor  hod  also  the  eflbct  of  uniting,  al; 
least  on  this  point,  the  two  great  sections  of  German  reformers,  the 
Lutherans  ana  the  Socramentarians,  of  whom  Zuinglius  was  the  head. 
However,  the  party  opposed  to  the  Reformation  was  the  stronger,  and 
the  emperor's  brief  received  the  sanction  of  the  Diet  Then  it  was 
that  the  reformers  took  the  high  ground  of  declaring  that  this  was  not 
a  business  of  policy  or  temporal  interests,  with  respect  to  which  they 
were  ready  to  submit  to  the  will  of  the  majority,  but  it  affected  the 
interests  of  conscience  and  futurity.  On  this  and  other  grounds  they 
founded  ti  protest,  which  was  delivered  in  on  the  19th  day  of  April,  but 
refused  by  the  Diet  A  second  protest,  larger  than  the  former,  was 
presented  on  the  succeeding  day.  The  princes  and  the  cities  who 
favoured  the  Reformation  joined  m  it,  and  thenceforth  it  became  usual 
to  call  the  reformers  Protestants. 

It  is  often  found  that  a  particular  incident  or  occasion  leads  to  the 
construction  of  s  name  for  a  religious  par^,  which  becomes  extended, 
as  in  this  instance,  to  parties  who  have  no  immediate  connection  with 
the  particular  incident,  or  interest  in  the  question  with  which  it  is  con- 
nected. The  term  Protestant,  in  fact,  seems  to  have  as  much  to  do  with 
the  oonstitution  of  the  Germanic  confederacy  as  with  the  principles  of 
the  Reforraataon ;  and  certainly,  neither  England  nor  Scotland  had  any- 
thing to  do  with  the  proceedings  of  the  emperor  or  with  the  Diet  of 
Spire.  The  Reformed  Church  might  seem  to  designate  the  Church  of 
England  or  the  Church  of  Scotland  more  appropriately  than  the 
Protestant  church.  However,  it  must  be  owned,  that  few  things 
are  more  difiScult  than  to  coin  terms  by  which  to  designate  a  ro- 
ligious  community  which'  shall  not  bo  open  to  objection  and  caviL 

PROTRACTOR.  Any  instmment  for  laying  down  angles  is  so 
called,  such  as  the  graduated  semicircle  which  is  found  in  cases  of 
instruments,  the  rectangular  ruler  with  graduated  edges,  and  various 
other  more  expensive  contrivances.  But  the  truth  is  that  tho  cosiest 
and  safest  protractor  is  a  table  of  Chords,  a  scale  of  equal  ports,  and  a 
pair  of  oompasses :  those  who  have  not  a  sufficient  table  of  chords 
should  take  the  chord  from  a  table  of  sines  by  the  formula-^ 

chord  of  0;= diameter  x  sine  of  half  x. 

Even  the  scale  of  chords  laid'  down  on  the  rulers,  used  in  the  usual 
manner,  is  a  better  protractor  than  the  graduated  semicircle,  which  is 
worthless,  except  fbr  very  rough  work.  A  good  table  of  chords  carried 
to  every  minute  under  180*,  is,  we  believe,  not  yet  published  in  this 
countiy. 

PROVERB  (from  the  Latin  proverbium.  ih&tU,pro-verhum,  in  which 
respect  the  form  of  the  word  bears  analogy  to  pt'celudium,  and  other 
words  of  the  kind),  a  by- word,  which  meaning  is  also  oonveved  by 
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adagiwm,  **  adage,"  and  the  Greek  |)(iroeiiua  (vapo^iia).  Of  the  many 
definitionB  which  have  heen  given  of  a  proverb,  the  beet  appears  to  be 
the  following  by  Syneaiua,  s  Christian  writer  of  the  early  part  of  the 
5th  oentttiy,  who  quotes  from  a  work  of  Aristotle,  now  lost :  "  A 
proverb  is  a  reihnant  of  the  andent  philosophy  preserved  amidst  very 
niany  destniotions  on  account  of  its  brevity  and  fitness  for  use."  To 
collect  and  explain  such  portions  of  wisdom  has  engaged  the  attention 
of  some  of  the  most  learned  men.  Aristotle,  TheophrastuSi  Chrysippus, 
and  others,  according  to  Laertius,  made  collections  of  nroverbs.  With 
the  works  of  Flutar&  is  printed  ('  Opera  Moralia/  vol  v.)  a  collection 
of  181  proverbs,  with  explanations ;  and,  thouj^  this  collection  has 
not  been  unifonnly  acknowledged  as  Plutarch's,  there  is  good  reason 
to  believe  it  to  be  his  genuine  work.  Zenobius  or  Z^odotus,  a 
Sophist  who  lived  at  the  beginning  of  the  2nd  centuiy,  made  an 
epitome  of  the  proverbs  of  two  older  writers,  TarrsBus  and  Didymus, 
in  nimiber  552.  Diogenianus  lived  about  the  same  time  as  Zenobius, 
and  made  a  collection  of  proverbs,  amounting  to  775.  These  two  col- 
lections, together  with  1400  proverbs  out  of  Suidas,  and  an  appendix 
'of  358  from  the  Vatican  library,  and  a  selection  of  proverbs  in  metre, 
were  well  edited  by  Andrew  Schott,  4to,  Antwerp,  1612.  The  adages 
xA  Erasmus,  in  number  4151,  are  too  well  known  to  require  any  de- 
scription. They  are  presented  in  their  most  useful  form  in  the 
Epitome  of  them  published  by  the  Elzivirs,  12mo,  Amst.,  1663. 
Jfany  modem  writers  have  published  collections  of  proverbs  from 
.various  languages.  The  name  of  our  own  countryman,  John  Ray,  is 
«familiar  to  all  the  lovers  of  natural  history.  .  In  1672  he  published  his 
(Collection  of  proverbs,  which  has  been  often  reprinted.  Modem 
languages  contain  a  great  number  of  proverbs,  and  it  is  remarkable 
•how  many  can  be  traced  to  an  ancient  origin,  and  how  many  are  the 
.common  property  of  nations  dviUsed  and  barbarous,  so  as  to  seem 
'almost  universal.  Again,  the  proverbs  peculiar  to  a  nation  fk  ooimtry 
mover  fail  to  mark  distinctly  the  character  and  condition  of  the  people. 
There  is  a  valuable  collection  of  English  proverbs,  with  lengthened 
'explanations,  by  Ra^,  by  Oswald  Dykes,  and  by  H.  G.'Bohn,  which 
also  contains  a  selection  of  foreign  proverbs. 
PROVERBS  OF  SOLOMON,  one  of  the  canonical  books  of  the  Old 

Testament.  The  Hebrew  /X^^  translated  j^rowrfi^  detiotes  a  simili- 
tude, and  is  rendered  in  the  Septuagint  by  xapot/dtLf  but  oftener  by 
xapafioKfi, 

This  book  has  always  been  ascribed  to  Solomon,  though  he  was  not 
the  author  of  all  its  contents.  The  thirtieth  cluster  is  entitled  "  The 
words  of  Agur  the  son  of  Jakeh,"  and  the  thirty-first  chapter,  "  The 
words  of  King  Lemuel ; "  and  it  is  not  improbable  that  many  of  the 
proverbs  in  the  preceding  part  of  the  book  were  in  current  use  long 
before  the  time  of  Solomon.  The  portion  from  the  tenth  chapter  to 
the  end  of  the  twenty-fourth,  comprises  what  may  more  strictly  be 
called  the  '  Proverbs  of  Solomon.'  The  first  nine  chapters  form  a  kind 
of  introduction,  and  the  remaining  chapters  after  the  twenty-fourth 
may  be  regarded  as  an  appendix  to  the  whole. 

The  Book  of  Proverbs  is  classed  by  Bishop  Lowth  among  the  didactic 
poems  of  the  Hebrews  ('De  Sacra  Poesi  Hebr./  PmL  xxiv.)  The 
attentive  reader  of  the  original  will  discover  the  utmost  exactness  in 
the  choice  and  arrangement  of  words,  and  will  be  able  wiUi  ease  to 
cany  out  the  principles  laid  down  by  Lowth  relaUpg  to  the  structure 
of  Hebrew  metre. 

The  Proverbs  of  Solomon  are  all  pre-eminently  adapted  to  t^h  the 
lessons  of  prudence,  morality,  and  religion.  Thev  are  a  precious 
treasury,  from  which  men  may  be  supplied  with  the  best  rules  for  the 
conduct  of  life.  (Patrick  On  the  ProviarU  of  Solomon  ;  Home's  ItUro- 
duetion,) 

PROVIDENCE  is  the  euperintendmg  care  with  which  God  watches 
over  his  whole  creation,  and  especially  over  the  human  race.  It  has 
^been'generally  held,  as  a  direct  consequence  of  the  existeDce  of  a  God 
who  has  created  all  things,  that  he  must  also  uphold  by  his  constant 
care  everything  which  he  has  crowed.  This  doctrine  however  has  been 
denied  by  the  ancient  Epicureans  and  the  modem  Theists,  who,  while 
admittipg  that  God  created  the  universe,  and  impressed  upon  it  the 
laws  by  which  it  is  governed,  have  contoided,  that  having  done  this, 
he  has  left  those  laws  to  work  oixt  their  own  results  without  his  further 
interference.  The  arguments  for  a  superintending  providence  are 
derived  from  the  order  of  the  material  universe,  which  we  find  to  be 
governed  by  ever-active  prindj^es,  of  whidb  no  other  explanation  can 
be  given  than  that  they  are  the  results  of  the  power  of  God  in  con- 
tinued exercise ;  from  the  events  which  are  recorded  in  history;  and 
whidi  are  daily  occurring,  such  as  the  pumshment  of  guilty  nations 
and  individuids,  the  exalta^on  of  the  virtuous,  the  adaptation  of  great 
men  to  the  exigencies  of  their  times,  not  to  mention  other  ciroumstanoes 
in  the  history  of  individuals,  whicii  might  be  considered  of  a  more 
doubtful  character;  and  lastly,  from  the  unequivocal  statements  of 
Scripture.  The  whole  sacred  narrative  is  evidently  intended  to  show 
how  God's  providence  wrought  for  the  accomplishment  of  his  own 
designs.  Moreover,  individuals  are  mentioned,  such  as  Pharaoh,  Nebu- 
chadnezzar,  and  Qyrus,  whom  God  raised  up  expressly  in  order  to  use 
them  as  instruments  to  effect  certain  objects.  Two  books  of  the  Old 
Testament,  those  of  Job  and  Esther  (we  might  perhaps  add  those  of 
Ruth,  Jonah,  and  even  others),  appear  to  have  been  written  for  the 
very  pitrpose  of  confirmhig  our  iuth  in  the  providence  of  God;  and 


numerous  passages  might  be  quoted  which  teach  the  care  of  God  ovs 
the  whole  universe  (Ool.  i  17 ;  Heb.  i  8 ;  Rev.  iv.  11),  over  all  men, 
whether  good  or  wicked  (Job  xxv.  8;  Matt.  v.  45;  Acts  xvii  28; 
James  L  17),  and  especially  over  his  own  people  (Bfatt  v.  25-34^  &c). 

The  providence  of  God  has  been  divided  by  theologians  into  imnt- 
diaU,  or  that  which  he  exerts  without  the  intervention  of  second 
causes,  and  medtaU,  where  ordinary  means  are  employed ;  faito  ordmarji, 
which  reUtes  to  occurrences  in  the  common  course  of  nature,  and 
extraordmary,  where  that  course  is  departed  from,  as  in  the  case  of 
miracles;  into  cosmiofi,  of  which  the  whole  world  is  the  object,  and 
tpedal,  which  regards  the  church ;  and  into  univeroal,  which  describes 
uie  care  of  God  for  his  whole  creation,  9Sid  partiaUarg  ^rtiieh  ia  exer- 
cised for  the  benefit  of  individuals. 

PROVIT^CIA  may  be  defined  generally  to  be  a  conquered  country, 
beyond  the  limits  of  Ita]y,  which  was  subject  to  the  Roman  stata  hi 
contemplating  the  history  of  Rome,  the  most  instructive  part  of  it» 
next  to  a  study  of  the  internal  organisation  of  the  state,  ia  the  system 
of  provincial  government  by  which  the  language  and  lawa  of  Boase 
were  established  on  a  foreign  soiL  The  effects  of  thia  ayatem  are  per- 
manently embodied  in  the  political  system  of  every  European  state. 
In  order  to  exhibit  a  complete  view  of  Roman  provincial  goverament 
it  would  be  necessary  to  write  the  hisUny  of  Rome,  but  the  f dlowiog 
outline  may  be  usef  uL 

The  geographical  sense  of  the  word  Provinda  was  not  the  origiul 
meaning;  originally  the  term  expressed  the  Imperiom,  which  wu 
granted  to  s  consul  or  pnetor  beyond  the  limits  of  the  city.  The 
precise  meaning  of  the  word  is  not  certain,  and  the  common  etymolqgy 
IB  perhaps  doubtful ;  its  primary  sense  however  certainly  was  a  power 
as  above  explained.  In  tke  time  of  Cicero  provinda  had  undoubtedly 
obtained  the  meaning  given  at  the  head  of  this  article ;  and  in  the 
latter  part  of  the  Republic,  the  Roman  state  consisted  of  two  distinctly 
oiganised  parts,  Italy  and  the  Provinces.  Tins  distinction,  thou^ 
with  oonsiaeraUe  modifications,  continued  under  the  Empire. 

With  the  extension  of  the  Roman  conquests  beyond  Italy,eommeDoed 
the  system  of  provincial  governments.  The  oldest  provinces  were 
Sicily  (b.o.  243)  and  SanUnia  (b.o.  237).  Upon  the  .conquest  of  a 
country,  the  conmiander  of  the  army  either  gave  the  conquered  coontiy 
a  general  organisation,  subject  to  the  i4>proval  of  the  senate ;  or  the 
country  was  organised  acoording  to  the  mstructions  of  the  senate,  hj 
the  commander  and  a  body  of  oonunissioners  chosen  from  the  eeiute, 
and  appointed  by  it.  This  original  organisation  often  nuide  very  im- 
portant changes  in  the  existing  political  forms,  but  still  the  conquered 
people  retained  their  nationid  existence,  and  were  not  in  all  senses 
incorporated  into  the  Roman  state.  Originally  praoton  were  appointed 
to  govem  the  provinces  [P&iETOB];  but  subeequently  the  praeton 
received  a  province  after  the  expiration  of  their  year  of  offioe  at  Rome, 
and  were  then  called  propnetores;  and  towards  the  doee  of  the 
Republic  the  consuls  in  like  manner  recdved  provinoes,  which  wen 
hence  called  consulares,  and  thev  were  styled  prooonaules.  The 
division  of  the  provinces  waa  made  by  lot,  and  sometimee  by  agreenunt 
among  the  persons  entitled  to  held  them.  By  a  law  of  C.  Gracdiui 
(Sempronia  lex),  the  provinces  of  the  consuls  were  annually  determined 
before  the  election  of  the  consuls,  for  the  purpoee  of  preventing  all 
disputes. 

By  a  senatus  consultum  of  the  year  55  B.a,  it  waa  enacted  thit 
protors  and  proconsuls  should  not  have  the  government  of  a  provinoe 
till  five  years  after  the  expiration  of  their  prsetorahip  or  oonmilshipb 
The  term  for  whidi  a  province  was  originally  hdd  was  one  year ;  bat 
the  time  was  often  enlarged.  The  authority  of  the  governor  of  a 
province  commenced  as  soon  as  he  left  Rome.  Hia  functions  in  tiie 
province  were  both  military  and  dvil ;  he  possessed  the  Imperium,  but 
he  was  not  called  a  magUtratus.  lioL  the  hder  Roman  writers  the 
common  name  for  govemor  is  prsesea  (Gains,  i.  6),  and  sometimes  the 
term  proconsul  seems  to  be  used  generally  for  the  govemor  of  i 
provinoe.  The  govemor  was  assisted  in  the  discharge  of  his  duties  by 
a  quseetor,  who  looked  after  the  revenue ;  and  by  legati,  who  assisted 
in  the  administration,  and  were  generally  appointed  by  the  aenate.  bot 
sometimes  by  the  govemor  with  the  permission  of  the  senatei  He  had 
also  a  numerous  train  of  friends  and  companions,  sometimes  caUed 
contubemales;  and  also  a  regular  body  of  derlu,  interpreters,  and 
other  servants,  who  formed  a  pmtorian  cohort,  a  name  whidi  was  also 
given,  and  with  more  propnety,  to  the  soldiers  who  formed  the 
govemor^s  body-g^uard.  On  a  new  govemor  arriving  in  his  prorince 
the  former  govemor  was  required  to  leave  within  thirty  days. 

The  provmce  was  treated  as  a  conquered  country,  thou^  the  towns 
retained  somewhat  of  their  munidpal  freedom,  but  tiie  constitution 
of  many  of  them  at  least  was  re-fashioned  upon  the  modd  of  Rome, 
though  in  this  respect  there  were  probably  considerible  varieties. 
Under  the  emperors  the  political  organisation  of  the  whole  empire 
became  more  uniform.  The  towns  had  the  management  of  their 
revenue,  and  the  rii^t  of  coining;  but  only  towns  of  the  highest  das 
could  coin  sUver.  They  had  a  senate  like  those  in  the  Italian  towns, 
but  no  magistrates  with  corresponding  powers.  The  religion  of  the 
people  was  not  interfered  with. 

In  some  cases  part  of  the  land  of  conquered  foreign  countries  «at 
seized  by  the  Roman  state,  and  let  by  the  censors ;  or  the  fsyrioUd 
land  was  restored,  subject  to  the  payment  of  a  rent  All  provindsl 
land  differed  in  aome  essential  particulars  from  Italian  land :  it  codd 
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not  be  the  subject  of  quiritarian  ownenhlp,  that  is,  it  had  not  the 
privileges  of  Italian  land,  and  it  was  capable  of  being  trausferred 
without  the  fonna  required  in  the  case  of  Italian  land.  There  was 
private  property  in  provincial  lands,  but  the  ultimate  ownership,  in 
the  Imperial  period  at  least,  was  considered  to  be  in  the  Caesar  or  in 
the  Roman  state  (populus  Romanus).  (Gaius,  ii  7.)  All  provincial 
lands  paid  taxes  (vectigalia  et  tributa).  But  certain  provincial  towns 
received  as  a  spedal  favour  the  Jus  Italioum,  the  legal  effect  of  which 
was  to  give  the  land  induded  within  the  limits  of  such  town  all  the 
qualities  of  Italian  land,  and  consequently  f^'eedom  from  taxation. 
Such  towns  also  received,  as  a  part  of  the  Jus  Italicum,  a  free  consti- 
tution like  that  of  the  Italian  towns,  and  with  it  the  various  magistrates, 
decemviri,  quinquemules  (censors),  SBdiles ;  and  also  jurisdictio,  or  the 
power  of  holding  courts  of  justice.  Various  towns  which  enjoyed  this 
privilege  are  enumerated,  in  Spain,  Illyria,  Gkiul,  and  elsewhere.  The 
origin  of  this  privilege  is  assigned  by  some  writers  to  the  Imperial 
period ;  but  perhaps  it  commenced  earlier.  In  all  the  provinces  the 
regular  jurisdiction  was  in  the  hands  of  the  Roman  governor,  who 
exercised  it  by  himself  and  his  qusestor  and  legati ;  and  for  this  purpose 
he  made  circuits  in  his  province.  In  reference  to  this  part  of  his 
duties,  the  governor  is  sometimes  called  Judex  Ordinarius  under  the 
later  emperors.  These  circuits^  sometimes  called  conventus,  formed 
what  we  may  call  the  divisions  of  a  province  for  judicial  purposes. 
Thus  Pliny  (iii.  3)  says  that  Hispania  Giterior  was  divided  into  seven 
conventus,  which  he  enumerates.  The  towns  which  had  the  Jus 
Italicum  were  not  comprised  in  the  conventus ;  they  had  their  magis- 
trates, in  the  Italian  sense  of  the  term,  who  had  jurisdictio ;  but  there 
was  an  appeal  to  the  goTemor.  At  these  conventus  there  were  present 
a  great  number  of  Roman  citizens,  who  were  engaged  in  commerce  in 
the  province,  or  who  were  publican!,  farmers  of  the  revenues.  These 
conventus,  which  are  frequently  mentioned  by  the  Roman  writers, 
were  not  accidental  assemblages  of  persons,  but  meetings  at  stated 
times  and  places  appointed  by  the  governor,  and  principuly  for  the 
purpose  of  judicial  dedsion  on  matters  in  dispute,  both  between  Roman 
citizens,  and  Roman  citizens  and  the  provincials.  The  judices  were 
chosen,  after  the  Roman  fashion,  from  the  persons  who  attended  the 
conventus,  or  circuit  courts.  It  appears  that  the  fundamental  laws  of 
a  province  were  not  interfered  with,  for,  as  we  have  seen,  the  boU 
retained  its  former  legal  character,  and  was  not  invested  with  that  of 
Italie  soil,  and  the  personal  status  or  condition  of  Roman  citizens  was 
not  commimicated  to  the  provincials  merely  as  such.  Some  of  the 
provinces,  as  Sicily,  obtained  the  Latinitas  [Latihuk  Jus]  from  Julius 
Csesar,  and  the  Civitas,  or  complete  Roman  citizenship,  was  given  to 
the  Sicilians  after  his  death  (Cic, '  Ad  Att./  xiv.  12) ;  but  this  was  not 
the  general  rule.  By  means  of  the  edict,  which  the  praetor  published 
on  entering  upon  hia  duties,  and  which  was  often  framed  upon  the 
prsetoiian  edict  at  Rome  [Prjstob],  many  important  changes  must 
have  been  gradually  introduced  into  the  legsl  Bvstem  of  the  provinces, 
and  porticiSarly  with  reference  to  matters  of  contract  and  forms  of 
procedure,  in  which  there  could  be  no  ground  for  the  same  distinction 
that  was  maintained  between  provincial  and  ItaUo  land,  and  which 
necessarily  influenced  the  rights  of  landholders  and  the  forms  of  action. 
The  pnetor  had  complete  jurisdiction  in  criminal  as  well  as  civil 
matters,  and  both  over  provincialB  and  Roman  citizens;  but  a  Roman 
citizen  could  appeal  to  Rome  in  a  criminal  matter. 

A  province  consisted  of  a  variety  of  parts.  Some  towns  included  in 
it  had  ^m  the  commencement  an  alhimce  with  Rome,  and  were  in  all 
respects  free.  Others,  which  had  been  subdued,  were  declared  free, 
and  were  not  \mder  the  inmiediate  jurisdiction  of  the  pnetor.  The 
provinces  also  contained  numerous  colonies,  and  both  colonies  of 
Roman  citizens  and  colonies  of  the  class  called  Latins.  [Latinuic  Jt7s.] 
Thus  towards  the  close  of  the  republican  period  a  province  contained, 
besides  those  parts  of  it  which  were  subject  to  the  complete  jurisdic- 
tion of  the  governor,  allied  towns,  free  towns,  Roman  colonies,  and 
Latin  colonies.  According  to  this  view,  the  provincia  properly  com- 
prised those  parts  and  towns  which  were  subject  to  taxation  and  to 
the  praetor's  mimediate  jurisdiction.  Some  writers  assert  that  the 
Roman  and  Latin  colonies  which  were  sent  from  Italy  into  the  pro- 
vinces were  in  all  respects  like  such  colonies  in  Italy,  and  that  these 
colonies  had  quiritarian  ownership  of  the  soil,  and  consequently  free- 
dom from  taxes.  But  there  is  some  difficulty  abou\  this  part  of  the 
subject.  The  privileges  called  Latinitas,  or  Latium,  were  often  given 
to  particular  towns,  one  effect  of  which  was  to  release  them  from  the 
immediate  jurisdiction  at  least  of  the  Roman  governor,  and  to  give 
them  a  jurisdictio,  or  power  of  holding  courts :  dtizeus  who  filled 
certain  offices  ^ma^stratus  in  such  towns^,  thereby  obtained  the  Roman 
dtizenship.    (Strabo,  p.  186,  speaking  of  Nlmes.) 

The  taxes  which  were  raised  in  the  provinces  varied  in  the  different 
countries,  but  generally  consisted  in  a  capitation  tax  and  a  property 
tax :  the  latter  was  sometimes  paid  in  money  and  sometimes  in  kind. 
I^he  state  did  not  collect  the  taxes,  but  they  were  sold  or  fEomed : 
thiis,  after  the  Sempronia  lex,  those  of  the  provinces  of  Asia  were  sold 
by  the  censors  at  Rome,  and  those  of  Sicily,  with  some  exceptions, 
Were  sold  in  the  respective  districts  of  the  country,  according  to  a 
practice  established  by  Hiero.  There  vtss  also  money  paid  for  the  use 
of  the  open  pasture-lands,  which  the  Roman  state  appropriated  to  itself. 
The  tolls'  and  port  duties,  as  well  as  the  pasture-land  tax  (scriptura) 
were  farmed  by  the  publicanl.  [Publicanl]'    Beddes  these  and  other 
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regular  sources  of  revenue,  the  province  was  subjected  to  many  ex- 
actions, some  of  which  had  a  kind  of  legalised  form,  and  others  wei'e 
merely  gifts  made  to  satisfy  the  demandis  of  the  governor,  or  to  secure 
his  &tvour. 

The  governor  had  to  give  an  account  of  his  administration  from  his 
own  books  and  those  of  his  quaestor.  Originally  he  gave  in  this 
account  at  Rome ;  but  after  the  Julian  law  (b.o.  61),  he  was  required 
to  depodt  two  copies  in  the  two  prindpal  towns  of  his  prt>vince,  and 
to  send  one  to  the  .^Irarium  at  Rome.  If  the  province  had  ground  of 
complaint  against  him  for  mal-administration  (repetundss,  peculatus)^ 
which  was  no  uncommon  thing,  application  was  made  ta  the  Roman 
senate;  and  the  great  Romans,  mo  were  the  patrons  and  Mends 
of  'the  dties  which  made  the  complaint,  were  also  applied  to  for 
theur  aid  and  interest.  If  he  had  betrayed  the  interests  of  the 
Roman  state,  he  was  guilty  of  the  offence  of  majestas.  A  regular 
mode  of  inquiry  and  trial  (quaestio)  were  adopted  for  such  oocadons. 
Yet  little  was  done  without  bribing  the  powerful  men  all  Rome; 
and  the  chance  of  redress  against  a  governor  who  had  even  grosdy 
miinonducted  himself  was  very  small :  it  was  more  frequently  obtained 
through  the  influence  of  the  powerful  Romans,  stimulated  by  motives 
of  private  hostility  to  the  accused,  than  through  the  justice  of  the 
case. 

With  Augustus  commenced  a  new  period.  He  took  under  his  own 
care  the  more  important  provinces,  and  those  which  required  a  large 
military  force;  thereat  he  left  to  the  care  of  the  senate  and  the  Roman 
people.  This  arrangement  continued,  with  some  modifications,  to  the 
3rd'  century.  Of  the  provinces  of  the  senate,  two  were  yearly  given  to 
consular  men,  and  the  rest  to  those  who  had  been  praetors :  these 
governors  were  all  called  proconsuls,  and  they  were  assisted  by  legates. 
They  had  the  jurisdictio  both  of  the  praetor  urbanus  and  peregrinus. 
Quaestors  were  also  sent  with  them  to  tiieir  provinces :  the  quaestors 
had  the  same  jurisdictio  that  the  aediles  had  at  Rome.  It  seems  how- 
ever that  the  power  of  the  proconsuls  in  their  provinces  was  condder^ 
ably  diminished.  The  emperor  oonddered  himself  as  the  proconsul  of 
his  own  provinces ;  and  he  governed  them,  though  residing  in  Rome, 
by  his  representatives  called  legati  Geesaris,  who  had  praetorian  power. 
They  were  sdected  from  those  who  had  held  the  office  of  praetor  and 
consul,  or  were  senators  of  inferior  rank.  The  Imperial  governor  of 
Egypt  was  called  prsefectus,  and  he  was  always  an  eques.  They  hdd 
their  office  so  long  as  the  emperor  pleased,  and  recdved  all  their  powers 
direcUy  from  him.  These  governors  of  tiie  emperor's  provinces  were 
called  praeddes  and  correctores  in  the  later  periods,  though  the  namo 
praeses  was  applied  imder  the  emperors  to  a  governor  dther  of  a  sena- 
torial or  an  Imperial  province.  They  had  also  legati  under  them ;  but 
in  the  place  of  quaestors  there  was  a  procurator  Caesaris,  who  was  an 
eques  or  a  freedinan  of  the  Caesar ;  he  looked  after  the  taxes  and  other 
dues  of  the  emperor,  pdd  the  troops,  and  attended  generally  to  the 
business  of  the  fiscus.  After  the  time  of  Claudius,  the  procurator  had 
jurisdiction  in  matters  that  concerned  the  fiscus.  There  were  also ' 
procuratores  Caesaris  appointed  by  the  emperor  in  the  senatorian  pro- 
vinces, who  collected  certain  dues,  even  in  those  provinces,  for  the 
fiscus,  independent  of  what  was  the  due  of  the  aerarium,  or  public 
treasury.  Sometimes  a  small  province,  or  a  part  of  a  larger  one,  was 
governed  by  a  procurator  Caesaris,  with  the  fu&  power  of  a  praeses ;  this 
was  the  case  with  Judsea,  which  was  a  part  of  Syria,  and  governed  by 
a  procurator  who  was  under  the  praeses  of  Syria.  The  general  con- 
stitution of  the  provinces  remained  the  same,  thou^  as  before  ob- 
served, a  greater  uniformity  in  administration  was  gradually  introduced, 
and  from  the  time  of  Hadrian  the  Imperial  rescripts  and  the  writings 
of  the  Roman  jurists  contributed  to  form  a  body  of  common  law  for 
the  whole  empire.  The  taxes  continued  as  before,  and  were  partly 
paid  in  money,  and  partiy  in  kind ;  but  the  object  of  the  Romans  was 
always  to  have  them  paid  in  money.  The  bads  of  the  taxation  was  a 
general  census  of  persons  and  property,  which  Augustus  introduced, 
and  which  was  taken  from  time  to  time.  Certain  taxes,  as  tolls  and 
duties,  were  let,  as  before,  to  the  publicanL  The  towns,  at  least  under 
the  early  emperors,  seem  to  have  retained  their  privileges;  though 
some  modifications  were  very  early  introduced ;  for  instance,  Augustus 
indirectiy  deprived  the  citizens  of  the  colonies  of  their  suf&age  at 
Rome,  a  measure  which  seems  to  have  led  the  way  to  other  changes. 
Numerous  colonies,  chiefly  if  not  exdudvdy  of  the  class  called  military, 
were  also  established  by  the  emperors  in  Uie  provinces;  and  it  is  to 
this  period  that  some  writers  refer  the  gift  of  the  Jus  Italicum  to 
provincial  dties. 

The  inhabitants  of  the  provinces  were  now  divided  into  three  dasses 
as  to  political  rights,  Roman  citizens,  Latini,  and  Peregrini  The 
Roman  citizens  were  either  Italians  reddent  in  tiie  provinces;  or 
members  of  Municipia  and  colonies  which  had  the  Roman  dtizenship ; 
or  those  who  had  individually  obtained  this  right.  The  two  latter 
classes  had  all  the  privileges  of  Italians,  except  with  some  restrictions 
as  to  attaining  the  senatorian  dignity ;  but  many  of  them  obtained  the 
rank  of  equites.  The  Latini  had  not  the  connubium  only  and  the 
commerdum,  but  they  could  obtain  the  dvitas  in  several  ways.  Tho 
Peregrini  had  ndther  the  connubium  nor  commerdum ;  in  fact,  they 
had  none  of  those  rights  which  characterised  a  Roman  citizen ;  but  yet 
they  served  in  the  army.  By  a  constitution  of  Antoninus  Caiacalla 
(a.d.  211-17),  the  dtizenship  was  given  to  all  persons  within  the  Roman 
empire^  and  accordinsly  the  distinction  of  Civiflj  Latinii  and  Peregrini 

So 


m 


pRoynirouusH. 


PRQVINCULISM. 


ceased,  and  the  two  latter  dawes  henceforward  only  existed  among 
manumitted  slaves. 

The  administration  of  the  provinces  gradually  came  more  under  the 
power  of  the  emperor,  and  particularly  as  to  matters  which  required  a 
leg^  decision;  under  the  Christiui  emperors,  though  governors  and 
ouier  officers  of  provinceii  were  appointed,  the  forms  of  tiie  old  Roman 
provincia  were  tumoe^  entirely  superseded. 

(Savigny,  OeschichU  des  S^miMcktn  BtchU  m  MiUdaUeTf  vol  i. ;  and 
Walter,  Gmhichk  det  MUmuchen  JReekU,  the,  Bonn,  1840,  afiPord  abun- 
dant references  to  original  authorities.  Incidental  information  will 
also  be  found  in  the  following  esspyq: — 'Das  Ackergesetz  des  Sp. 
Thoriufi,'  ZeUukrift,  z. ;  *  Ueber  den  Inhalt  der  Lex  Rubria  de  Gallia 
Cisalpina,*  Ibid,,  x. ;  '  Ueber  das  Jus  Italicum,'  Ibid,,  voL  v.) 

PROVIKCIALIS]^  The  difference  between  the  languages  of  a 
family  and  the  dialects  of  a  language  is  only  a  difiference  of  degree. 
Wox  example,  the  Sanscrit,  Persian,  Teutonic,  Greek  and  Latin,  Slavonic, 
«cid  Celtic,  are  languages  of  the  Indo-Teutonic  family  {Lanouaob]  ; 
^d  the  Doric,  Ionic,  and  .^Solio  are  dialects  of  the  Gnek  language. 
Altixough  the  dialects  of  a  language  may  present  considerable  differ- 
ences both  in  the  roots  and  forms  of  their  words,  the  differences  are 
less  considerable  than  those  which  obtain  between  languages  of  the 
same  family.  Thus  a  historian  tracing  the  origin  of  the  Romance 
languages  might  doubt  whether  he  ought  to  consider  them  as  altered 
.  dialects  of  the  iAtin  language,  or  as  cognate  languages  of  the  same 
family*  If  the  Italian,  Spanish,  and  French  languages  were  considered 
as  modern  Latin  dialects,  their  various  dialects  (such  as  the  Sicilian, 
Venetian,  Milanese,  Walloon,  Yalentian,  &o.)  would  be  regarded  as  mere 
varieties,  analogous  to  the  varieties  of  the  Doric  dialect  as  spoken  by  the 
different  states  of  the  Doric  race.    (MUller's  '  Dorians,'  app.  v.) 

Every  language  which  is  spoken  by  a  large  population  over  a  wide 
extent  of  country,  contains  several  dialects.  The  number  and  variety 
of  these  is  in  some  cases  very  great ;  and  oonsidering  the  importance 
of  this  ^Mit  as  bearing  on  the  origin  and  history  of  languages,  it  has  not 
been  sufficiently  observed  by  philologists. 

The  cause  of  a  want  of  attention  to  the  multiplicity  of  dialects  hi  a 
language  is  to  be  found  in  the  ascendency  which  one  dialect  of  a  lan- 
guage always  aoquirea  over  the  others,  and  the  obscurity  and  neglect 
to  which  the  latter  are  consequently  consigned.  Whenever  a  country 
reaches  a  sufficient  height  of  civilisation  to  admire  and  produce  literary 
works,  some  one  of  the  various  dialects  of  its  language  is  selected  by 
the  poets  and  other  native  writers,  and  is  cultivated  bv  them.  In 
general,  this  choice  is  determined  not  by  any  quality  of  the  dialect 
itself,  such  as  its  superior  harmony  or  energy,  but  by  some  external 
circumstance,  such  as  its  prevalence  near  the  birth-place  or  home  of 
the  writer,  or  near  the  king's  court  and  seat  of  the  government.  When 
a  dialect,  by  any  of  the  means  above  described,  has  been  distinguished 
from  and  raised  above  the  others,  it  is  adopted  for  idl  tiie  native  literary 
compositions,  both  in  poetry  and  in  prose.  Hence  it  is  still  further 
cultivated,  and  is  moreover  thereby  rendered  more  susceptible  of 
ulterior  cultivation  and  refinement.  It  becomes  the  general  language 
of  the  government,  of  education,  of  literature,  and  of  polished  society; 
new  words  are  introduced  into  it  from  other  languages,  ancient  or 
modem;  and  it  is  learned  by  foreigner^. 

The  rise  and  progress  of  one  cUalect,  according  to  the  general  de- 
scription just  given,  may  be  observed  to  have  taken  place  in  every 
civilised  country.  In  Greece,  on  account  of  the  multipHdty  of  inde- 
pendent states  into  which  the  nation  was  divided,  each  dialect  of  the 
language  received  a  separate  cultivation.  The  early  historians  and 
philoaophers  wrote  in  the  Ionic  dialect,  and  lyric  poetry  was  composed 
in  the  Doric  and  .£qUc  dialects.  But  after  the  Persian  war,  and  the 
great  predominance  of  the  Athenians,  both  in  political  power  and  in 
liten^ture,  the  Attic  dialect  obtained  the  ascendant  in  Greece  and 
became  the  common  literary  language.  (Miiller's  <  History  ol  Greek 
Literature,'  a  20,  §  1,  2.)  In  like  manner,  the  Tuscan  dialect,  chiefly 
on  account  of  the  pre-eminence  of  the  Tuscan  writers,  became  the 
literary  laoguage  of  Italy,  and  threw  into  the  shade  the  Sicilian  dialect, 
in  which  the  first  essays  of  Italian  poetry  were  made.  But  notwith- 
standing the  predominance  of  the  literary  Tuscan  in  Italy,  both  as  the 
literary  language  and  as  a  means  of  communication  between  inhabitants 
of  difierent  psuis  of  Italy,  yet  every  Italian  city  or  territory  has  its 
own  dialect,  which  is  habitually  spoken,  not  only  by  the  lower  and 
middle  classes,  but  also  by  the  upper  claises  when  persons  from  other 
parts  of  Italy  or  stmngers  are  not  present.  In  France,  the  dialect  of 
the  lanffue  d*oU,  spoken  in  and  about  the  seat  of  government,  has  not 
only  thrown  into  the  shade  the  other  dialects  of  that  language,  spoken 
in  the  northern  portion  of  the  kingdom,  and  reduced  them  to  the  con- 
dition of  mere  patois,  but  it  has  also  superseded  the  kmffue  cToc,  the 
language  of  the  south,  which  had  been  raised  to  conaidesable  Htezary 
importance  by  the  poems  ol  the  Troubadours.  The  CastiHan  dialect 
has  obtained  a  similar  ascendency  in  Spain  tiirough  the  influence  of 
tiie  Castilian  writers ;  and  the  high  German  of  Saxony  has  become  the 
literary  language  of  Germany  mainly  through  the  influence  of  Luther's 
translation  of  the  Bible;  although  the  Suabian  dialect  received  a 
literary  cultivation  in  the  lays  of  tiie  Minnesingers  before  any  other  of 
the  German  dialects.  The  classical  English  is  mainly  formed  upon  the 
dialect  spoken  in  Middlesex,  and  the  counties  in  the  neiehbourhood  of 
London.  Its  forms  differ  materially  from  those  of  the  malects  spoken 
iu  the  more  distant  counties,  a«  Devonahire^jSomersetahire,  OhoAae, 


Lancashire,  and  Yorkshire ;  and  still  more  from  thoee  of  Hie  dialect  of 
the  English  which  is  spoken  in  the  lowlands  of  Scotland,  and  in  the 
border  counties  of  England.  The  latter  ^dialect  has  reoeivad  oonside^ 
able  literary  cultivation  not  only  from  early  vrriters,  such  as  Buchaoae, 
Barbour,  and  others,  but  also  from  Bums,  Walter  Boott,  and  their 
imitators,  who  have  used  it  with  great  skill  and  suocew  far  ballad- 
poetry  and  tales  of  fiction ;  nor  have  the  other  dialeote  heen  altogeth«r 
neglected,  as  several  works,  particularly  poetry,  have  boOTi  prodaoed  ia 
them,  among  which  we  may  mention  Miss  Blamire  and  R.  Andoracn 
in  that  of  the  Borders ;  for  the  south  of  England  the  very  anperior 
works  of  Mr.  Barnes,  '  Poems  of  Rural  Life,  in  the  Dorset  Diaket. 
with  a  Dissertation  and  Gknsary,'  12mo,  1847,  and  ^  Hwomelj  Bhymei,' 
12mo,  1859 ;  and  the  poems  of  Edward  Capem,  the  Bideford  pnntman, 
for  the  west. 

The  peculiar  dialect  of  the  English  which  has  been  loraMd  in  tin 
New  Engkmd  States  of  the  American  Unioii  is  noticed  uader 
Amebioavism. 

By  a  provincial  word  is  meant  a  wood  which  is  not  recoived  in  ths 
literary  language  of  the  time,  but  which  is  current  among  the  inhalat' 
ants  ox  some  dutrict;  and  provincial  words  may  be  divided  into  the 
following  classes : — 

1.  Words  formerly  current  in  the  litecaiy  dialect  of  the  langnagRi 
but  which  have  ceased  to  be  so,  and  are  current  only  as  provincaaKiiiM. 
For  example,  the  word  cantU,  meaning  a  piece  or  fragment^  and  lAsrtf* 
meaning  cowdung,  are  used  provincially  in  parts  of  Rngland,  though 
obsolete  in  the  literary  language.  They  were  however  Hteraiy  wcuda 
in  the  time  of  Shakspere,  and  are  used  by  him  in  1  Hen.  lY.,  sci  iiL, 
and  Macbeth,  act  iiL 

Sometimes  an  ancient  classical  word,  though  ouirent  pranncially  in 
ordinary  discourse,  is  used  as  a  literary  word  only  in  poeby  or  as  a 
technical  term.  Thus  the  old  words  craven  for  coward,  and  daak  for 
damp,  which  are  still  used  famUiariy  in  the  provincial  langusge  of 
some  districts,  could  only  be  employed  as  literaxy  words  in  poetry  or 
in  poetical  prose ;  ani  the  old  word  9oUer,  meaning  an  appo*  &or, 
which  is  current  as  a  provincialism  in  many  parts  of  the  counby,  is 
only  recognised  by  the  literary  language  as  a  legal  term,  being  thia 
useid  in  the  general  words  of  a  conveyance  ("  cellars,  sollers,"  ^) 

2.  Words  which  are  not  known  to  have  ever  been  reoeived  in  the 
literary  language  of  the  country.  Many  words  of  this  daaa  will  oecnr 
to  any  person  who  consults  a  provincial  glossary  of  any  language.  la 
some  oases  the  word  differs  widely  from  any  word  which  occurs  eifther 
in  the  modem  literary  language  or  in  old  writers;  niore  frequent^ 
however  the  difference  consists  mainly  in  the  form.  The  Seoica 
dialect  presents  obvious  examples  of  all  these  varieties.  Sonofitinm  a 
provincial  word  is  not  a  dialectical  variety  of  form,  but  is  a  oomqitiaa 
arising  from  ignorance,  as  atomy  for  anahmy,  ruaty  for  rativc 

Provincial  dialects  are  chiefly  preserved  among  the  humbler  sad 
illiterate  classes;  educated  persons  generally  apeak  the  litersiy  lan- 
guage of  the  country.  Moreover  they  are  chiefly  preserved  hi  rural 
districts;  and  thus  many  of  the  provincial  words  rekte  to  agrioultozsl 
subjects.  (Preface  to  Boucher's '  Glossary,'  p.  xliv.)  In  Fidding'a  tisM^ 
country  gentiemen  in  England  often  spoke  uie  provincial  dialect  ol  their 
county,  as  may  be  seen  by  Squire  Western's  language  in  '  Tom  JoDea' 

ProvindaUsms,  being  either  ancient  classical  words,  actually  ofasolefas 
in  the  literary  language,  or  diveiging  words  or  forma  in  a  pacalld 
dialect,  are  genuine  remains  of  the  ancient  language  of  the  oountiy.  In 
this  respect  they  differ  materially  from  the  following  dnssos  of  wosds : 
— 1.  Low,  vulgar,  or  obscene  words,  which  are  of  universal  or  geneEsI 
currency,  and  are  not  confined  to  any  particular  locality.  (Gcoae's 
'  Dictionary  ol  the  Vulgar  Tongue,'  and  the '  Dictionnaiie  du  Bsa  Lan- 
gage.')  9.  Slax\g  or  cant  expressions,  used  by  gypsies  and  thievea  for 
the  purpose  ol  concealing  the  subject  ol  their  oonTcraatiQn  in  the 
presence  of  persons  who  are  not  their  accomplices  (called  fftrgo  by  the 
ItalianB,  ergc^  in  French,  and  ffertnaaaia  in  Spanish).  A  slang  or  csiifc 
language  is  often  formed  among  dasses  of  persons  following  any 
peculiar  pursuit ;  thus  there  is  a  slang  ol  the  prize-ring  and  the  stabte 
in  this  country,  and  there  is  said  to  be  a  slang  among  baU-fighter»  in 
Spain.  8.  Technical  words,  such  as  the  peculiar  language  ol  aailois  or 
miners,  i.  Neologisms,  such  as  the  woids  talented,  >c(y»anfMe,  in 
English. 

CoUeotions  ol  provincial  words  are  important  in  a  philokgioal  point 
of  view,  as  throwing  light  on  the  formation,  stracture,  and  analogies  ol 
languages ;  they  are  also  important  in  a  historical  point  ol  view,  as 
illustrating  the  changes  in  the  language  of  a  country. 

The  glossaries  of  provincial  words  which  have  been  pnUiahed  in 
foreign  countries  are  very  numerous,  though  in  generu  they  have 
been  made  with  littie  philological  skill  or  knowled^,  and  are  meagre 
in  the  explanations  and  illufid^tions  of  the  meanings  of  the  wor^ 
For  the  English  language  the  most  recent  and  comprehnpsive  genetal 
works  are  those  ol  Mr.  J.  O.  HaUiwell,  *  Diet,  ol  Archaic  and  Prcnrincial 
Words/  2  vols.  8vo,  1860 ;  and  Wright's  '  Dictionary  ol  Brovincial  and 
Obsolete  EngHsh,'  1857 ;  and  there  are  gk)88aries  with  specimens  in 
prose  and  verse  of  the  dialects  of  Norfolk,  Suffolk,  Sussex,  Devonshire 
(by  Mrs.  Palmer,  the  sister  of  Sir  Joshua  Reynolds),  Somersetshire, 
Oomwall,  Herefordshire,  Cheshire,  Lancsdiire,  Yorkshise,  Cuml«x^ 
land,  Westmoreland,  and  Northiunberlaad ;  to  which  may  be  added 
Jamieson's  'Scottish  Dictionary;'  uid  that  of  the  Northamptanshiie 
diaLect^  a  most  con^prehensive  wcicfc,  by  Mias  Baker. 
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PBOVI8I0NS;  PBOVISORa    [Pmmuiiiiub.] 

PROVOST,  a  tenn  baying  its  origin  apparently  in  the  Latin  prce- 
pomtvuiy  whioh  denotes  the  chief  of  any  society,  body,  or  community. 
In  Fncuse  the  corresponding  word  pr6v6t  approaches  nearer  the  originu 
form*  In  that  country  it  is  applied  to  the  persons  who  discharge  the 
functions  of  many  different  offices,  but  in  England  it  is  rarely  used : 
instances  occur  in  the  heads  of  certain  colleges,  as  Eton,  King's  College 
(Cambridge),  &c.  But  in  Scotland  it  is  used  to  designate  the  chief 
officer  in  cities,  as  the  proToet  of  Edinburgh  or  of  GliuBgow,  where  in 
England  the  same  officer  is  called  the  mayor. 

PROVOST-MABSHAL,  a  term  adopted  from  the  French,  who 
called  an  officer  with  similar  functions  the  pr^vdt  des  mar^chaux  de 
France.  The  T^T^lt«li  provost-marshal  is  attached  to  the  army,  his 
duty  bdng  to  attend  to  ofienees  committed  against  military  discipline, 
to  seise  and  secure  deserters  and  other  criminals,  to  restrain  the  soldiery 
from  pilfering  and  rapine,  to  take  measures  for  bringing  offenders  to 
punisfament^  and  to  see  to  tiie  execution  of  the  sentences  passed  upon 
them« 

PROXY.    [LoRBS,  House  or.] 

PRUBIGO  is  a  disease  of  the  skin  characterised  by  an  eruption  of 
small  pimples  and  a  most  intense  burning  sensation  of  itching.  The 
pimples  are  usually  but  slightly  if  at  all  red,  and  the  skin  between 
them  baa  its  natural  colour.  They  are  generally  seated  about  the 
shouiders,  back,  and  neck,  but  often  also  on  the  limbs,  and  in  serere 
cases  eren  on  the  face  and  over  a  great  part  of  the  body.  Their  course 
is  always  very  slow,  and  they  are  not  infectious. 

There  sore  three  principal  varieties  of  Prurigo,  namely,  P.  ndtii,  P. 
formieani,  and  P,  acnilit ;  and  besides  these,  some  others  are  distin- 
guished by  the  names  of  the  ports  which  are  in  each  exclusively  or 
chiefly  affected. 

The  Prwrigo  ndtU  is  the  mildest  form  of  the  disease.  The  pimples 
are  very  small,  and  so  pale  that  they  can  scarcely  be  discerned,  till,  by 
the  scratching,  which  is  almost  unavoidably  resorted  to  in  order  to 
relieve  the  intolerable  itehing,  their  tops  are  torn  off,  and  become 
covered  by  little  black  scabs  of  dried  blood. 

In  P.  fortttieoM  all  the  symptoms  of  the  disease  are  more  severe, 
said  the  itching  by  which  they  are  accompanied  is  united  with  a  pain- 
ful burning  sensation  in  the  ricin,  as  if,  patients  say,  hot  needles  were 
constantly  piercing  it.  Both  this  and  the  preceding  form  of  Prurigo 
may  disappear  with  a  slight  desqi^amation  in  a  few  weeks,  but  more 
commonly  a  succession  of  eruptions  follow  one  another,  and  the  disease 
is  prolonged  for  months  or  even  years.  Both  of  them  occur  in  persons 
of  all  ranks  and  ages,  but  they  are  most  common  in  the  young  and  in 
the  old,  and  among  those  who  enjoy  fewest  of  the  coznforts  of  life. 
They  are  not  attended  by  any  important  constitutiotial  disorder* 

Prurigo  semUs,  which  is  by,  far  the  worst  form  of  the  disease,  occurs 
almost  exclusivdy  in  enfeebled  children  and  old  people.  It  usually 
lasts  four  years,  producing  all  the  time  almodt  intolerable  suffering  by 
the  intense  itching  that  attends  it,  and  which  scarcely  admits  of  x^ef 
by  any  known  means.  The  pimples  are  usually  very  numerous,  and 
often  hard  and  prominent;  the  skin  between  them  is  also  often 
thickened  and  indurated,  other  eruptions  break  out  upon  it,  and  if 
cleanlinesB  be  not  carefully  observed,  it  becomes  infested  with  swarms 
of  lioe. 

The  treatment  of  the  first  two  forms  of  Prurigo  must  consist  of  a 
mild  antiphlogistic  regimen,  tepid  baths,  and  the  use  of  alkalies  both 
externally  ai^  internally.  Stimulants  of  all  kinds  greatly  increase 
the  pain  and  itching,  but  they  may  sometimes  be  relieved  by  the 
application  of  ointments  or.  lotions  containing  small  quantities  of 
opium,  or  prussic  add,  or  c^anuret  of  potassium.  In  the  Prurigo  tenUit 
the  regimen  must  be  more  nutritious,  and  tonic  medicines  are  useful ; 
but  in  this  form,  as  weU  as  in  the  others,  stimulantB  must  be  avoided, 
if  the  skin  is  infested  with  pedicnli,  tixe  most  effectual  mode  of 
destroying  them  is  fumigation  with  the  vapour  of  cinnabar.  In  this 
form  also  sulphur-baths  are  among  the  few  means  that  will  produce 
any  relief.  The  alkaline  lotions,  which  may  be  used  in  all  cases,  may 
be  composed  of  one  or  two  drachms  of  carbonate  of  potash  to  the 
pint  of  water,  or  of  from  one  to  three  drachms  of  sulphuret  of  potash 
to  the  same  quantity  of  water,  the  strength  being  determined  by  the 
irritability  of  &e  skin,  and  being  always  made  less  than  sufficient  to 
excite  any  heat  cfr  redness  in  it. 

PRUSSIC  ACID.    [CtaNOoen,  Byda-ocyamc  Add.'] 

PRUSSIC  ACID,  Medical  Propertia  of.  This  is  termed  also,  from 
its  chemical  composition,  hydrocyanic  acid.  Its  medical  employment, 
and  its  connection  with  memcal  jurisprudence,  from  the  frequent  use 
of  it  in  cases  of  death,  aocidentid  or  intentional,  merit  the  most  atten- 
tive oonaideratiom  But  these  are  unsuited  for  popular  discussion.  A 
few  important  rules  and  cautions  can  alone  be  furnished  here. 

Much  variation  in  strength  exists  in  the  acid  (that  is,  the  dilute 
add,  for  the  anhydrous  is  always  of  definite  strength),  owing  to  differ- 
ent methods  of  preparation.  Thus  not  only  does  a  diflerence  of 
strength  exist  m  the  acid  as  it  Ib  enjoined  to  be  prepared  by  the 
Edinburgh  and  London  colleges,  but  even  in  England  two  preparations 
are  oonmionly  met  with,  that  enjoined  by  the  London  Pharmacopceia, 
which  contains  2  per  cent,  of  real  acid,  and  that  which  has  been  long 
known  as  Soheele's,  containing  4  per  cent.  The  substitution  of  the 
one  for  the  other  in  preparing  a  prescription  might  lead  to  serious  if 
not  fatal  consequences.    This  anomaly  will  be  removed  by  the  Qeneral 


Pharmacopoeia  now  preparing  for  use  thix)Ugh  all  Great  Britain  and 
Ireland.  A  still  greater  difference  exists  in  the  strength  of  the  pre^ 
parations  met  with  in  different  countries  of  the  Continent.  Nd  one 
in  travelling  should  ever  prescribe  prussic  acid,  unless  he  has  previously 
ascertained  what  preparation  will  be  employed  in  compounding  the 
prescription. 

As  it  undergoes  decomposition  by  time,  especially'  if  exposed  to 
the  light,  and  is  readily  volatilised  at  4  high  temperature,  it  should  be 
kept  in  the  dark,  and  in  ft  cool  place.  As  it  is  specifically  lighter  than 
water,  it  rises  to  the  surface  in  watety  fluids.  The  fluid  in  wldch  it  is 
kept  should  be  well  shaken  before  pouring  it  out.  When  employed 
externally  as  a  lotion,  in  which  case  it  is  used  in  larger  doses  than 
when  meant  for  internal  employment,  great  care  should  be  observed  to 
distinguish  it,  lest  it  should  be  accidentally  taken  internally.  This  is 
attempted  to  be  accomplished  by  using  phials  of  st  peculiar  shape  and 
colour.  Even  its  external  employment  demands  great  care,  for  when 
the  cutide  is  abraded  or  cracked,  it  is  readily  absorbed,  and  may 
prove  fatal  The  cutidQ,  even  when  in  a  state  of  integrity,  is  not 
proof  against  the  vapour  of  prnssio  acid.  All  bottles  containing  the 
add  should  be  kept  well  corked,  ait  the  vapour  is  the  most  potent  fohd 
which  can  influence  the  human  frame.  It  is  important  to  kuow  that 
this  add  is  liable  to  be  formed  in  some  medicsJ  mixtures  spon- 
taneously, without  the  assistance  of  heat  or  distillation.  Thus  it  has 
been  formed  in  a  mixture  of  carbonate  of  potash  with  tincture  of 
hyoscyamus,  doubtless  by  the  decomposition  of  the  hyoscyamid 
furnishing  nitrogen  (see '  Joum.  Pharm.  Soc.,'  vol.  xiii.  p.  682). 

When  first  introduced  into  medical  practice,  high  expectations  were 
formed  of  the  utility  of  prussio  add.  Subsequent  experience  has 
moderated  these  expectations ;  but  thefe  is  no  doubt  that  it  might  be 
found  useful  in  many  instances  where  it  is  not  employed,  the  dread  of 
acddents  deterring  many  medical  men  from  using  it.  Such  hesitation 
displayed  by  those  who  know  its  properties  should  furnish  a  salutary 
caution  to  all  persons  against  employing  it  on  their  own  responsibility. 
The  diseases  in  which  it  has  been  most  recommended  are — affections 
of  the  lungs,  trhether  acute  inflammation,!  after  the  active  stage  is 
passed,  or  those  of  irritation.  Among  the  former,  hooping-cough  is 
unquestionably  benefited  by  it.  But  here  great  caution  is  necessary. 
Its  premature  employment,  by  checking  the  cough,  induces  inflamma- 
tion, often  of  a  very  alarming  kind.  The  dose  should  at  first  be  very 
small,  and  most  slowly  increased.  In  some  works,  even  emanating 
from  medical  men,  huge  doses  are  most  culpab^f^  ordered.  More 
rdief  is  obtained  in  consumption  from  Conium  than  from  this  acid. 
Some  affections  of  the  stomach  recdve  signal  relief;  others  derive 
not  the  least  benefit  from  it.  The  explanation  of  this  appears  to  be 
that  in  the  former  ^e  csiuses  of  the  disorder,  as  well  as  its  seat,  are  in 
the  stomach  itself;  while  in  the  latter  the  pain  is  fdt  chiefly  in  the 
stomach,  but  the  cause  is  in  the  spinal  chord.  Treatment  directed  to 
the  spfaie  will  in  genera!  quickly  and  often  permanently  relieve  the 
sufferer.  (Teale's  'Treatise  on  Nettralgic  Diseases.')  Cutaneous 
diseases  are  alleviated  by  lotions  and  ointments  containing  hydro- 
cyanic, acid.  But  the  cautions  above  given  must  be  carefully  observed 
during  their  employment. 

The  most  useful  hints  which  can  be  here  given  relate  to  the  treat- 
ment of  poisoning  by  prussic  add.  So  soon  as  it  is  ascertained  or 
suspected  that  any  one  has  taken  an  over  or  poisonous  dose,  cold 
water  should  be  drnlhed  over  the  head  and  back.  The  vapour  of 
ammonia  (common  smelling  salts)  or  of  chlorine  should  be  applied  to 
the  nostrils ;  or  very  dilute  liquor  ammoni83  may  be  thrown  into  the 
stomaclt.  While  these  things  are  doing,  other  persons  may  prepare  a 
weak  solution  of  carbonate  of  potash  (common  pearlashes  will  answer); 
and  some  sulphate  of  iron  (copperas)  is  to  be  dissolved  in  a  large 
quantity  of  water.  Some  of  the  solution  of  the  carbonate  of  potash 
is  to  be  given  to  the  patient,  followed  immediately  by  some  of  the 
solution  of  copperas.  Phials  containing  these  two  eolutions  might 
be  kept  ready  pi:e{»sred  in  chemists'  shops,  so  as  to  be  at  hand 
instantly.  This  if  done  promptly,  will  save  the  patient.  Artificial 
respiration,  if  speedily  resorted  to,  is  useful,  as  is  likewise  bleeding 
from  the  jugular  vein.  Prussic  add  (or  its  elements,  which  easily  act 
on  each  other  so  as  to  form  this  compound,)  exists  in  the  leaves 
of  the  Gtratus  lataro-cerasiuf,  or  Cherry-laurel,  the  'mere  bruising  of 
which  developes  the  characteristic  odour  and  effects.  This  shrub  is 
unfortunately  often  confounded  with  the  true  Bay,  or  CoDsar's  Laurel, 
by  cooks  and  confectioners,  who  use  these  leaves,  (the  amount  of  oil, 
from  difference  in  the  amount  of  the  elements,  varies  at  different 
periods  of  the  year),  to  flavour  dishes  and  cheese-cakes,  with  often 
fatal  eflects.     Bitter  ahnonds  develope  prussic  acid. 

PRT'TANIS  (UpCrcans),  the  name  of  the  chief  magistrate  in  many 
of  the  C^recian  states.  We  read  of  this  office  in  Corinth,  Corcyra, 
Miletus,  Tenedos,  Pergamos,  Cos,  Rhodes,  &c  (Wachsmuth. '  HcJlen. 
Alterth.'  i.,  p.  194.) 

At  Athens,  the  name  of  Prytanes  (Trpvrdreis)  was  given  to  the  mem- 
bers of  the  senate  of  five  hundred,  who  acted  as  presidents  of  the 
senate  and  of  the  assemblies  of  the  people.  The  senate  of  five  hundred 
was  divided  into  ten  sections  of  fifty  each,  who  were  chosen  respec- 
tivdy  from  the  ten  tribes  into  which  the  Athenian  people  was  divided. 
Each  tribe  presided  in  turn  during  35  or  3^  days,  as  the  case  might  be, 
80  as  to  complete  the  lunar  year  of  354  days  (12  x  2D^).  Their  period 
of  office  was  called  a  prytany  [Trpvtarda),    As  however  fifty  was  too 
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large  a  number  to  conduct  buidness  conTcniently,  every  fifty  was 
diyided  into  five  bodies  of  ten  each,  who  presided  for  seven  days  over 
the  rest,  and  were  therefore  called  proedri  (irp^f 8poi) ;  and  from  these 
proedri  an  hrurrdrns  was  chosen  for  one  day  to  preside  as  chairman  in 
the  senate  and  the  assembly  of  the  people ;  d\inng  his  day  of  office  he 
was  entrusted  with  the  keys  of  the  trduury  and  archive  office,  and 
with  the  state  seaL 

The  prytanes  had  a  buildjng  to  hold  their  meetings  in,  where  they 
were  entertained  at  the  public  expense  during  their  prytany.  This 
building  was  called  the  Piytaneion  (ir/nrroytibi'},  and  was  used  for  a 
variety  of  purposes.  (Hermann,  'Political  Antiquities  of  Qreece,' 
§  127.) 

PSALMODY,  in  its  widest  sense,  signifies  the  Psalms  of  David  set  to 
music  and  sung.  But  from  the  early  part  of  the  16th  century  the 
term  has  been  applied  only  to  metrical  versions  of  the  Psalms  to  which 
short  grave  ain  are  either  set  or  adapted. 

The  practice  of  psalm-singing  may  be  traced  to  a  very  remote  date, 
but  we  need  not  refer  to  any  period  anterior  to  that  of  our  Saviour. 
In  St.  Matthew's  and  St  MarVs  gospels  (xzvL  80 ;  xiv.  26),  we  find 
that,  after  the  last  supper,  Christ  and  his  disciples  "  Sung  an  hymn  " 
("  or  ptcUm,"  says  the  maz^ginal  note),  previously  to  their  going  "  out 
into  the  Mount  of  Olives."  St  Paul  exhorts  the  Ephesians  (v.  19)  to 
"sing  psalms  and  spiritual  songs ; "  and  St.  James  (v.  13)  recommends 
those  who  are  "  merry  "  to  do  the  like.  The  corroborative  passage  in 
the  letter  of  the  younger  Pliny  to  Trajan  ('  £p.,'  x.  97)  stating  that  the 
Christians  sang  hymns  to  their  Christ  before  daybreak,  is  well  known. 
The  bishops  Flavianus  and  Diodorus  ordained  that  the  Psalms  of 
David  should  be  sung  by  the  choir,  in  the  manner  of  the  antiphons. 
[Antifhony.]  Among  the  inferior  orders  of  clergy  in  the  church  of 
Home  were  the  Psalmistco,  whose  first  institution  appears  to  have  been 
at  the  commencement  of  the  4th  century.  It  is  believed  that  this 
order  was  established  for  the  purpose  of  encouraging  and  regulating 
the  ancient  psalmody ;  for,  says  Bingham,  **  from  the  first  and  apos- 
tolical age,  singing  was  always  a  part  of  dUvine  service,  in  which  the 
whole  body  of  the  church  jomed."  (i.  295,  et  ieq,)  The  service  of  the 
ancient  church  usually  began  with  psahnody,  according  to  St.  Jerome. 
(Hieron.,  'Ep./  22,  'Ad  Eustach. )  It  was  also  the  exercise  and 
recreation  of  the  Eastern  churches  in  their  nocturnal  vigils;  and, 
indeed,  at  all  times  in  the  church,  St.  Augustine  remarks,  was  psalmody 
used  to  fill  up  vacant  intervals.    (Aug., '  Ep.,'  119, '  Ad.  Januar.') 

Bv  degrees  the  greater  part  of  the  psalm-tune  was  surrendered  to  a 
single  voice,  the  congregation  joining  bnly  at  the  close.  This  led  to  a 
more  scientific  and  perhaps  a  more  refined  mode  of  singing,  requiring 
superior  knowledge;  and  thus,  the  body  of  the  people  becoming 
incapable  of  taking  a  share  of  the  pCTformance,  the  service  was  left  in 
the  hands  of  professed  musicians.  This  was  encouraged  by  the  Church 
of  Rome,  during  her  long  dominion,  because  it  stUl  farther  divided  the 
deigy  and  laity  :  but  Huss,  and  afterwards  Luther  and  Calvin, 
restored  to  the  people  their  share  in  the  divine  service,  furnishing 
them  at  the  i|ame  time  with  the  means  of  performing  it  in  a  manner 
agreeable  to  themselves,  and  conformably  to  what  they  conceived  to 
he  the  true  principles  of  public  worship.  With  this  view  the  Psalms 
were  turned  into  metre,  times  were  composed  or  adapted,  and  the 
practice  of  psalmodysoon  became  a  marked  distmction  of  those  who 
departed  from  the  Churdh  of  Rome.  Luther,  however,  was  friendly  to 
harmony,  or  music  in  parts;  the  severe  Calvin,  on  the  contnuy, 
stemlv  refused  to  admit  anything  but  simple  unaccompanied  melody. 
The  design  of  the  reformers  was  seconded  by  Clement  Marot,  who 
translated  the  first  fifty  Psalms  into  Frendi  verse.  These,  adapted  to 
popular  aira,  became  exceedingly  fashionable,  and  the  length  to  which 
the  new  amusement  of  singinp^  sacred  songs  was  earned  by  the  monarch 
of  France  and  his  courtiers,  is  fully  described  by  Bayle  (in  a  note  on 
Marot),  and  after  him  by  Warton  ('  Hist,  of  Poet.,'  sect  xlv.),  as  well 
as  others.  Theodore  Beza,  by  his  version  of  those  Psalms  which  Marot 
l^ft  untouched,  completed  the  himdred  and  fifty.  Most  of  the 
melodies  to  these,  as  used  by  the  first  Calvinists,  are  commonly  attri- 
buted to  Claude  Goudimel  and  Claude  Le  Jeune,  distinguished  French 
composers ;  but  Bayle,  on  apparently  good  authority,  ascribes  them  to 
one  Guillaume  Franc ;  while  some  think  that  they  were  chiefiy  Qerman. 
It  seems  almost  certain  that  a  few  owe  their  birth  to  the  great 
reformer  himself,  of  whose  musical  knowledge  undoubted  proofis 
remain ;  and  it  is  equally  clear,  for  the  reason  before  mentioned,  that 
the  harmonised  tunes  of  GoudLoael  and  Le  Jeune  were  not  admitted 
into  Calvin's  places  of  worship,  though  probably  their  melodies  were. 

At  nearly  the  time  that  Marot's  translation  of  the  Psalms  appeared, 
Stenihold  and  Hopkins,  with  several  coadjutors,  produced  an  English 
version,  to  which  were  adapted  many  of  the  best  German  and  French 
tunes;  and  Stiype  says,  "it  is  certain  that  Stenihold  composed 
several  at  first  for  his  own  solace.  -  For  he  set  and  sung  them  to  his 


possessed  as  little  musical  as  poetical  taste,  it  is  fortunate  for  him  that 
his  compositions  do  not  remain  to  demonstrate  tiiat  he  was  no  less 
unskilful  in  one  art  than  in  the  other.  It  is,  however,  to  be  pre- 
sumed that  there  having  been  many  very  able  musicians  in  the  service 
of  the  youthful  Edward,  they  contributed  something  in  aid  of  Stem- 
hold  s  design.    But  it  is  now  generally  supposed  that  for  the  majestic 


melody  to  which  our  100th  Psalm  is  adapted,  we  are  indebted  to  tb 
genius  of  Claude  Le  Jeune.  This  forms  Ihe  tmlle,  or  tenor  part,  of  hi 
134th  Psalm,  as  printed  in  the  Levden  edition  o£  1635 ;  and  it  ii 
necessary  to  remark  that  he,  as  well  as  others  in  his  time,  made  a 
practice  of  giving  the  subject,  or  air,  as  a  kind  of  eantuB  firmiu,  to  die 
tenor  voice. 

The  first  complete  collection  of  psalm  tunes  for  four  voices  deseniz^ 
notice  was  published  in  1621,  by  Thomas  Ravenscroft  Mob.  Bac.,t<> 
which  Tallis,  Morley,  Dowland,  and  all  the  great  mastera  of  the  dij 
contributed ;  the  name  of  John  Milton,  the  father  of  the  poet,  abo 
appears  thm,  as  the  composer  of  York  and  Norvdck.  tunes.  Tb 
editor  supplied  many,  some  of  which  are  still  in  use ;  and  to  his  coDe& 
tion  all  the  numerous  works  of  the  kind  since  printed  have  been  mock 
indebted.  About  the  year  1671,  John  Playfoid,  a  good  musician,  and 
a  most  useful  industrious  editor,  printed,  in  8vo, '  The  Whole  Book  cf 
Psalms  in  three  parts,'  in  which  he  has  judiciously  given  the  me^y 
to  the  soprano  voice,  to  which  it  naturally  belongs,  and  it  ever  Hnee 
has  retained  its  place.  A  few  of  the  tunes  in  that  collection  tn 
supposed  to  have  been  composed  by  Playford  himself,  whom  Sir  Joha 
Hawkins  considers  as  "  the  father  of  modem  psahnody."  Subsequently 
to  the  last  edition  of  his  work,  valuable  additions  were  made  to  ^ 
stock  of  genuine  English  psalmody,  by  Dr.  Croft,  Courteville,  Caicj, 
&C.,  and  BDandel  is  the  reputed  composer  of  the  sweet  music  to  tbe 
104th  Psalm,  which  still  continues  in  our  chimes,  and  as  the  dxi;ge  at 
the  soldier's  f unehJ.  Dr.  Miller,  of  Doncaster,  effected  a  conaiderabi« 
improvement  in  psalmody  by  his  'Psalms  of  David  for  the  vmci 
Parish  Churches,'  in  wmch  the  version  of  Tate  and  Brady  was 
employed,  and  drove  Stemhold  and  Hopkins  from  many  of  their 
strongest  positions.  The  extraordinary  success  of  that  irark,  which 
made  its  way  into  the  remotest  parts  of  Great  Britain,  raised  up  a  host 
of  rivals  and  the  number  of  publications  and  of  new  tunes  has  once 
increased  beyond  calculation.  The  popular  works  of  all  forogn  cgoi- 
posers  have  been  made  contributory  to  that  love  of  novel^  vhich 
carries  its  influence  even  into  the  temples  of  relig^n,  and  maoj 
organists  have  fimcied  themselves  qualified  and  privileged  to  print  a 
coUection  for  the  use  of  the  church  or  chapel  in  which  they  officiai& 
Hence  the  music  which  had  become  almost  a  part  of  our  Litm^  ii 
falling  into  desuetude,  and  modem  hymns — ^not  always  the  most 
appropriate  or  the  best  in  point  of  composition — ^threaten  finally  to 
banish  the  fine  characteristic  harmony  of  our  ancient  psalmody. 
(Bingham's  'Antiq.;'  Bayle;  Stiype;  Warton's  'Hist,  of  Poet;* 
Mason's '  Essay ; '  Hawkins;  Bumey ;  Dr.  Vincent ' On  Plsahnody/) 

PSALMS  ({froA^l,  from  ^^dXA«,  to  ttrike  gently,  and  so,  to  play  oo  a 
stringed  instrument)  denotis  generally  the  poems  which  form  one  cf 
the  canonical  books  of  the  Old  Testament.     This  book  is  called  in 

Hebrew  D**ynj?1  *1QQ  {tepher  UhilUm),  *  the  book  of  pniBee.*    Exeei^ 

in  thirty-four  cases,  the  Psalms  have  titles,  which,  though  they  are  no 
part  of  the  original,  are  of  great  antiquity.  Some  designate  the  irrits 
or  the  subject,  or  the  occasion,  and  some  are  not  to  be  understood 

The  book  of  Psalms  is  often  called  the  '  Psahns  of  David,'  tboogh 
many  of  them  were  not  written  b^  him.  The  authors  of  the  PoJoa 
,  named  in  the  titles  are  Moses,  David,  Solomon,  Asaph,  Heman,  Ethan, 
Jeduthun,  and  the  sons  of  Korah.  Between  Uie  earliest  and  latest  d 
the  Psalms,  a  period  of  about  one  thousand  years  seems  to  have  inter- 
vened. 

According  to  the  Masorites,  the  Psahns  are  divided  into  five  boob, 
of  which  the  first  ends  with  Psalm  zlL,  the  eecond  with  Plsalm  Ixxii, 
the  third  with  PSalm  Izxix.,  the  fourth  with  Ptalm  cvi,  and  the  fifth 
with  Psalm  cL  The  first  three  books  end  with '  Amen  and  Amen;' 
the  last  two  with  '  Hallelujah.'  This  division  existed  in  the  time  of 
Jerome,  but  how  long  before  is  uncertain.  It  is  thought  to  have  been 
made  for  the  purpose  of  rendering  the  Psalms  in  thia  respect  hke  the 
Pentateudi.  The  collecting  of  the  Psalms  into  one  book  is  generaUy 
attributed  to  Ezra. 

The  Psalms  aSbrd  an  exemplification  of  every  variety  of  Hebrer 
metre,  and>they  are  pervaded  by  the  highest  poetic  feeling.  They 
were  designed  to  be  rehearsed  in  the  worship  of  Qod  with  the  aid  ol 
instrumental  music.  David  appointed  the  singing  of  the  Psalms  by  a 
company  of  persons,  trained  for  this  purpose,  in  the  worship  of  the 
tabemade.  (1  Chron.,  vi.  31 ;  xvi.  4-3.)  This  practice  was  conttDoed 
by  Solomon  in  his  Temple  (2  Chron.,  v.  11-13),  and,  after  the  inter- 
ruption occasioned  by  the  Captivity,  it  was  renewed  by  Ecn.  (Esra, 
ill.  10, 11.)  The  New  Testament  furnishes  evidence  that  Psahnody 
formed,  in  the  time  of  Christ  and  his  Apostles,  a  part  of  the  worship 
of  Qod,  and  the  Christian  church  has  in  all  ages  followed  the  example. 
The  book  of  Psalms  obtained  extraordinary  attention  among  the  eariy 
Christians.  Theodoret,  who  wrote  in  the  first  half  of  the  5Ul  century, 
says  ('  Preface  to  the  Psalms ')  that  while  most  men  paid  little  or  no 
attention  to  the  rest  of  .the  Scriptures,  they  were  so  ranuliar  witii  tht 
Psalms,  that  in  their  houses,  in  the  streets,  and  in  the  highways,  th«y 
enjoyed  profit  and  delight  by  the  singing  of  these  divine  odes. 

The  canonical  authority  of  the  book  of  Psahns  has  never  besi 
disputed.  There  have  been  many  works  written  as  oommentariM  or 
explanations  of  the  Psalms,  and  more  than  one  translation.  Indeed 
the  version  in  the  authorised  translation  of  the  Bible  and  that  in  the 
Prayer  Book  vary,  though  not  much.  Among  the  best  works  on  the 
subject  may  be  mentioned  Tholuck,  *  Uebersetzung  und  Auslegung  der 
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PSALTERY. 


PTOLEMAIC  SYSTEM. 


Psalmen,'  1848 ;  and  Hengstenberg, '  Coxnmentar  tiber  die  Psahnen/ 
18436. 

PSALTERY,  an  ancient  musical  instrument  of  the  harp  kind^  in 
UBe  among  the  Jews^  and  supposed  by  Blanchinus  to  have  been  the 

^^2»  ^^^^  (whence  vafiXa  and  nabhm),  mentioned  in  several  of  the 

Psalms.  Whether  this  instrument  was  square  or  triangular,  and 
played  on  by  the  finger,  or  struck  by  a  plectrum,  seems  doubtful ;  the 
probability  is  that  it  took  many  forms,  and  was  acted  on  both  ways. 
Blanchinus  makes  it  square,  Luscinius  triangular.  According  to 
Mersenne,  and  after  him  Rircher,  the  Psalterion,  as  they  denominate 
this  instrument,  adopting  the  Greek  term,  was  in  shape  a  trapezium, 
and  similar  to  thatwhidi  is  still  in  use  under  the  name  of  dulcimer. 

[DtrLCIMER.]' 

PSEUDERYTHRIN'.    [Lichkks,  Colourino  mattbbs  of.]  ' 

PSEUDO-ACETIC  ACLD.  A  name  given  to  a  peculiar  acid  strongly 
resembling  acetic  acid,  said  to  be  occasionally  formed  during  the  manu- 
facture of  tartaric  acid. 

PSEUDOMORPHINE.    [Opium,  alkaloids  of.] 

PSEUDORCIN.    [Erythrio  Acm.] 

PSEUDOSULPHOC YANOGEN.  (CyaHS.  f)  When  a  solution  of 
sulphocyanide  of  potassiimi  is  treated  with  a  current  of  chlorine,  or  by 
boiling  dilute  nitric  acid,  an  orange-yellow  coloured  precipitate  is 
obtained  which  seems  to  possess  the  above  composition.  It  is  insoluble 
in  water,  alcohol,  and  e£ber,  but  dissolves  in  concentrlbted  sulphuric 
acid.  T^en  heated,  it  yicdds  bisulphide  of  carbon,  sulphur,  and 
hydromellon : — 
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Pseudoflfnlpho.      Bisulphide 
cyanogen.  of  carbon. 
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Hydromellon. 


PSILOMELANE.  One  of  the  native  forms  of  binoxide  of  manga- 
nese.   [Manganese.] 

PSOKA.    [Itch.] 

PSORI'ASIS  is  a  disease  of  the  skin  distinguished  by  slightly  raised 
red  patches  of  various  extent  and  form,  and  generally  covered  with 
whitish  scales.  Several  varieties  of  the  disease  have  received  difierent 
names,  according  to  the  form  and  severity  of  the  eruption  in  each,  and 
many  others,  according  to  the  part  chiefly  or  alone  affected.  The 
former  varieties  are  Psoriatia  guttata,  P,  diffusa,  P,  gyrata,  and  P. 
invcUraia  ;  among  the  latter  are  P.  opkthalmiea,  P.  palmaria,  kc 

PaoriasU  gvdUUa  is  a  mild  form  of  the  disease,  consisting  of  small 
red  patches  two  or  three  lines  in  diameter  covered  with  very  0ne  white 
scales.  It  occurs  in  various  extent  on  all  ports  of  the  body,  but  most 
rarely  onr  the  fiice.  At  first  small  red  spots  appear,  and  soon  after 
I>resent  white  scales  at  their  centres ;  then  the  spots  graduaDy  enlarge 
and  the  scales  increase  in  number,  tiU  the  redness  begins  to  fade  at  the 
centre,  and  as  the  scales  fadl  off,  the  akin  slowly  assumes  its  natural 
colour.  The  eruption  is  attended  by  a  moderate  itching,  and  by  very 
slight  symptoms  of  general  disorder. 

i^  diffusa  is  in  evexy  respect  a  more  severe  form  of  the  disease. 
The  spots  are  lax^ge  and  irregular,  and  often  confluent,  and  covered  with 
thick  scaly  incrustations.  It  appears  most  frequently  on  the  limbs 
and  around  the  joints,  often  covering  the  whole  of  a  limb  with  one 
Bcaly  or  raw-lookmg  patch,  and  sometimes  occurring  at  once  and  with 
equal  severity  on  several  parts  of  the  body.  The  skin  beneath  the 
scales  is  very  tender  and  irritable ;  it  often  cracks  and  discharges  a 
thin  ichor,  which  concretes  about  the  fissurep,  and  is  attended  by  con- 
siderable pain  and  irritation,  and  some  constitutional  disturbance. 
The  eruption  often  brraks  out  successively  in  different  parts  of  the 
body,  so  that  it  is  common  for  the  disease  to  be  protracted  for  several 
months  and  even  for  years. 

P.  inveterata  is  only  (as  its  name  implies)  a  yet  less  curable  form  of 
the  same  disease.  The  skin  has  its  whole  texi^o  thickened  and  hard, 
its  surface  is  covered  by  a  furfuraceous  deposit,  and  in  the  neighboiu*- 
hood  of  the  joints  it  is  often  very  deeply  and  painfully  cracked.  The 
preceding  forms  are  commonly  met  with  in  those  who  are  otherwise  in 
pretty  good  health;  but  thu  rarely  occurs,  except  in  those  whose 
coDstitutions  are  enfeebled  by  long  disease  or  vrant. 

P.  gyraia  is  a  slignt  but  very  rare  variety,  distinguished  by  the 
patches  occurring  in  stripes  of  a  singularly  tortuous  or  serpentine 
form. 

Of  the  local  varieties  of  Psoriasis,  the  most  interesting  is  that  which 
occurs  on  the  palms  of  the  hands,  and  which,  being  most  frequent  in 
those  who  work  with  light  powders,  and  other  irritating  substances,  is 
commonly  called  bakers',  or  bricklayers',  or  washerwomen's  itch. 

Psoriasis,  in  all  its  forms,  is  difficult  of  cure.  The  general  con- 
dition of  the  health  being  corrected  by  the  means  that  m  each  case 
seem  appropriate,  the  remedy  which  is  most  frequently  successful  in 
cases  of  long  standing  is  arsenic,  in  the  form  of  from  three  to  five  drops 
of  the  Fowler's  solution,  three  times  a  day,  for  an  adult.  Active 
purging  is  also  often  useful,  especially  in  recent  cases  and  in  young 
stibjects.  Another  good  remedy  is  tincture  of  cantharides,  in  doses  of 
from  three  to  five  drops  (for  an  adult)  in  water  once  or  more  in  the 
day ;  but  the  effects  of  both  this  and  the  arsenic  require  to  be  carefully 
watched  during  l^eir  administration,  and  they  must  be  discontinued  as 
soon  as  they  appear  to  produce  any  sickness  or  heat  in  the  stomach. 


The  arsenic  should  be  taken  at  meals,  if  not  it  is  more  likely  to 
produce  sickness.  In  addition  to  these,  various  other  internal  means 
have  been  reoonunended,  as  decoctions  of  dulcamara,  mezereon,  and 
orchis,  antimony,  sulphur,  &c.  Indeed,  in  many  cases  it  is  found 
necessary  to  try  one  means  after  another  without  any  rule,  till  one  is 
foimd  wnich  produces  benefit.  Extermd  remedies  are  generally  of  lees 
value  than  intemaL  The  most  approved  are  vapour  and  sulphur 
baths,  and  ointments  or  lotions  containing  very  small  quantities  of 
nitrate  of  mercury,  or  white  precipitate,  or  creasote,  or  alkaUes.  These 
however  can  only  be  employed  in  the  later  stages  of  the  disease :  in 
the  earlier,  the  mildest  fomentations  give  rehef,  and  all  kinds  of 
irritants  must  be  carefully  avoided. 

PSYCHE  (Yvx4).  Apuleius  is  the  first  writer  who  relates  the  loves 
of  Cupid  (Eros)  and  Psyche  (' Metamorph.',  lib.  iv.,  v.).  Acoordixig  to 
his  account.  Psyche,  the  daughter  of  a  king,  was  the  most  lovely 
creature  that  the  world  ever  beheld.  People  flocked  from  all  parts  to 
see  her,  and  neglected  the  worship  of  Venus,  who  became  in  con- 
sequence jealous  of  her,  and  commanded  her  son  to  inspire  Psyche 
with  love  for  some  mean  creature.  Cupid,  however,  instead  of 
obeying  the  oommands  of  his  mother,  became  enamoured  of  Psyche, 
and  made  her  his  wife.  She  was,  however,  subsequently  deserted 
by  him  for  disobeying  his  injunction  not  to  seek  to  behold  his  &ca. 
Inconsolable  at  her  loss,  she  wandered  through  iho  world  in  search  of 
him,  and  after  enduring  many  trials  and  sorrows  was  at  length  re- 
united to  him.  Jupiter  conferred  upon  her  immortality,  and  her  union 
with  Cupid  took  place  with  the  approbation  of  Venus  and  the  other 
deities.  A  child  was  soon  afterwards  bom  to  them,  who  was  called 
Pleasure. 

This  tale  is  now  commonly  regarded  as  an  allegory,  representing  the 
union  between  the  divine  love  and  the  human  soul.  It  probably  had 
its  origin  in  the  Orphean  mysteries.  The  word  Psyche  signifies  in 
Qreek  both  "  soul "  and  a  "  butterfly."  We  frequently  find  in  ancient 
works  of  art  Cupid  pressing  Psyche  to  his  bosom  in  tiie  form  of  a 
butterfly.  When  Psyche  is  represented  with  a  human  form,  the  wings 
of  the  butterfly  are  usually  placed  on  her  shoulders. 

Though  Apuleius  is  the  first  writer  Vho  relates  the  legend,  it  is 
certain  that  the  fable  of  Eros  and  Psyche  must- have  been  current  long 
before  his  time,  as  there  are  many  works  of  art  representing  some 

Sortion  of  this  subject  of  a  date  long  anterior  to  that  at  which  Apuleius 
ved ;  though  none  probably  are  prior  to  the  Roman  period. 

PSYCHROMETER  {^vxpos,  cold,  and  furpou,  a  measure),  a  term 
applied  to  the  wet  and  dry  bulb  thermometers  used  as  a  Htobohetsb. 
[Hygrometbt.] 

PTELEIC  ACID.  An  acid  of  problematical  existence  said 
to  be  produced  when  meeitic  chloral  is  dissolved  in  solution  of 
potash. 

PTOLEMAIC  SYSTEM.  A  few  words  of  general  explanation 
constitute  all  that  can  be  given  under  this  head,  and  we  are  not 
now  speaking  with  particular  reference  to  Ptolemy,  but  of  the  astro- 
nonii<»l  part  of  that  system  which,  founded  on  early  metaphysical  and 
physical  doctrines,  adopted  by  Plato  and  Aristotie,  reinforced  by 
mathematical  hypotheses  drawn  from  Hipparohus  and  Ptolemy, 
received  by  the  Mohammedans  and  by  them  imparted  to  the  Christians 
of  the  middle  ages',  was  the  doctrine  universally  established  in  Europe 
till  the  I7th  century.  As  a  whole  it  oombmes  the  physics  of  tne 
Aristotelian  school,  the  geometry  of  Euclid  and  his  suocesnrs,  the 
sexagesimal  arithmetic  of  the  Greeks,  and  the  astronomy  of  Hiraar- 
chuB  and  Ptolemy,  with  some  slight  additions  from  later  names.  The 
geometry  remains,  the  arithmetic  has  been  supplanted  by  tiie  decimal 
system  of  the  Hindus;  the  physics  and  astronomy  stood  and  fell 
together ;  and  as  under  the  words  Ptolemaic  System  the  astronomy  is 
particularly  meant,  we  only  here  notice  the  physical  notions  so  far  as 
th^  are  connected  with  it. 

The  early  separation  of  perceptible  matter  into  the  four  elements  of 
earth,  water,  air,  and  fire,  with  observation  of  the  relative  places  they 
appear  to  assume,  led  to  the  formation  of  an  elementary  system. 
'  Eiurth  (and  solids  generally)  sink  in  water,  while  air  rises  in  water,  and 
flame  in  air.  Hence  the  notion  that  the  mass  of  the  earth  is  the 
central  body  of  the  universe ;  above  is  a  region  of  water,  through  which 
rises  that  portion  of  earth  on  which  men  and  animals  live.  Above 
this  is  a  r^on  of  air,  and  above  this  again  a  region  of  fire.  Nothing  is 
at  rest  until  it  arrives  at  its  proper  or  natural  place,and  all  the  motions 
of  a  part  separated  from  its  whole  are  rectilinear;  fire  rises,  and 
bodies  fall,  in  straight  lines.  Qravity  and  levity  are  only  the  efforts 
of  bodies  separated  from  their  natural  places  to  return  to  them. 

Above  the  earth  and  the  elementary  zones  which  encompass  it,  are 
other  successive  zones,  called  heavens.  Each  heaven  contains  an 
immense  cr3rstal  spherical  surface,  to  which  one  of  the  heavenly 
luminaries  is  attached,  or  would  be  attached,  if  it  moved  uniformly 
in  a  circle,  as  it  would  then  do  if  the  crystal  sphere  were  made  to 
revolve  ludformly.  But  the  varied  motions  of  the  heavenly  bodies 
made  it  necessary  that  smaller  orbs  should  be  placed  with  their  centres 
upon  the  larger  ones,  as  hereafter  noticed,  and  that  the  planets  should 
move  with  tJie  smaller  ones.  It  is  hardly  to  be  believed  (at  least  so 
many  think)  that  PtcUmy  and  the  mathematicians  received  these  orbs, 
in  the  physical  sense,  or  as  anything  but  hypotheses  for  representing 
the  actual  motions  of  the  planets ;  it  is  certain  however  that  ihe  actual 
solid  orbs  continued  to  be  received  till  a  late  period.   Copernicus  uses 
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langiiBgd  whiek  has  expoied  him  to  some  suspioion  of  rteeiTing  them ; 
and  even  in  the  final  ■oholhim  of  the  Prmopia  Newton  thinks  it 
worth  while  onoe  more  to  overturn  them,  as  ^oho  Brah^  had  done 
before  him,  bj  showing  th&t  if  they  existed,  the;  oometa  could  not 
more  aa  ther  were. known  to  mov& 

The  firrt  heaven  is  that  of  the  moon ;  the  seoond  that  of  Mercury ; 
the  third  that  of  Yenua;  the  fourth  that  of  thi6  Sun;  the  fif^  that  of 
Han;  the  sixth  that  of  Jupiter;  the  seventh  that  oi  Saturn;  the 
ei^th  that  of  all  the  fixed  stam.  The  heavens  of  Aristotle  end  here; 
kiter  theorists  add  two  more,  a  ninth,  to  make  the  preoession  of  the 
equinoxes,  and  a  tenth,  or  primum  mobile,  to  make  tiie  diurnal 
revolution.    All  beyond  this  is  the  empyreal  heaven. 

The  oi&oe  of  the  primum  mobile  ia  to  revolve  from  etui  to  west  in 
twenty-lour  hours,  canying  with  it  (but  how,  we  do  not  know)  the 
whole  of  the  subordinate  heavens,  and  mA^itig  all  the  phenomena  of 
day  and  nig^t.  All  the  heavenly  motaoos  are  to  be  circular  and 
uniform ;  this  doctrine  of  the  Platonic  school  is  the  keystone  of  the 
whole  system.  The  poles  of  the  primum  mobile  are  those  of  the 
equator;  but  the  ninth  heaven  moves  dowly  round  the  poles  of  the 
ediptic,  carrying  the  whole  system  forward  in  longitude,  so  aa  to  nye 
the  phenomena  arising  from  the  preceesion  of  the  equinoxes.  The 
heavens  of  the  other  heavenly  bodies  move  round  with  the  mean 
motions  of  the  bodies  depending  upon  them ;  and  tills  completes  the 
general  view  of  the  system. 

The  details  of  the  heavenly  motions  were  for  the  mathematbiaiis 
only^  who  dropped  the  orbs,  uid  only  took  such  circles  out  of  them 
as  were  necessary  in  the  explanation  of  the  motions. 

Without  entering  into  all  the  detaUs  connected  with  this  ezplana- 
tioD,  which  are  rather  complioated,  and  require  besides  some  knowledge 
of  the  actual  {inequalities  of  the  pkmetary  motions,  we  shall  talEe  the 
two  leading  circumstances  of  those  motions,  namely,  their  aot  being 
uniform,  and  their  being  sometimes  direct,  or  aocordiiig  to  the  order 
of  the  signs  of  the  sodiac,  and  sometimes  retrograde.  One  way  of 
explaining  the  simple  irregukrity  of  moUon  was  by  supposing  the  orb 


of  the  planet  to  be  a  sphere,  and  revolving  tmiformly,  but  not  eon- 

eenfano  with  the  earth.    Let  the  earth  be  at  s,  and  let  the  circle  p  qb 

revolve  uniformly  round  the  centre  o,  or  let  the  phuoet  P  revolve 

unilormly  in  that  circle.    C<»ieequently,  the  neaver  theplanet  is  to  i, 

.the  faster  it  will  appear  to  move,  and  the  contrary,  that  is,  a  spectator 

<at  E  will  see  the  planet  moving  most  slowly.when  at  P,  from  whence 

the  apparent  motion  will  be  accelerated  until  it  arrives  at  b,  and 

retarded  while  it  returns  to  p  en  the  other  side.    The  cixde  P  Q  B  is 

called  an  eccentric.    This  hypothesis  was  a  tolerably  good  repreeenta- 

'taon  of  the  motion  of  the  sun,  when  xo  was  taken  in  a  certain  specified 

proportion  to  the  radius  o  B ;  and  if  the  sun  had  been  placed  at  x,  it 

;Woukl  have  made  a  si^Bcient  representation  of  the  motions  of  the 

planets^  at  least  for  the  eariier  periods  of  obeervatioB.    But  it  must  be 

I  remembered  that  though  an  acceleration  and  retsidation  would  thus 

I  be  established,  it  would  not  bo  precisely  that  of  the  planets,  though 

f  sufficiently  near,  as  remarked,  to   represent  the  results  of   rough 

;  observation. 

The  mode  of  obtaining  the  ahemate  progressive  and  retrograde 
;  motion  is  as  follows  :— Let  P  be  the  centre  of  a  cii«Ie  called  an  epioyde, 
•  and  let  p  revolve  uniformly  round  the  earth  at  o,  while  the  epicycle 
revolves  uniformly  round  its  centre,  carrying  the  planet  on  its  ciroom^ 
ference,  or  while  the  ^anet  revolves  imilormly  round  the  epicycle. 
Let  the  epicycle  itself  move  in  the  direction  p  q  b,  and  let  the  pUmet 
on  the  epicycle  move  in  the  same  direction,  or  abb.  If  then  the 
times  of  revolution  of  the  planet  in  the  epicycle  be  sufficiently  great 
compared  with  that  of  the  epicyde  itself,  its  retrogvadation  at  d  wiU 
more  than  compensate  for  the  progression  of  the  epicycle  itself ;  that 
M,  the  planet  will  appear  to  a  apeotator  at  c  to  move  in  a  retrograde 
direction,  when  it  is  in  the  lower  part  of  the  epicycle.  But  in  the 
higher  part,  at  ▲,  both  nrottons  conspire  to  make  it  appear  to  move 
direclJy.  There  must  consequently  be  an  mtermediate  point  at  which 
the  direct  motion  ceases  and  the  retn^grade  b^;ins;  and  near  this 
pomt  the  planet  will  ofipeax  stationaiy. 

It  is  by  a  complicated  use  of  these  methods  that  Ptolemy  succeeds 
in  giving  a  tolerable  account  of  the  angular  motions  known  in  his 
time ;  but  they  faU  in  placing  the  planet  at  the  right  distance  from  the 
earth,  though  they  may  place  it  nearly  in  the  right  longitude.  We 
imagine  that  in  modem  times  very  few  persons  have  taken  the  trouble 
to  make  themselves  aoquainted  with  the  details  of  this  system.    These 


may  be  learnt,  with  some  trouble,  from  Delambre's  account  of  the 
Syntaxis  ('Hist.  Astron.  Anc.'),but  they  are  explained  with  mzieh 
more  deamees  in  Mr.  Narrien's  '  Origin  and  Progress  of  AstronmnT,* 
London,  1883.  Those  who  would  have  Ptolemy's  own  explanation  it 
less  expense  of  time  than  is  necessary  to  find  it  in  the  Syntaxis, 
should  look  at  his  short  tract,  vcpl  twoBia^mw  rmp  wKtamfi4»mF,  which 
was  published  with  the  Sphere  of  Produs,  by  Dr.  Bainbridge,  in  1621'. 
The  physical  views  may  be  collected,  as  well  as  the  mathemfttical  ooa, 
from  the  '  Philolaus,'  the  first  work  of  Bouillaud,  Amsterdam,  1639. 
[Trochoidai.  Cubves.] 

PTOSIS  is  a  droppi^  of  the  upper  eyelid,  whidi  the  |»atiait  caanct 
by  any  voluntary  exertion  raise  from  before  the  globe  of  the  eye.  In 
some  cases  this  efiect  is  produced  by  great  inflammatory  swelling  of 
the  eyelid,  with  effusion  of  serum  into  its  tissue ;  but  in  tnose  cases  to 
which  the  name  of  ptosis  is  more  especially  applied,  it  results  from  a 
paralysb  of  the  third  pair  of  nerves  [Bbaib,  in  NaT.  Hist.  Div.],  or 
only  of  that  branch  of  it  which  supphes  the  levator  palpebrae  muaek 
[Eye,  in  Nat.  Hist.  Div.]  These  are  in  fact  cases  of  local  paraljas, 
and  must  be  'treated,  without  any  paiiicular  reference  to  the  eye, 
according  to  the  principles  on  which  paralytic  aflect&ons  in  general  are 
managed.    [Pabalt8is.J 

PTTALl^.  An  albuminous  matter  constituting  about  one-tiiiid  ci 
the  soluble  solids  of  the  saliva.  It  converts  starch  into  deictrin  sod 
Bunr. 

PUBERTY  {PuAaias),  the  age  at  which  the  period  of  boyhood  or 
girlhood  ends,  and  that  of  adolescence  begins.  [Aqb.]  The  word  i? 
derived  from  pubes,  which  in  its  primary  signification  means  the  down 
or  soft  hair  that  generally  begins  to  grow  on  young  people  about  that 
time.  Puberty  appears  at  various  a^es,  according  to  the  climate,  the 
circumstances  connected  with  education,  and  the  constitution  of  the 
individual.  The  usual  period  in  this  country  is  from  the  twelfth  U 
the  fourteenth  year  for  females,  and  from  the  fourteenth  to  the  six- 
teenth for  males.  In  the  northern  parts  of  the  island  it  is  often  a  year 
or  two  later  in  both  sexes.  Women  in  all  countries  reach  the  period 
of  puberty  one  or  two  years  before  men ;  and  the  inhabitants  of  wvm 
before  those  of  cold  dUmates.  In  the  hottest  regions  of  Africa,  Asia. 
and  America,  girls  arrive  at  puberfy  at  ten,  or  even  at  nine  yean  oi 
age ;  in  France  not  till  thirteen,  fourteen,  or  fifteen ;  whilst  in  Sweden, 
Russia,  and  Denmark  this  period  is  not  attained  till  from  two  to  three 
years  later. 

Oooasionally  however  an  extraordinary  precocity  exhibits  itself  ia 
the  development  of  both  males  and  females.  It  is  not  neoeaaary  to 
dwell  at  any  great  length  upon  instances  of  exemplification,  which 
may  be  traced  in  great  numbers  in  the  writings  ci  physiologists  wk* 
have  been  curious  upon  this  subjects  Those  who  are  desirous  of  doing 
so  may  turn  to  the  '  Journal  des  Sfavana'  for  168$,  and  the  '  Philo- 
sophical Transactions'  for  17i5;  and  other  instances  in  Dr.  Goodd 
<  Pnotiee  of  Medicina' 

The  period  which  commenosB  with  puberty  Is,  both  ae  regards  the 
mind  uid  the  body,  one  of  the  most  important  epochs  5.  humao 
existence ;  for,  says  Dr.  Copland  ('  Dictionary  of  Practieal  Medicine '). 
<kiring  it  the  natural  development  of  the  sexual  organs  imparts  a 
health  and  tonic  excitement  throughout  the  economy,  bringing  to 
their  state  of  full  perfection  aU  the  organs  of  the  bod;|f,  and  all  the 
manifestations  of  mind,  excepting  those  that  are  derived  from  ex- 
perience. It  is  chiefly  during  this  period  of  life  that  the  mind  becomes 
stored  with  ideas,  derived  both  from  the  learning  of  the  ancients,  th< 
sdenoe  of  the  moderns,  and  the  arts  and  aoeomplishments  of  highly 
civilised  life ;  and  is  more  particularly  and  more  aide&tly  engsged  in 
decomposing  the  information  thus  acquired,  asd  fedombimng  il  in  new 
and  useful  attractive  forms. 

PUBLIC  HEALTH..    [Sakuabt  Legislation.] 

PUBLIC  LIBRARIES.    [Libbaries.] 

PUBLIC  POLICY.  This  expression  somethnes  occurs  in  the 
reports  of  law  cases,  and  sometimes  the  expression  "  policy  of  the  law  " 
occurs ;  neither  of  these  enressions  has  a  sufficiently  definite  meaning. 
An  example  will  best  explain  how  thev  are  applied.  One  man  may 
agree  with  another  for  a  certain  valuable  consideration  to  give  up  to 
horn  some  inde,  art,  or  business,  and  agree  that  he  will  not  carry  on 
the  same  within  the  reidm,  with  the  object  of  seeuring  to  the  purchaaer 
all  the  benefit  which  can  be  derived  from  his  bargain.  If  he  who  has 
reoeived  the  money  happens  to  break  his  contract  by  oommencing  tfa« 
same  trade,  art,  or  business  in  a  distant  part  of  the  realm,  as  at  the 
Land's  End  or  Newesstle-on-Tyne  (the  original  place  of  business  being 
London),  and  an  action  be  brought  on  the  contract,  it  could  not  ho 
maintained,  because  the  contract  itself  was  against  pibUe  poZiey,  which 
would  be  explained  to  mean  that  the  public  ought  not  to  be  deprived 
of  a  man's  services  by  such  an  unreasonable  contract  Yet  if  the  con- 
tract were  that  the  trade  or  business  should  not  be  exercised  within  a 
certain  limited  distance  of  London,  the  contract  would  be  valid. 
^  PUBLICA'NI.  The  publicani  were  a  body  of  persons  in  the  Roman 
state  who  farmed  the  public  revenues  {vedigaMa),  from  which  circum* 
stance  apparently  their  name  is  derived.  (''  Publicaai  autem  dicuntur 
qui  publica  vectigalia  habent  conducta," '  Dig./  30,  tit.  4,  s.  12,)  They 
were  numerous  as  early  as  the  6th  century  of  the  republic^  and  they 
continued  to  exist  under  the  emperops.  The  publican!  formed  various 
societies  or  partnerships,  which  had  a  corporate  oharaoter.  Each 
aocietas  had  a  magister,  or  eiuef  manager,  at  Rome,  and  a  deputy 
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magister  {promagistro),  with  numerous  associates  and  assistants,  in  the 
provinces.  [Pbovincia.]  The  revenues,  which  were  chiefly  leased  to 
the  publican!,  were  tolls,  harbour  duties,  and  the  scriptura,  or  the  tax 
that  was  paid  for  the  use  of  the  public  pasture-lands.  The  publican! 
had  their  under-lessees  {portUores,  rtX&vai,  liake  ▼.  27*  29)  and  col- 
lectors. Nuioerous  slaves  were  also  employed  by  them  in  collecting 
the  taxes ;  and  this  body  of  men  was  comprehended  under  the  term 
of  a  familia  piMieancrum,  In  our  translation  of  the  New  Testament 
these  inferior  officers  are  called  **  pubUcans/'  and  are  mentioned 
together  with  ''  sinners,"  a  distinction  to  which  they  might  be  partly 
entitled  for  their  oeca^onal  oppressive  conduct,  and  partly  to  the 
general  dislike  of  aU  the  world  to  tax-collectors.  It  appean  that 
Matthew,  who  was  a  Jew,  was  a  publican  (H&tt.  ix«  9),  the  only  oivil 
employment  held  by  a  Jew  under  the  Romao& 

The  publican!  undertook  to  pay  fixed  sums  for  the  taxes  of  a  par- 
ticular district  or  place.  The  contract  was  often  made  by  a  single 
person  on  behalf  of  himself  and  others.  It  was  the  business  of  Sie 
censors  to  let  the  taxes.  The  publican!  gave  security  to  the  state  for 
the  due  performance  of  their  contract ;  and  their  property,  as  well  as 
that  of  their  sureties,  was  liable  to  the  amount  of  their  obligations. 

Among  the  remedies  which  the  pubHoani  had  against  those  who  were 
bound  to  pay  vectigal,  was  the  pignoria  capHo,  which  seems  to  have 
been  a  kind  of  distress  (Gkdus,  iv.  28) ;  but  after  the  old  forms  of 
action  were  changed,  it  was  not  usual  actually  to  seice  the  property, 
but  a  fiction  was  introduced  into  the  formula,  by  virtue  of  whto  the 
person  who  owed  the  vectigal  might  be  condepined  in  a  sum  of  money 
equal  in  amount  to  what  he  must  have  paid  in  order  to  redeem  his 
property  if  it  had  been  seized. 

PUERPERAL  DISEASES.  Under  this  term  are  induded  all 
those  diseases  which  arise  out  of  the  state  of  pregnancy :  they  are  not, 
however,  as  the  name  would  seem  to  imply,  peculiar  to  this  condition, 
but  incidental  only ;  and  they  are  so  far  modified  by  it  as  to  require 
some  allusion  to  their  character  and  mode  of  treatment.  Among  the 
most  alarming  of  these  diseases,  and  the  earliest  to  make  their  appear- 
ance, are  puerperal  convulsions  j  they  consist  of  epileptic  seizures,  and 
their  character  dififers  in  no  respect  from  tiie  ordinary  epQeptio  fits 
already  described  in  the  article  Epilxpst  ;  we  therefore  shall  merely 
observe  in  the  present  place,  that  convulsions  are  liable  to  ooonr  at 
any  time  after  the  sixth  month  of  utero-gestation ;  but  for  the  reasons 
about  to  be  stated,  the  majority  of  cases  are  met  with  during  labour. 
When  they  occur  after  delivery,  they  are  generally  connected  with  a 
loaded  state  of  the  large  intestine,  or  with  a  state  of  exhaustion  from 
haemorrhage.  The  cause  of  these  attacks  must  be  looked  for  in  the 
state  of  the  viscera  and  laarge  blood-vessels  at  this  period :  during 
gestation,  these  parts  are  subjected  to  a  constant  and  increasing 
degrea  of  pressure  from  the  giravid  uterus,  the  natural  tendency  of 
vrhich  is  to  produce  local  congestion  of  the  ciraulating  fluid,  and  an 
undue  accumulation  of  the  excretions  within  the  inteslinea  At  the 
time  of  parturition  this  pressure  is  materially  augmented  by  the  eon- 
tractile  efforts  which  are  made  to  expel  the  in&nt ;  vad  the  mechanioal 
obstacle  thus  offered  to  the  flow  of  blood  through  the  abdominal  aorta, 
determmes  it  in  unnatural  quantity  to  tiie  brain.  Hence  this  state  of 
things,  if  not  remedied,  noay  not  only  produce  the  disease  we  have  just 
been  considering,  but  may  even  give  rise  to  apoplexy.  The  treatment 
is  obvious,  and  consists  in  relieving  the  vascular  system  by  general  and 
topical  bleeding,  and  unloading  the  intestines  by  bride  oathartlca 

A  recent  writer  attributes  puerperal  convulsions  to  the  presence  of 
uea  in  the  blood. 

But  by  far  the  most  important  and  the  most  dangeroua  of  puerperal 
^^jeaaes  is  puerperal  peritonitis  [Pebitonitis],  called  also  puerperal 
Miflammation,  puerperal  fever.  It  usually  attadu  women  a  few  days 
after  delivery,  and  seems  to  have  no  connection  with  the  duration  or 
the  severity  of  Ubour.  This  fatal  disease  Varies  so  much  In  the  type 
of  the  inflammation  as  to  -be  scarcely  recognised  as  the  same  afifecti<m 
^  difliarent  individuals  and  at  diflerent  periods,  the  accompanying  fever 
being  somethnes  strictly  inflammatory,  and  at  other  times  typhoid. 
In  Its  most  dangerous  form  it  is  characterised  by  a  remarkable  i»08- 
tration  of  the  vital  powers,  and  by  a  countenance  expressive  of  extreme 
JQ^ety  and  distress.  The  pulse  is  frequent  and  feeble ;  the  abdomen 
*ym]pnitio,  and  unable  to  bear  the  slightest  pressure ;  the  bowels  are 
constipated,  and  vomiting  is  not  an  imfrequent  attendants  As  the 
^^^Boaae  proceeds,  the  lochia!  discharge  and  the  secretion  of  milk  are 
suppressed ;  and  towards  its  termination,  a  total  cessation  of  pam 
somethnes  oocura,  and  the  patient  dies,  often  in  full  possession  of  her 
biliousness  to  the  last.  This  severe  form  of  puerperal  fever  is  most 
J'equently  epidemic,  and  many  believe  it  to  be  highly  contagious.  The 
jesions  met  with  in  this  disease  are  diiefi v  manifest  in  the  peritoneum ; 

.  m  the  wonit  cases,  the  substance  of  the  uterus  itself,  and  the  large 
oina  in  its  vicinity,  present  evidences  of  inflammation.    The  treatment 

puerperal  lever  is  peculiarly  difficult;  "  evexy  case,**  observes  one  of 
and  T^  <^elebrated  accoucheurs,  '*  must  be  isolated  and  studied  alone, 
tir^  ^^  at  by  itself,  and  its  management  must  depend  upon  its 
^  and  its  stage."  Bleeding,  general  and  topical;  oounter-mitation, 
nui-"'^'^  of  blisters  or  spirits  Off  turpentine,  applied  to  the  abdomen ; 
dosM^  Vy  the  exhibition  of  the  last-named  medioine,  or  by  large 
^v^  ^}  calo(mel;  and  the  latter,  given  to  excite  ptyaJUsm,  have  beos 
But  £"^^^  remedies  used  for  combating  this  formidable  makdy. 
^0  prostration  of  the  viAal  powers  is  in  some  esses  so  extrene  as 


to  affbrd  us  little  chance  of  putting  into  requisition  the  only  means 
which  we  possess  of  combating  the  inflammatory  symptoms. 

A  form  of  disease  sometimes  occurs  after  delivery  which,  from  its 
resemblance  in  seme  particulars  to  the  one  we  have  just  alluded  to 
requires  notice.  It  is  due  to  stomachal  and  inteatinal  irritation ;  and' 
is  ushered  in  by  rigors,  followed  by  great  heat  of  sUn,  a  full  and 
frequent  pulse,  and  loaded  tongue.  The  abdomen  may  be  tumid  and 
painful  on  pressure,  and  the  head  may  be  affected  by  symptoms  of 
phrenitis,  as  intolerance  of  light,  noise,  wakefulness,  and  delirium. 
The  affection  of  the  head  and  that  of  the  abdomen  frequently  oo-exiit 
or  alternate  in  the  same  case ;  and  this  conjunction  of  the  two  affbo- 
tions  serves  to  assist  in  the  diagnosis  between  peritonitis  and  the 
present  oomphunK  As  it  is  of  the  greatest  importance  in  a  therapeutio 
point  of  view  to  distinguish  puerperal  inflammation  from  intestinal 
irritation,  much  may  be  learnt  by  the  exhibition  of  large  injections  ol 
warm  water,  an  examination  of  the  evacuations,  and  an  observation  of  the 
effects  thus  produced  upon  the  disease.  In  intestinal  disorders,  the  feces 
will  be  found  to  be  scybalous,  or  at  least  offensive  and  dark-oolonred, 
and  in  lai^ge  quantities ;  and  the  relief  obtained  will  be  found  to  depend 
upon  the  |>roper  evacuation  of  the  bowels.  Another  characteristic  of 
intestinal  irritation  is  the  susceptibility  to  fainting  upon  blood-letting. 
The  treatment  of  this  disorder  may  be  summed  up  in  the  words  of 
Dr.  Marshall  Hall.  « In  peritonitis,"  he  observes,  '<the  freest  blood* 
letting  must  be  aided  by  purgative  medicines ;  whilst  in  intestinal 
irritation,  the  freest  and  fullest  evacuation  of  tiie  intestines  must  be 
aided  by  blood-letting ;  for  although  both  blood-letting  and  purging 
ore  to  be  used  in  every  case,  yet  the  former  is  tiie  remedy  in  in^ 
flammation,  and  the  latter  in  intestinal  izritation."  In  describing  the 
last-mentioned  disease,  we  have  alluded  to  Ae  combination  of  cerebral 
symptoms,  whieh  so  frequently  are  present.  This  disturbuioe  of  the 
intellectual  functions  is  sometimes  so  great  and  so  continued,  as  to  lead 
to  the  supposition  that  the  brain  is  the  seat  of  some  active  inflamma« 
toiy  disease;  and  were  we,  acting  upon  this  supposition,  to  have 
recourse  to  antiphlogistic  remedies  only,  we  shoidd  probably  lose  our 
patient.  This  alarming  disorder  has  been  termed  puerperu  insanity, 
or  puerperal  mania.  It  comes  on  rather  insidiously :  there  is  a  little 
excitement  during  the  day  and  iHeeplessneBs  at  night;  then  delirium, 
and  then  actual  mania;  the  pulse  is  somewhat  accelerated,  the  tongue 
furred,  the  skin  hot,  the  bowels  costive,  and  the  secretion  of  milk 
diminished.  It  seems  to  arise  from  a  combination  of  causes  actiQg 
upon  an  originally  irritable  temperament,  but  rendered  still  more  so 
by  intestinal  disorder  and  hemorrhage,  or  by  the  debility  consequent 
upon  Buckling.  Blood-letting  in  these  eases  is  generally  fatal ;  the  treat- 
ment consists  in  regulating  uie  bowels  and  preserving  extreme  quiet  of 
mind  and  body^  witii  a  nutritious  but  not  stimulating  diet. 

When  speaking  of  puerperal  fever,  it  was  observed  that  the  large  veiAS 
in  the  vicinity  of  the  uterus  frequently  presented  traces  of  inflammation. 
Uterine  and  crural  phlebitis,  however,  occurs  as  a  distinct  disease,  and 
has  been  described  under  the  terms  of  phlegmasia  dokna,  osdema 
puerperamm,  the  white  Bwelliog  of  lying-m  women,  ^ ;  but  It  is 
only  within  a  few  years  that  the  true  nature  of  tiito  disease  has 
been  fully  undentood,  having  been  first  pointed  out  to  the  pro- 
fessioa  by  Dr.  Robert  Lee.  It  may  appear  as  early  as  the  fourth 
day  after  delivery;  but,  in  the  majority  of  eases,  it  is  not  till  the 
second  or  third  week  that  it  makes  its  appearance;  and,  in  many 
instances,  attacks  women  who  are  reoovering  from  puerperal  fever.  It 
is  ushered  in  with  rigon,  and  these  are  succeeded  by  heat,  thirst,  and 
other  symptoms  of  pyrexia.  There  is  a  sense  of  pain,  first  experieoeed 
in  the  uterine  region,  and  gradually  desoendiiig  in  tiie  course  el  the 
iliac  and  crural  veins  down  one  i^,  accompanied  by  swelMng,  and 
great  tenderness  upon  pressure  along  the  oourse  of  the  vessels,  whloh 
are  hard  as  a  cord,  and  roll  under  the  ilngers.  In  some  eases  an 
erythematous  redness  of  the  integuments  of  the  limb  is  met  with ;  but 
in  the  majority  they  are  smooth,  shining,  t^ise,  and  colourless.  The 
power  at  moving  the  hmb  is  completely  lost,  and  it  is  greatly  and 
uniformly  swollen  throughout  its  whole  extent.  Sometimes,  after  ^e 
inflammation  has  subsi&d  in  one  limb,  the  other  is  attacked  in  a 
similar  way.  The  pala  and  febrile  symptoms  usually  diminish  witldtt 
a  few  days  after  the  occurrence  of  the  swelling ;  but  someiimeSv  the 
pain  is  exoruoiating  threvghout  the  whole  period  of  the  acute  sta^^  of 
the  diseasa  The  duiation  of  the  acute  stage  is  various  in  different 
individuals;  in  the  greater  number  of  cases  it  terminates  in  two  or 
three  weeks;  but  the  iimb  still  remsins  powerless  and  oedematous.  ItL 
some  women  the  limb  does  not  return  to  its  natural  state  lor  many 
months,  or  years,  or  even  during  life.  The  appearances  on  dissection 
which  are  met  with  in  this  disease  are  simihur  to  those  which  charae* 
terise  inflammation  of  the  veins  generally.  The  causes  of  this  aflection 
are  supposed  to  be  owiog  to  the  orifices  of  the  veins  in  the  Uning 
membrane  of  the  uterus  being  left  open  after  the  separation  of  the 
placenta,  by  which  a  direct  communication  is  estabhshed  between  the 
cavities  of  these  vefais  and  the  atmospheric  air.  The  treatment  of 
phlegmasia  dolens  consists  in  the  local  abstraction  of  blood  by  leeohes 
applMd  to  the  groin,  sad  in  the  oourse  of  the  large  venous  trunks  of 
the  Ihnb ;  hot  SomentationB  to  the  part,  and  the  admimstration  of 
diaphoretics  and  saline  purgatives.  After  the  inflammatoiy  symptoms 
have  subsided,  the  Mmb  may  be  supported  by  a  bandage,  and  slight 
frictiims  made  use  of. 

There  is  a  daaarda  oooasumally  met  with  i&  the  puerperal  state^ 
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which,  from  not  bdng  mentioned  in  the  article  HiEiiOBBHAOS,  must 
be  alluded  to  in  this  plaoe.  The  symptoms  about  to  be  detailed  are 
owing  to  loss  of  blood,  uterine  hasmorrhage  during  and  shortly  after 
parturition  bemg  not  an  unfrequent  occurrence.  The  more  immediate 
effects  of  hsemoirhage  are  hunting;  and  where  the  loss  of  blood  has 
been  great,  this  symptom  is  sometimes  so  prolonged  as  to  be  not  only 
dangerous,  but  &taL  R  is  the  more  remote  consequences  of  loss  of 
blood  that  we  are  to  speak  of  in  this  place  :  we  have  seen  already  how 
a  combination  of  this  with  intestinal  disorder  and  other  irritating 
causes  gives  rise  to  puerperal  mania ;  we  shall  now  view  the  effects  of 
hflsmorrhage  as  they  axe  met  with  imoombined  with  the  conditions 
previously  alluded  to.  This  condition  of  system  has  been  called  by 
the  French  pathologists  a  state  of  amema,  and  is  charactezised  by  a 
paUid  condition  of  the  skin;  great  nervous  excitability;  a  throblnng 
of  the  temples ;  vertigo ;  tinnitus  aurium ;  a  frequent,  jerking,  oom* 
pressible  pulse;  a  great  tendency  to  faint  on  the  slightest  exertion,  or 
m  the  upright  position ;  palpitation  of  the  heart ;  halitant  respiration ; 
and,  generally,  great  thint.  The  treatment  to  be  adopted  in  anaemia 
from  loss  of  blood,  consists  in  maintaining  a  perfect  quiet  of  mind  and 
body,  in  a  free  exposure  of  the  patient  to  frash  air,  a  mild  but  nutri- 
tive diet,  and  a  regular  but  not  an  over-acUve  state  of  the  bowels.  The 
symptoms  we  have  just  enumerated  as  arising  from  loss  of  blood  axe 
sometimes  met  with,  in  a  mitigated  form,  at  a  much  later  period  of 
the  puerperal  state,  and  arise  from  Uie  drain  occasioned  by  super- 
lactation. The  treatment  of  these  cases  is  more  simple,  and  consists 
generally  in  the  weaning  of  the  child,  the  adoption  of  a  more  nutritive 
diet,  and  change  of  air.  With  respect  to  what  are  called  milk- 
abscesses,  they  arise  from  the  inflammation  consequent  on  over-dis- 
tention  of  the  lactiferous  tubes,  and  require  the  same  mode  of 
treatment  as  is  adopted  in  abscess  when  it  occurs  in  other  parts  than 
the  breast.  [ABSOEsa.]  They  are  best  prevented  by  permitting  the 
infant  to  suck  within  a  few  hours  after  deliveiy,  and  by  repeating  this 
act  frequently.  When  the  secretion  of  milk  is  excessive,  the  bowels 
should  be  kept  freely  open  by  saline  purgatives. 

PULLET.  A  machine  uMd  in  the  arts  for  the  purpose  of  trans- 
mitting power,  which  consists  of  a  case  with  one  or  more  openings,  in 
which  a  similar  number  of  sheaves  revolve  upon  an  axle ;  the  case  or 
block  is  surrounded  in  the  direction  of  its  length  by  a  band  ending  in 
a  hook  able  to  be  fixed  to  any  point  of  support.  The  cord  or  chain 
working  upon  the  sheaf,  or  sheaves,  either  increases  the  power  exer- 
cised, whilst  it  decreases  the  velocity  of  movement,  according  to  the 
principles  of  mechanics;  or  it  simply  changes  the  direction  of  the 
movement  transmitted.  Pulleys  are  either  made  of  wood,  or  of  metal : 
the  former  being  almost  exclusively  used  for  ship-building.  In  the 
wooden  pulleys  the  blocks  are  ustuUy  made  of  dm,  the  sheaves  of 
lignum  vitsB,  and  the  axles  of  either  wood,  or  of  iron ;  in  metal  puUeys 
the  blocks  are  made  of  iron,  the  sheaves  of  brass,  the  axles  of  iron  or 
of  steel,  and  the  bushes  of  brass.  The  proportions  of  the  various  parts 
of  a  pulley  are  regulated  by  the  width  of  the  sheaf,  and  this  module 
itseu  must  be  chosen  so  that  the  cord  or  chain  shall  ride  easily  on  its 
gorge,  without  worldng  against  the  sides ;  the  proportion  of  the  diameter 
of  the  axle  to  that  of  the  pulley  must  be  made  as  small  as  is  consistent 
with  the  strength  of  the  machine,  and  the  sheaves  must  be  so  truly 
bored  as  to  allow  of  their  revolution  without  any  friction  <>g^»T***-  the 
sides  of  the  blocks. 

i  The  term  pulley  is  likewise  applied  to  some  of  the  narrow  band 
wheels  used  for  the  purpose  of  driving  machinery  gearing,  especially 
when  they  are  of  the  description  tedinicaUy  known  under  the  name 
of  fast  and  loose  pulleys,  or  those  in  which  one  of  the  assemblage  of 
wheels  is  made  to  revolve  freely  upon  the  shsit,  without  being  aUe  to 
communicate  any  motion  to  the  latter.  In  these  cases  the  vSocity  of 
the  axle  driven  by  the  intervention  of  the  pulley  will  be  regulated 
fay  the  proportions  between  the  diameters  of  the  pull^.  [Kaohinb.] 
I  PULMONIC  ACID.  Synonymous  with  Pneumio  Acm. 
'  PULPIT.  This  term  affords  a  str&ing  twyf^i^ff^  of  the  great  change 
of  meaning  and  application  which  words  frequently  imdergo,  for, 
exdttsively  of  the  Latm  termination,  it  is  identical  with  PtdpUum, 
which  signified  that  part  of  the  Roman  stage  (distinguished  from  the 
orchestra)  on  which  uie  actors  recited  and  performed  their  parts.  The 
French  pupUre  and  the  English  pvlpU  both  oome  from  the  same  source, 
but  are  dissimilar  in  signification ;  the  former  meaning  merely  a 
leading-desk,  and  chaire  {cathedra)  being  the  term  that  corresponds 
with  our  English  pulpit.  The  ambo  of  the  eariy  Christians  appears  to 
have  been  different  both  in  form  and  purpose  nrom  pulpits  afterwards 
used  for  preaching,  it  being  rather  a  low  platform  on  which  parte  of 
the  service  were  simg  or  recited.  The  most  ancient  pulpito  now 
existmg  are  supposed  to  be  those  in  S.  Lorenzo  f  uor  delle  Mura  and 
8.  Clemento  at  Rome ;  and  these  and  other  early  pulpite  of  the  same 
kind  are  of  marble,  with  inlaid  or  mosaic  compartments.  In  the 
church  of  S.  Lorenzo  at  Florence,  and  several  other  modem  basilicas, 
there  are  two  pulpite,  one  on  each  side  of  the  nave.  Great  cost  both 
of  material  and  workmanship  was  frequently  bestowed  on  pulpite;  and 
some  of  them  rank  among  the  most  celebrated  monumente  of  art  of 
their  period.  The  pulpit  in  the  baptiBtery  of  Pisa,  by  Niccola,  is 
hexagonal,  and  supported  on  seven  columns,  one  at  each  angle  and  a 
central  one.  Qiovanni  Pisano  executed  that  in  the  nave  of  the  Duomo 
At  Pisa,  besides  which  there  are  twp  others  in  the  same  church,  on  the 
opposite  sides  of  the  choir.    The  Pergomo  of  Santo  Croce  at  Florence, 


by  B.  da  Majano,  is  greatly  extolled  by  Vasari  for  the  beauty  of  iw 
reliefs  and  sculptures.  The  two  pergami  in  S.  Lorenzo  at  Floreoo^ 
are  the  work  of  DonateUo ;  and  of  the  mastery  of  composi^on  dispUjed 
in  their  reliefs  some  idea  may  be  formed  from  the  specinien  given  c-f 
them  in  Cicognara's  'Storia  della  Scultura.'  Notwithstanding  the 
richness  of  such  pulpite,  and  their  elaborate  execution,  their  generd 
forms  are  not  always  the  most  pleasing  or  appropriate.1 

For  a  long  time  the  pulpit  appears  to  nave  been  treated  as  an 
architectural  feature,  being  constructed,  if  not  of  marble,  of  the  same 
ipaterial  as  the  rest  of  the  interior.  Among  numerous  other  examples 
of  Qothic  stone-pulpito  may  be  mentioned  one  that  has  been  much 
admired,  though  it  is  very  impure  in  style,  in  the  nave  of  Stnsboz^ 
cathedraL  One  of  the  most  celebrated  as  a  performance  of  art  is  th« 
magnificent  oak  pulpit  in  the  nave  of  St.  Gudule,  at  Bruasek ;  the 
wjiole  is  elaborately  carved,  and  the  pulpit  itself  ia  supported  by 
figures  representing  Adam  and  Eve  expdued  from  Paradise. 

Of  stone-pulpite  we  have  only  a  few  remaining  in  thia  country;  bat 
there  ii  one  in  Bristol  cathecual  dated  1624,  another  in.  Woroesto-, 
drawiogB  and  details  of  which  latter  are  given  in  Pugin's  '  Gothie 
Specimens;*  and  others  ih  Huiah-Episoopi,  Somersetshire;  Coombe, 
Oxfordshire,  Ac;  but  old  carved  wooden  pulpite  are  much  more  oommoB. 
The  Worcester  pulpit,  and  a  stone  pulpit  in  the  outer  court  of  Magdakoe 
College,  Oxford,  are  instances  of  what  may  be  termed  oriel  pmlpUi, 
being  made  to  project  after  the  &u^on  of  an  oriel,  from  a  pier  or 
wall,  and  similarly  corbelled  below,  instead  of  being  suf^rted  from  the 
ground.  Another,  still  more  ancient  and  curious — and  we  may  add, 
more  beautiful'-is  that  at  Beaulieu,  Hante,  which  projecte  from  an 
elegant  open  Qothic  arch,  and  is  supported,  not  on  a  corbelldd  and 
moulded  oriel-stool,  but  on  a  short  reversed  spire,  whose  an^es  are 
decorated  with  smstll  pillar-8hafte,.and  the  sides  between  them,  with 
folia^.  Besides  pulpite  of  thia  kind  in  the  courte  and  cloisten  of 
religious  houses,  there  were  others  called  preachinst-crouei,  from  which 
sermons  were  delivered  in  'the  open  air :  Paul's  Cross  is  a  celebrated 
and  well-known  instance. 

PUMP.  A  machine  used  in  the  arte,  and  in  the  ordinary  bunnes 
of  life,  for  the  purpose  of  raising  water  from  a  lower  to  a  higher  level ; 
or  for  the  purpose  of  forcing  it  through  pipes  to  be  distributed  as  may 
be  required.  Pumps  are  occasionaUy  used  in  similar  manner,  in 
dealing  with  other  aqueous  fluids,  with  trifling  modifications  in  l^tir 
details,  according  to  ue  nature  of  the  fiuids ;  and  a  peculiar  claas  oi 
pump  IB  employed  for  the  purpose  of  either  removing,  or  of  disfcrU 
buting  air  or  other  gaseous  fiuids.  The  general  principles  of  the  piuips 
applicable  to  the  respective  Idnds  of  fluids,  are  however  so  clasdy 
alUed,  that  it  may  suffice  here  to  notice  only  the  more  common 
descriptions  of  wUer  and  of  air-pwmpi,  referring  occasionally  to  some 
of  the  most  important  modifications  to  which  they  are  subjected  in 
order  to  adapt  them  to  particular  drcumstances. 

Water  pumps  are  divided  into  two  general  classes,  called  Ist,  nteiiim 
pumpB,  or  2nd,  forcing  pwnpt,  according  to  their  mode  of  action.  The 
suction  pumps  are  those  m  which  the  atmospheric  pressure  ia  made 
use  of  to  force  a  column  of  water  to  rise  in  a  tube,  from  which  Uie  air 
has  been  withdrawn  in  such  a  manner  as  to  leave  a  vacuum  in  ite 
interifMr.  The  forcing  pumps  are  those  in  which  a  mechanical  effort  ts 
^>plied  to  the  water  to  raise  it  to  the  required  level.  Evidently  the 
power  of  the  suction  pump  is  limited  in  this  respect ;  namely,  that 
the  colunm  of  water  cannot  rise  beyond  the  level  at  which  the  wei^t 
of  the  column  of  water  balances  the  weight  of  the  atmosphere; 
whereas  the  power  of  the  forcing  pump  is  only  limited  by  the  dynam- 
ioal  effort  employed,  and  by  the  strength  of  the  machinery  itaeH 
Suction  pumps  are  therefore  only  used  in  simple  cases,  and  where  the 
water  has  not  to  be  raised  to  any  great  height ;  at  timeSy  combined 
suction  and  forcing  pumps  are  used,  but  wherever  laige  vcdumes  of 
water  have  to  be  moved,  forcing  pumps  are  the  only  ones  which  an 
habitually  employed.  The  common  lifting  pumps  are^  it  may  be 
added,  simply  those  modifications  of  the  forcing  pumps,  whi^  are 
used  in  cases  where  the  quantity  of  water  to  be  raised  is  not  very 
great,  or  where  the  height  above  the  limit  of  action  of  the  suctiim 
pump  is  not  very  considerable. 

The  component  parte'  of  all  kinds  of  pumps  are,  1*,  the  cylinder  in 
which  works,  2%  the  piston;  8%  the  suction,  or  feed-pipe;  4%  the 
various  clacks  or  valves;  and  5**,  the  delivery  pipe.  In  the  large 
pumping  works  for  town  supplies,  there  are  placed  upon  the  deliveiy 
pipes  eitiier  some  air  vessels,  or  some  stand  pipes  or  water  towers,  for 
the  purpose  of  equalising  the  pressure  on  the  distributing  pipes,  and 
of  obviating  the  hydraulic  jar  produced  by  the  alternate  motion  of  the 
piston  in  ite  up  and  down  stroxes.  The  motive  power  used  in  working 
the  pumps,  and  the  various  details  of  the  pipes,  pistons,  piston-rods, 
valves,  £c.,  are  so  numerous  that  it  will  only  be  possible  here  to 
:  describe  some  of  the  most  important  modifications  of  tiiem. 

The  cylinder  ii  usually  circular  in  ite  transverse  secUon,  although  ia 
some  cases  it  is  made  quadrangular,  or  even  polvgonaL  For  small 
lifte  it  may  be  .made  either  of  wood  or  of  metal;  but  the  form«r 
material  wears  away  too  rapidly  for  works  destined  to  be  used  for  any 
length  of  time.  The  use  of  wooden  pumps  ia,  therefore,  ahnost 
exdusively  confined  to  agricultural  purposes,  or  to  ships,  prindpally 
on  account  of  their  economy  in  the  first  instance ;  whilst  cast-iron  or 
brass,  is  almost  exclusively  used  for  the  cylinders  of  pumps  employed 
in  industrial  operations.    Of  whatever  material  the  cylinder  may  be 
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m^e,  it  ii,  hnwaver,  en«ntial  that  it  ihoutd  be  perfectly  strught  sad 
true  initi  ban;  even  when  the  ^nston  does  Dot  work  in  oloae  contact  wiUi 
it  The  power  of  a  pomp,  of  wh«t«iever  dB«niption  it  may  be,  depend* 
upon  the  inner  diameter  of  the  cylinder.  It  ie  considered  to  be  small, 
when  the  diameter  is  lea  than  bora  £  to  S  inebee ;  it  is  ooneidsred  to 
be  large  when  it  exceeds  1  foot  in  diameter  ;  and  it  is  only  in  the  gnat 
mining  operations,  or  in  municipal  water  mppliee  that  the  diameter 
of  pump  cylinders  exceeds  2  feet.  The  Length  of  the  cylinder  only 
exceeds  that  of  the  stroke  of  the  piston  by  a  small  quantity. 

The  piston  is  themost  important  psii  of  the  machinery  of  a  pump; 
it  ll  the 'part  which  requins  the  gnktest  skill  in  its  manufactun,  and 
upon  whoH  correct  action  the  eueoess  of  the  whole  machine  depends; 
under  these  dreomstanoee,  aa  might  have  been  expected,  it  hu  been 
modified  in  the  greatest  ponible  Tsriel^  of  mannera.  If  the  cdstim 
raise  the  water  during  its  ascent,  or  its  descent  only,  its  actiOQ  is  said 
io  be  tingU  ,•  if  on  theeontrary.itdiouldrBissthe  water  by  both  those 
motions,  the  action  is  said  to  be  douile.  The  radinary  suotton  pumps 
have  wooden  pistons,  working  bermaticallj  sgainst  the  sidee  of  the 
cylinder,  but  bearing  a  dack  in'the  centre,  throu^  which  the  water 
ijaa  on  the  down  strake,  to  be  lifted  on  the  up  stroke  to  the  point  of 
discbar^.  A  mon  oomplicated  description  of  piston  tor  the  purpose 
of  raising  the  water  on  me  up  stroke  ie  used  in  the  lifting  pumpe,  and 
they  have  to  support  the  weight  of  the  column  of  water  above  them. 
In  the  ordinary  forcing  pump,  however,  the  [ustononly  forces  the  wster 
forwBid  on  the  down  stroke;  but  in  the  double  action  forcing  pumpi, 
the  water  is  rsjsed  by  both  the  up  snd  the  down  strokes,  by  a 
peculiar  anangement  oj  the  clacks  sjid  delivery  pipes,  to  be  noticsd 

The  pistons  of  couuuon  pumpe  are  made  ordinsrily  of  a  pie 
horabeam,  to  which  the  rod  Is  sttachad  by  a  kind  of  itirrup-bandle, 


ami  which  is  ^erced  ., ^ -„„-..    - 

it  equal  to  about  half  that  of  the  pi^on.  In  the  rimpler  forms  of  the 
auction  ii>d  tbrciiig  pomps,  the  piston  is  made  sdid,  and  the  water 
nised  inte  the  bairel  or  cylinder  by  the  up  stroke  of  the  piston  is 
farced  on  the  down  stroke  to  pass  Uirough  a  foot-valve  plaoed  upon 
the  rimng  pipe  fixed  by  the  nde  of  the  cylinder,  b  (Jg.  I);  there  u  a 
vilve  also  placed  at  the  top  of  the  arrival  pipe,  and  both  these  valves 
^^  made  so  aa  only  to  open  upwards.  Under  whatsoever  cintum- 
'tinces  the  pistons  may  work,  they  are  made  to  fit  closely  sgainst  the 
silica  of  the  aylinder,  by  means  of  a  species  of  packing,  in  order  to  cut 
ofr  any  ootmeotion  between  the  air  above  and  below  them.;  but  of 
•™ine,  whikt  thus  excluding  the  passage  of  air,  they  must  not  give 
n»e  to  Buch  an  amount  of  friction  aa  to  cause  any  serious  wsste  of 
labour  in  pumpng.     The  pecking  may  consixt  either  of  leather,  spun- 


either  portions  lA  conee,  or  aniall  gTobcs  kept  in  their  poeil 
niuiu  of  spindles  traveiiong  their  axes;  upon  the  spindle  a  atop  is 
placed  tu  ngulate  the  dimensions  of  the  passage  way.  Then  are. 
oanever,  some  modificatiana  of  the  spindle-vatves,  in  irhioh  Literal 
Buidea  an  substituted  for  the  central  spindle,  eo  that  perhaps  the  term 
"o'-valves  would  be  more  generally  spplicable  to  the  classj  and  in  the 
pumping^inginea  on  the  Cornish  syatem  a  vary  complicated  system  of 
"iictiinery  is  introduced,  under  the  name  of  the  equilibrium-nlves,  to 
regulate  tha  sdmiaeion  of  ateam  t«  the  cylinders.  The  conwderatian 
?>  these  steam  valvea  hardly  comes  under  this  portion  of  our  subject, 
out  it  hoe  been  thought  necesKuy  to  allude  to  them  in  pasmog,  ss 
™1K  connected  with  pumping  machinery.  When  very  foul  wster 
''"  to  be  pumped,  or  when  a  vory  heavy  column  of  water  has  to  be 


to  deacribe  In  det^  It  out  •nfflee  here  simply  to  add  that,  inasmuch 
as  the  valvea  an  pndaely  the  portions  of  a  pump  which  are  the  moat 
likely  to  get  out  of  repair,  it  is  eeeential  that  means  should  be  pro- 
vided for  obtaining  easy  sacaM  to  them.  This  ia  usuallv  effected  by 
swelling  out  the  pipes  immediately  abova  them,  and  by  placing  a 
tnoveaUe  cover  over  the  inereaaed  space  thus  endised. 

Tike  suction  and  rising  mains  do  not  reqnire  sny  special  description ; 
for  all  that  is  required  in  the  former,  in  addition  to  the  ordinary  con- 
ditions of  pipee,  IS,  (hat  they  should  have  some  provision  made  at  their 
lower  end  for  keefang  out  laifje  extnmeous  sobstatices,  and  that  the 
valve-se^ts  and  chambers  of  the  upper  end  should  be  provided  for.  In 
the  rising  mains,  the  junction  pdeees,  the  valve-seats,  and  the  delivery 
CLStema,  are  the  only  portiona  which  require  spedal  castings.  The 
suction  pipes  can  rarely  be  made  of  more  than  20  feet  in  length,  and 
their  diameter  should  not  exceed  more  then  |  or  ^  of  that  of  the 
cylinder,  vrithout  however  falling  below  the  latter  dimension.  The 
dismeter  of  the  sscending  main  should  bear  about  the  same  propor- 
tions ;  its  length  need  only  be  regulated  by  the  power  able  to  be 
q>^ed  to  it ;  m  some  nunea,  asMu^ing  pipea  of  7S0  feet  in  length 

In  D'AubuisBon's  admirable  treatise, '  De  raydraulique,'  the  reader 
will  find  (at  page  611,  edition  tA  Paris,  1810),  the  various  conditions  of 
the  respective  kinds  of  pumping  machinery  diacusaed  in  the  molt 
elaborate  and  philosophical  maimer.  In  this  cursory  notice  it  may 
suffice  to  state  that  D'Aubuisson  shows  that  an  ordinary  suction  pump 
cannot  work  efficientiy  at  a  greater  distance,  msasuring  from  tile 
undermde  of  the  piston  to  the  surbce  of  the  water  at  the  lower  level, 
than  12  b,  iu  which  expreesion  h  will  equal  the  height  of  the  barometer 
at  the  place  observed.  This  distance  will  vary  between  SO  feet  and 
26  feet  8  inches,  according  to  the  elevation ;  but  tha  eflective  height 
will  be  further  diminished  by  the  interval  between  the  bottom  of  the 
stroke  and  the  foot  valve ;  the  intsrval  in  question  should  be  made  as 
little  as  possible,  and  should  not  exceed  one-tenth  of  the  diameter  of 
tha  cylinder. 

There  ie  in 
required  to  be  exerted,  £ 
the  quantity  of  water  to  be  delivered.  In  on  ordinary  suction  pump 
this  additiimsl  power  is,  on  the  ascending  stroke,  eompceed  of  the 
weight  of  the  water  above  the  piston,  of  the  weight  of  the  piston  itself, 
and  of  the  friction  of  tha  various  parts.  D'Aubuisson  calculates  that, 
in  well-made  pumps,  tha  sum  of  these  elements  ia  equal  to  about  ^th 
more  than  the  real  statical  weight  resting, on  tha  piston.  On  tne 
descending  stroke  the  piston  meets  with  a  reoatance  arising  from 
the  contraction  of  the  fluid  vtnn,  when  the  water  panim  through 
the  clacks,  and  from  the  friction  of  the  packing  against  the  sides  of  ^e 
cylinders ;  ss  this  radstance  is,  however,  conuderably  less  than  that 
which  is  overeome  on  the  ascending  stroke,  Uttia  attention  is  paid  to  it. 
In  cases  where  large  quantities  of  wster  have  to  be  nused  by  pumps  of 
this  description,  it  is  customair  to  couple  them,  in  order  to  equalise 
the  power  exercised  during  the  upward  and  downward  strokes,  by 
making  the  motiona  of  the  raapective  pistons  reciprocally  altematil^. 
The  two  pumpa  pour  their  water  into  the  ume  head,  which  thus  ^ves 
nearly  a  constant  discharge. 

The  reaistancSB  involving  loss  of  power  an  much  more  numerao* 
and  more  complicated  in  the  caee  of  force  Dumps,  fur  in  them  not 
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only  i£  the  whole  colunm  of  water  to  be  set  in  taotion.  but  there  is  a 
loss  of  useful  efTect :  let,  in  consequence  of  the  contraction  of  the  fluid 
vein  at  the  foot  valves ;  2nd,  in  consequence  of  the  bends,  or  changes 
of  direction  in  the  line  of  flow ;  8rd,  in  the  weight  and  friction  of  the 
valves;  4th,  in  the  friction  of  the  pumping  machinery;  and  5th,  in 
the  friction  of  the  ascending  column  of  water  i^inst  the  sides  of  the 
pipes,  and  in  the  inertia  of  the  water  itself.  D'Aubuisson  gives  the 
formulse  usually  adopted  to  calculate  the  value  of  these  resistances 
(pp.  519  to  525) ;  but  he  prefaces  them  by  saying,  that  it  is  impossible 
to  determine  them  rigorously.  It  may  then  suffice  to  say,  that  in 
some  mining-pumps,  where  the  lift  is  very  gteat,  the  sum  of  these 
resistances  is  such  as  to  reduce  the  useful  effect  of  the  pumping 
machinery  to  about  one-half  of  the  power  exercised.  In  large  force 
pumps  the  pistons  are  usually  made  of  the  description  known  techni- 
cally by  the  name  of  plungers ;  that  is  to  sav,  they  are  formed  of 
hollow  metal  cylinders  working  in  a  stuffing-box,  but  with  a  small 
annular  space  between  their  sides,  and  those  of  the  cylinders.  Theo- 
retically, the  quantity  of  water  raised  by  each  stroke  of  the  plunger 
would  bd  equal  to  its  sectional  area  multiplied  by  the  length  of  the 
stroke,  but  in  practice  there  is  f otmd  to  be  a  considerable  loss  of  effect ; 
and  in  cases  where  plunger  pumps  are  used  in  conjimction  with  lifting 
pumps  (as  in  deep  mines),  it  is  customary  to  make  the  former  of  ^th 
laiiger  diameter  than  the  latte^.  In  the  force-pumps  of  very  deep 
mines  it  is  necessary  to  counterbalance  tiie  weight  of  the  piston-rods, 
and  to  take  great  precautions  to  prevent  their  becoming  bent  imder  the 
jars  they  are  exposed  to  by  their  own  vibration. 

The  action  even  of  connected  pumps  being  of  necessity  of  an  inter- 
mittent character,  there  is  introduced  near  the  point  of  delivery  a  large 
vessel,  called  the  air  vessel,  into  which  the  water  is  forced  in  greater 
quantities  than  can  be  discharged  by  the  outlet  valve,  during  the 
period  of  inlet.  The  water  then  accimiulates  in  the  air  vessel,  and 
compresses  the  «air  contained  in  it,  sometimes  even  to  the  extent  of 
producing  a  pressure  equal  to  three  atmosphere^.  Of  course  wh^  the 
water  ceases  to  enter  through  the  valve  oomiected  with  tiie  piston,  the 
reaction  of  the  conipressed  air  maintains  the  disch^^  through  the  foot 
valve,  and  thus  the  discharge  is  rendered  almost  continuous.  The  air- 
vessels  also  diminish  in  a  notable  manner  the  hydraulic  jar  on  the 
rising  main,  produced  by  the  intermittent  action  of  tiie  pumping 
machinery. 

In  addition  to  the  suction  and  forcing  pumps,  there  are  Keveral 
descriptions  of  machines  used  for  ndaing  water,  such  aa  the  chain 
pumps,  norias,  Archimedjan  screws,  scoops,  bucket  wheels,  Perdan 
wheels,  fladh  wheels,  rotary  pumps,  ftc. ;  and  perhaps  it  would  be 
preferable  at  once  to  notice  them,  even  though  in  some  cases  the 
machinery  can  hardly  be  considered  to  come  under  the  strict  definition 
of  the  word  "  pump."  Thus,  the  chain  pump  consists  of  a  series  of 
flat  boards  which  are  attached  to  an  endless  chain,  and  the  latter  works 
upon  fixed  wheels  at  the  top  and  bottom  of  the  course ;  tixe  flat  boards 
in  ascending  pass  through  a  cylinder,  and  lift  in  it  a  column  of  water. 
The  Koria  is  a  machine  much  used  in  the  Bast  for  irrigation  purposes, 
and  consists  6f  a  series  of  earthen  pots  ranged  upon  a  rope,  working 
also  on  fixed  wheels ;  so  that  the  pots  dip  into,  and  raise  the  water 
from  the  bottom  of  the  well,  to  discharge  it  whan  they  paas  over  the 
top  wheel  The  Archimedian  screws,  as  their  name  implies,  consist  of 
a  series  of  threads.  Or  worms,  fixed  upon  an  axis  of  rotation  bearing  on 
a  fixed  pivot  at  the  lower  end,  and  having  a  winch  handle  at  the  top. 
There  are  usually  three  threads  working  in  a  species  of  close  fitting 
race,  or  channel,  open  at  the  top ;  the  diameter  of  the  thread  is  usually 
made  from  13  to  26  inches,  but  occasionally  it  has  been  mad6  as  much 
as  6  feet ;  the  angle  made  by  the  thread  with  the  axis  of  the  eentral 
shaft  (which,  it  may  be  added,  is  usually  equal  in  diameter  to  |rd  of 
that  of  the  thread)  varies  between  46*  and  78' ;  but  in  practice  an 
angle  of  60°  is  found  to  be  the  most  advantageous.  The  axis  of  the 
central  shaft  is  usually  placed  so  as  to  form  an  angle  of  from  SO**  to  45* 
with  the  horizontal  line.  These  Archimedian  screws  ai^e  much  used 
in  Holland  for  drainage  works ;  they  are  driven  by  wind-mills,  and 
laase  the  water  very  economi(»lly,  provided  tiie  lift  be  not  more  than 
15  ieet.  On  the  Sambre  and  Meuse  canal  a  screw  of  5  feet  4  lAdhes 
diameter,  and  21  feet  6  inches  lift,  worked  by  a  steam  engine,  has 
given  very  satisfactory  results. 

The  scoops  are,  in  fact,  large  troughs  fixed  at  one  end  on  an  axis, 
and  connected  at  the  other  to  a  baknce  beam,  to  which  an  alternate 
motion  is  communicated  from  some  extraneous  motive  power ;  so  that 
the  scoop  is  made  to  dipjnto  the  water  when  the  beam  is  at  its  lowest 
point,  and  to  discharge  the  water  over  the  line  of  its  own  fixed  axis  when 
the  beam  rises.  These  engines  are  applicable  to  lifts  of  from  12  to  15 
feet,  and  they  certainly  work  with  very  economical  S-esults.  The 
bucket  wheels  are,  in  principle,  veiy  similar  to  the  norias,  and  are 
used  in  Switzerland,  and  in  some  partit  of  Germany,  for  irrigation 
purposes;  they  consist  of  a  number  of  small  buckets,  arranged  oh  the 
periphery  of  a  wheel  made  to  revolve  in  water,  so  that  the  buckets 
become  filled  at  the  bottom  of  the  revolution,  and  discharge  their 
contents  at  the  top  of  the  same.  The  dynamical  results  of  these 
wheels  is  not  very  satisfactory,  but  they  do  not  require  frequent 
repairs,  nor  do  they  require  attendance ;  conditions  which  make  them 
desirable  for  the  class  of  work  they  are  usually  applied  to.  Persian 
wheels  have  be^i  occasionally  used  for  raising  water  from  the  interiors 
of  coffer-dams,  but  are  now  almost  entirely  abandoned^  they  consist 


of  a  series  of  helicoidal  channels  formed  in  large  wheels,  whiehar? 
made  to  dip  in  the  water,  and  a^  the  wheel  revolves  the  water  fiods  its 
way  to  the  centre  of  the  wheel,  where  an  outiet  is  provided  for  it  It 
is  very  rarely  that  the  lift  of  these  wheels  exceeds  12  feet  The  M. 
wheels  are,  however,  the  machines  of  this  description  of  the  aoEt 
common  use,  and  in  the  polders  of  Holland  they  may  be  seen  is  a]iBo$t 
every  direction  in  connection  with  windmills,  whilst  in  our  own  I'eis 
they  are  as  frequently  employed  with  steam  as  a  motive  power.  They 
consist  of  a  series  of  floats  fixed  on  the  periphery  of  a  wheel  nude  u 
revolve  in  the  water  with  great  velodty,  and  the  tangential  force  th> 
applied  to  tiie  water  itself  is  sufficient  to  raise  it  to  a  height  of  nearlj 
20/ feet.  There  is  a  vezj  efficient  wheel  of  this  description  at  irork  ia 
the  Deeping  Fen,  near  Spalding,  set  in  motion  by  a  steam  engine  (^ 
80-horse  power ;  the  wheel  is  28  feet  in  diameter,  with  floats  meuura; 
54'  feet  by  5  feet,  moving  with  a  velocity  of  6  feet  per  second  oa  tfa^ 
average ;  the  quantity  ol  water  discharged  is  165  cubic  Ieet  per  aecoDd, 
raised  5  feet.  At  Ten-mile  bank,  near  Littieport,  in  the  Ide  of  £h, 
there  is  a  wheel  of  40  feet  in  diameter  also  moved  by  steam. 

The  Rotary,  or  Centrifugal,  pumps  are  those  in  which  a  rectiU 
vertical  motion  is  communicated  to  the  water  to  be  raised,  by  mesib 
of  a  wheel,  bearing  a  series  of  fixed  arms  rotating  at  a  high  Telootj  is 
a  close  drum,  and  receiving  its  supply  throu^  the  apertures  in  tbe 
side  of  the  drum  close  to  the  axis.  The  shape  of  the  aitos  has  a  t«t 
material  ilifluence  upon  the  useful  effects  of  these  piunps ;  and,  after 
many  experiments,  it  has  been  found  that  the  most  advantageous  font 
to  be  given  to  t^^m  is  to  curve  them  backwards  to  the  direction  of  thr 
movement,  so  as  to  form  a  tangent  to  the  circumference  of  the  whed 
at  the  pomts  where  they  intersect  it.  Amoiilgst  the  mort  Tahiablc 
forms  of  these  centrifugal  pinnps  for  drainage  purposes,  thoee  mann- 
factured  by  Mr.  Appold,  or  by  Messrs.  Gwyime  and  Ca,  an  thoae  most 
generally  known ;  and  perhaps  it  may  be  desirable  to  add  that  the 
ktter  work  with  the  smallest  loss  of  power  compared  to  the  rmk. 
effect  with  small  lifts  :  Appold's  pumps,  however,  present  more  satis- 
factory results  when  higher  lifts  are  required.  AH  these  engine  in 
inferior  to  the  best  forms  of  f oroe-pimips  when  large  volumes  of  viu: 
have  to  be  raised  to  great  he%hts ;  and  their  use  would  appear,  q 
their  present  forms  at  least,  to  be  most  advantageously  limited  to  U^ 
of  about  80  or  40  feet  vertical  as  a  maximum.  ^  ^ 

The  discussion  of  the  motive  powers  to  be  applied  for  the  raising  ^'> 
water  l^  pumps,  or  other  machines,'  will  be  more  convenientJj 
reserved  to  Water  Supply. 

In  Air-Pumps  the  objects  to  be  obtained  are  twofold:— K^' 
exhaust  the  air  imder  a  receiver,  for  the  sake  of  obtaining  a  vacous>; 
and  2nd,  to  condense  the  air  so  as  to  produce  an  increakd  pres^ 
upon  the  enclosed  surface.  The  former  object  is  sought  to  be  obtuo^ 
in  philosophical  experiments,  or  in  chemical  or  physical  investigatios^' 
the  condensation  of  air  has  lately  been  applied  to  many  impoitas^ 
operations  in  the  arts  of  construction.  The  exhaustion  of  the  air  e 
effected  by  means  of  one  of  more  pistons  working  through  air-ti^''' 
cylinders,  and  provided  with  a  series  of  valves  which  allow  the  air  t^ 
pass  from  the  receiver  to  the  exterior,  but  withottt  admitting  sc.^ 
return ;  so  that  the  air  of  the  interior  becomes  more  and  nacre  laiiii^ 
in  proportion  to  the  effort  emploved,  and  the  perfection  of  «* 
machinery.  No  instrument  of  this  description  has  yet  ^^^^^^^ 
perfect  vacuuin,  though  from  what  has  been  said  in  the  aroo^ 
AlR-PuMP,  some  remarkable  results  seem  to  have  been  attained. 
approxiiriating  very  closely  t6  that  conditiorL  As  the  mechanki 
oi  air-pumps  for  exhaustiott  has  been  described  in  the  tf^ 
thus  referred  to,  it  will  suffice  here  to  state  that  ih  machinay  tbej 
are  principally  used  for  the  purpose  of  overcoming  the  reaistaMt^ 
opposed  by  the  steam  left  in  the  cylinders  at  steam  engines,  ^ 
for  removing  the  contaminated  air  in  mines,  or  in  diving-bell^  v; 
condensing  air-pumps,  in  their  turn,  are  rnade  with  valves  opews: 
inwards  only,  so  as  to  allow  air  to  be  forced  into  tiie  reoe^^^^ 
without  bejng  able  to  return.  They  ar*  employed  for  the  pui]'- 
of  forcing  air  into  diving-bells,  into  blowing  machinery  of  ffiii*: 
and  latteriy  into  the.cylmders  used  for  making  the  foundations^; 
bridges  upon  rurming  sands.  In  the  latter  caae  the  compression  c- 
the  air  reaches  to  the  extent  of  an  effort  equal  to  at  least  three  atof^ 
pheres,  and  the  workmen  are  obliged  to  carry  oU  their  operatioia  la ; 
medium  of  that  density.  A  description  of  the  macluneiy  of  P' 
description  used  in  the  Rochester  bridge,  was  given  some  years  an<^ 
by  Mr.  Hughes,  who  executed  the  works  of  that  remarkable  monam^ 
and  the  system  has  since  been  applied  with  success  in  the  cases  of  ^ 
bridges  of  Kiel  over  the  Rhine,  and  of  the  railway  bridge  overttf 
Theiss  in  Himgary.  Coulomb  appears  to  have  been  tiie  first  person  ^ 
introduce  this  system  in  a  mimoire  addressed  to  the  Academie  cu^ 
Sciences  in  1778;  and  the  French  engineers  have  since  that  pe^ 
frequently  employed  it  in  hydraulic,  or  in  mining  operations,  wU^^j 
the  pressure  to  be  overcome  has  not  exceeded  the  above  c^^ 
limit  of  three  atmospheres.  .  .    ..- 

Ships*  Pumps. — For  a  number , of  years  the  chain-pump,  consisting  «^' 
a  series  of  metallic  discs,  regularly  arranged  upon  a  bar  chain.  (*^ 
disc  acting  as  a  piston,  was  the  only  one  in  use  on  board  larg?  sw^ 
and  it  may  still  be  seen  in  several  of  our  sea-going  old  li°^*'."^  '. 
ships,  although  new  chain-pumps  are  no  longer  fitted  in  her  Jajes^^- 
service.  ^ 

Pumps  of  various  descriDtious  are  in  use  both  in  the  nary  as** 


mHTchant  BervJce — each  farm  hsTing  its  qualificsUona.  Tbat  much  u 
required  from  tham  may  be  g&tliered  from  the  fict  that  a  rifiwnor  of  mods- 
rate  size  requirea  a  ton  and  a  quarter  of  condflnHicg  vater  per  hour  for 
each  horse  power  ;  and  iJierefors  in  case  of  lerious  leak  it  ia  cf  vital 
importance  to  obtftin  ttiia  quantitj  for  injection  into  Hie  boilan  from 
thahold  of  tbe  ship  b;  msana  of  tlie  engine  itaelf.  Her  MaJBity'a 
»hip  Pbcenix  not  laug  amce  was  saved  Irom  fonndeiing  in  Uia  Bay  of 
Biscay,  b;  thua  injecting  from  the  bilge ;  but  had  the  injection  pipe 
'been  unprotected  from  chipa,  An.,  the  ahip'i  pump  alone  could  not  have 
saved  her. 

The  following  may  be  conaid^red  to  b«  Ijie  necesaiy  qualiGcatioiu 
oE  a  ship's  pump,  namely,  it  should  be  1,  easy  to  work ;  2.  glva  a 
continuous  stream  of  wa(«r  of  the  grektaat  poaaiUe  quantity ;  3,  h^  not 
easy  to  6ti6kt ;  4,  be  to  simple  in  coiutructioD  aa  to  be  eamly  taken  to 
pieces,  and  repaired  at  sea  ;  5,  the  valvea  should  be  of  durable  material ; 
6,  BO  constructed  as  in  cane  cd  choking  to  admit  of  the  ready  removal  of 
the  bottom  box  without  wiUidiawing  t^  piston  or  pistons. 

Among  the  beet  pumpa  in  use  at  sea,  may  be  mentioned  Mssaey's 
double  action ;  Dowton's  many-juEtoned ;  Bobertaan'a  double  Bction 
twin  pump ,'  Bedpath's  pump ;  Suffleld'a  india  rubber  valved  pump, 
&c.  Prom  among  these,  on  account  of  its  very  peculiar  conatmotion, 
and  from  its  having  boen  reaently  tried  sucoewfully  sgaitut  aeveiBl 
other  forms  of  pumps  on  board  her  Majesty's  ship  Fisgan),  we  ^ve 
below  on  illusti^ion  of  Badpath'a,  of  lamebouse. 


SIg.  S.— Bfdpalli'i  Fatcnt  PuiDf . 


TU-  <l. — Bedpath'a  Paliml  Famp  (enluged  Mellon). 

,'''{'■  S  shows  its  compactness  and  portability  j  fy.  tl  is  a  section  of 
'he  working  parti    It  will  be  seen  that  the  $tiauDi  oift  is  of  the  same 
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area  as  the  bottom  valve,  so  that  consideraUe  Motion  and  thsiefore 
labour  are  thus  saved ;  and  the  bottom  valve,  like  the  upper  valve, 
requires  no  fixing :  both  vnlves  being  made  whoUy  of  metal  they 
dnp  into  their  places — it  is  therefore  scanelj  poanble  for  Uiem  to  get 
out  of  order. 

The  whtle  is  exceedingly  simj:ie,  and  whereas  »t  the  trial  in  the 
Fisgard  the  other  pumpa  occupied  about  seven  minutei  in  taking 
apart  and  being  replaced  into  woiUng  order ;  Redpath's  waa  done  in 
about  half  a  mint^  (a  valuable  qualifioatioii  in  a  leaky  ship).  This 
pump  has  no  leather  buckets  nor  bottom  boxes,  but  the  bottiuo  valec 
IS  so  pUoed  that  should  any  accumulation  of  sand,  tar,  oakum,  chips, 
or  ahui^  occur,  if  th^  are  too  large  far  the  pumps  to  deliver,  it  is 
only  the  woi^  of  -a  few  seoonds  to  H/l  the  valves  in  order  to  free  them. 
Nearly  1000  of  these  pumps  aro  afloat  in  British  ships,  and  the 
simplicity  of  its  action  has  obtained  for  Jt  also  a  largo  sale  in  the 
American  and  other  navies. 

PUMPKIN  13  the  vulgar  name  of  the  fruit  of  the  CacuriUa  maxima, 
a  plant  whose  native  country  is  not  certainly  known,  but  which  is 
probably  a  variety  of  O.  pepo,  a  species  inhabitiog  the  I^ivant.  It  is, 
as  is  well  known,  an  annual  plant,  sending  forth  mauy  long  succulent 
angular  rough  shoots,  bearing  leaves  and  flowers  something  lite  those 
of  tbe  cucumber.  Its  fruit  is  often  of  enormoua  size,  specimens 
having  been  produceit  in  this  country  weighing  220  Ibe.,  and  in  hotbir 
countries  they  are  still  larger.  This  kind  of  fruit  is  however  only 
fumiahed  by  the  variety  called  the  yellow  Potiron;  in  other  varieties 
it  is  much  smaller.  The  seed  of  the  pumpkin  should  bo  isisetf  iu  a 
frame,  in  a  garden-pot,  after  the  same  manner  ss  the  cucumber,  and 
plantwi  out  upon  a  dunghill,  ur  in  any  well-manured  soil,  as  soon  as 
the  froetB  are  gone,  beyond  which  it  requires  litUe  or  no  care.  The 
fruit,  when  ripe,  is  used  for  soup,  or  is  luked  with  apples  or  pears  aa 
an  ingredient  in  tarta.  'When  young,  it  may  also  be  balled  and  brought 
to  taUe  like  vegetable  marrow. 

PUN.  A  pun  has  been  deSned  bj  Addison  ('  Spectator,'  No.  61)  to 
be  "a  conceit  arising  from  the  use  of  two  worda  that  agree  ui  the 
sound  but  differ  in  the  sense."  Sometimes,  however,  the  pun  is 
efiectad  by  the  employment  of  only  one  word,  which  i>  susceptible  of  a 
double  ^plication ;  as  when  one  who  hod  undertaken  to  pun  upon 
any  BuJ)ject  that  should  be  given  lum,  on  being  desitod  to  make  a  pun 
on  the  xicg,  answered  that  the  king  was  no  subject.  Sometimes,  too, 
the  sound  that  is  thus  made  to  convey  two  ideas  at  once  is  not  aa 
entire  word,  but  only  a  syllable.    The  definition,  moreover,  to  be  com- 

{lete,  ought  to  have  expluned  in  what  the  efiect  of  the  conceit  conaiste. 
t  appears  to  be,  as  we  have  just  hinted,  in  the  noTelty  and  unex- 
pectedness of  the  signification  or  appEcation  presented  hy  the  pun — a 
novelty  which  always  at  least  produces  surprise,  and  often  the  livelier 
titiUatioQ  of  a  grotesque  or  otherwise  ludicrous  image. 

A  sketch  of  the  history  of  puns  has  been  given  by  Addison  in  a  well' 
known  paper  in  the  '  Spectator'  (No,  61),  in  which  he  traces  tbe  exist- 
ence of  the  practice  from  the  time  of  Aristotle  downward.  The  figures 
of  apesch  or  turns  of  eipresaion  known  among  the  Gnieks  by  the  names 
of  Uie  paro^amma  (lopilypcwui),  and  the  paroruHtiaiia  {naparoiuiiila), 
the  antanaeltuia  {arrariiiKaatt),  and  the  plilct  («Xoi()|),  were  often  merely 
what  we  should  now  call  puns.  Addison  observes  that  Aristotle,  in 
the  eleventh  chapter  of  his  Rhetoric,"  describes  different  kinds  of  puns 
or  paragrams,  among  the  beauties  of  good  writing,  and  produces 
instances  of  them  out  of  same  of  tbe  greatest  authors  in  the  Greek 
tongue.  We  may  also  refer  to  aoothM'  very  clever  paper  in  the 
'Guardian'  (No.  36),  attributed  to  a  writer  of  the  name  of  Birch, 
which  contains  what  is  called  '  A  Modest  Apology  for  Punning.'  In 
the  introduction  to  this  paper  the  distinction  is  happily  enough  drawn 
between  the  extemporaneous  puns  of  conversation  and  the  punning  In 
deliberate  and  grave  compositions,  which  in  this  countiy,  in  the  early 
part  of  the  17th  century,  used  to  be  reckoned  eloquence  attd  fine 
writing.  ■'  I  look,"  savH  the  author,  "  upon  premeditated  quibbles  and 
puns  committed  to  the  press,  as  mipordonable  crimes.  There  is  ss 
much  difference  betwixt  these  and  the  starts  in  common  discourse  ns 
betwiit  casual  rencontres  and  murder  with  malice  prepense. 

PUNCH,  the  name  of  the  principal  character  in  a  well-known 
puppet-show  which  is  exhibited  about  the  streets,  and  which  appears 
to  have  originated  in  Italy.  The  name  is  a  corruption  of  Pdidndla, 
the  Ne,ipolilan  clown,  who  is  generally  the  leading  diaraoter  in  puppet- 
ohow  pmformances.  But  the  show  itself,  or  rather  the  puMrets,  aro 
styled  by  the  Italians  Fantotxini,  Oaliani,  in  hia  '  Vocobobirio  del 
Dialetto  N^ioletano,'  ascribes  the  origin  of  Priidjidla,  or  rather  PoU- 
cejuila,  OS  it  is  pronounced  by  the  Neapolitans,  to  a  company  of 
strolling  comedians,  who,  having  met  with  a  droll  peasant  named 
Puccio  d"Aniello,  at  the  town  of  Acerra,  near  Naples,  engi^ed  him  to 
a[™ar  in  his  native  character.  By  degrees  pereonificatlons  of  the 
oi^pnal  Polccenella  were  multiplied  all  over  the  country.  The  cha- 
racter waa  made  the  medium  of  much  witty  satire,  private  and 
political,  t>ecame  the  popular  favourite  with  aU  Neapolitans,  atid 
thence  spread  elsewhere.  It  is  noteworthy  that  the  district  in  which 
Accrra  b  situated  was  remarlcBbte  in  ancient  times  for  that  kind  oE 
dramatic  wit  and  farcical  humour  which  has  made  the  reputation  of 
the  modem  Polecenella.  f  Atellanj;  Faeule.]  Mr.  Forsyth,  indeed, 
thinks  that  the  descent  has  been  uninterrupted,  and  that  the  name 
has  been  derived  from  the  nose,  "a  pnlUceno  putlicinello,"  a  belief, 
bo  thinks,  canfirmed  by  an  ancient  IniinEe  figure  discovered  in  Rome, 
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poBsessmg  the  promineut  feature  which  has  ever  been  characteristic  of 
Punch. 

PUNCHING.    [Chasiho;  Mnrr;  Rivetino.] 

PUNCTUATION  is  the  art  of  dividing  written  or  printed  com- 
position into  sentences  and  clauses,  by  points  or  stops,  so  as  to  indicate 
the  closer  or  more  remote  connection  of  the  several  parts*  It  serves  to 
elucidate  the  sense,  and  thus  iJso  aasiBts  the  delivery,  since  the  latter 
must  have  reference  to  the  grammatical  construction* 

The  elements  of  a  system  of  punctuation  are  diKOverable  in 
andent  times.  Aristotle  mentions  the  subject  in  his '  Rhetoric '  (iiL  5) ; 
Jerome,  in  the  4th  century,  attended  to  the  punctuation  of  the  sacred 
books  whidi  he  revised;  about  the  middle  of  the  5th  century, 
EuthaliuB  published  an  edition  of  the  four  Gospels,  and  afterwards  of 
the  Acts,  and  of  all  the  apoetoUc  Epistles,  in  which  he  divided  the 
New  Testament  into  ^hoi  {arlxoi),  or  lines,  regulated  by  the  sense,  so 
that  each  terminated  where  some  pause  was  made  in  the  reading ;  and 
in  the  Alexandrine  manuscript,  which  may  be  referred  to  the  4th 
or  5th  century,  we  find  not  only  a  break  at  the  end  of  each  para- 
graph, but  stops  inserted,  though  sparingly,  in  the  body  of  the 
sentences. 

The  invention  of  the  modem  system  of  punctuation  has  been  attri- 
buted to  Aristophanes,  a  grammarian  of  Alexandria ;  but  the  subject 
was  very  imperfectly  understood  tOl  the  dose  of  the  15th  century, 
when  the  learned  Venetian  printers,  the  Manutii,  increased  the  number 
of  the  signs,  and  established  some  fixed  rules  which  have  been  so 
generally  adopted,  that  we  may  regard  them  as  the  inventors  of  the 
present  aystem. 

The  points  used  in  EngUsh  oompodtion  are  :>- 

The  comma^  marked  thus    ,  The  period,  or  full  stop    . 

The  semicolon  ;  The  note  of  interrogation  ? 

The  colon  :  The  note  of  admiration    ! 

to  which  may  be  added  the  dash  — ,  the  apostrophe  ',  and  the  paren- 
thesis (    ). 

It  is  conddered  that  the  proper  length  of  the  pause  at  a  comma  is 
while  we  may  count  one  ;  at  a  semicolon,  two  ;  at  a  colon,  three  ;  and 
at  a  period, /our.  But  it  will  be  easy  to  show  that  there  is  frequently 
a  much  greater  separation  of  the  sense,  and  that  there  ought  therefore 
to  be  a  longer  pause  at  some  commas  than  at  others.  Thus  in  the 
following  sentence  there  should  evidently  be  a  longer  pause  after 
inttance,  than  after  candour,  fortitude,  charity,  and  generoeity,  though 
these  words  are  all  followeid  by  the  same  mark  of  grammatical 
punctuation,  namdy  the  comma :  "  The  qualities  of  candour,  fortitude, 
charity,  and  generodty,  for  instance,  are  not  in  their  own  nature 
virtues ;  and  if  ever  they  deserve  the  title,  it  is  owing  only  to  justice, 
which  impels  and  directs  them." 

The  form  and  structure  of  sentences  are  so  various,  that  it  would  be 
difficult,  if  not  imposdble,  to  lay  down  rules  for  punctuation  which  shall 
meet  every  case  which  can  occur.  The  following  may  serve  as  a 
general  guide. 

I.  The  comma  is  used, — 

1.  To  throw  together  such  similar  parts  of  speech  as  are  joined  in 
pairs  by  the  oonjunction  and, 

2.  To  separate  the  several  members  of  a  series,  that  is,  a  succesdon 
of  similar  words  or  members. 

3.  To  separate  from  the  rest  of  the  sentence  such  clauses  as  are 
added  by  way  of  explication  or  iQustration,  or  such  as  are  really  paren- 
thetical, though  they  may  not  be  so  marked. 

4.  To  separate  from  the  rest  of  the  sentence  words  in  the  vocative 
case. 

5.  In  many  cases  to  separate  the  relative  and  the  antecedent. 

6.  To  separate  from  the  rest  of  the  sentence  such  clauses  as  are 
introduced  by  a  connective,  conditional,  or  exceptive  particle,  or  by  an 
adverb  of  time  or  place ;  and  to  separate  antithetical  clauses,  and  such 
comparative  clauses  as  are  introduced  by  the  adjectives  Uke,  better,  by 
the  conjunctions  <u,  m>,  than,  by  the  adverbs  hUno  much,  more,  oftener, 
rather,  unless  the  comparative  member  at  the  end  be  short. 

II.  The  aemicdon  is  used  when  a  longer  pause  is  required  than  at  a 
comma,  but  when  the  sense  is  imperfect,  and  needs  some  other  member 
to  render  it  complete.  Or  it  is  used  for  dividing  a  compound  sentence 
into  two  or  more  parts,  which  are  not  so  doselv  connected  as  those 
which  are  separated  by  commas  only,  nor  yet  so  mdependent  and  per- 
fect as  those  which  a<&nit  a  colon :  Uius — 

''  Life,  ydth  a  swift  though  insendble  course,  glides  away ;  and  like 
a  river  which  undermines  its  banks,  gradually  impairs  our  state." 

"  As  there  is  a  worldly  happiness  which  God  percdves  to  be  only 
disguised  misery ;  as  there  are  worldly  honours  which  in  his  estimation 
are  a  reproach;  so  there  is  a  worldly  wisdom  which  in  his  dght  is 
foolishness." 

IIL  The  colon  may  be  inserted — 

1.  When  a  member  of  a  sentence  is  complete  in  itself,  but  is 
followed  by  some  additional  remark  or  illustraUon  of  the  subject: 
thus — 

'  Do  not  flatter  yourself  with  the  idea  of  enjoying  perfect  happiness : 
there  is  no  such  thing  in  the  world." 

"  Keep  dose  to  thy  business :  it  will  keep  thee  from  wickedness, 
poverty,  and  shame." 

2.  When  several  semicolons  have  preceded,  and  when  a  longer  pause 


is  necessary  in  order  to  mark  the  connecting  or  conduding  sentiment : 
thus — 

"A  divine  l^^idator  uttering  his  voice  from  heaven;  an  alrnigfaty 
governor  stretching  forth  his  arm  to  punish  or  reward ;  informing  us 
of  perpetual  rest  prepared  hereafter  for  the  righteous,  and  of  indig- 
nation and  wrath  awaiting  the  wicked  :  these  are  the  oonsideratinsE 
which  overawe  the  world,  which  support  integrity,  and  which  cfaedi 
guDt" 

8.  A  colon  is  generally  placed  at  the  close  of  the  words  whidi 
introduce  an  example,  a  quotation,  a  saying,  a  speech,  or  a  narratipe : 
thus — 

"  The  Earl  of  Chatham  made  an  excellent  speech,  from,  which  iht 
following  is  a  brief  extract:  'I  know  that  the  conquest  of  British 
America  is  an  imposdbiUty.'" 

lY.  The  iimotf  or  full  stop  is  placed  at  the  end  of  a  sentence,  that 
is,  at  the  end  of  such  an  aaaemblage  of  words  as  present  a  complete 
and  independent  sense :  thus — 

"  Truw  18  the  basUB  of  every  virtue.** 

"  The  Lttfcin  tongue  is  now  called  a  dead  language,  becaiue  it  is  not 
spoken  as  the  mother  tongue  of  any  nation." 

In  some  sentences  an  additiond  dause  is  ioduded,  which  does  no4 
modi^  the  preceding :  thus — 

"  The-law  of  the  Lord  is  perfect,  converting  the  souL" 

These  are  called  loote  tentenea. 

y.  The  note  of  interrogation,  as  its  name  implies,  is  placed  at  the  end 
of  every  question. 

The  Spaniards  place  this  mark  also  at  the  beginning  of  interro^atiTe 
sentences ;  and  it  must  be  acknowledged  that  in  some  cases  this  i^ 
an  advantage,  as  it  suggests  to  ^e  reader  from  the  first  the  tones  of 
voice  which  are  suitable. 

y  I.  The  note  of  exclamation  or  admiration  ia  placed  at  the  end  of 
such  words  or  dauses  as  express  any  strong  paadon  or  fgnotinn  of 
the  mind. 

The  dath  should  be  used  sparingly :  it  is  introduced  with  propriety 
where  a  sentence  or  didogue  breaks  off  abruptly;  where  the  sense  is 
suspended,  and  continued  after  a  short  interruption ;  where  a  significaoi 
pause  is  required;  where  there  is  an  unexpected  turn  in  the  sentiment, 
or  a  sort  of  epigrammatic  point ;  when  a  sentence  oonaistB  of  sev«rd 
clauses  which  form  the  nominatiYe  to  a  verb  following,  or  lead 
to  a  concludon  or  inference,  and  it  is  desirable  to  assist  the  eye 
more  readily  than  by  semicolons;  and  in  some  cases  to  indicate  an 
ellipsis. 

The  apostrophe  shows  the  omisdon  of  a  letter,  as  informed,  tfi^  e^er, 
used  chiefly  in  poetry ;  and  in  the  genitive  case,  as  man*s, boys,  both  in 
prose  and  poetry. 

The  parenthetis  nuirks  a  clause,  which  should  contain  some  nect»esrr 
information,  or  a  useful  remark,  introduced  into  the  body  of  a  sentence 
auUreetly,  but  whidi  might  be  omitted  without  doing  injury  to  the 
sense  of  the  construction. 

It  has  been  remarked  above,  that  one  use  of  the  points  is  as  a  guide 
to  reading ;  but  it  must  not  be  supposed  that  those  which  are  usuaSy 
inserted  even  in  wdl  punctuated  books  are  suffident  for  this  purpoee. 
But  the  pauses  required  in  good  and  impresdve  reading  or  Epeikmg 
bdong  to  docution,  and  will  be  found  treated  of  under  Oratobt. 

PUNICIN.  A  non-azotised,  bitter,  uncrystallisable  substance  d 
unknown  oompodtion  found  in  the  bark  of  the  Punica  grantUmm^ 

PUNISHMENT.  The  verb  to  punish  (whenoe  the  noun  substan- 
tive jptmia&menf)  is  formed  from  the  French  pumr,  derived  from  the 
Latin  jpimtfV,  asi<Aenily  poenire,  which  is  coimected  with  poena  and  the 
Greek  votyti.  Peine  signified  a  pecuniary  satisfaction  for  an  offisnce, 
similar  to  the  toehrgdd  of  the  German  codes:  poena  had  doabtlcK 
originally  a  similar  sense ;  but  in  the  Latin  dasdcal  writers  its  meaning 
IB  equivalent  to  that  of  our  word  punishment. 

Punishment  may  be  infiicted  on  men  bv  a  supematural  being  or  by 
men ;  and  it  may  be  inflicted  on  them  either  in  the  present  life,  or  in 
the  existence  which  commences  after  death.  Punishment  may  likewise 
be  inflicted  by  men  on  the  more  intelligent  and  useful  spedes  of 
animals,  sudi  as  horses  and  dogs.  In  the  following  remarks,  we  confine 
ourselves  to  purushment  inflicted  by  man  on  man. 

The  origiiud  idea  of  punishment  was,  pain  inflicted  on  or  endured  by 
a  person  as  a  satisfaction  or  atonement  by  him  for  some  offence  whidi 
he  had  committed.  (Grimm, 'Deutsche  Rechtsdterthumer.')  Aocorcfing 
to  this  conception  of  punidunent,  it  appeared  to  be  just  that  a  person 
should  suffer  the  same  amount  of  pain  which  he  had  inflicted  on  others 
by  his  offence ;  and  hence  the  origin  of  the  retaliatory  principle  of 
punidmient,  or  the  lex  taUonis,  This  prindple  is  of  great  antiquity, 
and  is  probably  the  earliest  idea  which  all  nations  have  formed  oon- 
ceming  the  nature  of  punishment.  It  occurs  among  the  early  Gre^s, 
and  was  attributed  by  them  to  their  mythicd  prince  and  judge  of 
Hades,  Rhadamanthys.  They  embodied  it  in  the  following  proverbid 
verse : — 

cf  K€  vdBoi  rd  k*  Ijpe^f ,  9tini  ne*  «9eia  y4pono, 

(Aristot.,  *£th.Nio.,*  t.  8.) 

The  talio  was  also  recognised  in  the  Twelve  Tables  of  Rome  CInsL,' 
iv.  4,  §  7),  and  upon  it  was  founded  the  well-known  providon  of  the 
Mosdc  law,  "an  eye  for  an  eye,  and  a  tooth  for  a  tooth : "  a  maxim 
which  is  condemned  by  the  Christian  morality.    (Matth.,  v.  38-40 ; 
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and  Michaelis,  '  Commentaries  on  the  Laws  of  Moses/  vol  iii.,  art. 
240-2.) 

The  infliction  of  pain  for  the  pmpose  of  exacting  a  satisfaction  for 
an  ofifence  committed  is  vengeance,  and  punishment  inflicted  for  this 
purpose  is  vindicHve, 

By  degrees  it  was  peroeiyed  that  the  infliction  of  pain  for  a  vindictive 
purpose  is  not  consistent  with  justice  and  utility,  or  with  the  spirit  of 
the  Christian  ethics ;  amd  that  the  proper  end  of  punishment  is  not  to 
avenge  past,  but  to  prevent  future  offences.  (Blackstone's '  Commen- 
taries/ vol.  iv.) 

This  end  can  only  be  attained  by  inflicting  pedn  on  persons  who 
have  committed  the  offences ;  and  as  this  effiBCt  is  also  produced  by 
vindictive  punishment,  vindictive  punishment  incidentally  tends  to 
deter  from  the  commission  of  offences.  Hence  Lord  Bacon  justly  calls 
revenge  a  sort  of  wild  justice. 

But  inasmuch  as  the  proper  end  of  punishment  is  to  deter  from  the 
commission  of  offences,  pimishment  inflicted  on  the  vindictive  principle 
often  fails  to  produce  tiie  desired  purpose,  and  moreover  often  involves 
the  infliction  of  an  imneoessary  amount  of  pain.  Again^  the  degree  of 
the  punishment  will  often  be  placed  too  high,  if  rogard  is  had  merely 
to  the  suffering  produced  by  the  offence  in  the  individual  case,  or  to 
the  moral  tiupitude  implied  by  it,  and  not  to  the  facility  or  difficulty 
of  prevention,  or  the  mischievousness  of  the  dass  of  offences.  All 
punishment  is  an  evil,  though  a  necessary  one.  The  pain  produced  by 
the  offence  is  one  evil;  the  pain  produced  by  the  punishment  is  an 
additional  evil;  though  the  latter  is  necessaxy,  in  order  to  prevent  the 
recurrence  of  the  offence.  Consequently  a  penal  system  ought  to  aim 
at  economising  pain,  by  diffusing  the  largest  amoimt  of  salutary  terror, 
and  thereby  deterring  as  much  as  possible  from  crimes,  at  the  smallest 
expense  of  pimishments  actually  mflicted ;  or  (as  the  idea  is  concisely 
expressed  by  Cicero),  "  ut  metus  ad  omnes,  poena  ad  paucos,  perveniret. 
('ProCluentio/c.46.) 

It  follows  from  what  has  been  said,  that  it  is  essential  to  a  punish- 
ment to  be  painful.  Accordingly,  ail  the  known  punishments  have 
involved  the  infliction  of  pun  by  different  means,  as  death,  mutilation 
of  the  body,  flogging  or  beating,  privation  of  bodily  liberty  by  confine- 
ment uf  various  sorts,  banishment,  forced  labour,  privation  of  civil 
rights,  pecuniary  fine.  The  punidiment  of  death  is  called  capital 
punishment :  other  punishments  are  sometimes  known  by  the  name 
of  secondary  punishments.  Moreover,  the  pain  ought  to  be  sufficiently 
great  to  deter  persons  £rom  committing  the  offence,  and  not  greater 
than  is  necessary  for  this  purpose. 

A  punishment  ought  further  to  be,  as  far  as  the  necessary  defects  of 
police  and  judicial  procedure  will  permit,  certain;  and  also,  as  far 
as  the  differences  of  human  natures  and  circumstances  will  permit^ 
eqtuiL 

If  a  punishment  be  punful,  and  the  pain  be  of  the  proper  amount, 
and  if  it  be  Ukewise  tolerably  equal  and  certain,  it  will  be  a  good 
punishment. 

The  qualities  just  enumerated  are  those  which  it  is  most  important 
that  a  punishment  should  possess.  But  it  is  sometimes  thought 
desirable  that  a  punishment  should  possess  other  qualities  than  those 
which  we  have  enumerated. 

1.  Since  the  time  when  it  has  been  generally  tmderstood  that 
punishment  ought  not  to  be  inflicted  on  a  vindictive  principle,  the 
deterring  principle  of  punishment  (which  necessarily  involves  an  in- 
fliction of  pain)  has  been  sometimes  overlooked,  and  it  has  been 
thought  that  the  end  of  punishment  is  the  reformation  of  the  person 
puni^ed.  This  view  of  the  nature  of  punishment  is  erroneous  in 
excluding  the  exemplary  character  of  punishment,  and  thus  limiting 
its  effects  to  the  persons  who  have  committed  the  offence,  instead  of 
comprehending  the  much  hanger  number  of  persons  who  may  commit 
it.  The  reformation  of  convicts  who  are  suffering  their  punishment 
is  an  object  which  ought  to  enter  into  a  good  penal  system ;  but  it  is 
of  subordinate  imporUmce  as  compared  with  the  effect  of  the  punish- 
ment in  deterring  imconvicted  persons  from  committing  similar 
offences. 

2.  It  is  likewise  sometimes  thought  that  pumshment  is  inflicted  for 
the  purpose  of  getting  rid  of  offenders,  or  of  rendering  them  physically 
incapable  of  repeating  their  offence.  Death  has  often  been  inflicted 
for  this  purpose ;  and  bodily  disablements  of  different  sorts  have  been 
inflicted  for  the  same  end;  transportation  has  likewise  been  often 
recommended  on  the  ground  of  its  getting  rid  of  convicts.  This  view 
of  punishment  errs  in  the  same  manner  as  that  just  examined ;  inas- 
much as  it  is  confined  to  the  persons  who  have  actually  committed 
offences.  If  all  offenders  were  removed  to  a  place  of  reward,  they 
would  be  got  rid  of,  but  not  punished.  The  principle  of  getting  rid  of 
the  offender,  or  his  confinement,  for  the  purpose  of  protecting  society 
against  the  known  dangerous  tendencies  of  a  person,  is  properly  apph- 
cable  in  the  case  of  madmen.         ^ 

A  detailed  account  of  the  punishments  which  have  been  used  in 
different  nations  may  be  found  in  different  works  on  antiquities  and 
law  books.  See,  for  the  Greeks,  Wachsmuth's  '  Greek  Antiquities,' 
vol  ii. ;  Hermann's  'Greek  Antiquities/  §  189;  for  the  Romans, 
Haubold's  'Lineamenta/  §  147;  for  the  ancient  Germans  and  for 
Europe  generally  in  the  middle  ages,  Grimm's  '  Deutsche  Rechtsalter- 
thlimer/  b.  v.,  ch.  3 ;  for  modem  France,  *  Le  Code  Pdnal/  liv.  1 ;  and 
for  Enijland,  Blackstone's  *  Commentaries/  vol.  iv. 


The  Secondary  Pwnithmentt  inflicted  in  this  country  are  noticed 
under  Crimes  and  Punishmbnts  and  Penal  Servitude. 

An  idle  question  ia  sometimes  raised  as  to  the  right  of  a  government 
to  inflict  death  as  a  pumshment  for  crimes,  or,  as  it  is  also  stated,  as  to 
the  lawfulness  of  capital  punishment.  That  a  government  has  the 
power  of  inflicting  capital  punishment  connot  be  doubted;  and  in 
order  to  determine  whether  that  power  is  rightfully  exerdsed,  it  is 
necessary  to  consider  whether  its  infliction  is,  on  the  whole,  beneficial 
to  the  community.  The  following  considerations  may  serve  to  deter- 
mine this  question  respecting  any  given  class  of  crimes.  Death  ii 
xmquestionably  the  most  formidable  of  all  punishments ;  the  common 
sense  of  mankind,  and  the  experience  of  all  ages  and  countries,  bear 
evidence  to  the  truth  of  this  remark.  Moreover,  capital  punishment 
effectually  gets  rid  of  the  convict.  On  the  other  hand,  capital  punish- 
ment, from  its  severity  and  consequent  formidablenev,  is  likely  to 
become  unpopular ;  and  hence,  from  the  imwillingnees  of  judges  and 
juries  to  convict  for  capital  offences,  and  of  governments  to  cany 
capital  sentences  into  effect,  xmcertain.  Whenever  the  infliction  of 
capital  punishments  becomes  uncertain,  their  efficacy  ceases,  and  they 
ought  to  be  mitigated.  An  uncertain  punishment  is  not  feared,  and 
consequently  the  pain  caused  by  its  actual  infliction  is  wasted. 
Capitid  punuhments  ought  therefore  to  be  pronounced  only  for  crimes 
wmch  could  not  be  effectually  prevented  by  a  secondary  pumshment^ 
and  for  which  they  are  actually  inflicted  with  as  much  oonBtaacj  as 
the  necessary  defects  of  judicial  procedure  mil  allow. 

PUPIL,  ARTIFICIAL.  The  operation  of  forming  an  artificial 
aperture  in  the  iris  is  required  in  a  variety  of  cases  in  which  the 
passage  of  light  through  the  natural  pupil  to  Uie  deeper  seated  parts  of 
the  eye  is  obstructed ;  and  to  meet  the  different  exigencies  of  these 
several  cases  various  operations  have  been  suggested,  each  of  which 
in  its  turn  deserves  to  be  preferred.  The  chief  of  these  are— 1,  the 
tearing  away  a  portion  of  the  iris  from  its  attachment  to  the  ciliary 
ligament  rETE],a  method  which  is  however  now  very  rarely  employed ; 
2,  the  making  a  simple  incision  through  some  part  of  the  iris,  by  the 
retraction  of  whose  edges  an  ellipticid  or  circular  aperture  is  pro- 
duced; 8^  the  making  a  portion  of  the  iris  protrude  through  an 
aperture  in  the  cornea,  and  cutting  it  off.  In  whatever  way  the 
operation  be  performed,  it  is  necessary  to  make  the  aperture  in  the 
iris  as  lax^  as  possible,  that  when  it  contracts  in  the  process  of 
dcatiisation,  it  may  not  be  too  small  to  permit  the  passage  of  a 
sufficient  quantity  of  light  for  useful  vision. 

PURCHASE,  corrupted  from  the  Latin  Perquisitio,  is  defined  by 
Littleton  (L  12)  to  be  "  the  possession  of  lands  or  tenements  that  a 
man  hath  by  his  deed  or  agreement,  unto  which  possession  he  cometh 
not  by  title  of  descent  from  any  of  his  ancestors,  or  of  his  cousins 
(oonsanguinei),  but  by  his  own  deed ; "  and  thus  comprehends  all  the 
modes  of  acquiring  property  in  land  otherwise  thsm  by  descent.  [Dk- 
80ENT;  Property.] 
PURGATION.    [Ordeal.] 

PURGATORY  ('  a  place  of  expiation/  from  the  Latin  verb  purgare, 
'to  cleanse')  is  the  name  given  by  Roman  Cathofics  to  an  intermediate 
state  of  souls  after  death,  and  beforo  the  final  judgment,  during  which 
they  are  supposed  to  expiate  by  certain  punishments  (the  guilt  which 
they  have  incurred  through  life.  Roman  Catholic  divines  teach  that 
it  Ib  only  the  souls  of  those  who  die  in  a  state  of  repentance  and  in  the 
communion  of  the  church  that  are  admitted  into  purgatory;  these 
who  die  impenitent,  or  in  a  state  of  unbelief,  are  doomed  to  everlasting 
punishment.  Asforthedurationof  the  term  of  expiation  in  purgatory, 
that  is  a  matter  which  rests  with  divine  justice,  and  varies  according  to 
the  guilt  of  the  parties,  but  Roman  Catholics  believe  that  the  prayers 
of  the  living  and  other  pious  works  may  serve  to  shorten  the  term  of 
souls  in  purgatory.  Thiei  has  given  riM  to  the  doctrine  of  induJ^jences, 
with  which  that  of  purgatory  is  doselv  connected.  [Indulgence.] 
The  Protestant  and  other  churches  whi<m  dissent  from  the  church  of 
Rome  do  not  believe*  in  purgatory.  No  mention  of  pui^gatory  appears 
before  the  time  of  Augustine,  who,  in  some  of  his  works,  speaks  of  it 
in  terms  not  very  ex^cit.  The  doctrine  is  said  to  have  been  first 
inculcated  as  a  matter  of  belief  by  Gregory  the  Cheat,  at  the  end  of 
the  6th  century. 

PURITANS,  a  name  first  given  in  the  reign  of  Queen  Elizabeth  to 
such  clergymen  of  the  Church  of  England  as  declined  to  subscribe  to  its 
litux^,  ceremonies,  and  discipline,  according  to  the  requirements  of 
the  bishops  in  their  respective  dioceses.  Fuller  assigns  the  origin 
of  this  name  to  the  year  1564,  and  Strype  to  the  year  1569;  but  it 
seems  not  very  easy  to  ascertain  the  exact  date  when  any  such  name 
might'have  beian  first  used.  The  clergymen  so  called  were  advocates 
for  a  further  reformation  than  the  existing  authorities  deemed  it 
proper  to  sanction ;  they  desired  a  form  of  worship  more  simple  and 
ptare  than  they  believed  that  to  be  of  the  church  as  then  established. 
They  were  called  Puritans  probably  out  of  derision,  and  the  name  was 
shortly  applied  to  the  laity  as  well  as  to  the  clergy.  The  Puritans 
were  by  other  writers  of  the  17th  century  generally  called  non-con- 
fomusts,  a  name  first  applied  te  men  who  objected  to  the  clerical 
vestments  about  1550.  As  Puritans  they  made  a  great  figure  in  the 
Civil  War  against  Charles  I.,  but  they  very  shortly  separated  into  more 
definite  sects,  as  Presbyterians,  Baptists,  &c.'  For  a  general  history  of 
the  Puritans,  the  work  of  Neal,  on  the  one  lumd,  and,  on  the  other 
hand,  the  works  of  Stiype  and  Collier,  may  be  consulted.     On  the 
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political  influence  ozercused  by  the  FuritanB,  all  hiBtories  of  England 
contain  detailed  accounta.    [Dissentbb^j  Nohcokfoemists.]. 

PUBPLE  OF  CASSIUS.    {Gold.J 

PURPUKIC  ACID.    [Uric  Acid.] 

PUBPURIN.    [Madder,  CqLOUR^IG  matters  of.] 

PURREE.    [EuxAOTHio  Acid.] 

PURREIC  ACID.    [EuxA»THio  Acn).] 

PURRENONE.    [EuxAHTHic  Acid.J 

PURSER.    [Navy.] 

PURVEYANCE  {pvrveance,  a  providing),  a  prerogative  formerly 
enjoyed  by  the  king  through  the  means  ol  officers  ctdled  purveyors, 
of  purchasing  provisions  and  other  necessaries  for  the  use  of  the  royal 
household/and  of  employing  horses  and  carriages  in  his  service,  in 
preference  to  all  other  persons,  and  without  the  consent  of  the  owners. 
The  parties  whose  property  was  thus  taken  were  entitled  to  a  recom- 
pense ;  but  what  they  received  was  so  inadequate,  and  so  many  abuses 
were  committed  under  the  pretext  of  purveyance,  that  it  seems  to  have 
been  always  considered  a  most  intolerable  grievance.  About  foi-ty 
statutes  were  passed  upon  the  subject,  many  of  them^  like  all  the 
important  nearly  statutes,  being  a  re-enactment  of  those  preceding. 
Some  of  the  mocft  stringent  occur  in  the  36th  year  of  Edward  llji.,  and 
confining  the  exercise  of  it  to  the  king  and  queen,  (for  it  had  frequently 
been  asserted  as  their  right  by  some  of  the  great  lords)  provide  that 
for  the  future  "  the  heinous  name  of  purveyor  shall  be  cubanged  into 
that  of  buyer;"  forbid  the  use  of  force;  and  direct  that  where 
purveyors  cannot  agree  upon  the  price,  an  appraisement  shall  be  made, 
&c.  &c.  The  provisions  of  these  statutes  appear  to  have  wholly  failed ; 
and  others  were  passed,  <but  without  effect.  Several  of  the  charges 
against  Wolsey  were  the  exercise  of  purveyance  on  his  own  behaJi. 
(4 '  Inst'  93.) 

In  the  time  of  Elizabeth^  two  attempts  were  made  in  the  same 
year  by  the  Commons  to  regulate  the  ahuses  of  purveyance,  at  which 
the  queen  was  extremely  indignant.  She  seems  to  have  employed 
this  prerogative  for  the  purpose  of  victualling  her  navy;  but  aiter- 
Wards  revoked  the  warrants,  and  designed  to  have  taken  away  the 
commissions  relating  to  the  provision  for  her  own  household,  some 
counti/Bs  having  agreed  to  furnish  it  at  a  certain  rate,  ,to  get  rid  of  the 
collectors — a  kLid  of  venmin  which  the  queen  called  harpies.  Diudng 
the  first  parliament  of  James  I.,  Bacon,  on  presenting  a  petition  to  the 
king,  delivered  his  famous  speech  against  purveyors,  which  forms  a 
sort  of  compendium  of  the  heavy  chafes  maide  against  them.  Several 
negociationB  took  place  in  that  reign  for  the  purchase  of  the  prero-  * 
gative  of  purveyance,  J[>ut  nothing  was  done.  Under  the  common- 
wealth it  fell  into  disuse,  but  was  not  formally  abolished  tUl  after  the 
restoration,  by  the  statute  12.Gh-  II.,c.  24,  the  king  receiving  in  lieu  of 
it  a  certaki  amount  payable  on  exdseable  liquors.  In  lae  earlier 
periods  of  our  history,  purveyance  was  necessary  for  the  support  of : 
the  royal  household ;  hence  its  continuance  in  spite  of  so  many 
attempts  to  suppress  it.  Even  after  its  final  abolition  several 
temporary  statutes  wera  passed,  for  its  partial  revival  on  the  occasion 
of  royal  progresses.  On  behalf  of  the  nayv  and  ordnance,  a  statute  to 
that  efiect  occurs  as  late  as  11  and  12  Will.  3.  (Camden,  368 ;  paeon's 
'  Works,'  vol.  vi.,  p.  3,  Montagu's  ^t. ;  Hume's '  ffist,' ;  1  BL  '  Com.'^ 
287  ;  3  '  Inst.',  82 ;  4  '  Inst.',  273.) 

PUS.    [Absgebs;  Inflammatiozt.] 

PUTREFACTIO]^'.  When  nitrogenous  oxganic  matters  are  exposed 
to  air  and  moisture  at  a  moderate  temperatiu'e,  they  begin  to  combine 
with  oxygen,  and  are  said  ;to  undergo  decay,  being  resolved  gradually 
into  carbonic  acid,  water  and  ammonia^  or  nitric  acid.  If  such  decay- 
ing matters  be  wholly  immersed  in  water,  they  coutinue  the  changes 
which  had  commenced  in  air,  at  the  ea^nse  of  the  oxygen  of  the 
water,  which  unites  with  carbon,  hydrogen,  and  nitrogen  as  before, 
whilst  the  hydrogen  of  the  water  also  unites  with  another  portion  of 
the  carbon,  forming  light  carburetted  hydrogen — a  gas  known  to  be 
evolved  from  stagnant  pools,  and  the  presence  of  which  in  such  cases  is 
always  a  test  of  putrefaction.    [Eremacausis.] 

PUTTY,  the  usefdl  cement  used  by  glaziers  for  fastening  the  glass 
in  the  frames  of  windows,  is  composed  of  linseed  oil  and  whiting.  The 
whiting  should  be  well  dried,  and  then  pounded  and  sifted  till  it 
becomes  a- fine  powder  and  is  quite  free  from  grit.  The  whiting,  a 
little  warm,  should  be  gradually  added  to  the  oil,  and  well  mixed 
by  means  of  a  piece  of  stick  or  a  spatula.  When  it  is  sufficiently 
stiff,  it  should  be  well  worked  with  the  hand  on  a  table,  and  after- 
wards beaten  on  a  stone  wiUi  a  wooden  mallet,  till  it  becomes  a 
soft,  smooth,  tenacious  mass.  Putty  by  exposure  to  the  air  gradually 
hardens  till  it  becomes  almost  like  stone.  A  ball  of  putty,  when  left 
some  days,  becomes  somewhat  hard,  but  may  be  easily  softened  by 
beating. 

PUTTY  POWDER  is  a  pulverised  oxide  of  tin,  or  of  tin  and  lead, 
used  in  polishing.  The  metals  are  exposed  to  heat  and  to  the  admission 
of  air  in  a  furnace,  or  muffle  of  peciiliar  form ;  and  the  oxide  is  taken 
out  in  lun^s  about  as  hard  as  marble.  The  lumps  are  ground  to 
powder  under  a  runner,  and  the  powder  is  sifted  through  lawn.  The 
putty  powder  p[iostly  used  is  an  oxide  of  the  mixed  metal,  or  rather  a 
mixture  of  two  oxides,  and  is  largely  used  as  glass  and  marble  polish, 
and  as  plate-powder.  For  the  finer  kinds  of  work,  such  as  polishing 
lenses,  the  tin  alone  is  used,  without  admixture  with  lead.  The  late 
Mr.  Andrew  Ross,  the  eminent  optician,  adopted  a  special  mode,  devised 


by  himself,  of  making  putty  powder  for  polishing  the  exquiedte  lenses 
of  his  telescopes  and  microscopes.    [Tuc ;  METATAN:nc  Acid.] 

PUZZUOLANO.    [PozzuoLANO.J 

PYEMIA  (pus  in  the  blood),  is  a  peculiar  and  dangerous  state  of 
the  system,  supposed  to  be  produced  by  the  introduction  of  pus  into 
the  blood.  The  symptoms  connected  with  this  state  of  the  blood  aaj 
occur  in  the  course  of  other  diseases,  or  they  may  come  on  without  acr 
previous  attack  of  disease.  The  more  characteristic  symptoms  a^ 
generally  ushered  in  by  more  or  less  violent  fits  of  shivering.  When  it 
ia  accompanied  with  any  external  suppurating  surface,  as  ia  frequently 
the  case,  the  dischaige  from  this  surface  gradually  dries  up  or  becomes 
thinner  and  excessively  fetid,  and  the  wound  assumes  a  flabby  aod 
unhealthy  aspect.  The  patient  becomes  exceedingly  languid  and  ex- 
hausted, and  stupor  or  delirium  comes  on.  The  respiratory  fuaction 
is  increased  and  the  breath  exhales  a  faint  sicklv  odour.  The  lun^ 
become  congested,  and  the  skin  assumes  gradually  a  yellowish  tmge. 
Pains,  with  swelling,  occur  in  the  joints,  and  in  the  course  of  a  lifetle 
time  effusion  takes  place  in  the  synovial  membrane  and  under  the  ^in. 
The  pulse  is  quick,  tremulous,  and  rapid ;  the  tongue,  at  first  loaded 
with  a  yellowish  fur,  quickly  becomes  brown  and  dry,  and  the  tedh  and 
lips  are  covered  with  sordes.  The  abdomen  becomes  tender,  aod  is 
frequently  distended  with  flatus.  The  eye  is  dull,  partial  paTa]js> 
presents  itself,  the  voice  becomes  feeble,  and  the  patient  sinks  from 
the  fourth  to  the  tenth  day  from  the  first  appeanmce  of  these 
symptoms. 

After  death  the  most  conspicuous  lesions  are  large  accumulations  of 
pus  and  purif orm  matter  in  the  various  parts  of  the  body.  These  are 
found  in  the  lungs,  liver,  spleen,  brain,  kidneys,  heart,  l]jood-vee:»els, 
pleura,  joints,  muscles,  and  the  subcutaneous  connective  tissue.  On 
examimng  the  blood  under  the  microscope,  an  increase  in  the  vhite 
cells  of  the  blood,  which  are  not  to  be  distinguished  from  puB-celU,has 
been  observed.  This,  however,  has  not  been  observed  in  all  cases;  hence, 
perhaps,  the  impropriety  of  calling  this  disease  by  its  present  name. 

The  symptoms  of  this  disease  are  generally  the  same  as  th<»e  which 
occur  in  inflammation  of  the  veins  or  phlebitis.  This  state  is  again 
supposed  to  be  identical  with  the  disease  occurring  in  puerperal  women. 
and  known  by  the  name  of  phlegmasia  dolens.  [Puerpebal  Diseascs  ; 
Veins,  Diseases  of.]  The  pathological  state  in  which  these  symf^ 
toms  come  on  has  excited  much  (Sscusaion.  Dr.  Bennett  gives  tht 
following :  ' 

1.  That  this  condition  is  owing  to  an  admixture  of  %he  blood  vith 
pus  (pyohemia  of  Piorry),  and  that  the  pus  corpiuclee  being  iKrger  thr»n 
the  coloured  ones  of  blood,  are  arrested  in  the  minute  capillaries,  acd 
give  rise  to  secondary  abscesses. 

2.  That  it  is  owing  to  the  presence  of  any  irritating  body  which 
cannot  be  eliminated  from  the  economy,  producing  capillary  pUefe'tiv 

3.  That  it  ia  dependent  on  a  property  possessed  by  pus  of  coa;^- 
ting  the  blood. 

4.  That  it  is  produced  by  the  presence  of  a  peculiar  poison  which 
contaminates  the  system. 

The  first  view  has  been  most  generally  held,  but  the  fact  that  pus 
globules  cannot  be  distinguished  from  the  white  cells  of  the  blooi 
Avould  clearly  indicate  that  they  could  not  be  retained  in  the  capilkrie> 
as  required  by  that  theory.  It  is  also  found  that  in  leucocythenua 
the  blood  is  crowded  with  white  cedls  without  producing  any  of  the 
above  symptoms.  Dr.  Bennett  also  injected  pus  into  the  blood  of  an 
ass  without  producing  any  ill  effects  on  the  animal.  These  objection^ 
are  also  fatal  to  the  second  and  third  theories.  The  last  view  is  that 
which  is  most  consistent  with  the  whole  of  the  phenomena,  and  is  alc^Dc 
applicable  to  those  cases  of  pyaemia  in  which  there  is  no  wound  i>r 
ulcerated  surface,  and  no  indication  of  the  presence  of  pus  cells  ia  the 
blood.  From  the  fact  that  this  disease  occurs  where  persons  aii3 
exposed  to  poisonous  exhalations  from  decomposing  animal  and  vege- 
table matter  from  without,  or  to  the  absorption  of  decomposing  aninjal 
secretions  upon  the  body,  it  would  appear  that  the  blooc^  b€com^7> 
vitiated,  and  that  the  presence  of  pus  cells  in  the  blood,  and  depoci 
tions  of  pus  in  the  various  organs  of  the  body,  are  but  the  results  o: 
this  condition  of  the  blood. 

This  disease  is  most  frequently  fatal,  and  each  case  requires  to  l* 
treated  according  to  the  symptoms  it  presents.  Local  wounds  must 
be  attended  to,  and  accumulations  of  pus  should  be  removal  by  frc-c 
incisions.  The  symptoms  from  the  first  indicate  the  necessity  ox 
stimulants,  as  wine  and  ammonia,  and  the  introduction  of  nutritivo 
and  digestible  food  into  the  system.  Quinine  in  large  doses  has  bet-n 
recommended. 

PYIN.  An  albuminous  substance  contained  in  pus.  Hulder  con- 
siders it  to  be  trioxyprotein. 

PYRAMID  {irvpotfiti),  a  solid  figure  contained  by  a  polygonal  uvc 
and  the  triangles  formed  on  the  sides  of  the  base  by  Hues  drawn  fntoi 
one  point  to  the  angles  of  the  base.  It  is  among  plane  solids  what  the 
cone  is  among  curvilinear  ones,  and  its  solid  content  is  one-third  of 
that  of  a  prism  of  the  same  base  and  altitude ;  that  is,  the  number  vi 
square  units  in  the  base,  multiplied  by  the  number  of  linear  tmits  in 
the  altitude,  and  the  product  divided  by  3,  gives  the  number  of  cubi. 
units  in  the  content. 

The  properties  of  a  pyramid  are  important  in  the  theory  of  Pbc*^ 
JECTIONS,  particularly  the  following: — Every  quadrangular  pyniinii 
(or  pyramid  with  a  quadrangular  bsue)  has  one  section,  and  one  oulr, 
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which  is  a  parallelogram.  To  find  it^  let  the  vertex  be  v,  and  let 
opposite  sides  of  the  base  meet  in  a  and  b.  Then  every  plane  parallel 
to  A  V  B  cnts  the  pyramid  in  a  parallelogram^  one  of  whose  angles  is 
equal  to  the  angle  a  v  b. 

PYRAMID,  the  term  applied  to  elevated  mounds  of  stone  or  brick- 
work of  the  geometrical  shape  of  that  name,  the  most  remarkable  of 
which  are  those  in  the  plain  of  Gizeh,  which  were  considered  one  of 
the  seven  wonders  of  the  ancient  world.  The  origin  of  the  name  is 
involved  in  much  obscurity ;  but  it  appears,  like  obelisk,  to  be  a  Qreek 
term,  the  hieroglyphic  word  for  pyramid  being  pa  ahmer,  ben  ben^ 
or  ber  ber  ;  the  Coptic  piharam,  and  Arabic  el  hdram,  being  derived 
from  'the  Oreek.  These  pyramids  are  sloped  or  symmetrical  mounds 
piriced  over  the  graves  or  chambers  of  the  sepulchres  made  for  the 
monarchs  and  other  great  personages  of  the  earliest  Egyptian  dynasties, 
commencing  with  the  3nl  and  ending  with  the  12th,  after  which 
tiieir  use  was  abandoned  in  Egypt.  The  pyramids  lying  In  a  vast 
plain  or  cemetery,  extending  from  29*  to  30  N.  lat.,  for  betweeii  60 
and  70  miles,  are  supposed  to  be  about  69  in  number.  They  are  all 
constructed  in  a  uniform  manner.  A  rectangular  sepulchral  chamber 
was  first  hollowed  in  the  rock,  with  a  passage  of  sufficient  dimensions 
to  admit  the  sarcophagus,  communicating  with  the  surface.  Over  this 
was  at  once  erected  a  cubical  course  of  masonry,  which  served  for  the 
nucleus  of  the  pyramid.  If  the  king  died  during  the  year,  the 
masonry  was  covered  with  a  polished  casing  in  shape  of  a  small  pyra- 
mid ;  if  the  monarch  survived,  another  course  of  masonry  was  added 
to  the  height  of  the  nucleus,  and  the  length  of  the  lower  stage  or  base 
increased  by  courses  of  stone  on  each  side.  Additions  on  the  same 
plan  continued  to  be  made  as  long  as  the  king  lived,  fresh  course 
being  added  from  year  to  year.  When  the  monarch  died  this  ceased ; 
the  pyramid  was  cased  by  filling  up  the  angles  of  the  masoiiry  with 
smaller  stones,  placing  oblong  blocl^  one  upon  another,  so  as  to  make 
a  series  of  steps  from  the  top  to  the  base,  and  then  bevelling  off  all 
these  stones,  commencing  from  the  top  downwards,  at  a  uniform 
angle.  A  smooth  surface  was  given  to  each  side  of  the  pyramid, 
rendering  it  a  perfect  triangle,  while,  owing  to  each  stone  overlapping 
the  other,  no  vertical  joint  was  left.  Some  differences  are  observable 
as  to  the  mannei*  in  which  the  internal  walls  were  either  vertical  or 
inclined ;  but  the  general  principle  is  the  same  in  all,  and  the  mode  of 
finishing  the  pyramid  casings  corresponds  witJi  the  description  of 
Herodotus  (11.  cxxv.).  The  means  by  which  the  stones  were  raised  is 
not  known ;  but  the  discovery  of  hemispherical  holes  about  8  inches  in 
diameter,  that  look  polished  by  the  turning  of  a  heavy  body,  have 
suggested  the  use  of  derricks,  or  similar  machines — ^the  employment  of 
scail'olding  for  the  purpose  being  impossible.  All  the  pyramids  are 
placed  with  their  sides  &cing  the  four  cardinal  points  of  the  compass, 
and  their  entrances  are  on  the  north  side,  somewhere  about  the  centre. 
Extraordinary  precautions  were  taken  to  prevent  access  to  the  sepul- 
chral chambers ;  the  passages,  made  exceedingly  narrow,  were  closed 
by  great  blocks  of  stone  or  granite  portculnses,  which  closed  the 
passages  before  the  apartment ;  and  the  entrance  was  not  placed  in  the 
centre  of  the  elevated  masonry,  where  it  could  have  been  easily  seen, 
but  in  the  plain  below. 

The  first  group  of  pyramids  is  that  of  Mempliis,  the  three  principal 
of  which  are  echelloned  on  an  elevated  plateau,  120  stadia  from 
Memphis  and  45  from  the  NHe.  The  largest  of  these — said  by 
Herodotus  to  have  been  built  by  Cheops,  by  Diodorus  attributed  to 
Chembes  or  Chabryes,  and  by  Manetho  and  Eratosthenes  to  Suphis  or 
Saophis  I. — formerly  had  a  base  764  ft.  square,  which  has  been 
diminished,  by  the  continual  spoliation  of  the  sides  for  material  to 
build  the  city  of  Cairo,  to  746  ftl  Its  ancient  height,  judging  by  the 
casing  stones  discovered  by  Colonel  Howard  Vyse,  was  480  feet ;  its 
present  is  only  450.  The  angle  of  its  inclination  is  5V  50^.  It  is 
built  upon  the  rock,  which  has  been  cut  down  at  the  sides  to  obtain  a 
level  platform;  and  its  entrance,  which  lies  24ft.  6 in.  east  of  the 
centre  of  the  north  side,  is  3  ft.  54  in.  broad  by  3  ft  11  in.  high,  with 
an  incline  of  26°  41'.  This  passage  descends  to  the  original  sepulchral 
chamber  of  the  pyramid,  commonly  called  the  subterraneous  apartment, 
with  a  distance  of  320  ft.  10  in.  This  apartment,  which  measures 
46  ft.  long  by  27  ft.  1  in.  wide,  with  a  height  of  11  ft.  6  in.,  has  at 
its  south  end  a  horizontal  passage  of  62  ft.  9  in.  long  by  2  ft.  7  in. 
broad,  and  2  ft.  8  in.  high,  leading  south,  apparently  a  continuation 
of  the  works  in  this  direction  for  the  purpose  of  forming  a  second 
sepulchral  chamber  for  holding  the  furniture  of  the  mummy ;  but  the 
work  was  abandoned  in  this  direction,  because  the  prolonged  life  of  the 
monarch  caused  the  mouth  of  the  passage  in  the  rock  to  be  covered  by 
the  masonry  added  to  the  body  of  the  pyramid.  At  the  distance  of 
63  ft.  2  in.  from  the  entrance  another  passage  of  the  same  size  was 
constructed  at  an  angle  of  26**  18',  and  ran  for  124  ft.  4  in.  so  slippery 
that  the  ascent  was  effected  by  small  holes  cut  for  the  purpose,  and 
then  became  a  horizontal  passage  parallel  to  the  plane  of  site  of  the 
pyramid,  109  ft.  11  in.  long.  Part  of  this  passage  is  rather  broader 
than  the  rest,  and  leads  to  a  chamber  commonly  called  the  Queen's, 
having  a  groined  roof,  measuring  17  ft.  by  18  ft.  9  in.,  and  20  ft.  3  in. 
high,  having  a  recess  at  the  east  side,  and  placed  nearly  in  the  centre 
of  the  pyramid,  at  a  distance  of  67  ft.  4  in.  from  the  floor  or  plane 
of  site  of  the  pyramid.  ThiB>  chamber  was  evidently  made  for  the 
reception  of  the  sarcophagus,  but  was  subsequently  abandoned,  and  the 
ascending  pa^tege  continued  on  a  larger  scale  with  granite  blocks  28  ft. 


high  and  150  ft.  10  in.  long,  with  a  short  horizontal  passage  leading  to 
the  upper  or  so-called  King's  chamber.  In  this  short  passage  was  a 
•porteiillis  12  ft  6  in.  high,  to  defend  aily  entrance  into  the  chamber. 
The  King's  chamber  had  a  flat  roof,  and  measures  17  ft  1  in.  by  34  ft. 
8  in.,  witn  a  height  of  19  ft  1  in.,  and  the  north  side  is  more  than 
16  ft  3  in.  south  of  the  pyramid,  probably  because  the  monarch  was 
expected  to  survive  so  long  as  to  admit  of  sufficient  masonry  being 
added  to  enable  it  to  be  placed  there.  As  the  hetft  and  confinement  of 
this  chamber  appears  to  have  been  stifling,  two  air-channels,  one  94  in. 
by  9  in.,  the  other  9j  in  by  8|  hi.,  ran  from  the  chamber  to  the  north 
and  south  faces  of  the  pyraiiiia :  these,  when  opened  by  Mr.  Perring 
in  1887,  restored  the  ventilation  to  the  chamber.  In  the  chamber 
itself  is  a  sarcophagus  of  red  granite,  7ft.  64  in.  long  by  3 ft.  Sin. 
broad,  and  3  ft  5  iiu  high  without  its  cover,  entirely  plain,  and  neither 
ornamented  with  sculpture  or  inscriptions.  This  no  doubt  anciently 
contained  a  wooden  coffin,  in  which  was  deposited  the  body  of  the 
founder ;  but  both  have  disappeared  long  since,  wheb  the  pyramid 
was  opened  and  plundered.  The  King's  chamber  is  surmounted  by 
five  other  small  chambers  placed  above,  the  uppermost  having  a 
pointed  roof  formed  by  stones  placed  en  dScharge,  The  object  of 
these  chambers  appears  to  have  been  to  lighten  the  roof  of  the  apart- 
ment, which  is  flat,  from  the  weight  of  the  superincumbent  mass. 
These  chambers  are  from  87  ft  to  38  ft.  4  ui.  long,  afid  from  16  ft  4  in. 
to  20  ft.  6  in.  wide.  The  height  varies  from  1  ft.  4  in.  to  8  ft.  7  in.,  and 
they  rise  for  69  ft  3  in.  from  the  roof  of  the  great  chamber.  The  first 
of  these  nearest  that  point  was  discovered  by  Davison  in  1764,  the 
others  by  Colonel  Howard  Vyse  in  1837,  who  named  them  Wellington, 
Nelson,  Arbuthnot,  and  Campbell  chambers ;  but  they  are  generally 
called  the  chambers  of  construction,  as  showing  the  purpose  for  which 
they  were  made. 

The  opening  of  these  chambers  solved  the  enigma  of  the  pyramid ; 
their  floors  and  fools  were  made  ty  blocks  of  refi  or  syenitic  granite 
from  the  quarries  of  Assouan,  but  the  sides  were  partly  formed  by 
blocks  of  a  hard  calcareous  stone,  brought  from  the  quarries  of  Mokat- 
tam  and  Tourah.  While  yet  in  the  quarries  the  workmen  had  scrawled 
upon  them  in  lai*ge  linear  hieroglyphics,  in  a  red  colour,  the  names  and 
royal  titles  of  two  kinra,  accompanied  by  other  words.  Those  in  the 
so-called  Nelson  chamber,  nearest  the  king's  chamber,  tad  only  the 
standard  name  of  Khufu,  or  Cheops ;  those  ini  the  Arbuthnot  chamber 
the  standard  name,  titles,  and  cartouche  of  Khnum  Khufu ;  and  those 
in  the  uppermost  chamber,  the  titles  and  cartouche  of  Khufu,  or 
Cheops,  and  hieroglyphs  with  numerals.  Although  on  attempt  has 
been  made  to  show  that  these  are  two  different  monarchs,  yet  the  fact 
of  both  having  the  same  Horus  or  standard  name  at  this  epoch,  shows 
that  both  names  belong  only  to  one  monarch,  the  Khufu  of  the  hiero- 
gly|>h8  and  Cheops  of  Herodotus,  whose  body  anciently  reposed  in 
the  sarcophagus  of  the  sepulchral  chamber  beneath.  These  quarry 
marks  were  placed  in  all  sorts  of  ways  in  the  chamber,  and  some- 
times had  been  cut  short  by  the  sawing  of  the  blocks  of  stone,  showing 
that  they  were  inscribed  while  the  material  was  in  the  quarries.  At 
the  junction  of  ihe  two  inclined  passages  is  the  so-called  well,  con- 
sisting of  a  shaft  2  ft.  4  in.  square,  descending  perpendicularly  for 
26  ft.  1  in.,  then  32  ft  5  in.  to  a  recess  called  the  grotto,  and  finally 
for  133  ft.  to  the  subterraneous  apartment  It  was  cut  through  the 
masonry  after  it  had  been  constructed,  and  therefore  evidently  did  not 
form  part  of  the  original  design,  and  is  supposed  to  have  been  made 
for  the  workmen  to  descend  alter  they  had  closed  up  the  passage  from 
the  upper  end  of  it.  The  base  of  thia  pyramid  is  about  187  ft  above 
the  level  of  the  inundation  of  the  Nile;  it  contains  at  present 
82,111,000  cubic  feet  of  masonry,  and  anciently  about  7,000,000  more, 
and  the  weight  is  calculated  as  6,316,000  tons,  covering  at  present 
12  a.  3  r.  8  p.  As  it  exists  at  present,  stripped  of  its  casing,  there  are 
203  steps;  they  decrease,  but  not  regularly,  from  the  bottom  to  the  top 
from  4  ft  10  in.  to  2  ft.  2  in.,  the  stones  being  9  ft  long,  and  64  ft 
broad.  The  ascent  is  fatiguing,  but  not  attended  with  danger,  the 
summit  having  been  often  reached  by  ladies.  The  horizontal  lines  of 
the  platforms  are  fitted  with  the  greatest  nicety,  and  joined  by  a 
cement  of  lime  without  sand.  Some  of  the  casing-stones  at  the  base 
were  discovered  by  Colpnel  Howard  Vyse,  and  gave  the  angle  of  incli- 
nation. This  pyramid  is  supposed  to  have  been  open  at  the  Roman 
times,  and  traces  of  Latin  inscriptions  are  said  to  have  been  foimd  in 
the  passages,  as  well  as  Cufic  inscribed  during  the  rule  of  the  Arab 
conquerors  of  Egypt 

According  to  Herodotus  the  great  pyramid  was  buHt  by  Cheops, 
who  closed  the  temples,  and  stopped  the  sacrifices,  and  made  a  con- 
scription of  the  people  to  build  this  monument  by  bringing  the  stone 
from  the  Tourah  quarries;  gangs  of  100,000  men  were  relieved  e\STy^ 
Ufree  months ;  ten  years  were  employed  for  the  causeway,  8,00'j  ft 
long,  60  ft.  wide,  48  ft.  high,  which  had  a  hieroglyphical  inscription; 
the  subterraneous  chamber,  he  states,  was  in  an  island  made  by  a  cimal 
from  the  Nile ;  twenty  more  years  were  consumed  for  the  masonry. 
It  was  constructed  like  steps,  and  the  stones  were  raised  from  layer  to 
layer  by  machines.  He  describes  the  manner  of  facing  the  pyramid  from 
the  top,  and  gives  an  account  of  a  hieroglyphical  insmption,  reoon&ig 
1600  talents  of  silver  spent  for  the  radishes  and  onions  supplied  to  «he 
workmen.  Cheops  reigned  50  years.  Diodorus  calls  this  monarch 
Chembes.  At  the  time  of  Pliny  the  pyramids  were  then  ascended, 
although  the  casing  of  the  great  pyramid  is  said  .to  have  remained  till 


w 


PTRAMID. 


FTRAHID. 


«3 


the  ChristiAii  era.  The  pyramids  in  recent  tunes  have  been  viaited 
and  described  by  travellers  since  Belonius,  A.S.  1553. 

The  second  pyramid,  called  the  pyramid  of  Cephrefi,  was  built  by 
that  monarchy  who  reigned,  according  to  Herodotus,  56,  and  Manetho, 
66,  and  the  Canon  of  Turin  gives  the  length  of  his  life  as  95  years. 
The  base  of  this  pyramid  is  elevated  33  It.  2  in.  above  that  of  the  great 
pyramid,  or  nearly  172  feet  above  the  level  of  the  high  Nile.  The  ancient 
base  measured  707  ft.  9  in.,  but  it  is  now  reduced  to  690  ft.  9  in. ;  the 
height  was  formerly  454  ft  S  in.,  but  is  now  447  ft.  6  in.,  the  inclined 
was  572  ft  6  in.,  now  diminished  by  9  ft. ;  the  angle  is  52°  20',  the 
apex  is  9  ft  square,  the  casing  from  the  top  180  ft  to  150  ft  It  is 
placed  in  an  excavation  made  in  the  solid  r(>ck.  Belzoni,  after  great 
exertions,  succeeded  in  opening  this  pyramid,  which  has  two  indined 
entrances,  ond  in  the  masonry  of  the  pyramid  itself  37  ft  8  in.  above 
the  base,  at  an  angle  of  25**  55',  and  104  ft  10  in.  long;  the  lower  one 
96  ft  4  in.  long,  at  an  angle  of  21°  40^,  placed  before  the  base,  both 
leading  to  a  sepulchral  chamber  of  46  ft  2  in.  by  16  ft  2in.,and  19  ft  8  in. 
high,  with  a  roof  of  the  same  shape  as  the  pyramid,  in  which  was  found 
a  granite  sarcophagus  8  ft  7  in.  long,  3  ft.  6*5  in.  wide,  and  8  ft  high, 
dose  to  the  S.  and  W.  sides  of  the  chamber,  on  which  was  found  a 
Cufic  inscription,  recording  the  visit  of  the  Caliph  Othman,  and  the 
opening  of  the  pyramid  by  him  in  a.d.  1196-7.  Some  bones  of  a  bull, 
but  no  human  remains  were  found  in  this  pyramid.  The  two  lower 
tiers  of  the  exterior  and  entrance  have  fresh  ooatingB  of  granite,  the 
casing  is  hard  stone  of  Mokattam.  The  masonxy  is  formed  of  blocks 
and  rubble. 

The  third  pyramid  was  bmlt  by  Menkare,  the  Mycerinus  of  Hero- 
dotus, Mencheres  of  Manetho,  and  Moscheris  of  Eratosthenes,  the  third 
king  of  the  4th  dynasty.  A  level  for  the  site  was  obtained  by  a  sub- 
struction more  than  10  ft  deep,  laid  to  the  west,  oonsistLng  of  two 
tiers  of  immense  blocks.  The  entrance  of  this  pyramid  was  discovered 
by  Colonel  Howard  Yyse,  in  July  1887,  at  a  height  of  18  feet 
above  the  base,  and  measuring  3  ft  5(  in.  by  8  ft  114  ^  ^^ 
passage  appears  to  have  been  forced  by  the  Idamelukes.  The  base 
measured  854  ft  6  in.,  the  perpendicular  height  218  ft,  its  angle  was 
51°.  The  passage  entered  at  26°  2',  ran  for  104  feet,  and  led  to  an 
ante-room  of  10  ft  5  in.  by  12  ft.  and  7  ft  high,  covered  with  white 
plaster  worked  in  compartments,  passing  thence  to  three  portcullises, 
a  passage  of  41  ft  8  in.  long,  8  ft.  5^  in.  broad,  and  5  ft  10  in.  high, 
led  thence,  at  an  angle  of  4°,  to  the  so-called  lax^e  apartment,  measur- 
ing 46  ft  3  in.  long  by  12  ft.  7  in.  broad,  about  15  ft  high,  in  which 
was  a  place  for  a  sarcophagus.  A  passage  of  4  ft  9  in.  high  thence 
descended  for  30  ft  to  a  portcullis  which  closed  the  sepulchral  chamber 
of  21ft  Sin.  by8ft  7  in.,  and  11  ft  3 in.  high,  lined  with  granite, 
containing  a  sarcophagus  of  whinstone,  of  8  ft  long  by  3  ft  1  in.  broad, 
and  2  ft  11  in.  high,  ornamented  with  plain  architectural  ornaments 
similar  to  those  seen  in  tombs  of  the  4th  dynasty.  A  room  17  ft  6  in. 
long  by  6  ft  8  in*  broad,  and  6  ft.  7  in.  lugh,  containing  niches,  was 
readied  b^  a  series  of  7  steps.  The  large  apartment  had  an  ascending 
passage  sunilar  to  the  first,  of  80  ft  4  in.  in  length  by  8  ft.  5i  in. 
broad,  and  almost  4  ft.  high. 

The  sarcophagus  in  the  sepulchral  chamber  was  subsequently  re- 
moved by  Colonel  H.  Yyse,  and  sent  to  the  British  Museum,  but  lost 
at  sea  off  Carthagena ;  fragments  of  the  lid  were  found  in  the  entrance 
of  the  passage  to  the  large  apartment,  and  close  to  it  portions  of  a 
mummy  case  of  cedar,  of  the  usual  shape,  inscribed  with  the  name  of 
the  king  Menkare,  and  a  prayer  to  the  goddess  Ku,  and  part  of  a  body 
with  a  woollen  garment,  supposed  by  some  to  be  the  body  of  the 
monarch,  by  others  that  of  an  Arab.  The  casing  of  this  pyramid  has 
been  nearly  all  removed ;  according  to  Herodotus,  it  extended  half 
way  up  of  Ethiopian  stone,  but  the  greatest  height  of  the  black  granite 
\e  now  86  ft.  9  in.  on  the  west  side ;  according  to  Diodorus  there  were 
only  15  layers  of  granite.  The  name  of  its  bmlder,  according  to  the 
same,  was  inscribed  on  its  north  side.  According  to  Manetho,  Men- 
cheres reigned  63  years.  It  is  evident  that,  on  account  of  the  increased 
length  of  reign,  an  important  alteration  took  place  in  the  construction 
of  this  p3rramid,  the  increasing  masonry  having  extended  beyond  the 
mouth  of  the  first  or  upper  passage,  rendering  necessary  the  con- 
struction of  the  second  inclined  passage  and  the  present  sepidchral 
chamber,  in  place  of  the  large  apartment  originally  destined  for 
that  purpose,  the  old  red  granite  sarcophagus  having  been  broken 
in  pieces  for  the  purpose  of  removal,  and  a  new  sarcophagus  made  for 
the  lower  chamber.  The  chiselling  of  the  upper  passage,  which  is 
froDi  the  outside,  and  that  of  the  lower  inclined  passage,  which  is  from 
the  inside,  show  that  this  passage  was  worked  after  the  completion  of 
the  masonry.  The  third  pyramid  is  better  constructed  than  the 
others. 

The  former  height  of  the  fourth  pyramid  of  Gizeh,  the  central,  south 
of  the  third,  was  69  ft  6  in.,  the  length  of  the  base  on  the  rock,  102  ft 
6  in. ;  it  had  an  inclined  passage  of  27  ft  leading  to  an  ante-room,  and 
another  11  ft  8  in.  long,  leading  at  atf  angle  of  27°  to  a  small  sepulchral 
chamber,  in  which  was  an  empty  granite  sarcophagus  6  ft.  8  in.  long ; 
in  it  was  found  the  cartouche  of  Ramenha,  or  Mycerinus,  and  it  was 
supposed  to  have  contained  the  wife  or  daughter  of  that  monarch. 
The  fifth,  or  eastern  pyramid,  south  of  the  third,  formerly  had  a 
square  base,  145  ft.  9  in.,  a  height  of  83  ft.  4  in.,  an  inclined  passage 
of  27°  12',  of  86  ft  9  in.,  and  a  horizontal  one  of  4  ft,  leading  to  an 
apartment  25  ft  by  10  ft.  5  in.,  containing  a  sarcophagus  of  granite 


above  8  ft  long ;  part  of  the  112th  chapter  of  the  Koran  was  found  to 
have  been  formerly  scrawled  in  it  by  some  Arab  visitant  The  idxth, 
or  western  pyramid,  south  of  the  third,  is  102  ft  6  in.  square  at  base, 
69  ft  6  in.  high,  with  a  passage  of  30^  running  47  ft  9  in.,  with  aa 
ante-room  and  sepulchral  chaniber.  The  seventh  pyramid,  north-east 
of  the  great  pyramid,  was  formerly  111  ft.  high,  and  172  ft.  6  in 
square,  with  an  entrance  passage  of  55  ft  3  in.  long,  inclined  33°  35', 
leading  to  an  ante-room  and  sepulchral  chamber,  without  any  saroo- 
phaguB.  The  eighth,  central,  ^ut  of  great  pyramid,  of  neuiy  the 
same  dimensions,  had  had  an  entrance  passage  87  ft  long,  inclined 
34^  5',  leading  to  an  ante-room  and  sepulchral  chamber.  The  ninth, 
south-east  of  the  great  pyramid,  completing  the  Gizeh  group,  measoree 
only  101  ft.  9  in.  on  a  base  160  ft  square,  with  a  passage  of  53  ft, 
inchned  28%  to  a  sepulchral  chamber.  The  entrances  of  all  theae 
pvramids  were  placed  in  front  of  the  north  face,  generall j  at  a  Httle 
distance  from  the  base. 

The  two  largest  pyramids  were  considered  by  the  aa<denta  one  of 
the  marvels  of  the  world,  and  to  be,  as  they  actually  are,  aepuldirei; 
but  many  absurd  notions  have  been  put  forth  by  modems  as  to  thdr 
object,  which  has  been  supposed  to  have  been  to  protect  Memphk 
from  the  encroachments  of  sands,  or  imitation  of  Hindu  edifices,  or 
to  square  the  cirde,  or  vast  reservoirs  to  purify  the  waters  of  the  NUe, 
the  burial  place  of  Apis,  or  the  granaries  of  Joseph.  The  best  receired 
hypothesis  was,  that  the  pyramids  were  for  astronomical  obeervatioD, 
and  that  the  pole  star  was  seen  from  the  inclined  passage,  but  it  bad 
been  proved  by  Sir  J.  Herschd,  that  the  pole  star,  a  Draoonia,  of  the 
age  of  Cheops,  could  never  have  been  seen  from  the  inclined  paisigeL 
It  is,  however,  generally  agreed  that  the  pyramids  of  this  group  are  all 
of  the  age  of  jtixe  4th  dynasty,  older  than  2000  years  fi.c. 

At  Abou  Boash,  five  miles  N.W.  of  Qizeh,  is  a   ruined  pyramid 
of  stone  320  ft  square  at  the  base,  without  its  casing,  with  a  pas- 
sage of  160  ft  at  22°  35'  inclination,  leading  to  a  sepulchral  diamber 
40  ft  by.  15  ft,  with  chambers  of  construction ;  red  ill^ble  quarzy 
marks  were  found  in  this  pyramid.    Another  at  ISowyet  el  Arrian,  made 
of  limestone  from  the  neighbouring  hills,  is  so  rude  in  construction  and 
destroyed  as  to  have  the  appearance  of  a  circular  hill  about  300  ft. 
broad,  61  ft  high  above  the  rock.    That  of  Reegah,  situated  near  a 
deserted  village  of  that  name,  about  three-quarters  of  a  mile  N.W.  d 
pyramid  of  Abooseer,  composed  of  finer  masonry  cased  with  granite, 
rose  at  an  angle  of  75**  20'  with  an  upper  part  of  Mokattam  stone  at 
52°,  and  123  ft  4  in.  square.      Some  sculptured  stone,  found  19  X, 
had  the  names  of  Usren-Ra,  king  of  the  8rd  dynasty.    At  Abooseer 
are  the  remains  of  five  pyramids — ^the  Northern,  cased  with  granite  and 
Tourah  limestone,  had  a  base  of  257  ft.,  reduced  now  to  216  ft,  and 
rose  162  ft.  9  in.,  now  reduced  to  118  ft,  at  51°  42' 85'' :   it  had  a 
passage  of  27'  5'  inclination,  with  an  apartment  in  the  centre  with  a 
destroyed  sarcophagus  [of  black  basalt,  and  the  name  of  Ba-sahu  or 
Sahu-ra,  king  of  the  8rd  dynasty,  was  found  in  this  pyramid.    The 
middle  pyramid,  of  rather  laiger  dimensions,  contained  the  name  of 
the  monarch  Ra-Usr,  of  the  3rd  dynasty.    The  great  pyxamid  had 
been  cased  with  sranite.     Its  original  base  appears  to  have  been 
359  ft.  9  in. ;  now  it  is  325  ft.,  and  it  rose  287  ft  10  in.  high,  now 
only  164  ft ;  layers  of  split  reeds  painted  red  were  found  on  the  roof 
of  the  passage.    The  quany  marks  contained  tiie  name  and  titles  of  a 
functionary.    The  small  pyramid  has  only  a  base  of  54  ft  6  in.,  and 
was  anciently  only  78  ft  square.    At  Sauara  are  deven  pyramids  ail 
built  of  stone,  approached  by  inclined  causeways  from  the  plains  belov, 
and  much  decked,  except  the  laige  step-formed  pyramid  and  that 
to  the  N.£.     in.  the  second  pyramid  remuns  of  a  plain  basalt  sarco- 
phagus were  found.    The  thinl  step-shaped  or  great  pyramid  had  an 
apartment  covered  with  timbers,  furnished  with  a  hidden  chamber. 
Its  old  base  had  been  351  ft  2  in.  by  393  ft.  11  in. ;    it  is  now 
196  ft  6  in.  high.    The  doorway  or  entrance  was  encrusted  with  small 
cdoured  porcelain  tiles  worked  into  an  inscription  containing  the 
name  and  title  of  the  monarch  Ra-nub-tam  or  probably  the  Chnonboa 
Qneuros  of  Eratosthenes.     The  fifth  was  entirely  built  of  Tourah 
stone.    The  inscriptions  in  the  third  pyramid  show  that  it  was  mad^ 
for  a  high  officer  of  state.    At  Dashour  are  five  pyramids — ^three  of 
stone  and  two  of  brick.    The  northern  brick  pyramid,  supposed  to  be 
that  of  the  Asychis  of  Herodotus,  whose  inscriptions  boasted  it  was  as 
superior  to  the  stone  pyramids  as  Jupiter  to  the  other  gods,  formerly 
218  ft  and  now  ,90  ft  lugh,  had  a  base  of  350  ft.  at  an  indinatioo  of 
51°  20'  25".    This  pyramid  was  andently  cased  with  stone,  and  had 
a  portico  of  the  same  material,  a  portion  of  which  was  found,  as  alao  the 
end  of  a  royal  name  resembling  that  of  a  lung  of  the  12th  dynasty. 
The  south  brick  pyramid,  much  destroyed,  is  made  of  bricks  mixed 
with  straw  and  rubbish ;  it  was  cased  with  Mokattam  stone,  and  the 
south  stone  one  had  an  inscription  with  the  name  of  a  functionary. 
Two  ruined  stone  pyramids  are  at  Lisht ;  another,  at  Meydoum,  called 
the  falie  pyramid,  which  has  not  been  opened,  is  supposed  to  belong  to 
the  6th  dmasty ;  tiiat  of  Illahoim,  also  made  of  brick  and  stone  walls; 
that  of   Howara,  also  of  brick,  has  been  cased  with  stone,  has  no 
inscription,  but  has  been  attributed  to  the  Ist  dynasty,  whose  4th  king 
Venephes  or  Venephres  is  said  to  have  erected  a  pyramid  at  Kokome; 
those  of  Biahmoo,  at  Medinat  £1  Fayoum,  two  in  number,  appear  to 
have  been  the  sepulchres  of  Amenemha  lY.,  and  Sebekn^ru  or 
Scemiophris,  placed  in  the  lake  Moeris,  near  the  Labyrinth,  in  the 
Arsinoite  nome  at  Crooodilopolis.    According  to  some  these  pyramids 
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confiiEt  of  the  cores  of  the  ancient  monmnentB  or  pedestals  of  the 
statues  of  the  kings.  They  are  28  ft  high,  slope  64%  and  stand  on  a 
layer  of  Nile  mud.  A  ruined  pyramid  exists  at  £1  Kufa.  At  Thebes 
are  some  small  pyramids  of  sunniried  bricks,  the  central  chambers  of 
which  have  vaulted  roofs,  supposed  to  be  of  the  16th  century  b.o. 
One  of  these  at  ih^  Diah-Aboo-Negger,  not  facing  the  cardinal 
points,  is  entered  by  a  passage  leading  to  a  chamber  at  the  bottom 
of  which  is  a  tablet  representing  the  king  Enentef  lY.  of  the  llUi 
dynasty,  followed  by  four  dogs  with  their  names.  It  is  to  this 
pyramid  and  the  adjoining  tombs  that  the  Abbott  papyrus  refers. 
[Papybus.] 

The  principal  pyramids  in  Nubia  are  those  of  Beg  e  Rauie,  about 
17"  N.  lat.,  called  by  Cailliaud  Assur,  and  Hoskins  Begromi,  which 
lie  in  three  groups  arranged  in  a  crescent  shape,  and  are  the  sepulchres 
of  the  monarchs  of  Meroe.  They  do  not  face  the  cardinal  points,  but 
the  propylsea  which  are  united  to  the  pyramids  all  face  the  east,  and 
the  aepulchral  chambers  which  are  constructed  in  the  masonry  lie  to 
the  west.  The  inner  walls  of  the  sepulchral  temples  are  ornamented 
with  Osiris  and  other  Egyptian  deities,  and  the  names  and  legends  of 
the  monarchs  for  whom  they  were  made,  one  of  whom  had  assumed 
the  prsenomen  of  Sesortesen  I.,  but  many  of  the  names  and  inscriptions 
cannot  be  deciphered.  The  art  is  of  a  htte  period,  but  the  number  of 
kings  show  a  long  duration  of  empire.  One  of  these  pyramids  had 
been  encased  and  enlarged  at  a  later  x)eriod,  and  in  another,  Ferlini,  in 
1834,  foimd  a  collection  of  solid  gold  rings,  a  bronze  vase  and  other 
objects  walled  up.  Another  group  of  about  one  hundred  and  twenty 
lies  at  £1  Ques  N.  of  Oebel  Barkal,  and  at  Nourri,  IS**  N.  kt., 
another  group  of  about  twenty-five,  the  graves  of  ^  the  Ethiopian 
monarchs,  whose  capital  was  Mount  Barkal,  the  ancient  Napata,  of 
which  Tahraka  was  the  most  renowned  monarch.  The  largest  pyramid 
contains  within  it  another  of  a  different  date,  stone,  and  architecture. 
The  base  is  about  155  ft,  and  the  height  about  104  ft  Other  groups 
are  at  Tanqaasi,  Kurru,  and  Zuina. 

Buildings  of  this  shape  are  not  confined  to  the  valley  of  the  Nile : 
the  Birs  Nimrud,  of  Belus,  supposed  to  be  the  Tower  of  Babel,  but 
now  known  to  be  a  temple  built  by  Nebuchadnenar  to  the  Seven 
Planets,  in  form  of  a  step«faaped  pyramid  of  different  stages  of 
appropriately  coloured  bricks  285  ft  lugh,  with  a  perimeter  of  2286  ft 
The  Mujellibe,  also  of  pyramidal  shape,  is  anower  edifice  of  brick- 
work erected  by  the  same  monarch;  it  is  140  ft  high,  600  ft  on  the 
N.,  657  on  the  S.,  546  on  the  E.,  and  558  ft  on  the  W.  side,  and  has  a 
hollow  shaft  60  ft  square.  Xenopho|x,  in  his  account  of  the  retreat  of 
the  10,000,  also  mentions  a  stone  pyramid  whidi  he  saw  near  the 
Tigris,  about  45  miles  S.  of  Mosul,  about  200  ft  high.  The  tomb  of 
Sardanapalus,  at  Tarsus,  also  appears  to  have  been  of  pyramidal  shape, 
and  the  mausoleum  at  Haliciunassus  terminated  in  a  step-shaped 
pyramid  of  24  steps,  rising  42  ft  6  in.,  surmounted  by  a  colossal 
quadriga.  The  idea  seems  borrowed  from  the  ESgvptians,  with  whom 
the  Carians  entertained  at  an  early  period  political  relations.  Similar 
tombs,  consisting  of  pyramids,  supported  on  celbo  and  columns  or 
pilasters,  have  been  found  at  Myla»  in  Caria,  at  Odrftn  near  Ben  Izli  in 
Phrygia^  at  CSelenderis  in  Cilicia,  and  elsewhere. 

At  Ilome,  within  the  walls  of  Aurelian,  is  a  small  pyramid  120  ft 
high,  and  95  ft.  diameter,  of  marble  face,  formed  of  hewn  stone  upon  a 
pavement  of  travertine,  erected  20  or  80  yea^^  B.c.  The  door  is  on 
the  N.  side,  and  inside  is  a  small  sepulchral  chambeor  with  obliterated 
paintings  on  the  walls  and  roof.  It  was  erected  in  honour  of 
€.  Cestius,  one  of  the  seven  marshals,  JBji>ul<me8,  who  furnished  the 
banquets  of  the  gods,  according  to  the  directions  of  his  will  by  his 
executor  M.  Agrippa.  There  is  an  inscription  on  the  front  and 
back  of  the  monument  recording  the  name  and  title  of  the  deceased, 
and  that  the  work  was  b^gun  and  ended  by  Pontius  and  Pothas 
in  860  days  —the  Roman  lunar  year.  It  is  generally  known 
as  the  pyramid  of  Cestius,  and  was  evidently  imitated  from  the 
Egyptian. 

There  are  some  temples  of  pyramidal  form  at  Benares,  and  other 
places  in  the  East  Indies,  which  are  said  to  be  copies  of  the  sacred 
mount  Mene^  and  are  caHed  Menk  Sring<u,  or  "  Peaks  of  Meru." 
Pyramidal  structures  called  Leen  tan,  representing  the  mountain  of 
Yu,  and  used  for  sacrifice,  exist  at  Plh-king,  andhave  several  stages 
ascended  by  flights  of  steps.  Pyramidal  temples  have  also  been  found 
at  Suka  in  Java. 

The  Mexican  pyramids  called  TeocaUis,  meaning  "House  of  Qod," 
or  '*  Temple,"  consist  of  pyramidal  mounds  of  earth  or  stone,  terraced, 
and  mounted  by  steps,  having  on  them  the  statues  or  altar  of  the  god 
to  whom  they  were  dedicated,  and  where  their  bloody  human  sacrifices 
were  performed.    [Mxxican  Architecture.] 

Pyramidal  structures  called  Tnorait,  of  luge  size,  are  found  in  the 
Polynesian  islands :  a  stone  one  at  Atehuru,  270  ft  long,  94  ft.  brood 
at  base,  and  50  ft  high,  with  a  fiat  top  reached  by  a  fiight  of  steps,  the 
lowest  6  ft  high;  the  whole  was  cased  with  coral  and  basalt;  another 
at  Maeva  was  120  ft.  square.  These  structures  were  used  as  places  of 
worship  and  burial  Easter  Isle  abounds  in  these  morais.  Colossal 
statues  were  often  erected  on  the  summits. 

The  pyramidal  form  in  connection  with  sacred  and  sepulchral  edifices 
appears  to  be  distributed  all  over  the  world,  and  is  nothing  more  than 
a  geometrical  mound ;  the  facility  of  forming  it,  and  the  grand  sim- 
plicity as  well  as  the  solidity  and  pleasing  proportions  of  the  figure, 
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having  caused  it  to  be  selected  as  best  suited  for  prinuBval  archi- 
tecture. 

(Long,  Egyptian  AnUquUiea,  voL  iL  in  the  Library  of  Entertaining 
Knowledge;  Deseription  der£gypte,Antiquitis,v6LY,;  Sir  G.Wilkin- 
son, Topography  of  Thebes,  8vo,  Lond.,  1885 ;  CoL  Howard  Vyse, 
Operations  carried  on  at  Qixeh  in  1887,  vols.  I,  ii.,  &  iii..  8vo,  1840-1842 ; 
J.  Qliddon,  Olia  jBgyptiaca,  Lond.,  1849,  p.  20-51;  R.  Lepsius,  Ueher 
den  Bau  der  Pyranuden,  in  the  Monatsbtriehte  der  Aiademie  zu  Berlin, 
1848,  p.  177;  E.  J.  Bunsen,  Ejgypes  Place,  8vo,  Lond.,  1824;  R. 
Lepsius,  Bri^e  aua  jBgypten,  8vo,  Berlin,  1852,  p.  197-289;  A. 
Mariette,  Bev,  Arch.,  1860,  p.  161 ;  £.  G.  Squier,  The  Serpent  Symbol, 
8vo,  New  York^  1851,  p.  72-106;  also  Jolowicz,  BihUotheca  uEgyptiaca, 
p.  204  &  foil.) 

PYREN  (G,o^ja  ?).  A  crystalline  substance  procured  from  gas-tar. 
It  is  insoluble  in  water,  but  crystallises  in  small  rhombic  laminae  in 
alcohoL  It  is  insipid  and  inodorous,  slightly  soluble  in  alcohol  and 
in  ether.  It  melts  at  about  350°  Fahr.,  and  concretes  on  cooling  into  a 
crystalline  mass.  A  stronger  heat  volatilises  it  without  alteration. 
Sulphuric  add  carbonises  it    It  much  resembles  paranaphthalin. 

PYRIDINE  (C,oH,N).  A  volatile  organic  base  found  in  bone-oil. 
In  its  properties  it  greatly  resembles  picoline.  It  yields  the  following 
derivatives ; — 


Chlorpplatiiiate  of  pyridine 
PlatinopTridine    •        • 
Platosopyridine         •       • 
Iodide  of  ethyUpyridina 


.  CjoH.N,  Ha-l-PtCI, 
.  Ci.H.PfTf 
•  C|fH^PtN 


PYRITES.    [MiTALS ;  Inm,  Bitnlphate  of] 

PYROBENZOLIN.    Synonymous  with  Lophine. 

PYROCATECHIN.    [Phektlio  Group.] 

PYROCITRIC  ACID.    [CrrRio  AcidJ 

PYROGALLIC  ACID.  (C, ^HoOa).  if  the  dry  extract  of  nut-galls 
be  heated  to  856*"  Fahr.  for  10  or  12  hours,  a  beautiful  white  crystal- 
line substance  sublimes,  which  is  pyrogallio  acid :  100  parts  of  the  dry 
extract  vield  about  5  parts  of  the  sublimed  acid.  Pyrogallio  acid  js 
soluble  m  2|  times  its  weight  of  cold  water,  and  mndi  less  soluble  in 
alcohol  and  ether.  It  does  not  redden  litmus  paper.  Rendered  alka- 
line with  potash  or  soda,  it  rapidly  absorbs  oxygen,  and  assumes  a 
blood-red  colour.  It  is  employed  in  eudiometry  for  the  estimation  of 
oxygto,  and  in  photography  for  the  development  of  collodion  pictures. 

PYROGUAIACIC  ACID.    [Guaiaotl.] 

PYROINULIN.    [IwuLiw.] 

PYROLEIC  ACID.    [Sebaoio  Aoml 

PYROLICHENIN.  A  substance  obtained  from  the  Variolaria 
amara.  In  order  to  procureit  the  powder  of  the  lichen  is  to  be  treated 
with  alcohol,  and  the  solution  evaporated  to  the  consiBtence  of  a  syrup. 
The  pyrolidienin  then  crystallises,  and  after  being  washed  with  a 
solution  of  carbonate  of  potadi  it  is  to  be  dissolved  in  and  crystallised 
from  alcohol. 

Its  properties  are : — It  forms  colourless  inodorous  ciystals  unalter 
able  in  tlie  air,  inodorous,  and  of  a  bitter  taste.  It  fuses  below  212* 
and  concretes  on  cooling.  It  is  insoluble  in  cold  water,  and  slightly 
soluble  in  boiling  water,  and  nothing  is  deposited  from  it  on  cooling. 
It  is  very  soluble  in  alcohol,  ether,  bisidphide  of  carbon,  and  oils,  boUi 
volatile  and  fixed.  The  alcoholic  solution  has  an  add  reaction,  and, 
like  the  solution  in  acetic  acid,  and  also  in  concentrated  sulphuric  acid, 
it  is  precipitated  by  water.  It  is  not  decomposed  by  the  nitric,  hydro- 
chloric, or  phosphoric  acids. 

It  combines  vrith  ammonia,  and  forms  yellow  brilUant  oiystals, 
which  effloresce  in  dry  air.  They  are  insipid,  and  dissolve  readily  in 
alcohol  and  the  caustic  alkalies.  Solution  of  potash  dissolves  pyro- 
lidienin with  a  wine-red  colour,  which  gradually  becomes  brown.  Adds 
predpitate  from  it  a  bitter  reddish-brown  substance.  When  decom- 
posed by  heat  it  yields  no  ammonia;  and  when  heated  in  the  air  it 
bums  with  a  bright  sooty  flame,  which  is  violet-coloured  on  the  edges. 
Its  composition  is  not  known :  it  is  stated  to  possess  antifebrile  pro- 
perties. 

PYROLIGNEOUS  ACID.    [Acetic  Acid.] 

PYROLITHOPELLIC  ACID.    [Lithofbllic  Acid.] 

PYROLIVILIC  ACID.    [Olivile,] 

PYROLIZARIC  ACID.    [Naphthamo  Group.] 

PYROMARIC  ACID.    [Turpkntinb.] 

PYROMECONIC  ACID.    [Meoonio  Acid.] 

PYROMELLIC  ACID  {C^fi,,^),  A  ciystalline  organic  add, 
obtained  by  distilling  mellic  acid : — 


3CgH.O,       =:      4C0. 


'->r-^ 


4-      C|oH«Oi, 


Mellic  add.       Carbonic  acid.     Pjromellio  acid. 

PYROMETER  (literally  "fire-measurer,"  from  irvp,  "fire"  and 
fitrpoy,  **  a  measure  ").  No  fiuid  has  hitherto  been  found  applicable  to 
the  construction  of  thermometera  capable  of  indicating  higher  tempe- 
ratures than  that  of  boiling  mercury  (about  660**  Fahr.).  The  term 
pyrometer  was  first  employed  by  Muschenbroek  to  designate  an  instru- 
ment invented  by  him  for  measuring  the  efiects  produced  in  the 
dimensions  of  solid  bodies  by  the  application  of  heat;  but  the  signifi- 

8z 


M    J. 


Ml 


PYBOMBTBB. 


PTBOHBTSR. 


oaUm  ef  tbe  iertt  haa  rincd  been  eztonded  so  u  to  include  ilioae 

inatrumeiits  the  object  of  which  is  to  measure  all  gradotioBa  ef 
tampefature  abo?e  tkeae  Which  can  be  indicated  by  the  mavouiial 
tiaiinemetar. 

Xufldiaobroek'B  pyrometer  eeoBiated  of  a  metaUio  bar,  about  alz 
inehea  la  length,  one  extremity  ol  which  was  fixed,  while  the  other 
was  left  hsB  to  advance  as  the  metal  elongated  from  the  efltot  of  the 
flafloea  of  seTend  spirit-lamps  placed  beneath,  whidi  at  each  experiment 
were  charged  with  the  same  quantity  of  highly  rectified  spirit  of  wine. 
The  adyanoe  of  the  moveable  eztreknity  gave  motion  to  a  pinion  and 
wheel,  the  latter  of  which  drove  an  index  over  a  graduated  circle,  each 
degree  of  which  corresponded  to  a  linear  expansion  of  18,500th  of  an 
indL  The  instrument,  as  it  was  originally  constructed,  is  described  in 
the  seaond  part  of  Muschenbroek's  translation  oC  the '  flaggi  di  Naturali 
Bqierienae  fatte  nell'  Academia  del  Cimento/  Leyden,  1781 ;  and  as 
improved  by  Deaaguliera  (who  substituted  fine  cords  and  friction- 
rollem  for  the  wheel  and  pinion),  in  his '  Experimental  Philosophy,' 
voLL 

To  tf  usohenbroek*e  pyrometer  succeeded  those  of  BUioott  (described 
m  the  'PhU.  Trans.' for  IfSQ  and  1751),  Graham  ('  PhU.  Trans.,'  1754), 
Smeaton,  Ferguson  ('  Lectures '),  Ac.,  which,  like  those  that  have  since 
been  constructed,  with  few  exceptions,  down  to  the  present  time« 
evince  but  little  originality  in  the  principle  upon  which  they  rest.  A 
bar  of  metal  is  in  most  oases  subjected  to  the  direct  action  of  flame,  or 
immersed  in  a  fluid  of  oonvenient  temperature.  The  mhiute  resulting 
expansion  is  multiplied,  and  thereby  rendered  appreciahle  by  the  inter- 
vention of  a  Buccesaion  of  levers  or  a  system  of  wheels  and  pulleys. 
Supposing  this  intervening  machinery  to  perform  with  theoretical 
accuracy,  and  that  the  same  quantity  of  heat  is  successivQly  communi- 
cated to  difierent  substances,  the  indications  of  sueh  an  instrument 
would  give  the  relative  expansions  of  those  substances  under  the  same 
circumstances.  But  where  wheels,  pinions,  levers,  ^o.,  are  employed, 
there  must  be  considerable  liabili^  to  error,  arising  from  flexure, 
obliquity  of  action,  and  other  causes,  the  magnitude  of  which  it  would 
be  difficult  to  estimate,  and  which,  even  if  it  be  supposed  small  in  the 
first  instance,  will  be  magnified  almost  in  the  same  proportion  as  the 
delicacy  of  the  mstnunentls  increased.  Moreover  the  subatanoe  itself, 
if  its  nature  be  such  as  to  be  softened  by  heat,  is  very  liable  at  high 
temperatures  to  undergo  compression  in  giving  motion  to  the  machinery. 
Even,  therefore,  as  measures  of  expansion  they  cannot  be  considered  as 
deserving  of  much  confidence.  A  similar  remark  is  applicable,  though 
in  a  less  degree,  to  the  contrivance  employed  by  Idivoisier  and  Laplace, 
in  which  the  expansion  of  the  metal  defiected  a  telescope  tram  the 
position  that  it  had  at  the  commencement  of  the  experiment,  and  itm 
absolute  expansion  was  deduced  from  the  extent  of  this  deflexion, 
which  was  read  otf  unon  a  graduated  scale  placed  at  a  considerable 
distance  in  front  of  tne  telescope.  A  description  of  the  apparatus 
emnloyed  is  given  in  BioVs  '  Physique  Exp^rimentale,'  tome  i,  and  a 
table  of  the  expansiims  ol  the  several  substances  experimented  on 
between  the  temperatures  of  32*  and  212'  Pcihr.  Troughton,  in  1794, 
constructed  an  instrument  which  bore  some  resemblance  to  the  pre- 
ceding, the  principal  diflerenoe  couaiBting  in  the  employment  of  a 
spirit-level,  the  deviations  of  which  from  the  horh^ontal  detemined 
the  expansion  of  the  metal. 

The  '  Phil.  Trans.'  for  1777  eontsun  a  description  of  the  method 
employed  by  De  Luc  in  the  construction  of  his  compensating  pendu- 
lums, in  brder  to  determine  tiie  length  of  one  metal  whose  expansion 
is  e^ual  to  a  given  length  of  aaoUxer  metal,  l^or  this  purpose  he 
suspended  the  bar  of  known  length  from  an  arm  projecting  horizon- 
tally  from  an  upright  deal  plank.  To  the  lower  extremity  of  this  bar 
was  adjusted  a  small  horizontal  platform,  vpon  which  a  bar  of  the 
other  metal  rested  in  a  vertical  positieHu  Upon  raising  the  tempe- 
ratures of  both  bars,  evenr  point  en  the  suriace  of  the  second  bar 
would  obviously  become  subjected  to  two  motions  tending  to  move  it 
in  opnosi^  durations :  it  woulcl  be  depressed  by  the  exnapsion  ol  the 
first  bat\  anu  elevated  by  the  expannon  of  the  second.  One  point 
wouiu  thefbw^oix'k  remain  stationaiy,  and  tins  point,  being  ascertained 
h^  reusing  or  lowering  a  microscope  adjusted  to  the  edge  of  the 
pi^nk,  deten?QiL;ed  the  portion  of  the  second  bar,  measured  from  its 
lowei  flxti.'smity,  whose  expansion  was  equal  to  the  whole  <tf  the 
first  bar. 

The  rods  employed  by  Borda  in  measuring  iha  base-line  of  the  great 
French  Survviy  consisted  of  a  rule  of  brass  laid  upon  a  somewhat  longer 
rule  of  platinusi  and  attached  at  one  extremily.  The  portion  of  the 
platinum  rule  not  covered  by  the  one  of  brass  was  divided  into 
millionths  of  th^  entire  length  of  the  rule,  and  further  subdivided  by 
means  of  a  vernier  and  microscope  adjusted  to  the  extremity  of  the 
bi-ass  rule.  The  value  of  each  of  these  divisions  having  been  previously 
ascertained  by  first  surrounding  the  compound  rule  with  melting  ice, 
and  then  immersing  it  in  boiling  water,  it  was  only  necessary  to 
observe  the  indications  of  the  vernier  in  order  to  apply  the  requisite 
correction  for  reducing  the  length  of  the  rod  to  the  standaid  tempe- 
rature. 

i  rS?^  ^^^  tempetaturea,  the  contrivance  of  Ramsden,  described  in  the 
PhiL  Trana.'  for  17«5,  and  employed  by  General  Roy  in  determming 
the  expansion  of  the  vods  used  in  measuring  the  base  on  Hounslow 
Heath  for  the  Trigonometrical  Survey,  was  perhaps  unexceptionable, 
^ne  rod  vraa  immersed  in  a  trough  of  water,  and  over  each  extremity 


was  plaoMi  a  mioroaoope,  to  whieh  a  alow  motion  could  be  given  in  the 
direction  of  the  length  ci  t^e  rod  by  means  of  a  fine  mioronieter  screw. 
The  lines  of  ooltimation  of  the  mioroBoopea  bemg  thereby  adjusted  u 
the  oommencament  of  the  experiment  so  aa  to  ooineide  aoourately  wita 
two  points  near  the  extremitiea  of  the  rod,  the  temperature  of  ^ 
water  waa  gradually  nuBed  tiU  a  thermometer  •placed  in  the  trou^ 
indicated  an  advance  of  10*,  20%  30*,  or  any  required  number  <^ 
degreea.  The  ooUBequent  elongation  ol  the  rod  destroyed  the  otnih 
cidenoe  ol  ita  extremities  with  the  lines  of  oollimatioii  of  the  micro- 
soopeB,  which  was  re-established  by  turning  the  micfonaeter  screw?, 
and  carefully  noting  the  number  of  turns  and  fraction  of  a  faun 
necessaiy  for  that  purpose;  when,  the  value  in  parte  of  aa  inoh  of  each 
turn  being  previoualy  known,  a  direct  meamiro  of  the  expansioD  wa& 
obtained,  free  from  the  erron  of  a  ayBtom  of  leven  or  of  a  train  of 
wheels  and  pinions. 

The  property  of  alumina  whereby  i^  undergoea  a  dinainution  d  bulk 
when  heated,  was  employed  by  Wedgwood  aa  a  measure  of  high  tempe- 
laturea.  His  pyrometer  oonslsted  of  cylinders  of  fine  white  clay,  and 
an  apparatus  for  aecumtely  measurilig  their  length.  This  apparaics 
eonsisted  of  a  metallic  plate,  upon  which  were  fixed  two  bras  roles 
slightiy  mclined  to  each  otheri  The  rulea  used  by  Wedgvrood  w^b 
24  inehea  long,  and  divided  into  S40  equal  paria.  The  diataooe 
between  tiie  rules  at  one  extremity  was  8-lOths  and  at  tiie  otlcer 
5-lOthB  of  an  inch;  consequently  the  diflerance  between  their  distanoes 
at  any  two  oonsecative  divisions  was  the  1200th  pMt  of  an  indu  But 
it  is  obvioua  that  these  numbers  are  quite  arbitraiT,  and  that  by 
increasing  the  length  of  the  rulea  and  diminishing  their  inclination, 
the  difference  between  then:  distanees  at  any  two  consecutive  diriaons 
may  be  made  as  smaU  aa  we  please.  The  oU^  cylinders  woe  fiisc 
baked  at  a  red  heat,  eatimated  at  947^  Fahr.,  and  then  ledaced  to 
exaotiy  5-lOthB  of  an  inch  in  length,  bo  as  to  fit  the  first  division  of  th>* 
scale.  When  afterwards  exposed  to  a  greater  heat,  they  underwent 
contraction,  and  the  amount  of  this  contraction  was  determined  by 
observing  the  divisioa  of  the  Bcaie  eorresponding  to  their  diminisaed 
length.  If  we  then  assume,  with  Wedgwood,  that  the  oontractioa  u 
proportional  to  the  temperature  at  whieh  it  took  place,  the  latter  vDl 
likewise  be  determined ;  but  independentiy  of  the  difficulify  of  pr> 
curing  pieces  at  elay  of  unifonn  oomposittc^  from  which  it  reeulted 
that  two  cyUndera  of  equal  length  when  exposed  to  the  same  hea; 
seldcMn  underwent  the  same  degree  of  contraction,  it  has  been  fcxmd 
that  the  duration  of  the  experiment  has  consideiBble  influence  upon 
the  contraction,  the  longer  continuance  of  a  low  temperaluje  produeln; 
the  same  contraction  as  a  higher  degree  of  heat  oentinued  for  a  shorter 
time.  As  a  measure  of  temperature,  therefore,  thia  method  cannot  he 
relied  on,  though  as  a  direct  measure  of  expansion  we  doubt  if  it  ba.^ 
been  surpassed  either  in  the  simplid^  of  ita  principle  or  in  the  minuit- 
neaa  of  the  indications  of  which  it  ii  susc^tible.  A  deaeription  of  tbc 
instrument,  and  of  tiie  experiments  made  with  it,  will  be  found  in  titf 
*  PhiL  Trana.'  ef  178S,  1784,  and  178<. 

A  pyrometer  was  constructed  by  Aohard  similar  in  form  ao>i 
principro  to  tiie  cctnmon  theitnometer,  but  intended  to  indkau? 
much  higher  degrees  of  heat  It  eonsisted  of  a  bulb  and  gradamtftl 
tube  of  serai-tranaparent  poroelain  high^  baked,  and  containing  s^ 
very  fusible  alloy,  oompeeed  of  biamutii,  lead,  and  tin,  wkidi 
became  liquid  at  about  212",  and  indicated  Idgher  temperatunea 
by  its  expansion,  whi<di  was  visible  through  the  semi-tnn^paresl 
tube. 

Duleng  and  Petit  employed  a  Veiy  direct  mode  of  measuring  tlte 
absolute,  not  Unear,  expansiona  of  various  substancea.  By  obsemn^ 
the  difo«noe  of  altitude  at  whieh  meroury  of  diiOPerent  t«npei^urei 
stood  in  the  two  arms  of  an  inverted  gUsa  aq^hen,  they  deteranaed 
the  absolute  expansion  of  the  merouiy,  and  by  comparing  this  with 
the  apparent  expanaioa  of  meroury  in  a  glaaa  tubei^  they  deduced  the 
absolute  expansion  of  the  glass.  A  cylinder  of  the  metal  whose 
expansion  was  sought  was  tiien  placed  within  a  glass  tube,  doseii 
at  one  extremity  and  tenninstiiig  at  the  other  in  a  ci^laiy  open- 
ing, and  the  rest  of  the  tube  oocupied  with  mercury.  Uikid  tlie 
whole  being  heated,  a  portion  of  the  merpury  was  expelled  equal  ia 
the  excess  of  the  absoluto  expanaions  of  the  merouiy  and  metal  ab^re 
that  of  the  glass ;  and  as  the  expanaions  of  the  mercury  and  giss> 
were  previoualy  known,  the  weight  of  the  expdled  mercuiy  deteraiintsi 
the  expansion  of  the  metal. 

Sir  David  Brewster  has  proposed  to  measure  expandons  by  tbc 
number  and  intensity  of  the  polarized  tinto  produced  by  the  inilexion 
of  a  plate  of  glass  against  which  the  expanding  substance  is  made  i> 
press.    (BrewBtor'a '  Cyoic^wdia,*  artf  des  *  Pyrometer*  and  *  Optica.*! 

Guyton's  pyrometer,  which  was  exhibited  before  the  National  lobti- 
tute  in  1808,  and  described  in  the  '  Annales  de  Chimie,'  zlvL,  p.  27^, 
and  in  Nicholson's '  Philosophical  Journal,'  vi,,  p.  89,  oonsisted  of  a 
bar  of  platinum  neariy  2  inches  in  length,  placed  in  a  groove  of  per 
oeUdn.  One  extremity  of  the  bar  rest^  against  the  solid  end  of  the 
groove,  while  the  other  pressed  upon  the  short  arm  of  a  lever,  the 
longer  arm  of  whi<di  carried  a  vernier  over  a  graduated  circuUr  arc 
The  whole  was  constructed  of  platinum,  and  a  spring  was  made  to 
preBS  upon  the  vernier  to  prevent  its  diq^aoement  while  in  the  act  ot 
withdrawing  the  instrument  from  the  furnace.  The  indications  of  ib« 
vernier  at  the  commencement  and  termination  of  the  eiperimeni 
were  the  data  from  which  the  expansion  was  subsequentiy  cyu 


653 


PTROMETBR. 


PTBOMETEB. 


8M 


puted.  "  The  defect  of  thiB  iDstrument/'  obaenrea  Mr.  Daniell,  "  arose 
from  the  nature  of  platinum,  which  at  a  red  heat  becomcB  soft  and 
ductile,  80  that  the  lever  would  be  liable  to  bend,  and  thereby 
frustrate  the  experiment;  and  thifl  is  supposed  to  have  been  the 
reason  why  the  inventor  never  extended  his  experiments  to  tempenk 
tures  higher  than  that  of  the  melting  point  of  antimony." 

Ae  early  as  1821,  Professor  Daoiell  had  invented  an  instrument 
which,  he  states,  "alForded  correct  determinations  connected  in  an 
unexceptionable  manner  with  the  scale  of  the  mercurial  thermomster ; " 
but  it  was  only  suited  to  the  experimental  furnace  of  the  chemist,  so 
that,  he  oontinuse,  "  the  great  desideratum  still  remained  of  a  pyro- 
meter which  might  be  imiversally  applied  to  the  higher  degrees  of 
heat,  as  the  thermometer  had  long  been  to  the  lower,  and  whioh,  in 
addition  to  its  use  in  delicate  researches,  might  effect  for  the  potter, 
the  smelter,  the  enameller,  and  others,  in  the  routine  of  their  business, 
what  the  latter  daily  performs  for  the  brewer,  the  distiller,  th«  sugar- 
refiner,  and  the  chemist."  The  annexed  diagram  represents  the  seeond 
pyrometer  invented  by  Mr.  Baniell,  for  whidr  the  Rumford  medal  was 
awarded  to  him  by  the  Roval  Society.  An  account  of  it  is  given  in 
the '  PhU.  Trans.'  for  1880-81. 


It  consists  of  two  distinet  ptrts,  tlw  register  and  the  seals.  The 
register  is  a  solid  bar  of  Uaok-lead  esHhenware,  ddsd,  eig^t  inches 
long  and  seven-ten^s  of  an  inoh  wide  and  thiok,  ent  out  of  a  oommon 
black-lead  orudble.  In  this  a  hole  is  drilled  three-tenths  of  an  inch 
in  diameter,  and  seven  inches  and  a  half  in  depth.  At  pp  the  upper 
end  of  this  bar,  and  on  one  of  its  sides  about  six-tenths  df  an  moh  in 
length  of  its  substance,  are  cut  away  to  the  depth  of  half  the  diametCT 
of  the  bore.  When  a  bar  of  any  metal  six  mches  and  a  half  long  is 
dropped  into  this  eavity,  ii  rests  against  its  solid  end ;  and  a  cylindrical 
piece  of  poroelain,  q,  about  one  inoh  and  a  half  long,  called  the  index, 
is  placed  on  the  top  of  it,  which,  projecting  into  and  beyond  the  open 
part,  is  firmly  oon&ied  to  its  place  by  a  strap  of  platinum,  r,  wluoh 
paaaing  round  the  blaok-kad  bar  and  over  the  piece  of  poroelain,  is 
made  to  press  upon  the  latter  with  any  required  degree  en  tension  by 
meaoB  of  a  small  wedge  t  of  poroelain  inserted  between  the  bar  sod  the 
strap.  When  the  register  is  exposed  to  the  heat  of  a  furnace,  it  is 
evident  that,  the  expansion  of  the  metallic  bar  exceeding  that  of  the 
black-lead,  the  porcelain  index  will  be  f oroed  forward ;  and  when  tiie 
register  is  afterwards  cooled,  the  tension  of  the  strap  will  retain  the 
index  at  the  point  of  greatest  elongation. 

The  object  of  the  scale  is  the  accurate  measurement  of  the  «it<rijMi^ 
through  which  the  index  has  advanced.  It  oonsiBts  of  a  frame,  aaaa, 
composed  of  two  rectangular  {datte  of  brass  joined  at  rij^t  angles  by 
their  edges,  and  fitting  square  upon  two  sides  of  the  register.  At  one 
extremity  of  this  frame  is  a  small  plate  of  brass,  a*,  vmch,  when  the 
two  former  plates  are  applied  to  tne  register,  is  brought  down  upon 
the  shoulder  formed  by  cutting  away  the  bkok-lead  at  p,  and  the 
whole  may  be  thus  firmly  adjusted,  whm  required,  to  the  black-lead 
bar  by  three  planes  of  contact  To  the  outside  of  this  frame  is  firmly 
attached,  by  means  of  the  screws  bb,^  brass  pkte  ▲  a,  the  extremity  | 


of  which,  d,  projects  so  that  a  point,  e,  neir  to  it  may  be  immediately 
opposite  to  the  cavity  in  the  black-lead  bar  when  the  latter  is  adjusted 
to  the  frema  About  e  as  a  centre,  turns  im  arm  d%B  slightly  bent  at 
»,  carrying  at  its  extremity  a  graduated  ciroular  ^e  ee.  The  radius  ' 
of  this  aro  ie  five  inches,  and  its  moveable  oeatre  n  is  distaot  from  the 
fixed  centre  c  exactly  half  an  inoh.  About  n  turns  a  straight  and 
lighter  arm,  hg,  five  inches  and  a  half  in  length,  the  distance  from  k  to 
n  being  half  an  inch.  The  extremity,  g,  of  this  arm  carries  a  vernier, 
bjr  which  the  divisions  of  the  graduated  arc  are  subdivided  into 
minutes,  and  also  an  eye-glass,' t,  to  assist  the  reading.  The  other 
extremity  terminates  in  a  steel  point,  h,  or,  as  the  instrument  is  now 
constructed,  a  knife-edge,  which,  when  the  register  is  adjusted  to  the 
frame,  is  inserted  in  a  small  cavity,  t,  formed  for  its  reception  at  the 
extremity  of  the  porcelain  index.  A  small  steel  spring  let  into  the 
larger  arm  at  m  is  made  to  press  upon  the  lighter  arm,  whereby  the 
latter  has  a  constant  tendency  to  move  towards  the  commencement  of 
the  graduation. 

When  the  instrument  is  used,  the  metallic  bar  to  be  experimented 
on  is  placed  in  the  cavity  of  the  register,  and  the  in^ex  pressed  down 
upon  it  and  firmly  fixed  in  its  place  by  the  platinum  strap  and  porcelain 
wedge.  The  scale  is  then  applied  by  carefully  adjusting  the  frame  to. 
the  register  and  fixing  it  by  pressing  a*  upon  tiie  shoulder.  Holding' 
the  whole  together  steadily  in  the  feft  hand,  the  lighter  arm  is  so 
placed  that  the  steel  point  h  may  rest  upon  the  edge  of  the  index, 
agunst  which  it  will  he  pressed  by  the  spring;  then  by  slightly  turning 
the  larger  arm,  the  pomt  will  move  along  the  surface  of  the  index  till 
it  drops  into  the  cavity  L  The  indications  of  the  vernier  being  then 
read  ofif,  the  register  is  detached  from  the  scale,  placed  in  the  furnace, 
and  after  it  is  removed  and  cooled,  it  is  again  applied  to  the  scale  in 
the  same  manner  as  before,  and  the  second  indication  of  the  vernier 
noted.  From  the  two  readings  of  the  vernier  may  be  dedueed  the 
exoess  of  the  expansion  of  the  metallio  bar  above  that  of  the  blaok- 
lead,  though  a  correct  f ormulA  for  this  purpose  has  not,  to  the  writer^s 
knowledge,  been  hitherto  given. 

The  one  employed  by  Mr.  Daniell»  though  probably  sufficiently 
correct  for  all  practical  purposes,  gives  the  expansions  one  per  cent,  too 
great  without  exeeptioft,  and  In  many  oases  mueh  more,  so  that  more 
than  the  first  tignijicani  figure  eaa  sddom  be  depended  upon  in  those 
published  b^  him  in  the  '  Phil.  Trans.*  of  1880-81.  The  error  thus 
introduced  ui  perhaps  within  the  limits  of  the  error  to  which  the 
instrumeot  itself  is  liable;  but  should  this  not  be  the  case,  it  might 
be  desirable  to  employ  the  correct  formula,  for  wl^  reason  we  sobjoin 
its  investigation. 

Let  CUB,  kng,  represent  the  positions  of  the  two  srms  of  the  seals 
relative  to  the  register,  before  the  expansion  has  taken  plaoe,  and 
en's',  hfflf/,  their  positians  after  the  expulsion j  h  and  V  the  two 
positions  of  the  steel  point,  the  line  joining  which  passes  threuffh  tibe 
fixed  centre  « ;  t  and  ^  the  two  positions  of  the  sero  of  the  gnMiuated 

first 
also 
tpaasion  of 
the  metal  above  that  of  the  blac^  lead :  then 

«— -7— Y7T n — ,  .,  ,  X  enow  fin' ; 

sm  A'A»— sin  }^KW 

But    A»»'=2?0*— »+iB-J(8^+A0i 
A;»'ii=-90Va-/i+J(S^'  +  ^); 

AVi»'=l8O*~l(a-i8-h0'); 
chord  n  n*^  2  r  sin  ^  W—^) ; 

=8in  4  (^  — ^),  wnce  r=s  }. 

.*.  subetitating  and  reducing  by  meatis  of  the  formuU 

siti  A—sin  B=2  cos  ti?  sin  Izf,  there  results 

a         2 

f«2  8in»(^-^)sin  (l(s-iB)-i(f -H^)  I 

If  9=180*  and  /9»16%  «s  is  nsarlf  the  smo,  this  re&iees  to 

f=8elni{4K-^)ooB  [r  80'+J  (♦r+^)  j, 

where  the  unit  of  measurement  is  one  inch. 

The  formula  used  by  Mr.  t>aBiell  is  t*  sin  4  (^'—^),  or  its  equiva- 
lent, ainoe  ^—^  is  generally  a  small  aag^,  €s2  sin  4  (f'— ^)$  from 
which  it  appears  that  all  the  expansions  given  by  mm  should  be 

diminished  in  the  ratio  of  1  :  cos  {  7^  SO'+i  (^'+^)} ;  but  as  he  has 
recorded  only  the  diffarenoe  ^'— ^  of  the  readhigi  of  tiie  vernier,  and. 
not  the  readings  themeelves,  this  oorrectioA  c«n  only  be  made  by  a 
repetition  of  the  whole  of  the  exneriments.  ^e  error  is  inconsiderable 
so  long  as  ^  and  ^  are  both  small,  but  it  inoreases  with  the  ineresse  of 
either  of  those  angles. 

The  excess  of  the  exponsiott  of  the  metal  above  that  of  the  bladt- 
lead  being  thus  obtained,  and  increased  by  the  expansion  of  the  latter 
(the  detoinination  of  which  is  less  direct  and  conclusive),  the  eiqMUi- 
sion  (^  the  metal  becomes  known.  In  order  that  the  instrument  may 
tiian  be  employed  as  a  measure  of  temperature  as  well  as  of  expansion. 
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the  doubtful  assumption  is  introduoed  that  equal  increments  of  length 
are  the  eflfects  of  equal  increments  of  temperature,  and  thence,  having 
determined  the  expansion  between  any  two  known  points  on  the 
thermometric  scale,  say  the  temperatures  of  melting  ice  and  boiling 
mercury,  a  mere  proportion  will  of  course  give  the  temperature  at 
which  any  other  observed  expansion  took  place. 


I 

V 


V   Ik 


A  paper  was  oommunicated  to  the  Royal  Society  by  the  late  Mr. 
Prinsep,  the  assay-master  of  the  Mint  at  Benares,  "  On  the  Measure- 
ment of  High  Temperatures,' and  published  in  their  <  Transactions ' 
for  1828.  "  The  fusing-points  of  pure  metals/'  observes  that  gentle- 
man, "are  determinate  and  unchangeable;  they  also  comprehend 
nearly  the  whole  range  of  temperature;  the  unoxidable  or  noble 
metiJs  alone  embrace  a  range  from  the  low  melting-point  of  silver  to 
the  high  ig^tion  of  platina.  There  are,  it  is  true,  only  three  fixed 
points  in  this  scale,  but  as  many  intermediate  links  may  be  made  as 
are  required,  by  alloying  the  three  metals  together  in  different  propor- 
tions. When  such  a  series  has  been  once  prepared,  the  heat  of  any 
furnace  may  be  expressed  by  the  alloy  of  least  fusibility  which  it  is 
capable  of  melting."  Ab  the  melting-points  of  silver  and  gold  are 
comparatively  near  to  each  other,  Mr.  Prinsep  assumed  only  ten  inter- 
mediate gradations  of  heat,  the  lowest  of  which  corresponded  to  the 
f using-point  of  pure  silver,  and  the  others  to  the  fusing-points  of  silver 
alloyed  with  10,  20,  80,  &c.  per  cent,  of  gold.  From  the  melting-point 
of  gold  to  that  of  platina,  he  assumed  one  himdred  gradationB  of  heat, 
which  were  the  melting-points  of  pure  gold  and  of  gold  alloyed  wiUi 
1,  2,  3,  ftc,  per  cent,  of  platina.  Among  the  advantages  of  this  mode 
of  identifying  temperatures  are ;  —  the  smallness  of  the  requisite 
apparatus,  noUiing  more  being  needed  than  a  small  cupel,  containing 
in  separate  cells  eight  or  ten  pyrometic  alloys,  each  of  the  size  of  a 
pin's  head ;  the  indestructibility  of  the  specimens,  since  those  melted 
in  one  experiment  need  only  to  be  flattened  under  a  hammer,  when 
they  will  be  again  ready  for  use ;  and  the  facility  of  notation,  since 
two  letters  and  the  decimal  of  alloy  will  express  the  nm-ritnnm  heat : 
thua  8  '3  o  expresses  the  temperature  of  the  fusing-point  of  silver 
•wh^  alloyed  with  gold  in  the  proportion  of  7  to  3;  and  o  '28  p 
expresses  the  fusing-point  of  gold  when  alloyed  with  platina  in  the 
proportion  of  77  to  23. 

^  Several  suggestions  have  been  made  for  employing  the  expansion  of 
air,  on  the  principle  of  the  differential  thermometer,  as  a  measure  of 
high  temperatures.  It  is  proposed  that  one-half  of  the  instrument  be 
composed  of  platinum,  so  as  to  fit  it  for  exposure  to  a  great  heat,  and 
the  other  part  of  glass.  The  suggestion,  we  believe,  is  originally  due 
to  Mr.  Schmidt  (Nicholson's  'Journal/  xi);  but  was  brought  forward 
under  another  form  by  Mr.  Nicholas  MUl,  in  the  '  Monthly  Medico- 
Chirurgical  Review  and  Chemico-Philosophical  Magazine/  voL  i,  Lond., 
1824 ;  again  by  Dr.  Ure,  in  his  '  Dictionaiy  of  Chemistry ; '  and  lastly 
by  Mr.  Prinsep.  The  instrtunent,  we  believe,  has  been  constructed 
upon  each  of  the  plans  proposed.  That  of  Mr.  Prinsep  appeara  the 
most  complete  (see  a  drawing  of  the  apparatus  in  full  operation  at 
page  87  of  his  Memoir  above  referred  to),  and  was  employed  by  him 
to  connect  the  fusing-points  of  his  alloys  with  the  thermometric  scale  ; 
but  the  principle  upon  which  they  all  rest  involves  the  assumption 
that  the  increase  of  temperature  is  proportional  to  the  expauision  of 
the  air. 

A  valuable  table  of  the  expansions  of  different  substances  collected 
from  various  sources  by  Mr.  Francis  Baily,  is  given  in  the  first  volume 
of  the  '  Transactions  of  the  Astronomical  Society/  p.  416. 

The  above  admirable  article  well  nigh  exhausts  the  subject  of  the 
pyrometer.  Since  the  date  of  its  publication  in  the  *  Penny  Cyclo- 
pesdia/  very  little  haa  been  done  towards  perfectmg  this  instrument. 
We  may,  however,  briefly  notice  a  few  points  of  interest  in  connection 
therewith. 

Mr.  Prinsep's  method  of  alloys  was  tested  some  years  ago  in  the  labo- 
ratory of  the  Sevres  porcelain  manufactory,  with  a  view  to  determine 


the  temperatures  of  the  Idlns  used  in  baking  poroelaiii.  It  was  ioTnH 
necessary  to  expel  silver  from  the  brief  hst,  on  account  of  its  absarbisg 
oxygen  when  in  a  state  of  fusion  and  spitting  it  out  again  when  cooling 
Alloys  of  pUtmum  and  gold  in  various,  proportions  were  tried,  but  i* 
was  found  that  similar  alloys  did  not  Always  melt  at  the  same  momeiit, 
although  apparently  placed  imder  precisely  the  same  circumstanctu.. 
It  was  also  found  that  the  same  bead  of  alloy  could  not  be  used  mor« 
than  once,  on  account  of  some  molecular  change  produced  by  the  htm 
which  led  to  an  alteration  in  the  fusing  point.  It  was  however  deter- 
mined that  the  highest  temperature  attained  in  the  kiln  at  Sevres  vaa 

represented  by  the  alloy  q*^  47}  100,  when  a  weU  fused  buttoi  was 

formed  ;  whereas  when  54  parts  of  platiniun  were  used,  only  a  soften- 
ing  of  the  alloy  was  perceived.  M.  Brongniart,  *  Traite  dea  Art* 
'L^ramiques/  remarks  that  if  it  be  possible  to  determine  exactly  and 
promptly  the  moment  when  complete  fusion  takes  place  in  these  alky%, 
they  wiU  afibid  comparable  measures  of  high  temperatures ;  but  not  a 
method  fit  to  be  employed  habitually  in  industrial  operations. 

So  long  since  as  the  year  1805,  M.  Brongniart  constructed  a  pyro- 
meter for  measuring  the  comparatively  moderate  heat  of  the  ^^ 
oven,  or  muffle  furnace  at  Sevres,  by  means  of  the  dUatataon  of  a  bar 
of  silver.  The  readiness  wiUi  which  this  metal  can  be  obtained  poze 
rendera  the  results  of  two  instruments  comparable,  although  it  is  not 
adapted  to  measure  very  high  temperatures.  The  bar  of  silver  is  tw*» 
de(^etres  in  length,  and  it  is  placed  among  the  artides  which  are 
being  fired,  resting  in  a  groove  of  hard  porcelain,  one  end  of  which  ii 
turned  up  to  serve  as  a  fixed  point  to  the  further  end  of  the  bar,  while 
the  near  end  presses  against  a  porcelain  rod,  which  gives  mot«>n  to  a 
needle  over  a  graduated  arc.  For  further  particulars  we  must  refer  to 
M.  Brongniart's  work,  above  cited. 

In  the  Great  Exhibition  of  1851,  Mr.  Ericsson  exhibited  in  Hie 
United  States  department  an  instrument  intended  to  supply  what  w« 
think  is  still  a  desideratum,  namely,  a  good  pyrometer  for  the  useful 
arts.  In  this  instrument  temperatures  were  indicated  by  the  ten^citi 
of  a  permanent  volume  of  air,  or  of  nitrogen  gas,  which  was  measured 
by  the  reading  of  a  column  of  mercury  under  a  vacuiun.  For  the  par- 
ticulars of  this  instrument  we  must  refer  to  the  Jury  Report. 

In  the '  Transactions  of  the  Royal  Society  of  Edinburgh,'  voL  xiiL 
will  be  found  an  account  of  an  ingenious  pyrometer  by  Mr.  Adie,  for 
measuring  the  expansion  of  different  kinds  of  stone.  We  have  sot 
space  to  describe  the  instnmient,  but  we  may  mention  one  curiois 
effect,  namely,  that  there  was  an  increase  in  length  in  white  SidlL^ 
marble,  every  time  its  temperature  was  raised. 

We  may  also  refer  to  M.  Pouillet's  method  of  measuring  direcilT 
the  linear  expansion  of  solids  applicable  to  veiy  high  tempezstur€&. 
It  consists  of  a  solid  plate  of  metal  on  which  is  placed  a  radius  tumicg 
on  a  centre,  and  traversing  a  graduated  arc,  the  divisions  of  which  arc- 
read  off  by  a  microscope.  The  radius  carries  a  telescope  of  short 
focus,  fixed  at  right  angles  to  its  direction,  while  a  similar  telescope  i^ 
fixed  to  the  plate  itself,  allowing  the  radius  to  traverse  under  it.  The 
bar  which  is  the  subject  of  experiment  is  placed  in  a  copper  trough^ 
furnished  with  parallel  plates  of  glass,  through  which  its  ends  can  be 
Now  if  one  extremity  of  &e  bar  be  kept  opposite  the  fixed 
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telescope,  while  the  moveable  telescope  is  directed  to  the  other 
extremity  at  the  commencement  of  the  observation,  any  ezpaossun 
of  the  bar  caused  by  raising  its  temperature  may  be  estimated  by  the 
arc  through  which  the  radius  must  be  turned  in  order  to  bring  the 
moveable  telescope  to  bear  on  the  other  extremity  in  its  new  poatiaa, 
the  distance  of  the  radius  from  the  bar  being  accurately  known.  For 
very  high  temperatures  the  bar  may  be  placed  in  a  furnace,  and  when 
raised  to  the  required  temperature,  ap^ures  may  be  opened  in  the 
furnace  walls,  so  as  to  give  a  view  of  the  ends  of  the  bar,  and  allow  its 
expansion  to  be  measured  as  before.  By  means  of  this  apparatus  an 
expansion  in  the  bar  of  x^th  millimetres  or  about  j^^th  inch  can  be 
appreciated. 

We  may  also  refer  to  an  ingenious  contrivance  adopted  by  Qenefal 
Colby  in  measuring  the  base  line  of  Loch  Foyle,  for  the  Ordnance 
Survey  of  Ireland.  It  consisted  of  a  compound  bar  of  iron  and  brass 
so  arranged  that  their  different  powers  of  expansion  and  oontracti^di 
should  preserve  exactly  the  same  distance  between  two  points  at  the 
extremities  of  the  bars,  instead  of  allowing  for  the  change  in  haagth. 
according  to  the  observed  temperature.  The  two  bars,  one  of  iron  the 
other  of  brass,  each  10  feet  long,  were  placed  parallel  to  each  other 
and  riveted  together  in  the  centre.  It  was  ascertained  by  e^ierimeni 
that  the  iron  and  brass  bars  expanded  and  contracted  by  varying 
temperatures  in  the  proportion  of  three  to  five.  Across  each  extremity 
therefore  of  these  combined  bars  was  fixed  a  tongue  of  iron,  with  a 
minute  dot  of  platinum  so  placed,  that  under  every  degree  of  expan- 
sion and  contraction  of  the  rods  the  dots  at  each  end  always  remain  at 
the  constant  distance  of  10  feet. 

PYROMORINTANNIC  ACID.    [Oxyphenic  Acid.] 

PYROMUCIC  ACID.    [Mucic  Acm.l 

PYROPECTIC  ACID.    [Pectio  Acid.1 

PYROPHORUS.    [Lead:  TartraUofA 

PYROPHOSPHORXC  ACID.    [Phosphobus.] 

PYROPIN.    A  red  albuminous  substance  found  in  elephants'  teeth* 

PYROSIS,  or  WATER  BRASH,  is  a  disorder  of  the  stouiaci , 
attended  witii  the  vomiting  or  eructation  of  a  thin  watery  liquio. 
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This  liquid  is  usually  insipid  and  tasteless,  but  sometimes  it  has  an 
acid  taste. ,  CuUen  speaks  of  this  disease  as  a  common  complaint  in 
Scotland,  and  it  has  been  attributed  to  the  employment  of  farinaceous 
food,  especially  oatmeal,  as  an  article  of  diet.  It  usually  oomes  on  in 
the  early  part  of  the  day  when  the  stomach  is  empty.  The  first 
symptom  of  it  is  a  pain  at  the  pit  of  the  stomach,  with  a  sense  of  con- 
striction as  if  the  stomach  were  drawn  towards  the  back.  The  pain  is 
increased  by  raising  the  body  into  an  erect  posture,  and  therefore  the 
body  is  bent  forwiUxL  The  pain  is  often  very  severe,  and  after  con- 
tinuing for  some  time  it  brings  on  an  eructation  of  a  thin  watery  fluid 
in  considerable  quantity.  These  symptoms  often  occur  without  any 
other  indications  of  dyspepsia,  al&ough  they  are  not  unfrequently 
accompanied  with  other  indications  of  derangement  of  the  digestive 
organs.  It  sometimes  occurs  with  violent  neuralgic  pains  of  the 
stomach,  constituting  gastrodynia.  Pyrosis  also  accompanies  organic 
disease  of  the  stomach. 

In  the  treatment  of  this  disease^  the  preparations  of  opium  with 
bismuth  and  astringents,  as  kino  and  catechu,  are  foimd  to  be  of 
most  service ;  at  the  same  time  the  bowels  require  to  be  kept  open, 
which  should  be  done  by  means  of  castor  oil,  confection  of  senna,  or 
other  mild  purgative. 
PYROXAM.    [XTLOEDiif.] 

PYROXANTHIN  (C ja^O^  t).    A  beautiful  yeUow  oystdline  pro- 
duct of  the  action  of  aUcalies  upon  wood-tar.    Concentrated  sulphuric 
and  hydrochloric  acids  dissolve  it  with  the  production  of  n  dark  red 
colour. 
PYROXYLIC  SPIRIT.    [Mbthtl,  hydraUd  wide  o/.] 
PYROXYLIN.    [Gun  Cotton.] 

PYRROL.  A  volatile  oily  alkaloid,  discovered  by  Runge  in  coal- 
tar.  Its  composition  is  not  known.  Ajiderson  regards  it  as  a  mixture 
of  several  subst^Aces. 

PYTHIAN  GAMES  (Pythia,  or  Pylhici  Ludi),  one  of  the  four  great 
national  festivals  of  the  Greeks,  were  celebrated  near  Delphi,  in  honour 
of  Apollo,  originally  every  ninth  year,  and  afterwards  every  fifth  year, 
in  the  autumn  of  the  third  year  of  each  Olympiad,  in  the  second  or 
third  month  of  the  year,  according  to  Clinton.    Corsini  and  others, 
followed  by  Boeckh,  place  them  in  the  spring,  in  the  month  Munychion, 
the  tenth  of  the  year.    Their  origin  is  assigned  by  some  to  Amphic- 
tyon,  the  son  of  Deucalion,  or  to  the  Amphictyonic  council;    by 
others  to  Agamemnon ;  by  Pausanias  to  Diomed ;  by  Stiabo  to  the 
Delphians,  i^r  the  Crisaoean  war;  but  most  commonly  to  Apollo, 
after  he  had  vanquished  tibie  serpent  Pvthon.    (Ovid, '  Met.',  L  445.) 
There  is  an  account  that  the  gods  and  neroes  contended  in  the  first 
celebration  of  these  games,  when  Castor  conquered  in  the  hors^-race, 
Pollux  in  boxing,  CaOds  in  the  foot-race,  Zetes  in  fighting  in  armour, 
Peleus  in  throwing  the  quoit,  Telamon  in  wrestling,  and  Heracles  in 
the  Pancratium.    But  the  fact  seems  to  be,  as  stated  by  Pausanias 
(x.  7,  2)  and  Strabo  (ix.,  p.  421),  that  the  contest  was  originally  in 
music :  the  songs  {wiAtKol.ySfwi)  were  in  honour  of  ApoUo,  celebrating 
his  victory  over  the  Python ;  and  the  instrument  used  was  the  lyra 
In  the  third  year  of  the  48th  Olympiad  (b.o.  586),  at  the  close  of  the 
Cirrtuean  war,  the  Amphictyons  added  a  contest  on  the  flute,  which 
was  afterwards  discontinued,  as  the  music  of  the  flute  was  considered 
too  mournful  for  a  joyous  festival     In  the  same  year  the  Amphic- 
tyons also  introduced  athletic  contests  and  races  (but  not  with  four* 
horsed  chariots),  t^e  foot-race  being  confined  to  boys ;  and  the  games, 
according  to  Strabo,  were  then  for  the  first  time  called  Pylhia  ;  at  all 
events  the  subsequent  Pythia  are  computed  from  this  year  by  Pausa- 
nias and  the  P&rian  marble,  though  the  scholiast  on  Pindar,  and 
Eusebius}  date  them  from  the  second  celebration,  in  OL  49, 3  :  Boeckh 
and  Clinton  prefer  the  former  date.    Chariot-races  were  added  in  the 
time  of  Cleisthenea,  the  tyrant  of  Sicyon.    Statues,  pictures,  and  other 
works  of  art,  were  also  exhibited  at  the  Pythia,  and  prizes  adjudged  to 
the  most  successful  artists.    The  prize  in  the  Pythian  games  was 
originally  of  silver  or  gold,  or  something  else  of  intrinsic  value ;  but 
afterward  a  crown  of  laurel,  or  (according  to  Ovid, '  Met.',  i.  449-50) 
at  first,  of  the  bay-oak  or  beech-tree  (erjcuZtw),  for  which  the  laurel 
was  afterwards  substituted.    The  ceremonies  observed  at  these  games 
in  common  with  the  three  other  great  festivals,  are  described  under 
Olympian  Games.    The  attendance  at  the  games  was  very  great,  as 
all  Greeks  were  permitted  to  be  present  at  them.    The  Pythia  are 
believed  not  to  have  been  entirely  discontinued  till  about  the  same 
time  as  the  Olympian  games,  S94  a.d. 

(Pausanias,  x.  7 ;  Strabo,  ix. ;  Potter's  Archadloffia  Groeea,  vol.  i. ; 
Wachsmuth,  ffdlenitehe  AUerihunuk, ;  Clinton,  F<uH  HtUen, ;  Elrause, 
■D»€  Pythien.) 

PYX,  or  PIX,  the  box  or  casket  in  which  is  kept  the  consecrated 
host  reserved  for  the  sidle  in  the  Romish  church.  Among  the  ancients 
^^  pyxis  (ir^|(0  was  the  casket  in  which  ladies  kept  their  jewels  and 
other  ornaments.  It  was  itself  often  made  of  the  most  costly 
materials,  and  enriched  with  sculpture  or  with  gems.  There  can  be 
Httle  doubt  that  it  was  from  the  ancient  jewel-box  that  the  medieval 
ecclesiastics  derived  the  name  of  their  pyx,  and  perhaps  also  the  idea 
of  its  enrichment.  At  any  rate  the  pyxes  of  medutjval  date  which  still 
remain  are  among  the  cosUiest  examples  of  the  art-workmanship  of  the 
middle  ages.  Some  good  ones  are  in  the  South  Kensington  Museum ; 
othexB  are  preserved  among  the  plate  of  some  of  the  colleges  of  Oxford 
A^Qd  Cambridge,  but  the  finest  are  in  the  treasuries  of  continental 


churches.  The  pyx  was  placed  upon  the  altar  under  a  covering  or  canopy, 
and  at  its  elevation  the  sacring  bell  was  rung.  Among  the  French 
especially  the  pyx  seems  to  have  been  not  unfrequently  in  the  form  of  a 
dove,  enamelled  and  enriched  with  gems.  Yhid  term  pyx  was  sometimes 
applied  to  the  casket  in  which  relics  were  kept.    [Reliquart.] 

PYXIS  NAUTICA  (the  mariner's  compass),  a  southern  constella- 
tion of  Lacaille,  placed  in  Ai^.  It  contains  no  stars  of  conspicuous 
magnitude.  

POLARIZATION  OF  LIGHT  is  a  peculiar  affection  of  that  agent 
to  which  the  term  has  been  applied  because  a  ray  of  polarized  light 
possesses  properties  which  have  relation  to  two  opposite  directions  in  a 
plane  perpendicular  to  the  ray.  We  shall  first  describe  some  of  the 
drcumstanoes  under  which  polarized  light  is  formed,  and  the 
characters  by  which  it  is  recognised  as  polarized,  and  afterwards 
explain  the  view  which  is  taken  of  its  nature  in  the  theory  of  undula- 
tions, the  only  theory  which  has  given  a  simple  and  intelligible  account 
of  its  complicated  phenomena. 

The  affection  of  light  now  known  as  polarization  was  discovered  by 
Huygens  in  the  course  of  his  researches  on  the  laws  of  double  refiaction 
in  losland  spar.  A  rhomb  of  this  crystal  has  the  property  of  dividing 
a  ray  of  %ht  incident  upon  it  into  two  rays,  whidi  are  propagated  in 
different  directions  withm  the  crystal,  and  produce  each  an  emergent 
ray  parallel  to  the  incident,  so  that  the  two  emergent  rays  are 
separated  laterally  by  a  s^aoe  proportional,  e<seempart&iM,  to  the  thick- 
ness of  the  rhomb,  the  direction  of  separation  (supposing  for  simplicity 
the  ray  to  be  incident  perpendicularly)  bdng  that  of  a  line  bisecting 
an  obtuse  angle  of  the  rhombic  face,  and  the  intensity  of  the  two 
emergent  rays  being  under  ordinary  drcumstanoes  the  same.  Such 
a  rhomb  gives  two  images,  of  equal  intensity,  of  an  object  on  which 
it  is  placed.  Now  Huygens  found  that  either  of  the  pencils  separated 
by  a  first  rhomb  is  affected  by  a  second  rhomb  quite  differently  from  a 
pencil  of  common  light.  When  the  second  rhomb  is  placed  with  its 
laces  parallel  to  the  corresponding  faces  of  the  first  rhomb,  so  that  the 
two  are  in  the  same  relative  positbn  as  if  th^  formed  parts  of  a 
larger  block  of  the  crystal,  each  pencil  separated  by  the  first  rhomb 
furnishes  only  a  single  pencil  in  Uie  second  rhomb,  the  ordinary  only, 
an  ordinary,  and  the  extraordinary  only  an  extraordinary,  the  two 
being  separated  on  emergence  as  much  as  if  tliey  bad  been  transmitted 
through  a  sii^e  block  having  a  thickness  equal  to  the  sum  of  the 
thicknesses  of  the  two  rhombs.  If  now  the  second  rhomb  be  turned 
round  the  common  normal  to  the  adjacent  faces  of  the  two  rhombs, 
each  pencil  transmitted  by  the  first  rhomb  is  immediately  divided  into 
two  by  the  second  rhomb,  the  pencU  (o)  which  suffered  ordinary 
refraction  in  the  first  rhomb  furnishing  besides.the  ordinary  pencil  (o'  o) 
in  the  second  a  faint  extraordinary  pencil  (o  e),  and  the  pencil  (e)  which 
suffered  extraordinary  refraction  in  the  first  rhomb  funiishing  besides 
an  extraordinary  pencil  (s  s)  in  the  second  a  faint  ordinary  (b  o)  ;  tiie 
direction  and  amount  of  separation  of  the  pencils  o  o  and  o  s,  and 
likewise  of  £  o  and  e  e,  being  those  due  to  the  azimuth  and  thidmess 
of  the  second  riiomb,  while  the  direction  and  amount  of  separation  of 
00  and  bo,  and  likewise  of  ob  and  be,  are  those  due  to  the  first 
rhomb.  On  continuing  to  turn,  the  faint  pencils  o  b  and  e  o  become 
brighter  and  brighter,  and  the  bright  penols  o  o  and  e  e  fainter  and 
fainter,  until  the  rotation  amotmts  to  90*,  when  the  original  pencils  o  o 
and  E  B  disappear  altogether,  the  whole  of  the  light  of  o  (not  counting 
the  small  portion  lost  by  reflection)  now  passing  into  o  e,  and  the 
whole  of  the  light  of  E  into  B  o.  On  further  turning,  the  pencils  o  o, 
E  E  which  vaniuied  reappear,  and  appropriate  to  themselves  moro  and 
mora  of  the  light  of  o,e,  respectively,  until  the  rotation  amounts  to 
180**,  when  the  pencils  o  e,  e  o  vanish,  while  o  o,  E  b  become  as  bright 
as  at  first,  their  lateral  separation  being  now,  however,  that  due  to  the 
difftrenet  instead  of  ithe  tttm  of  the  thicknesses  of  the  rhombs.  On 
continuing  to  turn,  the  same  changes  recur  periodically,  each  pair  of 
images  vanishing  alternately  at  every  quarter  of  a  rovolution. 

Now  imagine  the  ordinary  pencil  o  to  be  isolated  by  means  of  a 
screen,  and  presented  for  observation,  the  apparatus  by  which  it  was 
produced  being  hidden  from  the  observer,  oy  examining  it  with  a 
rhomb  of  Iceland  spar  he  could  dis^nguish  it  at  once  from  common 
light,  which  has  no  rolation  to  any  other  direction  in  space  than  that 
of  its  propagation,  whereas  the  pencil  we  have  supposed  possesses 
different  properties  w^th  roference  to  different  directions  tranwerte  to 
that  of  its  propagation.  By  turning  the  rhomb  with  which  he  was 
furnished  into  eitibier  of  the  two  opposite  positions  in  which  the  extra- 
ordinary pencil  vanishes,  the  plane  of  crystalline  symmetry  in  the 
rhomb  woidd  mark  a  plane  deUrmined  toUly  by  the  properties  of  the  pencil 
of  Ught  presented  for  observation,  and  which  (as  well  as  its  rectangular 
plane)  is  a  plane  of  symmetry  in  relation  to  those  properties.  The 
plane  of  crystalline  symmetry  passing  through  the  normal  to  the  face 
of  the  rhomb  is  evidently  parallel  to  a  line  bisecting  either  obtuse 
angle  of  the  rhombic  face,  and  contains  the  crystallographio  axis.  Any 
plane  passing  through  this  axis  in  Iceland  spar  is  called  in  optical 
language  a  principal  plane,  because  all  such  planes  are  planes  of 
optical,  though  six  of  them  only  of  crystallographio,  symmetry. 

If  our  observer  were  further  informed  that  the  light  he  had  been 
observing  was  the  ordinary  ray  transmitted  through  a  rhomb  of  Iceland 
spar,  he  would  be  able  to  determine  the  azimuth  of  the  principal  plane 
of  that  rhomb,  which  would  be  the  same  as  the  principal  plane  of  the 
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rhomb  with  which  he  was  fumiihed  whan  the  latter  rhomb  was  timed 
till  the  extraordinary  pencU  disappeared; 

]Li^t  poosening  the  properties  which  have  just  been  deaoribed  as 
belonging,  to  the  ordinary  ray  in  a  rhomb  of  Iceland  spar,  however 
those  properties  mav  have  been  acquired,  is  said  to  be  polarized,  and 
the  plane  to  which  the  properties  are  raUted  as  are  those  of  the  ordinary 
ray  to  the  principal  plane  of  the  erystal  is  called  the  plane  ofpokurixa- 
ticn.  The  polamation  may  be  detected,  and  the  azimuth  oi  the  plane 
of  polarization  determined,  by  means  of  a  rhomb  of  Iceland  spar,  as 
above  described. 

The  properties  of  a  ray  which  emeigiBe  after  extraordinary  refraction 
in  a  rhomb  of  Iceland  spar,  as  may  be  inferred  from  the  description 
given  above,  are  absohitely  identical  with  those  of  the  ordinary  ray, 
except  that  they  are  similarly  related  to  a  plane  perpendicular  to  the 
principal  plane.  Henoe  the  extraordinary  ray  is  polarized  in  a  plane 
perpendicular  to  the  principal  plane,  the  ordinary  ray  being,  aooording 
to  our  de&iition,  polarized  in  the  principal  plane. 

if  d  piece  of  Iceland  spar,  or  other  doubly  refracting  crystal,  be  cut 
into  the  form  of  a  wedge  or  prism,  the  deviation  of  the  two  rays,  into 
which  a  lay  incident  upon  it  is  in  general  divided  by  double  re&«ction, 
will  not  \m  the  same,  and  thus  the  rays  will  emerge  in  directions 
inclined  to  each  other,  so  that  their  lateral  separation  will  increase 
with  the  distance  from  the  prism.  Two  suol^  rays  are  still  found  to 
be  polarized,  snd  their  planes  of  polarization  to  be  nearly  perpendicular 
to  each  other,  being  accurately  so  when  the  refracting  edge  is  per- 
pendicular to  a  plane  of  optiod  symmetry,  or  principal  pUme^  of  the 
crystal,  and  the  refraction  takes  place  in  that  plane. 

For  more  than  a  century  after  the  original  discovery  of  Huygens, 
double  refraction  was  the  only  phenomenon  in  which  light  was  known 
to  receive  the  modification  called  polarisation.  But  in  the  year  1808, 
Malus  made  the  important  discovery  that  light  receives  the  same 
modification  by  reflection  at  a  eertain  sng^e  from  the  surfiaoe  of  glass, 
water,  and  transnarent  substances  in  genexvl,  provided  their  surfiicee  be 
smooth  or  polished,  so  as  to  give  a  regular  reflection.  The  plane  of 
reflection  was  found  to  be  the  plane  of  polarization  of  light  thus 
polarized.  The  angle  of  incidence  required  for  complete  polarisation 
.  by  reflection  was  found  to  vary  with  the  nature  of  the  substance.  At< 
an  angle  of  incidence  greater  or  less  than  this  (but  not  reaching 
0*  or  90**)  the  same  modification  was  imperfeotiy  produced,  the  light 
never  vanishing  on  rotating  the  analysing  rhomb,  but  only  pasmng 
through  a  minimtim  in  those  positions  in  which  at  the  polarizing  angle 
it  vanished  altogether.  The  nimplest  conception  to  form  of  the  nature 
of  light  thus  pwrtially  polarized  is  to  regard  it  as  a  mixture  of  common 
light  and  of  light  polarized  in  the  plane  of  incidence.  The  refracted 
light  is  found  to  be  only  partially  polarized  even  at  the  angle  of  com- 
plete polarization  of  the  reflected  light,  the  plane  of  polarization  being 
perpendicular  to  the.  plane  of  incidence.  It  may  be  regarded  as 
composed  of  a  mixture  of  common  light  and  of  light  polarized  in  the 
plane  last  mentioned ;  and  it  has  been  found  that  at  the  same  angle  of 
incidence  the  quantity  of  light  polarized  in  the  pUme  of  incidence 
contained  in  the  reflected  beam  is  equal  to  the  quantity  of  light 
polarized  in  the  perpendicular  plane  contained  in  the  refracted  beam. 
When  common  light  is  reflected  from  a  metal,  the  reflected  li^t  is 
only  partially  polarized  in  the  plsne  of  incidence,  whatever  be  the 
angle  of  incidence.  * 

Shortly  after  Malus's  discovery  of  the  polarisation  of  light  by 
reflection.  Sir  David  Brewster  commenced  an  extensive  series  of  expe- 
riments on  the  polarizing  angle  of  a  variety  of  media,  which  resulted 
in  the  disoovery  of  the  beautiful  law  which  determines  the  angle  of 
polarization,  namely,  that  the  tangent  of  the  polarising  angle  is  equal 
to  the  index  of  refraction,  which  may  be  otherwise  expressed  by  saying 
that  the  angle  requinte  for  complete  polarisation  is  that  for  which  the 
directions  of  the  reflected  and  refracted  rays  are  perpendicular  to  each 
other.  This  law  embraces,  as  a  particuliur  case,  a  law  which  Malus 
had  already  found,  that  when  light  b  incident  on  a  plate  of  gl—  or 
other  medium  bounded  by  parallel  surfaces  at  the  angle  required  for 
complete  polarization  of  the  light  reflected  at  the  &st  surface,  the 
refracted  light  is  also  incident  on  the  second  surface  at  the  angle  of 
]x>larization  for  internal  reflection.  Accordingly  a  ptete  of  glass,  or  a 
pile  of  plates,  may  be  used  instead  of  a  single  surface  to  furnish 
polarized  light  by  reflection  at  the  proper  angle,  and  a  pile  of  plates 
has  the  advantage  of  giving  light  of  mudi  greater  intensity  than  would 
be  got  from  a  single  surface. 

Certahi  doubly  refracting  aystak  have  the  property  of  absorbing 
very  imequally  the  oppositely  polarized  pencils  into  which  they  divide 
an  incident  pencil  of  oommon  light.  Thus  certain  varieties  of 
tourmaline,  out  parallel  to  the  axis  of  the  crystal,  when  of  a  certain 
thickness,  absorb  ahnost  completely  the  ordinary  ray,  and  transmit  a 
great  portion  of  the  extraordinary.  Hence  the  light  transmitted  by 
such  a  plate  is  almost  perfectiy  polarized,  in  a  plane  perpendicular  to 
the  axis  of  the  crystal,  and  the  plate  may  be  used  either  for  procuring 
polarized  light  in  the  first  instance,  or  for  examining  l^ht  ahready 
XK>larized. 

The  general  phenomenon  of  the  relation  of  the  properties  of  a 
polarized  beam  to  directions  transverse  to  the  beam  may  be  studied 
very  simply  in  the  case  of  polarization  l^  reflection.  It  is  sufficient  to 
mount  two  pieces  of  gkss,  blackened  at  the  back,  so  that  the  line 
joining  their  middle  points  is  inclined  approximately  at  the  polarizing 


angle  (about  54*  850  ^  ^^  surface  of  each,  and  that  one  of  them  ii 
moveable  about  that  line  as  an  axis.  The  lig^t  of  the  clouds  is 
reflected  from  the  first  glass  on  to  tiie  seoond,  and  from  thence  into  the 
eye,  which  must  follow  the  light  in  the  rotation  of  the  glass.  When 
the  planes  of  reflection  coincide,  the  light  is  oopioualy  reflected,  but 
on  turning  the  moveable  glass  on  «its  axis  the  intensity  diminishe&, 
\mtil  on  turning  to  90^,  when  the  planes  of  reflection  beoome  perpen- 
dicular to  each  other,  a  dark  cloud  is  seen  about  the  centre  of  the 
field,  the  middle  of  which  is  perfectiy  blade  when  the  adjuatme&ta 
are  perfect,  or  at  ledst  would  be  so  with  homogeneons  li^t*  The 
experiment  may  even  be  performed  by  using  ^e  light  poUoiaed  hj 
reflection  from  a  polished  table,  and  examining  it  with  a  bit  d  glaaa, 
blackened  at  the  tiack,  which  is  held  in  the  habd.  In  this  way  the 
splendid  colours  given,  as  wiU  presentiy  be  mentioned,  by  thin  plates 
of  selenite,  Ac.,  may  be  seen  perfectiy  well,  by  merely  holdiog  the 
plate  in  the  path  of  the  light  incident  upon  the  moveable  nairror. 

In  any  combination  consisting  of  a  piece  (suppose  a  pile  of  pistes), 
which  may  be  called  the  polarizer,  destined  to  famish  pohsrissd  light 
in  the  first  instance,  and  of  a  piece  (suppose  a  tourmaline  or  a  Kknl'i 
prism),  destined  to  examine  the  light  furnished  by  the  polariser, 
whether  modified  or  not  in  its  passage  to  the  analyzer,  if  the  analyser 
be  turned  till  the  light  is  extinguished,  and  a  rhomb  of  loehnd  qnr 
be  introduced  between  the  polarizer  and  analyzer,  and  be  iuned  rouad, 
the  light  wiU  in  general  be  found  to  be  more  or  less  restored.  In  two 
rectangular  positions  of  the  rhomb,  namely,  when  its  principal  plsne  is 
parallel  or  perpendicular  to  the  plane  of  primitive  polarization  (that  is, 
the  plane  of  polarisation  of  the  polarized  lig^t  inddent  oo  the  rhomb), 
no  eiffect  is  produced,  and  the  field  remains  dark.  But  the  moment 
the  rhomb  is  turned  from  any  one  of  these  positions  the  li^t  begins 
to  reappear,  and  increases  in  intensity  till  the  rhomb  has  toned  45* 
from  the  vanishing  position,  after  which  it  again  deoi«aaea  by  the  asme 
steps. 

The  nature  of  the  restoration  may  be  analysed  bv  pladag  a  screen 
witii  a  small  hole  on  the  face  of  the  rhomb  fay  which  the  light  enters, 
so  as  to  separate  the  emergent  pencils.  Aa  these  are  polarized  is 
planes  depending,  not  <m  the  plane  of  primitive  polarixation,  but  on 
certain  directions  fixed  in  the  rhomb,  and  therefore  no  kngv  perpso- 
dicular  to  the  plsne  of  polarization  of  the  analyzer,  they  are  CMih  par- 
tially transmitted  by  the  analyzer.  If  the  hole  be  now  made  lai^, 
the  partially  transmitted  images  will  overlap,  and  if  the  screen  be 
taken  awav  altogether  the  light  perceived  must  still  be  regarded  as  a 
mixture  of  two  beams,  the  ordinaiy  and  eztraordinary  respectively  of 
the  rhomb,  each  partially  .transmitted  by  the  analyzer. 

When  a  beam  of  polarized  light  is  divided  into  two,  poUriaed  ia 
rectangular  planes,  by  a  rhomb  of  Iceland  spar,  the  intensity  of  either 
beam  was  assumed  by  Halus  to  vary  as  the  square  of  the  cosine  of 
the  inclination  of  its  plane  of  polarization  to  the  plane  of  primitive 
polarization,  a  law  which  was  afterwards  verified  experimentally  by 
Arago,  and  which  applies  equally  to  reflection  from  glass  at  the  polar- 
izing angle,  the  vo^e  between  the  plane  of  reflection  from  the  ^aas 
and  the  plane  of  polarization  of  the  light  incident  upon  it  being  now 
tiiat  of  which  the  squared  cosine  varies  as  the  intensity  of  the  re£seted 
light.  If  then,  in  our  supposed  experiment,  the  rhomb  be  tuised  till 
its  principal  phme  is  inclined  at  an  angle  i  to  the  plane  of  primitiTe 
polwization,  and  if  the  intensity  of  the  incident  polarized  fight  be 
taken  as  unity,  the  intensities  of  ordinary  and  extraordinary  beams 
will  be  expressed  by  cos't,  and  cos^  {i+90^),  or  sin-t,  respec- 
tively. As  the  plsnes  of  polarization  of  these  beams  are  inclined  at 
angles  ^OT-^i  and  »  respectively  to  the  plane  of  polarisatioe  of  the  ana- 
lyzer, the  fractions  of  the  beams  transmitted  by  the  analyzer  wiD  be 
measured  by  sin't^  oos?t,  respectively,  so  that  the  whole  intensity 
will  be  measured  by  coelH  sin'  i-f-sinn,  cos**,  or  4  ain'Si,  which 
vaniahes  when  t=  0,  or  =3  90*,  &c.,  and  has  its  maximum  value  |  when 
t=45,or  =186*,ftc. 

Thia  restoration  of  light  which  has  been  described  in  the  case  of 
Iceland  spar  is  manifested  by  doubly  refracting  crystals  in  general, 
and  forms  a  very  simple  and  delicate  test  of  the  existence  of  double 
refraction,  which  may  be  applied  when,  from  the  feebleness  of  (he 
doubly  refracting  power  or  the  thinnewa  of  the  crystalline  plate,  it 
would  be  difficult  or  impossible  to  make  out  a  sepaiation  of  the  imagsi. 
It  may  easily  be  observed  by  using  sulphate  of  lime  or  aelenite,  a 
oommon  mineral,  which  has^a  very  perfect  cleavage  in  one  direction. 

But  if  the  plate  of  selenite  be  very  thin,  not  so  thin  however  but 
that  such  a  plate  may  be  readily  obtained  by  cleavage,  a  new  hnd^leD- 
did  chiss  of  phenomena  make  their  appearance,  ae  was  diwovered  bj 
Arago.  In  uiose  positions  in  which  a  thick  plate  simply  restores  a 
portion  of  the  Ught,  a  thm  plate  is  seen  arrayed  in  goi^geous  colours, 
changing  with  every  change  of  thickness,  and  varying  too  whra  the 
plate  is  considerably  inclined.  If  the  plate  be  fixed,  and  the  analjser 
be  made  to  revolve,  the  colours  change  in  a  remarkable  manner,  and 
when  the  rotation  amounts  to  90*  the  original  polour  at  any  point  is 
replaced  by  its  complementary,  so  tiiat  the  two  superposed  vtuke  white 
light.  This  law  is  found  to  hold  good  for  any  two  aiimuths  of  the 
analyzer  separated  by  90*,  and  not  merely  for  the  azimuths  0' 
and  90*. 

It  would  pass  the  limits  of  this  article  to  describe  the  phenomepa 
of  tiie  colours  of  crystalline  plates  in  all  their  detuls,  mod  the  still 
more  curious  and  complicated  coloured  rings  or  curves  seen  about  the 


881 


POLARIZATION  OP  LIOHT. 


POLARIZATION  09  LIGHT. 


optie  axis,  or  the  tWo  optio  «ze8,  of  uniaxal  or  biaxal  eryBtete.  Indeed 
the  subject  has  been  introduced  in  this  place  only  to  enable  t&e  reader 
to  form  a  better  idea  of  the  eTidence  in  favour  of  the  view  taken  in 
the  undulatoiT  theory  of  the  nature  of  polarisation. 

The  laws  of  the  phenomena  of  crystalline  plates  were  most  carefully 
investigated  by  M.  Biot  and  Sir  David  Brewster,  and  to  aoeount  for 
them  the  former  imagined  his  theory  of  movgable  polarizaliot^  Dr. 
Young  first  showed  that  on  the  undulatoiy  theory  the  retardation  of 
one  of  the  two  oppositely  polarised  rays  which  paased  through  the 
crystalline  plate  relatively  to  the  other  was  precisely  that  required  to 
produce,  biy  ordinary  interference,  the  tint  observed.  Huygens's 
demonstration  ol  the  laws  of  reflection  and  refraction  intimately  con- 
nects refraction  with  velocity  of  propagation,  and  thereby  permits  of 
the  retardation  in  question  being  calculated  hvm  the  observed  pheno- 
mena of  double  refraction,  without  maldng  any  assuinption  as  to  the 
nature  of  polarisation.  But  it  remained  to  be  shown  why  no  pheno- 
mena  of  interference  should  be  perceived  unless  the  light  incident  on 
the  crystal  were  polarised,  and  the  emergent  light  were  subsequently 
analyzed. 

It  occurred  to  MM.  Arago  and  Fresnel  that  it  would  be  interesting  to 
examine  in  what  manner  the  interference  of  two  rays  of  light,  which, 
as  regards  length  of  path,  are  in  a  condition  to  interfere,  might  be 
moditied  by  previous  polarization  of  the  rays.  The  memoir  contain- 
ng  an  account  of  this  important  investigation  is  published  in  the  10th 
volume  (1819)  of  the '  Axmales  de  Chimio,'  p.  288,  and  a  full  account  of 
it  is  given  in  Sir  John  Herschers  Treatise  on  Li^t.  The  laws  of  inter- 
ference of  polarized  light  in  truth  might  have  been  obtained  at  once 
from  the  phenomena  of  the  coloun  of  crystalline  plates  hy  etstuminff 
those  colours  to  be  dme  io  interference;  but  it  was  highlv  important  at  the 
time  to  establish  them  in  a  more  direct  manner,  by  the  observation  of 
what  were  incontestably  fringes  of  interference.  They  may  be  thus 
briefly  enunciated '.—(1)  Two  rays  of  light  coming  from  the  same 
source,  and  pdaru^  in  rectangular  planes,  are  incapable  of  inter- 
fering. (2)  Two  rays  coming  &om  the  same  source,  and  polarized 
in  tlie  same  direction,  interfere  exactly  like  rays  of  common  light. 
(3)  Two  raya  coming  from  the  same  source  of  common  light, 
and  polarized  in  rectangular  planes,  may  be  afterwards  analyzed 
without  acquiring  thereby  the  property  o^  mutually  influencing  each 
other.  (4)  But  two  rays  polsuized  in  rectangular  planes  and  after- 
wards analyzed,  do  interfere,  provided  they  come  from  the  same  source 
of  polarised  light.  (5)  In  the  phenomena  of  interference  produced 
by  rays  which  have  experienced  double  refraction,  the  character 
of  the  interference  is  not  determined  simply  by  the  difference  of  path ; 
it  is  necessary  in  certain  cases  to  change  this  difference  by  a  semi- 
imdulation.  The  half  undulation  must  be  added  or  not  according  as 
the  planes  of  primitive  polarization  and  of  .analyzation  lie  in  alternate 
pairs,  or  in  the  same  pair  of  opposite  quadrants  made  by  the  rectan- 
gular planes  of  polarization  of  the  two  polarized  rays  transmitted  by 
the  crystalline  plate. 

These  laws,  combined  with  Malus's  law  already  mentioned,  and  with 
the  formula  which  gives  the  intensity  of  the  light  resulting  from  the 
interference  of  two  streams  of  light  of  known  intensities  and  difference 
of  path,  enable  us  to  calculate  completely  the  ooloure  of  crystalline 
plates  in  polarized  lij^t  without  making  any  assumption  as  to  what 
constitutes  polarization. 

Let  c  p  be  the  plane  of  primitive  polarization,  dA  that  of  analyza- 
tioUj  0  o,  0  E  the  rectangular  planes  of  polarization  of  the  rays  into 


which  a  ray  of  any  kind  is  divided  by  the  double  refraction  of  the 
ciystaUine  plate.  Let  i  be  the  azimuth  of  c  o,  and  s  that  of  c  a,  both 
measured  from  c  p.  We  may  without  loss  of  generality  suppose  tjto  be 
between  the  limits  0**  and  90**,  and  i  between  the  limits  i  -\-  90**. 
Further,  let  o,  e,  be  the  lengths  of  path  in  air  equivalent  in  time  of 
being  described  to  the  paths  of  the  two  rays  respectively  within  the 
crystal ;  let  X  be  the  wave-length  in  air  belonging  to  any  particular 
kind  of  light,  and  take  the  original  intensity  of  that  light  as  unity. 

By  Malus's  law  the  intensities  of  the  two  streams,  polarized  along 
c  o,  c  E,  into  which  the  original  stream  is  divided  by  double  refraction, 
will  be  cos'  i  sin'  i,  respectively.  If  each  of  these  be  again  divided 
into  two,  polarized  a^ong  and  perpendicularly  to  o  ▲,  the  intensities  of 
the  former  portiodfe  mil  by  the  same  law  be  cos*  %  cos\{i—s),  sin*  i 
ain^  {i—s),  respectively.    The  difference  of  phase  of  tfiese  portions 

will    be  —  (o—e).    Now  if  i,  i'  be  the  intensities  of  two  streams  of 
A 

common  light  from  the  same  source,  p  their  difference  of  phase,  the 

intensity  of  the  light  resulting  from  their  interference  will  be  i  -i- 1'  -|- 


2y(il)  COS  p.  But  bvthe  seoond  law  of  interferenoe  of  polarised 
light  this  formula  may  oe  applied  to  the  interferenoe  of  two  stream^  of 
polarised  light  which  are  capable  of  interfering,  as  by  law  4  tixe  two 
streams  are  which  are  polarised  along  oa.  In  the  application  of 
the  formula  we  must  take  y  i  «  cos  i  oos  (i—s),  V  i'  =  sin  i  sin  {i—s) 
or  «  sin  »  sin  (s—i),  aooording  as  t  >  «  or  »  <  «.  But  by  law  6  when 
i  <  «  we  must  change  the  actual  difOsrence  of  path  by  hiJf  an  undula- 
tion, that  is,  change  p  by  v,  or,  which  comes  to  the  same,  change  the 
sign  of  one  of  the  radicals  V  i  or  ^/ 1*.  Hence  it  will  suffice  to  take 
V  i'  =  sin  t  sin  {i—s)  in  all  cases,  and  omit  the  addition  or  subtraction 
of  the  half  undulation.  Hence  the  expression  for  the  intensity  will 
beoome 

cos'  i  coa^  (t— •)  +  Bin'  i  sin*  (»— i) 

2t 
•!-2coBi8in»  co8(<— a)  Bin(»— •)  COB  — (o— e) (A) 

which  may  be  readily  transformed  into  the  more  mmple  expression 

COB*  •  —  sin  2»  sin  2(i— «)  sin*  j^  (o— e)   .    .  (B) 

The  disousBion  of  either  of  these  expressions  would  give  account  of 
ihe  observed  phenomena  of  the  coloration  of  crystalline  plates  in 
polarized  light;  but  would  exceed  our  limits.  8i;d£oe  it  to  remark 
that  in  the  expression  (b)  the  first  term  denotes  the  illumination, 
alike  for  all  coloura,  whidi  would  exist  if  the  plato  were  removed, 
while  the  second  changes  materially  from  colour  to  colour,  in  con- 
sequence of  the  variation  of  \,  in  comparison  of  which  the  variation  of 
o—e  may  usually  be  neglected. 

Now  the  study  of  the  j^enomena  of  light  which  are  independent*  of 
polarization  leadis  us,  and  that  in  different  ways,  to  the  conclusion  that 
with  light  of  given  wave  length  the  square  of  the  amplitude  of  vibra- 
tion must  be  taken  as  the  measure  of  intensity,  and  consequently  the 
amplitude  of  vibration  will  vary  as  the  square  root  of  the  intensity. 
If  now,  bearing  this  in  mind,  we  go  over  the  whole  investigation  of 
the  coloura  of  crystalline  plates^  beginning  with  the  firat  application  of 
Malus's  law,  and  deducing  at  every  step  from  the  intensities  which  are 
the  objects  of  direct  observation  the  corresponding  amplitudes  of 
vibration,  we  can  hardly  fail  to  be  impressed  with  the  idea  that  in 
polarized  light  the  vibrations  of  the  ether  take  place  in  a  rectilinear 
manner  in  a  direction  transverse  to  that  of  propagation,  and  related  in 
some  constant  manner  to  the  plane  of  polarization.  Unquestionably 
there  must  be  a  transverse  something  about  polarized  light  which 
admits  of  composition  and  resolution  in  that  way.  Now  polarised 
light  in  all  its  relations  is  S3rmmetrical  with  respect  to  the  plane  of 
polarization  and  the  perpendicular  plane,  and  to  no  other.  For  ex- 
ample, when  light  is  polarised  by  reflection  at  the  surface  of  glass, 
everything  must  evidently  be  symmetrical  with  respect  to  the  plime  of 
reflection.  Hence  our  rectilinear  vibrations  must  also  be  symmetrical 
with  respect  to  the  plane  of  polarization,  and  therefore  must  either  be 
in  or  perpendicular  to  that  plane. 

But  if  such  be  the  natm'e  of  polarized  light,  what  notion  must  we 
form  of  the  nature  of  conunon  light  ?  We  have  seen  that  common 
light,  in  passing  through  a  rhomb  of  Iceland  spar  not  limited  by  a 
screen,  is  resolved  into  two  polarized  streams,  w$ich,  mixing  'On  emer- 
gence, yield  a  light  having  all  the  properties  of  common  light.  Nor 
does  the  light  reflected  from  the  firat  surface  of  the  rhomb  possess  any 
other  propterties :  it  may  be  polarized  like  common  light,  or  divided 
by  another  rhomb  into  two  polarized  streams  which  mix  on  emergence 
just  as  before,  so  that  there  is  not  the  slightest  groimd  for  supposing 
that  with  the  light  lost  by  reflection  the  originu  beam  loses  any  ele- 
ment of  a  different  character  from  that  which  it  retains.  It  is  easy  to 
make  out  the  nature  of  the  vibration  which  results  from  the  co- 
existence of  two  series  of  rectilinear  and  transverse  vibrations  propa- 
gated in  the  same  direction  and  taking  place  in  rectangular  planes. 
The  vibrations  in  such  a  case  would  take  place  in  planes  perpendicular 
to  Uie  direction  of  propagation,  that  is,  would  lie  in  the  fronts  of  the 
waves. 

Hence  the  following  important  suppositions  are  adopted  in  the 
theory  of  imdulations. 

The  vibrations  of  the  ether  which  constittUe  light,  unlike  those  of  air 
which  constitute  sound,  take  place,  not  to  and  fro  in  the  direction  of  pro- 
pagaiion,  but  laterally  in  the  tangent  planes  of  the  waves.  In  polarized 
light  the  vibrations  are  rectilinear,  and  either  parallel  or  perpendicular 
to  the  plane  of  polarization,  a  point  which  for  the  present  may  be  left 
tmdecided.  The  polarization  of  common  light  consists  in  the  resolution 
of  the  vibrations  into  two  rectilinear  series,  the  undulations  belonging  to 
one  of  which  are  obtained  apart  from  those  belonging  to  the  other. 

The  theory  of  transversal  vibrations  was  firat  suggested  by  Dr. 
Young,  who  was  led  to  it  by  the  consideration  of  certain  phenomena 
of  biaxal  crystals  discovered  by  Sir  David  Brewster.  It  suggested 
itself  independently  to  the  mind  of  Fresnel,  who  was  led  to  it  by  con- 
sidering the  laws  of  interference  of  polarized  light,  made  out  by  Arago 
and  himself.  It  encountered,  at  firsts  much  opposition,  for  it  was 
entirely  opposed  to  preconceived  notions.  It  obliges  us  in  fact  to 
suppose  ihsA  the  vibrations  which  constitute  light  are  carried  on,  not 
by  forces  by  which  the  ether  tends  to  resist  condensation  or  rarefac- 
tion, but  by  forces  by  which  it  tends  to  resist  etifforttoii, unaccompanied 
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by  change  of  yolume.  We  are  driTon  to  conceive  that  a  sliding  motion 
of  the  ether,  layer  over  layer,  is  reedsted  by  a  tangential  force  thereby 
called  into  play  :  in  fact,  to  treat  the  ether,  bo  far  as  the  yibrations  of 
light  are  concerned,  as  if  it  were  an  elaatic  solid.  Still,  it  would  ill 
accord  with  the  spirit  of  inductive  philosophy  to  reject  a  conclusion  to 
which  we  are  fairly  led  by  the  study  of  obscored  phenomena,  because 
it  clashes  with  preconceived  notions  respecting  the  nature  of  a 
medium  of  the  very  existence  of  which  we  have  no  evidence  beyond 
the  beautiful  and  simple  explanation  it  affords  of  the  curious  and  com- 
plicated phenomena  of  light. 

If  once  we  adopt  the  theory  of  transversal  vibrations,  we  are  able  not 
only  to  form  a  clear  picture  in  the  mind  of  what,  to  say  the  least, 
polarization  may  be,  but  to  explain  in  the  simplest  manner  both 
Malus's  law  and  the  laws  of  intex^erence  of  polarized  light.  In  faot^ 
Malus's  law  and  laws  2, 4,  5,  of  interference  led  to  the  theory  of  trans- 
versal vibrations ;  and  to  explain  these  laws  on  the  theoxy  we  have 
only  to  begin  at  the  other  end.  Laws  1  and  S,  which  assert  the  neces- 
sity of  a  polarizer  in  order  that  any  colours  should  be  seen  in  crystal- 
line plates,  follow  at  once  from  the  consideration  that  the  rectangular 
components  of  the  vibrations  in  oonmion  light  have  no  fixed  and 
permanent  relation  to  each  other,  either  as  to  phase  or  amplitude,  so 
that  they  are  <u  ffood  cu  the  vibrations  belonging  to  two  streams  from 
different  sources. 

The  theory  of  transversal  vibrations,  again,  enables  us  to  form  a 
perfectiy  clear  notion  of  the  nature  of  a  peculiar  modification  of  light, 
known  as  elliptic  polarization.  When  polarized  light  ii  transmitted 
across  a  oiystalline  plate,  the  emergent  light  is  in  genexvl  elliptically 
polarised,  being  only  in  particular  cases  polarized  in  the  way 
hitherto  considered  in  this  article,  or  plane-fioUuited,  as  it  is 
called  in  contradistinction  to  elliptic  polarization.  When  ellip- 
tically polarized  light  is  examined  by  an  analyzer  which  is  made 
to  revolve,  the  light  never  wholly  vamshes,  but  becomes  alternately 
a  maximum  and  a  minimum  at  every  quarter  revolution.  Thus 
far  it  agrees  with  partially  polarized  light,  from  which,  however,  it 


wholly  differs  in  other  respects,  both  theoretically  and  experimentallj. 
[Elliftio  Polarization.] 

Lastiy,  the  theoiy  of  transversal  vibrations  is,  to  say  the  least,  verr 
hopeful  in  its  application  to  the  explanation  of  double  refraction,  of 
the  polarization  of  light  by  reflection,  ftc.  The  full  explanation  of 
these  phenomena  is  retarded  by  two  causes,  fizBt>  there  are  the  inherent 
mathematical  difficulties  of  the  problem,  and  secondly,  which  is  far 
worse,  in  our  ignorance  of  the  ultamate  constitution  of  matter,  and  its 
relation  to  the  luminif  erous  ether,  we  have  to  grope  in  the  dark  in  oor 
endeavour  to  find  out  what  is  the  real  state  of  things  to  which  our 
mathematics  have  to  be  applied.  Still,  even  in  this  department  muj 
important  laws  have  already  been  explained,  and  ft^uently  even  pre- 
dicted, on  dynamical  principles,  though  not  always  witli  perfect 
rigour ;  but  no  dynamical  theoiy  has  yet  accumulated  in  ita  favour 
such  a  weight  of  evidence  as  to  exclude  others,  nor  can  even  the 
question  whether  the  vibrations  of  polarizediig^t  are  parallel  or  per- 
pendicular to  the  plane  of  polarization  be  yet  considered  settled,  thoagh 
the  probability  seems  to  be  in  favour  of  the  latter  view,  which  was 
tiiat  originally  adopted  by  FresneL 

In  this  article  the^subject  of  double  refraction  has  not  been  toacfaed 
except  so  far  as  was  necessary  for  the  explanation  of  polarization.  For 
further  information  on  this  point  see  a  subsequent  article,  U5Dru- 
TORY  Theory. 

POLARIZATION,  MOVEABLE.  This  term  refers  to  an  ingesiors 
theoiy  by  which  M.  Blot  attempted  to  explain  the  colours  of  crptal- 
line  plates  in  polarized  light.  The  theory  is,  however,  liable  to  some 
formidable  objections;  and  as  the  phenomena  haTe  since  been 
explained  in  the  most  simple  and  complete  manner  on  the  theory  o.' 
undulations  [PoLARlZATioir]  the  reader  who  wishes  for  further  infor- 
mation on  this  subject  is  referred  to  M.  Biot's  original  paper  in  tiie 
18th  volume  of  the '  M^moires  de  Tlnstitut.' 

POLARIZED  RINGS.  The  beautiful  coloured  rings  or  curves  9^ 
with  polarized  light  about  the  optic  axis  or  axes  of  doubly  refracting 
crystals.    [Ukdulatobt  Theoby.1 
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Qis  a  superfluoQB  letter  of  the  alphabet,  having  the  same  sound  as  Js, 
though  linuted  to  words  where  a  u  follows.  This  letter  furnishes 
evidence  that  the  alphabetical  oharaoters  were  originally  of  syllabic 
power.  Thus  the  Hebrew  koph  and  the  Qreek  koppa  appear  to  have 
been  used  only  in  those  words  where  the  sound  of  o  follows,  as  in  Cos, 
Corinth,  and  Syraoosii,  &c.  Indeed  the  name  of  the  letter  implies  as 
much.  The  Greek  alphabet  probably  stopped  at  one  period  like  the 
Hebrew,  at  r,  so  as  to  have  no  u.  On  the  other  hand,  the  Etruscan 
alphabet  had  a  u,  but  no  o.  Hence  in  Italy,  the  q,  which,  by  position 
In  the  alphabet,  corresponds  to  the  Qreek  koppa,  was  limited  to  words 
where  a  u  followed.  In  the  same  way  the  kaph  of  the  Hebrew  and 
kappa  of  the  Qreek  were  probably  at  first  limited  to  those  words  where 
an  a  follows,  as  we  know  was  the  case  in  Latin ;  and  as  the  modem 
name  of  the  letter,  ka,  denotes,  for  it  would  otherwise  have  been  called 
k-e  or  ek.  This  view  becomes  more  complete  if  it  be  called  to  mind 
that  the  name  of  x  connects  it  with  the  vowel  i ;  and  that  the  i|  or  H 
of  the  Qreek  alphabet  was  originally  a  guttural  aspirate,  sotmded 
perhaps  as  x>?f  aud  thus  was  adopted  to  denote  either  a  guttural  oon- 
sooant  or  a  long  f .  For  the  various  forms  of  the  symbol  q  see 
Alphabet,  and  for  the  changes  to  which  the  letter  is  liable  see  0 
and  K. 

QQADI,  an  ancient  people  of  Germany,  who  inhabited  the  country 
north  of  the  Danube,  between  that  river,  the  moomtains  of  Bohemia, 
and  the  liver  March.  Towards  the  north  they  bordered  on  the 
Marcomanni,  in  connection  with  whom  they  are  frequently  moitioned 
by  the  Roman  writers  as  allies.  Tacitus  ('  German./  42)  mentions  the 
Quadi,  the  Marcomanni,  and  the  Narisci  as  being  in  the  foremost  rank 
among  the  German  nations  towards  the  borders  of  the  Roman  empire, 
the  E^ube  forming  the  line  of  demarcation  between  the  power  of 
Home  and  German  independence.  At  a  later  period  the  Quadi  joined 
a  great  confederacy  of  German  nations  against  Rome,  which  occasioned 
much  alarm  to  the  empire,  and  which  twice  obliged  the-  emperor 
Marcus  Aurelius  Antoninus  to  repair  to  Germany  at  the  head  of  his 
legions.  They  are  afterwards  mentioned  by  Eutropius  as  having 
invaded  Pannonia  in  the  reign  of  Gallienus. 

QUADRANGLE  and  QUADRILATERAL  (four-angled  and  four 
sided).  These  terms  are  indiscriminately  used  to  denote  a  figure  with 
four  sides  in  the  same  plane.  [Paralleloobak  ;  Rectakolb  ;  Squabe  ; 
Trapezium;  Rhombus.] 

QUADRANT.    [Sextant.] 

QUADRANT.  As  an  astronomical  instrument,  the  quadrant  has 
within  a  few  years  been  so  completely  supeneded  by  the  entire  circle, 
that  it  will  not  be  worth  while  to  describe  particularly  its  construction 
or  adjustments.  Still  so  much  of  the  very  groundwork  of  modem 
astronomy  depends  on  data  furnished  by  the  quadrant,  that  it  cannot 
be  properly  passed  over  without  some  notioe. 

We  have  already  said  [Circle]  that  the  earliest  form  of  instrument 
for  measuring  cel^ial  altitudes  was  also  the  best,  namely,  the  solstitial 
or  meridian  circle  described  by  Ptolemy.  After  showing  how  the 
proportion  which  the  arc  between  the  tropics  bears  to  the  whole 
circumference  was  to  be  determined  by  this  instrument,  Ptolemy 
proceeds  to  say  ('  Amalgest,'  book  i.,  chap.  10), "  We  have  made  this 
sort  of  observation  more  conveniently  by  using,  instead  of  circles,  a 
stout  quadrangular  block  of  wood  or  stone,  having  one  side  plane  and 
smooth.  Upon  this  side  we  described  a  fourth  part  of  a  circle  from  a 
centre  near  one  of  the  angles,  and  having  drawn  from  the  centre  two 
radii  including  a  right  angle,  we  divided  the  circumference  into  ninety 
degrees  with  subdivisions.  We  then  inserted  two  perfectly  equal 
cylinders  at  the  extremities  of  the  vertical  radius,  so  as  to  be  exactly 
concentric  with  the  centre  and  extreme  point,  and  set  the  block 
vertical  by  a  plumb-line  passing  over  the  cylinders,  and  also  in  the 
plane  of  the  meridian  by  a  north  and  south  line  described  on  the 
horizontal  plane.  We  observed  at  noon  the  shadow  of  the  central 
cylinder,  having  applied  something  to  the  divided  arc  to  show  the 
place  more  clearly,  and,  marking  the  middle  point,  we  took  the 
corresponding  division  of  the  quadrant  as  showing  the  elevation  of  the 
Bun  on  the  meridian."  It  would  seem  that  on  the  revival  of  learning, 
when  Ptolemy  was  thought  infallible,  the  quadrant  came  into  use  on 
this  authority,  to  the  ^dusion  of  the  circle.  Li  the '  Astronomiss 
Instauratse  Mechanica '  of  Tycho  Brahd,  figures  and  descriptions  will 
be  found  of  quadrants  and  sextants  of  various  forms  and  sizes.  We  do 
not  think  jt]stice  is  done  at  the  present  day  to  the  merits  of  Tycho, 
who  is  better  known  as  the  perplexer  of  uie  Copemican  hypothesiB, 
than  as  the  first  great  practical  astronomer  after  Hipparchus.  Among 
his  numerous  instruments  Tycho  had  a  large  quadrant  fixed  on  a  wall, 
which  he  calls  a  murcU  quadrant,  with  which  he  observed  meridian 
altitudes,  noting  the  time  of  transit  by  a  clock.  There  are  several 
other  quadrants  figured  and  described,  which/  revolve  on  a  vertical 
axis,  and  some  have  a  horizontal  circle  by  which  the  azimuth  was 
observed  at  the  same  time  with  the  altitude.   These  may  be  considered 
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as  the  precursors  of  the  modem  astronomical  quadrant,  and  still  more 
perfect  altitude  and  azimuth  instrument,  just  as  his  mural  quadrant 
led  to  the  mural  arc  of  Flamsteed,  the  mural  quadrants  of  Bird  and 
Ramsden,  and  finally  to  the  mural  circle  of  Troughton.  The  imper- 
fection of  his  clocks  (for  the  pendulum  was  not  applied  till  nearly  a 
century  later)  compelled  Tycho  to  adopt  an  instrument  which  has  long 
been  out  of  use.  This  was  his  astronomical  sextant,  which  was 
stronger,  more  convenient,  and  lighter  than  the  quadrant.  It  was 
supported  at  the  centre  of  gravity  on  a  ball  and  hemispherical  cup, 
and  could  consequently  be  easily  placed  in  the  plane  passing  through 
two  stars,  and  so  used  for  measuring  their  distance  from  each  other. 
To  verify  the  value  of  the  arc,  and  to  test  the  powers  of  his  sextants 
and  quadrants,  the  distances  of  a  chain  of  stars  near  the  equator  were 
taken,  and  their  declinations  also  observed,  when  it  was  found  that  the 
sum  of  the  angles  at  the  pole  which  resulted  from  observation  was  360** 
very  nearly.  (Tycho  Brah^, '  Astronomiio  Instauratse  Progymnasmata,' 
pp.  138, 146.) 

Hevelius  has  described  his  quadrants  and  sextants  in  the  first  volume 
of  his  '  Machina  CoelestiB/  a  work  which  is  not  uncommon ;  the  second 
volume,  contaimng  his  observations,  was  burnt  soon  after  it  was 
printed,  with  the  exception  of  a  few  copies,  and  is  one  of  the  scarcest 
and  deiu-est  astronomical  books  in  existence.  In  the  convenience  of  his 
instruments,  and  perhaps  in  the  accuracy  of  their  graduation,  he 
surpassed  l^cho,  but  he  never  could  imderstand  the  advantage  of 
telescopic  over  plain  sights,  though  one  of  the  best  practical  opticians 
and  industrious  star-gazera  of  his  time.  This  imfortunate  prejudice 
not  only  rendered  the  labour  of  his  long  life  labour  in  vain,  but 
embittered  his  latter  years  to  a  painful  degree  by  involving  him  in  a 
dispute  with  Hooke. 

Picart,  aided,  as  it  is  said,  by  Auzout,  first  applied  telescopic  sights 
to  graduated  instruments.  In  his  measure  of  Uie  earth,  executed  in 
1669  and  1670,  he  used  a  quadrant  for  his  terrestrial  angles.  This  he  has 
described,  with  figures,  in  a  special  work,  printed  at  the  Louvre,  which 
became  so  rare  that  the '  Acaddmie  Royale  des  Sciences '  reprinted  it 
in  their  Memoirs  (vol.  vii.,  part  i,  p.  133).  The  quadrant  was  of 
38  inches  radius,  with  one  telescope  fixed  in  the  direction  of  one 
radius,  and  the  other  moveable  about  the  centre;  tho  arc  of  the 
instrument  was  divided  by  transversals,  and  the  angle  read  off  by  the 
index  of  the  moveable  telescope  was  equal  to  the  angle  subtended  at 
the  quadrant  by  the  objects  bisected  by  the  cross-wires  of  the  two 
telescopes.  The  instnmient  could  be  fixed  on  its  stand  with  the  plane 
vertical  when  used  for  altitudes,  and  by  an  additional  piece,  a  genou, 
was  moveable  into  any  other  plane,  when  it  was  wanted  for  surveying. 
The  whole  turned  on  a  vertical  axis,  like  Tycho's  azimuthal  quadzunts, 
but  without  an  azimuthal  circle.  Quadrants  like  Picart's  continued  to 
be  made  by  the  French  artists  and  used  by  their  astronomers  (with 
some  improvements,  of  course)  up  to  the  latter  end  of  the  last  century, 
when  they  were  superseded  by  the  repeating  circle  of  Borda.  The 
verification  of  the  arc  and  of  the  graduation  was  performed  in  Tycho's 
manner,  only  employing  well  defined  objects  in  the  horizon  instead 
of  stars. 

For  a  fixed  observatory  Picart  and  Roemer  recommended  a  lai^ 
quadrant  permanently  fixed,  that  is,  a  copy  of  Tycho's  mural  quadrant, 
with  the  changes  which  telescopic  sights  required.  Lemonnier,  in  the 
pre&ce  to  his '  Histoire  Gdleste,'  says  that  La  Hire  had  one  erected  in 
the  Royal  Observatory  at  Paris,  in  1683,  and  that  it  was  described  in 
the  first  edition  of  La  Hire's  tables.  This  description  he  repeats  at 
page  xliL  of  his  work. 

Flamsteed  made  his  earlier  observations  at  Greenwich  with  a  sector,  - 
the  plan  of  which  may  be  understood  by  conceiving  one  of  Tycho's 
sextimts  with  telescopes,  instead  of  plain  sights,  to  be  mounted  on  a 
polar  axis.  ('  Historia  Coelestis/  voL  iiL,  p.  103.)  This  instrument  was 
designed  for  measiuing  the  distances  of  stars  from  each  other.  But  in 
piuiiiuing  his  primary  object,  that  of  settling  the  places  of  the  fixed 
stars  with  accuracy,  Flamsteed  found  that  he  required  a  meridian 
instrument.  Some  unlucky  trials  at  constructing  a  quadrant  were 
made  by  the  person  employed  by  the  Royal  Society,  and  Flamsteed 
finally  constructed,  at  ids  own  expense,  and  by  Abraham  Sharp's 
hands,  the  mural  are  with  which  he  observed  from  1689  to  his  death.* 
(See  the  description  and  figure, '  Historia  Onlestas,'  voL  iiL,  p.  108.) 
This  differed  from  other  mural  arcs  chiefly  in  this,  that  it  contained 
140*  or  150",  so  that  idl  stars  were  observable  with  it,  from  Polaris, 
below  the  pole,  to  the  south  horizon.  The  arc  was  placed  as  nearly 
in  the  meridian  as  might  be,  and  the  errors  in  its  plane  detected  l^ 
comparing  the  observed  time  of  the  sun's  passage  over  the  middle  wire 
of  the  instrument,  with  the  true  time  of  his  meridian  passage,  as 

*  Among  the  real  iajorics  which  Flamsteed  receircd,  we  oonaider  the  trana. 
lation  of  his  preface  into  indiiferent  Latin  one  of  the  greatest,  thongh  oommitted 
with  a  friendly  Intenuon. 
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deduced  from  corresponding  altitudes  with  a  quadrant.  The  pendulum 
dock,  though  as  yet  not  a  yery  perfect  instrument,  had  by  this  time 
entirely  done  away  with  the  necessity  of  observing  the  mutual  dis- 
tances of  the  stars. 

When  Halley  succeeded  Flamsteed  at  Greenwich,  the  observatory 
appears  to  have  been  dismantled.  Halley  saw  the  great  superiori^  of 
Eoemer's  transit  over  every  other  instniment  for  ascertaining  right 
ascension,  and  accordingly  mtroduced  it;  but  he  seems  not  to  have 
perceived  the  advantages  which  Boomer's  circulus  meridumalU  pos- 
sessed over  any  segment  of  a  circle.  In  1725  a  mural  quadrant  was 
erected  by  Graham,  which  was  superior  to  any  previous  instrument 
of  this  construction ;  it  had  however  one  grievous  imperfection :  tha 
radii  being  of  iron  and  the  arc  of  brass,  every  variation  of  temperature 
altered  the  value  of  the  total  arc  In  1750,  this  quadrant,  which  was 
subsequently  known  by  the  name  of  the  iron  or  north  quadrant,  was 
removed  to  the  other  nde  of  the  pier,  and  the  celebrated  quadrant  by 
Bird  set  up  in  its  place.  Of  Bird  s  method  of  dividing  we  have  given 
some  aocoimt  in  the  article  Graduation.  His  reputation,  which  was 
a  good  deal  based  on  ttds  quadrant,  introduced  similar  instruments 
by  himself  or  Ramsden  into  almost  every  obaervatoiy  of  note.  Bird 
received  500/.  from  the  commissioQers  of  longitude  for  his '  Method  of 
dividing  Astronomical  Instruments,'  and  the  work  was  published  by 
their  order  in  1767.  We  are  not  aware  that  a  more  periect  quadrant 
than  the  Greenwich  Iran  or  south  quadrant  was  ever  constructed.  It 
was  with  this  instnmient  Bradley  made  his  invaluable  obflervationa> 
which  have  been  reduced  with  consummate  skill  by  BesseL  ('  Funda- 
menta  Astronomise  deducta  ex  Observationibus  viri  incomparabilis 
James  Bradley,  autore  F.  W.  Bessel,  Regiomonti/  1818.)  There  is  in 
this  work  a  careful  examination  ol  uie  errors  to  which  the  two 
quadrants  were  liable. 

When  the  portable  quadrant  was  wanted  for  astronomical  purposes, 
the  plane  was  fixed  yertically,  and  it  is  then  usually  called  an  astro- 
nomical quadrant.  A  great  many  instruments  of  this  construction 
were  made  by  Bir^l,  Ramsden,  and  the  Troughtons,  in  the  latter  half 
of  the  last  centuiy,  and  in  careful  hands  a  great  deal  of  work  may  be 
done  with  such  a  quadrant*  Thus  observations  of  the  sun  or  stars  at 
the  same  altitude  on  each  side  of  the  meridian  will  furnish  an  exceUent 
determination  of  the  time,  and  zenith  distances  of  stars  near  the 
zenith  in  reversed  positions  of  the  instrumdht  (the  excess  arc,  as  it  is 
called,  affords  the  means)  will  yield  a  good  latitude.  Observations  of 
northern  stars  combined  with  southern  stars  at  similsr  altitudes  will 
give  a  very  dose  approximation  to  the  latitude  when  the  true  places 
of  the  stars  are  taken  from  a  good  catalogue.  For  the  mode  of 
adjusting  and  using  the  quadrant  we  must  refer  to  the  older  books  or 
encyclopsdiaa  which  treat  of  astronomical  instruments.  The  infe- 
riority of  the  quadrant  to  the  entire  cirde  is  such  that  there  is  no 
probability  of  its  ever  returning  into  fashion,  and  we  believe  there  is 
not  a  single  public  observatory  in  which  it  is  now  in  use.  The  single 
advantage  of  the  quadrant  is  that  the  divisions  are  larger  and  conse- 
quently more  easuy  read  and  subdivided  than  in  a  circle  with  the 
same  telescope.  But  this  trifling  superiority  is  much  more  than  com- 
pensated by  the  power  of  reading  off  the  drde  at  several  points  and 
taking  the  mean.  On  the  other  hand  it  is  impossible  in  the  quadrant 
to  secure  the  exactness  of  tiie  total  arc,  or  uie  conoentridty  of  the 
centre  of  motion  and  the  centre  of  the  divisions,  while  the  necessity  of 
leaving  some  liberty  of  motion  to  the  axis  carrying  the  telescope  aUows 
of  a  little  wandering  of  the  centre-work,  which  is  pex^tually  shifting 
its  place.  Thus  it  was  foimd  that  in  the  celebrated  Greenwich  quad- 
rant, though  the  error  of  division  was  probably  not  more  than  1  ,  the 
uncertainty  arising  from  other  causes  might  easily  be  d"  or  even  more. 
Again,  in  the  mural  quadrant  it  seems  difficult  so  to  support  it  as  to 
resist  the  long  continued  effort  of  gravity  in  altering  its  form,  without 
at  the  same  time  rendering  it  unstable.  The  Greenwich  quadrant  was 
found  to  have  sensibly  altered  its  shape,  that  is,  it  had  become 
flattened  about  45°,  and  pulled  out  at  the  two  extreme  radii,  which 
was  shown  by  the  errors  in  the  places  of  stars  observed  by  it  when 
compared  with  their  places  by  cmiular  instruments,  and  also  by  an 
actual  measurement  of  the  seyeral  radii  and  chords.  For  more  minute 
information  the  reader  is  referred  to  Lalande's  AstronamAt^  §  2311,  Ac., 
8me.  edition ;  Vince's  Practical  Astronomy,  chapter  ▼. 

QUADRANT.  Bailey's  quadrant  is  ib.e  name  sometimes  applied 
to  tile  octant  of  reflexion  which  measures  an  angle  of  90*.  The  prin- 
dple  is  that  of  the  Seztamt. 

^  QUADRANTAL,  a  name  formerly  given  to  a  spherical  truu^la  one 
side  of  which  is  a  quadrant. 

QtTADRATIC,  BIQUADRATIC  {gvadratHm,  a  squara),  names  given 
to  algebraic  expressions,  the  hi^^best  powers  of  which  are  the  square, 
and  the  square  of  the  square,  or  fourth  power,  of  the  letter  with 
reference  to  which  the  expressions  are  conodered-  [THfiOBT  09 
Equations.] 

QUADRATRIX,  a  name  given  to  curves  which  may  be  made 
useful  in  the  Quadratttrx  of  other  curves.  There  ig  ana  knowA  by 
the  name  of  Dinostratus,  the  equation  of  which  ' 


y  =  (a- or)  tan.(|  90*), 


*  A  very  perfect  tpednen  of  the  astzonomieal  qqadfaat  is  dawiibed  in 
Pearson's  *  ABtrosomioal  Instruments,'  vol.  U.,  p.  664, 


which  curve  being  given,  the  ordinate,  when  x  =  a,  determines  the 
length  of  the  cirde  whose  radius  is  a,  as  follows : — Make  a  rectangle  on 
this  ordinate  equal  to  the  square  of  the  diameter,  and  the  other  side  of 
that  rectangle  is  the  circumference  of  the  drde. 
The  quaoratrix  of  Tschimhausen  has  for  its  equation — 


y=a8in(^90'). 


aad  this  curve  being  given,  and  also  the  method  ol  drawing  a  tangent 
to  it,  the  droumference  of  a  cirde  may  be  thus  found :  Draw  a  tangait 
ai  tibbs  origin,  and  draw  a  ^right-angled  triangle  with  a  part  of  thk 
tangent  for  tibte  hypothenuse,  and  a  part  of  t£e  axis  for  a  base :  tlie 
other  side  is  tl^an  the  quadrant  of  a  cirde  whidi  has  titie  base  for  a 
radius.  , 

Various  other  modes  might  be  found  of  making  either  of  thase  carves 
square  the  oirde ;   but  the  fact  is,  that  the  description  of  the  cnrras 
'  themselves  assumes  the  point  which  their  use  is  to  aetermine. 

QUADRATURE.  By  the  quadiature  of  a  curve  is  meant  ^ 
fining  of  a  square  equal  to  the  content  indosed  by  the  eurre ;  but  «a 
every  rectilinear  figure  can  be  immediately  converted  into  a  aquan  d 
equal  magnitude^  the  object  is  gained  so  soon  as  amy  rectifinear  flgore 
is  found  of  the  same  oontant  as .  the  curve.  This  is  the  geometrical 
quadrature  of  a  curves  The  arithmetical  quadrature  is  the  detenni- 
nation  of  the  area  inclosed  bv  the  curve  in  terms  of  a  given  square 
unity  as  a  squsure  foot ;  and  if  this  be  done  with  anjr  required  amount 
of  accuracy,  the  quadrature,  thus  done  sufficiently  for  practical  pur- 
poses, is  spoken  of  as  an  absolute  quadrature.  The  two  foZfewing 
articles  will  in  various  places  illustrate  the  preceding  deact^on  of 
the  meaning  of  the  simple  word. 

QUADRATURE  OF  THE  CIRCLE.  The  speculative  part  <^  this 
question  might  be  passed  over  with  a  slight  deacriptioxL  of  the  mcBss 
of  finding  a  square  equal  to  a  given  drde,  or  of  expresaing  a  drde  by 
means  of  the  square  on  its  radius,  if  it  were  not  that  it  la  connected 
with  one  of  those  propensities^  the  love  of  the  marveUou^  whidi, 
carried  to  an  undue  extent,  tend  more  than  others  to  thsow  the  mind 
off  its  balance^  and  destroy  the  comfort  of  the  xnpUviduaL  When  it  ii 
considered  that  there  are  still  persons  who  spend  their  time,  means, 
and  energies  in  the  attempt  to  overcome  a  difficulty  of  which  they  du 
not  even  know  the  character,  it  is  worth  while  to  enter  a  little  more  at 
length  upon  this  cdebrated  question  of  the  quadrature  of  the  circle 
than  its  mathematical  importance  would  seem  to  tequire.  We  may 
add  that  its  historical  importance  is  very  great. 

It  is  a  proposition  not  vexy  difficult  of  proo^  that  if  a  ri^i^og^ 
trian^  have  the  radius  of  a  oirde  for  its  base,  and  a  line  equal  to  the 
droumference  for  its  altitude,  the  triangle  is  equiareal  with  the  drd^ 
Hence  the  quadrature  is  reduced  to  the  flndix)g  a  line  ec|ual  in  bogth 
to  the  circumference,  dther  geometrically  or  arithmetical^;  or  to 
folding  an  answer  to  one  or  other  of  the  foUowing  questioDB : — 

Given  a,  the  diameter  of  a  drde  in  units  of  a  given  kind,  reqnsfd  a 
number  or  fraction  v,  such  that  a  multiplied  by  v  may  be  the  number 
of  those  same  units  in  the  circumference.  It  is  easily  shown,  that  this 
number  v  must  be  the  same  for  all  circles. 

Given  the  diameter  of  a  drole,  required  geomdricoBy  a  metilhod  ol 
drawing  a  straight  line  equal  in  length  to  the  drcmnference. 

Those  who  first  proposed  these  questions  found  their  ptoygga 
arrested  by  the  insuffidency  of  their  arithmetic  and  the  Ixmitatio&s  of 
their  geometry.  The  former  question  has  long  been  settled,  and  it 
has  been  ^own  that  the  ratio  of  the  circumference  to  the  diameter  ii 
Imoommshsubablb.  The  latter  Question  cannot  be  called  finally 
settied,  since  there  is  no  proof  in  which  all  agree  that  the  geometrical 
quadrature  is  impossible,  though  there  are  considerations  which  render 
it  in  tho  highest  degree  unlikely,  and  there  are  also  asserted  proofs  of 
the  impossu>ili47  which  some  admit,  and  which  make  even  those  who 
do  not  absolutely  admit  them  think  their  condusion  aQ  but  proved. 
But  tile  mistake  of  those  who  produce  pretended  quadratores  often 
lies  in  thiS|  that  they  do  not  know  what  is  meant  bv  the  word 
ffsometrical.  They  imagine  that  anything  is  geometrical  which  deals  is 
notions  about  space,  and  deduces  that  vniich  is  not  obvious  from  that 
which  is.  But  geometry,  in  the  technical  sense,  is  that  whidi  rosolti 
from  the  use  of  Euclid's  postulates  |JAxiom],  which  permit  nothing  bat 
the  junction  of  two  points  by  a  straight  line,  the  indefinite  prodoctkm 
of  that  joining  line,  and  the  description  of  a  cirde  vrith  a  given  centre, 
and  the  line  joining  that  centre  with  another  given  point  as  a  radius. 
These  limitations  make  the  whole  difficulty ;  otherwise  nothing  would 
be  more  easy  than  to  determine  a  drde  by  the  Quadbatbix,  if  that 
were  allowed  to  be  drawn,  or  to  suppose  a  ciide  to  roH  on  a  straight 
line  till  the  point  which  first  touched  the  straight  lina  touches  it 
again,  in  which  case  the  line  rolled  over  is  the  length  of  the  drcum* 
f erenoe.  When,  therefore,  any  one  imagines»  as  is  often  the  case,  that 
he  has  found  a  method  of  squaring  the  drde,  it  generally  happens  that 
he  only  announces  the  not  veiy  new  nor  surprising  £fect,  that  a  diffi- 
culty which  exists  under  certain  droumstaaoes  may  be  no  difficulty  at 
all  under  others.  But  in  like  manner  as  no  one  would  he  held  likdy 
to  answer  the  question  "  Required  the  way  of  building  a  houae  without 
the  use  of  iron^  who  should  first  demands  common  hammer  and  naile, 
so  the  greater  number  of  persons  who  attempt  to  square  the  circle 
must  not  be  supposed  to  meet  the  geometrical  difficuU^  by  asBuining 
powers  of  whlda  geometry  expressly  requires  the  use  to  do  abandonftfj 
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until  it  can  be  shown  to  be  given  in  allowing  the  simple  poBtolates 
above  mentioned. 

Aristophanes  introduces  into  his  comedy  of  the  Birds  a  geometer 
who  is  going  to  make  a  square  circle.  Plutarch  asserts  f^t  Jljiaacagoras 
employed  himself  upon  this  problem  in  prison.  Hippocrates  of  Chios 
actually  found  the  way  to  make  a  rectilinear  space  equal  to  certain 
circular  spaces,  and  is  reported  to  have  attempted  the  general  prcUem. 
There  is  evidence  enough  that  it  acquired  an  earlj  celebri^,  and  it 
may  be  doubted  whether  the  researches  of  Kudid  in  ineommensurables 
[Irbattokal  QuAiTTiTiEs]  had  not  some  reference  to  a  supposition 
that  the  circle  and  its  diameter  might  possibly  be  discovered  to  belong 
to  a  particular  dass  of  these  quantities.  Archimedes,  in  his  bocflc  on 
the  mensuration  of  the  circle,  is  the  first  who  made  any  approach  even 
to  a  practical  determination  of  the  question.  By  inscribing  sad  circum- 
scribing polygons  of  96  sides  in  and  about  the  drole,  he  demonstrates 
that  the  excess  of  the  circumference  over  three  times  the  diameter 
must  be  less  than  10-70ths  of  the  diameter,  and  greater  than  10-7l8t 
parts.  His  linuts  are  perfectly  correct,  and  even  tolerably  close. 
According  to  him,  a  circle  of  4970  feet  diameter  would  have  a  circum- 
ference lying  between  15,610  and  15,620  feet,  the  truth  being  that 
such  a  circle  would  have  a  circumference  of  15,613f  feet  very  neariy. 
This  measure  of  Archimedes  gives  8*14286  for  the  approximate  value 
of  v,  the  ratio  of  the  circtmiference  to  the  diameter ;  several  of  the 
Greeks  are  said  to  have  made  further  approximation,  but  their  results 
are  not  preserved. 

Among  the  Hindus  [ViOA  Gaotta,  in  BiOQ.  Drv.]  are  found  t^e 
ratios  of  3927  to  1250,  and  also  that  of  the  square  ro<A  of  10  to  1. 
The  first  gives  ir= 3*1416  ezact]^,  and  is  considerably' more  correct 
than  that  of  Archimedes;  the  second  g^ves  8' 1628,  and  is  much  less 
exact.  The  date  of  the  first  result  is  not  known ;  but  aH  a^ee  that 
the  writings  in  which  it  is  found  are  anterior  to  any  European  miprove- 
ment  on  the  measure  of  Archimedes.  The  ratio  given  by  Ptolemy,  in 
the  Syntaxis,  is  8*141552,  not  quite  so  coirect  as  3*1416,  but  so  near 
to  it  that  those  who  doubt  of  the  antiquity  of  Hindu  science  will 
prolMbbly  suppose  the  8*1416  above  mentioned  to  be  a  version  of 
Ptolemy's  measure. 

This  subject  began  to  be  reconsidered  in  the  16th  century,  in  the 
middle  of  which  were  calculated  the  tables  [Tables]  of  Rheticus,  the 
celebrated  Copemican,  from  which  the  value  of  v  might  easily  have 
been  calculated  to  eight  decimals,  but  it  does  not  appear  that  this  was 
done.  Purbach  used  the  ratio  of  877  to  120,  or  8*141667,  not  so  exact  as 
Ptolemy's.  Begiomontanus  slightly  corrected  the  limits  of  Archimedes, 
but  tAst  Metius,  father  of  Adriem  (to  whom  it  is  often  attributed, 
merely  because  Adrian  records  and  delivers  it),  and  of  James  (to 
whom  the  invention  of  the  telescope  has  been  given),  made  a  decided 
improvement.  He  gives  the  ratio  of  855  to  118,  or  8*14159292,  wluch 
is  correct  to  the  sixm  decimal  inclusive.  Nothing  more  precise  could 
be  desired  for  practical  purposes,  insomuch  that  a  circle  of  118  in 
diameter  may  be  reckoned  as  one  of  855  in  circumference,  which, 
though  a  little  too  great,  does  not  give  the  drcumference  wrongly  by 
so  much  as  one  foot  in  1900  miles.  On  looking,  however,  at  the 
accoimt  which  Adrian  Metius  gives  of  his  father's  investigation,  we 
find  that  the  extreme  closeness  of  the  approximation  is  only  a  piece  of 
good  f  ortime.  As  it  is  veiy  curious  that  this  should  never  have  been 
noticed,  we  quote  the  whole  passage : — **  Parens  mens  lUustrium  D.D. 
Ordinum  Confoodaratarum  Belgian  Provinciarum  Gteometra>  in  libello 
quern  conecripsit  adversum  quadraturam  circuli  Simonis  h  Quercu 
demonstravit  proportionem  peripherise  ad  suam  diametrum  esse  mino- 
rem  quam  8^,  hoc  est  f Q,  majorem  vero  quam  8^,  hoc  est  ^,  quarum 
proportaonum  intermedia  existit  3^  sive  {}{.  Quae  quidem  intermedia 
proportio  aliquaiitulum  existit  major,  quam  ea,  quam  invenit  Mr.  Lu- 
dolph.  1^  Collen,  cujus  tamen  differentia  est  minus  quam  rs^sfgy."  The 
book  of  Peter  Metius  was  never  published,  that  we  can  find;  and  we 
doubt  if  Adrian  Metius  would  have  published  his  father's  result,  iS.  it 
had  not  come  so  very  near  to  the  then  recent  result  of  Van  Ceulen. 
It  seems  that  the  elder  Metius,  finding  ^  too  great,  and  ^  too  small, 
took  the  mean  of  the  numierators  for  a  numidkutor,  and  the  mean  of 
the  denominators  for  a  denominator,  and  presumed  that  the  result 
was  nearer  the  truth  than  either  limit :  a  presumption  to  which  he 
had  no  right  whatever,  except  that  of  trusting  to  the  chapter  of 
accidents. 

Metius  lived  in  the  latter  half  of  the  16th  oentuiy,  as  also  did  Tieta, 
who  gave  a  still  more  accurate  though  not  so  elegant  a  measure.  He 
was  the  first  who  exhibited  a  series  of  arithmetioal  operations  by 
which  a  mere  calculator  might  carry  on  the  process  to  any  extent^  and 
gave  the  following  result :  The  circle  whose  diameter  is  ten  thousand 
million  of  parts,  has  a  circumference  greater  than  81,415,926,585  of 
those  parts,  and  less  than  81,415,926,537.  Other  approximatioos 
rapidly  followed :  Adrianus  Bomanus  caksiJated  the  perimeter  of  an 
inscribed  polygon  of  1078741824  sides,  by  means  of  which  he  found 
for  the  ratio  3*141592658589798 ;  but  his  oontemporaiy  Ludolph  van 
Ceulen,  by  calculating  the  diords  of  successive  aros^  each  of  which 
is  the  half  of  the  preceding,  found  the  perimeter  of  a  polygon  of 
36898488147419103282  sides,  and  obtained  86  figures  of  the  ratio 
3*14159,  &c.,  presently  given  to  a  stUl  greater  length.  So  far  the 
method  of  calculating  by  means  of  inscribed  polygons,  though  Vieta 
had  reduced  it  to  routine,  had  received  no  material  simplification. 
This  was  g^ven  by  Snell,  who  found  some  propositions  (afterwards 


demonstrated  by  Huyghens)  which  very  much  abridge  the  labour. 
He  fouBd  a  result  as  correct  as  thaft  of  Archimedes^  bv  means  of  a 
simple  hexagon;  makiniB:  the  96^ded  p(^ygon  of  Arohimedes  give 
seven  decimals  correctly,  instead  of  three.  He  also  calculated  l^e  ratio 
to  65  decimal  places,  and  by  means  of  a  polygon  of  only  5242880  sides. 
Huyghens  intro<luced  some  new  theorems  of  the  same  species  as  those 
of  SnelL 

The  invention  and  cultivation  of  the  differential  calculus  led  to 
many  new  views  and  new  methods,  into  which  it  is  not  our  purpose  to 
enter,  as  we  intend  the  present  article  not  for  (mathematicians,  but 
for  those  who  have  just  enough  of  the  science  to  think  it  possible  that 
the  solution  of  the  problem  is  reserved  for  them.  The  continued 
product  of  Wallis,  the  continued  fraction  of  Brounker,  the  series  of 
Mercator,  Gregoiy,  Newton,  &c.,  were  so  many  new  algebraical  expres- 
sions of  a  result  which,  one  might  imagine,  would  be  oonsidered  m 
earned  far  enough  by  the  arithmetician.  Nevertheless  the  ratio  was 
consecutively  carried  to  75  plaoes  by  Abraham  Sharp,  to  100  by  Machin, 
and  to  128  places  by  De  Lagny,  and  at  the  end  of  the  last  centuiy  to 
140  places  by  Vega.  And  Boron  Zaoh  gave  Montoda  tJie  copy  of  a 
manuscript*  in  the  Baddiffe  libraiy  at  Oxford,  in  which  it  was 
carried  to  154  places. 

Vega's  result^  which,  so  far  as  th^  go,  is  confiimed  by  those  of 
Machin  and  De  Iiagny,  is  wrong  onlv  in  the  last  four  figures.  The 
Oxford  manuscript  is  vrroiig  oi^y  in  zae  last  two. 

In  the  year  (1841)  in  which  this  article  was  first  published.  Dr. 
Butheriord  communicated  to  the  Boyal  Society  208  places  of  decimals. 
Of  these,  however,  it  was  afterwards  f oimd  that  the  Wt  56  were  incor- 
rect ;  and  so,  it  was  found,  were  the  last  two  figures  of  the  Oxford 
result :  that  is,  the  Oxford  manuscript  and  Dr.  Rutherford  were  cor- 
rect just  as  &r  as  they  agreed.  About  1846,  Mr.  Dase  [Tables],  a 
very  powerful  mental  calculator,  calculated  200  decimals ;  and  in  1847, 
Dr.  Clausen,  of  Dorpat^  calculated  250  decimals,  by  two  methods. 
('  Astr.  Nachr/  No.  489,  accoxtiing  to  Mr.  Shanks.)  In  1851,  without 
beuig  aware  .of  what  Dr.  Clausen  had  done,  Ms.  William  Shanks 
[Tablss],  of  Houghton-le-Spring,  Durham,  cidculated  315  decimals, 
which  JSt.  Butherford  verified,  and  extended  to  350  decimals.  In 
1851-52,  Mr.  Shanks  extended  his  oalcuiation  to  527  decimals,  while 
Dr.  Butherford  ind^>endently  calculated  441.  In  March  and  April, 
1858,  while  Mr.  Shanks  was  passing  ,a  very  full  account  of  his  527 
figures  through  the  press,  he  extendwi  it  to  607  decimals,  and  gave  the 
result  in  '  Contributions  to  Mathematics,'  London,  1853, 8vo.  Aocoid- 
ingly,  this  famous  result  is  now  «ertainly  obtained  to  441  deoimals, 
aiul  with  hi^  probability  to  607. 

We  give  Mr.  Shaaks's  result,  and  also  his  values  of  the  base  of 
Kapier's  logarithms,  and  of  the  modulus  of  Briggs's  system;  three 
numbers  which  are  often  wanted  together.  The  figures  between  the 
rules,  and  those  in  the  lowest  row,  are  to  enable  the  x«ader  to  detect 
and  correct  any  error  of  printing,  or  to  decide  upon  say  defaced  figure. 
The  number  between  the  rules  is  the  sum  of  the  ten  precediAg  digits; 
and  the  number  in  the  lowest  column  is  the  unit's  figure  of  the  sum 
of  the  whole  column.  Thus  1415926535  has  digits  which  sum  into 
41 ;  and  1584447780952  has  digits  which  sum  into  59,  of  which  the  9 
is  written  below. 


14159)6535 
M20974944 
63148086S1 
4811174103 
4428610979 
4*64858692 


7345870086  45 
7893590360  Ad 
S3057270S6  36 
0744828798  50 
98SS67SS6S  50' 
8809682027  40 
S81S382±  te. 

•ia4S580S 


41 
53 

43 

S3 

48 

55: 


8979828846*59 
5929078)  84>45 


8282806647 
8410370193 
6859834461 
3460848610 
0631658817 
0113305805 
5759591958 
3474956785 
4419866480 
8569897986 


6in87M0r 


41 

85 
47 
85 
44 

21 
58 
53 
40 
67 


»=3- 

2643883279  47 
6628620899  50 
6988446095  48] 
662116655941 
3847864828  49 
4543866482  44 
4881520920  89 
4882046652  45 
0921861173  38 
1885752724  49 
8602189501  85 
9502224749  44 


7183818364 
6574966967 
3746689168 
86I6867861 
89498-1- 


6187800515 


46 

68 
56 
47 


8904888586 
6877346766 
9668086931 
8383862794 


6806574807 


42 
47 
81 
46 


11768486306 

0287471852 
8088854759 
8174135966 
8490768388 


5028841971 
8628084825 
5058228172 
6446229489 
3786788165 
1389860726 
9626292540 
1884146051 
8193261179 
8912279881 
6092448077 
9620607497 


4776818190 


89 
44| 
50 
40 


9584658328 


6624977672 
457188217^ 
3904867390 
8298607482 


45 
46 
85 
54 
54 
40 
47 
42 
47 
50 
47 
50 


6989987510]  53 
8421170679  40 
5359408128  45 
5498088196  48 
2713019601  S3 
0349141378  88 
9171586486  45 
9415116004  46 
8105118548  86 
8301194912  38 
2809436285  42 
0301128669  84 


0387808813 


2428876161 


55|;4709869965 
46  5351664274 
41  0384395366 
56  6707673049 


9961781868 


61 
43 
84 
48 


*  On  SBskiag  inqnliy  at  the  SadoUffe  library,  we  lad  that  bo  neh  thlag  li 
IcBOwn  to  be  there,  nor  has  been  known  for  the  last  forty  years  at  least.  The 
inquiry  has  often  been  made,  and  every  search  has  been  nnpradiiotiTeb  Baron 
Zach  mast  certainly  have  seen  snch  a  maaiucript  somewhere :  for,  thongh  fond 
of  a  hoax  among  friends,  it  is  incredible  that  he  should  have  correeUy  calcnlated 
the  result  sixteen  places  further  than  had  been  done,  merely  to  make  Montnda 
believe  in  an  Oxford  manuscript.  MontuoU  does  not  say  that  Zach  saw  m 
manuscript  upon  the  subject :  but  only  that  he  saw  the  resnlt  in  a  mattmeripi. 
It  may  be  that  the  figures  were  only  Jotted  down  on  a  fly-leaf,  or  something  of 
that  sort :  if  not,  Zaeh  must  hare  failed  to  remember  where  he  saw  the  flgureS; 
a  thing  in  itself  very  unlikely. 
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4342044819 
6566114454 
3004S39S80 
726681842; 
(>6499  +&C. 


4607095962 


48 
42 
S2 
53 


0825182765 
0842952103 
5647056134 
0167332947 


58612128S9 


39 
34 
41 
41 


M=. 

1128918916 
2056138938 
3122302306 
0756458650 


16943796790 


46 
45 
22 
46 


6050822943 
8912264709 
0442927744 
6129322975 


0423225251 


39 
48 
43 
16 


9700580366 
6695346114 
1521725473 
5024684291 


1830125084 


44 
45 
37 
41 


These  excefees  of  calculation  are  useful  in  showing  the  way,  and  in 
destroying  that  belief  in  the  impractlGability  of  extending  what  has 
been  done  which  has  retarded  the  progress  of  many  subjects.  The 
607  decimal  places  give  no  sufficient  notion  of  their  aijaount  of  accu- 
racy ;  or  rather,  give  no  sufficient  notion  of  the  impossibility  of  placing 
the  amount  of  accuracy  before  the  imagination.  But  the  following 
illustration  has  a  tendency  to  do  what  is  wanted. 

The  blood-globules  of  some  animalcules  are  a  millionth  of  an  inch 
m  diameter.  Let  there  be  an  inhabited  globe  so  large  that  our  great 
globe  is  but  fit  to  be  a  blood-globule  in  the  body  of  one  of  its  animal- 
cules; and  call  this  the  first  globe  above  ua.  Let  the  aecond  globe 
above  us  be  so  large  that  the  Jirst  globe  is  but  as  one  of  the  blood- 
globules  in  it ;  and  so  on  to  the  twentietli.  globe  above  us.  Next,  let 
one  of  the  blood-globules  on  our  globe  be  an  inhabited  globe,  with 
everything  in  proportion ;  and  let  this  be  tho  first  globe  bdow  us.  Let 
the  second  globe  below  us  be  but  a  blood-globule  in  an  animalcule  of 
the  Jint ;  and  so  on  to  the  twentieth  globe  below  us.  Then  if  the 
inhabitants  of  the  twentieth  globe  above  us  were  to  calculate  the 
circumference  of  their  globe  from  its  diameter  by  help  of  the  607 
decimals,  the  inhabitants  of  the  twentieth  globe  below  us  could  not 
detect  the  error  with  their  best  microscopes,  unless  their  Tulleys  and 
Rosses  were  much  greater  masters  of  their  art  than  ours. 

The  newest  attempt  at  quadrature  of  our  century  is  that  of  Mr.  R. 
Ambrose  Smith,  of  Aberdeen.  It  was  undertaken  as  a  test  of  the 
theory  of  probabilities.  If  a  thin  rod,  not  so  long  as  the  breadth  of  a 
plank,  be  thrown  at  hazard  upon  a  planked  floor,  tiie  chance  which  the 
rod  has  of  intersecting  a  seam  between  two  planks  is  the  fraction 
which  the  length  of  the  rod  is  of  the  quadrant  having  the  breadth  of 
a  plank  for  its  radius.  In  3204  tosses  with  a  rod  three-fifths  of  the 
breadth  of  plank,  the  experimenter  fotmd  11  mere  contacts,  and  1213 
decided  intersections.  He  counted  the  contacts  as  intersections,  and, 
from  the  principle  [Fbobabilitt]  that  the  result  of  a  large  number  of 
trials  is  nearly  that  of  the  long  run,  he  presumed  that  3  is  to  the  quad- 
rant of  radius  5  nearly  as  1224  to  8204.  This  gives  3*1412  for  the  ratio 
of  the  circumference  to  the  diameter ;  which  comes  nearer  than  Archi- 
medes. If,  •which  perhaps  ought  to  have  been  done,  the  contacts  had 
been  equally  divided  between  intersections  and  non-intersections,  the 
result  would  have  been  3*1553  :  and  even  this  is  a  remarkable  approach, 
the  nature  of  the  method  being  considered. 

The  never-ending  character  of  these  numerals,  so  &r  as  they  were 
tried^  led  to  an  early  suspicion  that  the  ratio  must  be  reaJly  in- 
commensurable. This  was  actually  proved  by  Lambert  ('  M^m.  Acad. 
Berlin  *  for  1761),  and  the  demonstration  has  been  given  in  an  abridged 
form  by  Legendre,  in  the  notes  to  his  work  on  geometry.  ^Hiis 
demonstration  is  perfectly  complete,  and  leaves  no  manner  of  doubt  on 
the  subject.  Those  who  x)ersist  in  asserting  that  they  can  assign  two 
numbers  which  are  in  the  ratio  of  the  circumference  to  the  diameter, 
should  first  learn  geometry  and  algebra  enough  to  refute  this  proof,  for 
they  may  depend  upon  it  that  no  mathematician  wiU  lend  them  a 
moment's  attention  until  this  preliminary  step  has  been  taken. 
Bufibn,  and  Panckouke,  the  editor  of  the  '  Encyclop^e  M^thodique/ 
have  attempted  to  give  metaphysical  reasons  for  this  incommensura- 
bility, apparently  in  order  that  the  squarers  of  the  circle  might  not 
have  all  the  nonsense  on  their  side  of  the  question. 

Proof  of  the  impossibility  of  the  geometrical  quadrature,  as  above 
described,  was  attempted  by  James  Gregory,  in  1668 ;  and  Montuda 
seems  to  admit  the  proof  at  last,*  though  he  only  said  that  it  was  very 
like  demonstration  in  the  first  edition  of  his  work  on  the  history  of  this 
problem.  The  objections  made  by  Huyghens  to  this  proof,  and  the 
controversy  which  ensued,  obliged  Huyghens  to  admit  that  Gregory 
had  succeeded  in  proving  the  impossibility  of  what  is  called  the  in- 
definite quadrature  of  the  circle,  by  which  is  meant  the  finding  of  a 
method  of  squaring  any  given  sector  of  the  circle  whatsoever.  But 
since  it  is  well  known  l£at  there  are  curves,  particular  portions  of 
which  may  be  squared,  this  may  happen  in  the  case  of  the  circle. 
Thus  it  might  be  possible  to  give  a  geometrical  rule  for  squaring  the 
whole  circle,  even  though  the  rule  would  not  apply  to  every  given 
sector.  The  proposition  which  Gregory  imagines  himself  to  prove,  is 
that  no  sector  of  a  circle  can  have  to  the  circumscribed  polygon  a  ratio 
expressible  by  a  finite  number  of  algebraical  terms.  The  consequence 
of  this,  if  ^tablished,  must  be  ditiwn  as  follows : — Since  geometry 

*  The  following  was  the  addition  left  by  him,  and  printed  by  the  editor  of 
the  second  edition:  "Apris  avoir  r^dchi  encore  plus  attentirement  mi  lee 
raisonnements  de  Gregory,  11  roe  paralt  avoir  en  raiaon  d'en  dddnire  l*iropo8- 
Bibillt^  de  la  quadrature  mdme  ddflnie  du  cerde."  For  ourselves,  we  left  off 
unable  to  dispute,  but  feeling  the  insecurity  which  attaches  to  almost  all 
negative  proofs.  We  thought*  it  as  convincing  as  Abel's  proof  of  the  im. 
IKwsibility  of  algebrais  soktian  of  the  fifth  degree,  as  that  proof  stood  in  Abel's 
onn  memoir^ 


allows  the  use  of  nothing  but  definite  drcles  and  straight  lines,  a 
straight  line  equal  to  the  circle  in  length  (which  being  found,  the  whole 
difficulty  is  overcome)  must  be  ascertained,  if  at  all,  by  a  construction 
in  which  points  are  successively  determined  by  the  intersections  of 
straight  lines  or  circles,  or  a  straight  line  and  a  circle.  The  mo-t 
complicated  construction  in  Euclid  may,  if  we  begin  from  the  firet 
principles,  be  reduced  to  the  determination  of  a  succession  of  points  in 
this  manner.  Now,  in  the  most  complicated  case  of  the  intersection  of 
two  circles  of  given  or  found  radii  and  centres,  the  points  of  inter- 
section may  be  determined  by  f ormulse  derived  from  fiie  roots  of  an 
equation  not  exceeding  the  second  degree,  the  roots  of  which  can  be 
expressed  in  a  finite  form :  the  two  ends  of  the  line  equal  to  the  circle 
could  therefore  be  assigned  in  a  finite  form,  and  hence  the  length 
itself.  And  the  area  of  any  polygon  (whose  arcs  are  obtained  by 
continual  bisection)  described  about  a  given  circle  could  also  be  ex- 
pressed in  a  finite  form,  from  which  (the  area  of  the  circle  being 
expressible  by  means  of  its  circumference)  the  ratio  of ^  the  area  to 
that  of  the  circumscribed  polygon  would  also  be  expressible.  Bat  if 
Gregory's  proposition  be  true,  this  area  cannot  be  expressed  in  a  finite 
form ;  neither  then  can  any  construction  allowable  in  geoznetiy  attain 
the  circumference  of  a  circle. 

The  indefinite  quadrature  was  shown  to  be  impossible  by  Newton 
(Principia,  book  i.,  lemma  28),  in  a  manner  which  lies  open  to  soM 
objection;,  we  shall  not  therefore  produce  this  proof.     In  fact»  i: 
seems  as  difficult  to  induce  geometers  to  agree  in  any  proof  of  ihe 
impossibility  of  the  indefinite  quadrature,  as  others  to  leave  off  trying 
their  powers  upon  what  geometers  themselves  have  ceased  to  attempt 
Montucla  has  given  a  tolerable  hat  of  those  who  have  pgnaliseJ 
themselves  by  attempting  this  problem  without  the  requisite  pre- 
liminary of  studying  geometry;  if  preliminary  that  may  be  called, 
which  would  have  made  them  give  up  the  attempt.     We  shall  pre- 
sently mention  some  of  them ;  but  first  we  have  a  list  of  those  who 
were,  most  of  them  mathematicians,  or,  if  not,  known  in  other  things. 
"  Only  prove  to  me  that  it  is  impossible,"  said  some  one,  "and  I  will 
set  about  it  immediately,"  and  such  seems  to  have  been  the  goaeral 
feeling  of  the  quadrators,  as  Montucla  calls  them.     They  existed  in 
crowds  in  the  time  of  Archimedes ;  and  the  race  is  not  yet  extinct 
One  Bryso,  a  Greek,  heads  the  list :  he  made  the  circle  a  mean  propor- 
tional between  the  inscribed  and  circumscribed  squares,  which  happens 
to  be  the  content  of  the  inscribed  octagon.  Next  we  have  Cardinal  Cus, 
Orontius  Fineus,and  Simon  h  Quercu,  or  Duchesne,  already  mentioned. 
At  the  time  when  the  problem  really  was  of  practical  importance, 
every  quadrator   raised  up   an  opposing   mathematician;   and  the 
quadrature  was  sometimes  so  ingenious,  and  so  near  the  truth,  tiiat  it 
could  only  be  opposed  by  new  approximations  to  the  truth.^    Thui 
Cusa  was  met  by  Kegiomontanus,  Orontius  by  Buteo  and  Nonius,  and 
Duchesne  by  Peter  Metius,  who  (it  is  said)  was  compelled  to  discover 
the  very  close  approximation  we  have  given  under  his  name  by  that 
of  Ardhimedes  being  insufficient  to  expose  DuchesncL     But  inde- 
pendently  of  what  we  have  already  said  about  Metius,  it  is  not  tree 
that  Duchesne's  quadrature  required  any  new  accuracy  of  limits  to 
expose  it.    He  produced  8*14660 . . .  :  and  Archimedes  had  already 
shown  that  3*14285 ....  was  too  great     Quadrators  whoae  resnlts 
forced  further  investigation  were  of  use,  and  if  some  of  them  would 
now  arise,  no  one  would  object  to  fallacies  so  ingenious  that  nev 
truths  must  be  discovered  to  oppose  them.    The  celebrated  Joseph 
Scaliger,  a  mere  tyro  in  geometry,  tried   his    hand   on  this  and 
other  problems  in  1692,  and  was  met  by  Vieta,  Adrianus  Romaons, 
and  Clavius.     Longomontanus,  the  astronomer    (refuted  by  Pell^, 
J.  B.  Porta,  and  Hobbes  (refuted  by  WaUis),  are  three  names  wdl  known 
in  other  pursuits  who  musD  go  down  to  posterity  as  having  had  dis- 
tinguished success  in  false  quadrature.    The  works  of  the  last  i^gainst 
geometry  and  geometers  were  the  consequence  of  the  mortification  he 
felt  at  not  having  been  admitted  to  have  succeeded  in  his  attempt 
Before  his  time  however,  Gregory  St  Vincent,  an  acute  TnathematinMi 
(to  whom  is  due  the  discovery  of  the  connection  between  the  hyper- 
bolic area  and  logarithms),  had  made  the  most    elaborate  attempt 
which  ever  was  published,  in  his  work  on  the  quadrature  of  the  cirek 
(Antwerp,  1647).    Such  a  challenger  raised  up  Dea  Cartes,  Roberval, 
Huyghens,  and  L^otaud,  who  soon  despatched  him. 

As  yet  we  have  mentioned  only  malbhematicians,  or  men  of  eminence 
in  something:  but  we  have  also  the  Spaniard  Falcon  (15S9),  who 
dialogues  with  the  drde  in  verse:  Gephirauder  and  Alphonso  de 
Molina,  who  attribute  their  discovery  to  inspiration ;  the  latter  over- 
turns Euclid,  and  found  another  who  was  willing  to  admit  his  dis- 
coveries and  translate  them  into  Latin.  A  merchant  in  Bochelle,  D« 
la  Leu,  not  only  found  out  the  problem  by  inspiration,  but  showeil 
that  the  conversion  of  Jews,  Turks,  and  Pagans  depended  upon  it, 
Montucla  gives  some  account  of  several  other  visionaries,  the  chief  of 
whom  is  one  Cluver,  who  found  that  the  problem  depended  upon 
another,  namely,  "Constniere  momdum  divin»  menti  analogum.'' 
which,  if  it  be  translateable,  is,  "to  make  a  world  analogous  to  the 
divine  mind."  He  also  mentions  Richard  White,  an  English  Jesait, 
who  stands  out  among  the  solvers  of  the  problem  as  the  only  one 
who  ever  was  convinced  of  his  error.  The  writer  of  this  article  once 
pointed  out  the  example  of  White  to  another  Roman  CathoUc  clerg3f  • 
man,  who  had  come  from  South  America  to  England,  to  publish  a 
quadrature  of  the  circle.    The  party  addressed  seemed  struck  by  the 
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infitonce,  and  promised  to^  study  mora  geometzy  before  he  proceeded 
further;  in  a  little  while  however  he  relapsed,  and  his  work  wtu 
advertised,  and,  we  believe,  published. 

After  the  time  of  Newton,  and  the  abundant  means  which  were  then 
introduced  to  complete  the  quadrature,  if  such  a  thing  were  possible, 
persons  versed  in  mathematics  seem  to  have  dropped  the  attempt,  and 
the  reign  of  the  quadrators  by  instinct  commences.  It  is  true  that  a 
serious  diversion  was  made  by  the  theoxy  of  gravitation,  which  drew 
o£f  against  itself  many  of  those  who  should  have  been  quadrators;  but 
enough  remained  to  furnish  a  tolerable  list. 

That  of  Montuola  contains  principally  Frenchmen,  though  had  the 
history  of  mathematics  been  written  by  an  Englishman,  he  could  have 
produced  as  great  a  number  in  this  country.  One  Mathulon,  in  1728, 
promised  in  print  1000  crowns  to  any  one  who  should  convict  his 
solution  of  error,  and  was  actually  sentenced  by  the  courts  to  pay  the 
sum  to  the  H6tel  Dieu  at  Lyon,  to  which  charity  Nicole,  the  ezposer, 
made  over  his  claim.  One  Sullamar  (as  Montuda  spells  it),  an  English- 
man, solved  the  problem  by  means  of  the  number  of  the  beast,  666,  in 
the  year  1750 ;  a  M.  de  Causans,  in  1753,  found  it  by  cutting  a  piece 
of  turf,  and  deduced  from  it  the  doctrines  of  original  sin  and  of  the 
Trinity.  He  offered  to  bet  300,000  francs  on  the  correctness  of  his 
process,  and  deposited  10,000,  which  were  claimed  by  several  persons, 
and  among  others  by  a  young  lady,  who  brought  an  action  for  them :' 
but  the  bet  was  declared  void  by  the  courts.  Many  more  cases  might 
be  added ;  it  is  however  enough  to  say  that  this  problem  is  now  never 
attempted  (in  print  at  least),  except  by  those  who  are  either  altogether 
ignorant  of  mathematics,  or  add  a  most  undue  opinion  of  themselves 
to  an  acquaintance  with  only  the  elements.  Since  1755,  the  Academy 
of  Sciences  has  refused  to  examine  any  pretended  solution ;  and  the 
Royal  Society  in  this  country  came  to  the  same  resolution  a  few  years 
afterwards.  In  the  annoimcement  of  their  determination,  the  French 
Academy,  without  pronouncing  any  dictum  upon  the  problem,  stated 
that  in  a  period  of  seventy  years,  those  who  had  brought  forward 
quadratures  had  been  persons  who  did  not  know  the  nature  of  the 
difficulty  of  the  problem.'  An  experience  of  about  half  that  time  has 
satisfied  us  that  the  same  thing  may  be  said  of  our  own  day  :  and  with 
this  addition,  that  whereas  the  speculators  who  came  before  the 
Academy  seem  for  the  most  part  to  have  had  an  idea  that  their  chance, 
if  any,  lay  in  the  geometrical  quadratiu^,  the  squarers  of  our  time,  in 
nine  cases  out  of  ten,  announce  the  arithmetical  quadrature,  which  has 
been  proved  to  be  impossible. 

A  few  words  may  serve  to  prevent  some  one  from  making  an  attempt 
upon  this  enchanted  castle,  as  it  is  supposed  to  be.  When  the  diffi- 
culty first  began  to  be  noticed,  the  circle  stood  alone  among  curves ; 
and  so  remarkable  a  distinction  between  this,  the  only  curve  then 
considered,  and  rectilinear  figures,  the  only  other  figures  then  con- 
sidered, could  not  but  excite  curiosity.  Our  position  is  now  changed ; 
not  only  does  the  now  well  recognised  distinction  of  commensiunble 
and  incommensurable  prevent  the  circle  from  presenting  anything 
peculiar  to  itself,  but  the  curve  is  only  one  among  an  infinitely  great 
number,  many  of  which  have  been  investigated  and  their  properties 
examined.  Consequently,  with  reference  to  the  present  state  of 
mathematics,  the  problem  analogous  to  that  of  squaring  the  circle  is, 
**  Given  any  curve  whatsoever,  to  find  its  area."  Now  if  the  ingenuity 
which  is  guided  by  the  love  of  investigating  hidden  things,  should 
desire  a  field  for  its  exertions,  let  it  leave  that  of  the  circle,  which  has 
been  cropped  until  it  will  yield  no  more,  and,  first  acquiring  sufficient 
mathematical  knowledge,  let  it  spend  its  force  upon  some  one  of  the 
many,  real  difficulties  which  abound,  both  in  tiie  pure  and  mixed 
sciences :  let  it  investigate  the  meaning  of  divergent  series  for  example,- 
in  all  their  varieties,  or  endeavour  to  extend  the  theory  of  discontinuous 
expressions,  or  solve  the  equations  of  motion  of  the  solar  system  by 
some  other  method  than  that  of  series.  For  one  point  that  should 
strike  the  lover  of  the  marvellous  in  the  quadrature  of  the  circle,  there 
are  hundreds  in  the  above-named  subjects  which  surprise  the  mathe- 
matician, however  little  lie  may  possess  that  quality.  Moreover,  in 
like  manner  as  the  quadrature  of  the  circle  was  at  one  time,  in  the 
hands  of  Wallis,  Newton,  &c.,  a  road  to  results  which,  though  they  did 
hot  attain  their  end,  yet  answered  many  other  purposes ;  so  the  eiforts 
of  the  inquisitive  on  the  actual  difficulties  of  our  own  day  may  also 
end  in  the  promotion  of  science  of  every  kind,  if  begun  in  knowledge 
and  directed  by  system.  We  owe  the  binomial  theorem,  now  one  of 
the  most  important  results  of  algebra,  indirectly  to  the  learned  attempts 
of  Wallis  upon  the  quadrature  of  the  circle,  at  a  time  when  such 
attempts  were  in  season  :  and  we  might  reasonably  hope  for  collateral 
successes  something  like  those  resulting  from  the  labours  of  Wallis,  if 
those  (not  a  few)  whose  minds  compel  them  to  inquiry  into  the  curious, 
would  but  furnish  themselves  with  a  guide  before  they  set  out  on  their 
travels. 

This  problem  still  engages  attention:  and  persons  are  found  to 
believe  that  they  have  attained  even  the  arithmetical  quadrature. 
And  it  is  a  peculiarity  of  this  well-worn  old  problem,  that  it  catches 
the  fancy  of  those  who  have  not  even  attended  to  common  geometry, 
and  fi^equently  makes  them  think  that  the  riddle  is  reserved  for  them 
to  read.  And  the  reason  is,  that  they  treat  it  as  a  riddle :  a  thing  to 
be  thought  out  by  some  sudden  stroke  of  mother- wit.  They  do  not 
know  that  there  are  thousands  of  problems  of  the  same  kind  in  every- 
thing but  notoriety.    Thirty  years  ago,  when  the  '  Penny  Magasdne ' 


was  young,  it  contained  an  article  on  this  subject  which  might  have 
been  thought  sufficient  at  least  to  establish  the  fact  of  a  difficulty.  A 
man  of  high  rank  and  great  wealth,  who  had  probably  never  opened  a 
book  of  geometry  since  his  school  days,  if  even  then,  happened  to  read 
this  article,  was  caught,  and  in  five  minutes  produced  an  idea  which 
he  thought  so  likely  to  be  the  solution  of  the  enigma,  as  he  would 
have  it  to  be,  that  he  forwarded  it  to  the  secretary  of  the  Useful 
Knowledge  Society,  for  transmission  to  the  author  of  the  article. 

It  has  been  stated  in  foreign  newspapers  within  these  few  years  that 
the  British  government  does  offer,  and  always  has  offered,  a  large 
reward  for  the  solution  of  this  problem.  This,  we  need  hardly  say,  is 
a  complete  mistake:  the  government  never  at  any  time  offered  one 
farthing  for  the  quadrature  of  the  circle.  Some  years  ago,  a  labouring 
man  from  the  country  came  to  town  with  a  quadrature,  and  addressed 
a  letter  to  the  Lord  Chancellor,  stating  his  claim,  and  desiring  his  lord- 
ship to  hand  over  forthwith  100,000^,  being  the  smn  due  from  govern- 
ment for  the  discovery,  as  per  proclamation  :  this  letter  we  saw.  The 
only  problem  for  the  solution  of  which  any  reward  was  at  any  time 
offered,  was  the  practical  mode  of  finding  longitude :  and  even  this 
offer  is  now  retracted ;  rewards  having  been,  in  fact,  received  by  several 
persons.  Should  this  artide  fall  into  the  hands  of  any,  at  home  or 
abroad,  who  are  working  at  any  mathematical  or  astronomical  difficulty 
under  the  Impression  that  our  government  is  pledged  to  remunerate 
them  in  case  of  success,  they  may  rest  assured  that  their  information 
is  incorrect,  and  that  they  will  find  it  to  be  so  on  inquiry.  The  only 
person  we  know  of  who  states  definitely  what  the  reward  is,  and  by 
whom  offered,  is  Nicolas  Ericius,  in  a  tract  on  the  quadrature  "  Fundi^ 
mentahs  figura  geometrica  . . . ."  Copenhagen,  1755.  The  author  states, 
as  known  to  all,  that  on  the  2nd  of  June,  1747,  the  Royal  S<)ciety  of 
London  publicly  advertised  a  reward  of  30,0002.  for  the  quadrature  of 
the  circle  and  the  discovery  of  the  true  nature  of  the  magnet,  over  and 
above  some  previously  offered  sum,  the  amoimt  of  which  is  not  stated. 
It  is  needless  to  say  liiat  the  archives  of  the  Royal -Society  contain  no 
account  of  any  offer  of  the  kind. 

Persons  who  are  not  acquainted  with  the  subject  are  puzzled  by  one 
consideration,  which  we  admit  is  calculated  to  have  weight.  The 
quadrators  appeal  to  great  discoveries  which  have  at  last  been  recog- 
nised, though  their  promulgators  wete  at  first  treated  with  oontenipt. 
We  pass  over  the  last  part  of  ^he  assertion  with  the  remark  that 
Copernicus,  Oalileo,  Tycho  Brah^,  Harvey,  &c.,  were  never  treated 
with  contempt:  some  were  opposed,  some  were  persecuted,  and  all 
were  ridiculed  by  a  section  of  their  opponents ;  for  ridicule  is  a  con- 
stituent of  all  opposition  whatsoever,  though  not  from  every  opponent. 
But  those  with  whom  Copernicus,  &c.,  came  in  contact,  whether  in 
person  or  in  book,  showed  amply  that  they  knew  what  manner  of  men 
they  had  to  deal  with.  The  more  important  point  is  the  following. 
Invention  in  mechanics  may  have  been  sometimes  attained — ^not  very 
often — by  men  who  were  ignorant  of  the  doings  of  their  predecessors. 
But  discovery  in  matters  of  speculation — that  is,  conquest  over  old  and 
tried  difficulties — ^has  never,  that  we  have  read  of,  been  reached  by  any 
one  whose  mind  had  not  been  trained  by  study  of  previous  speculation. 
All  the  men  we  have  mentioned,  and  all  of  their  stamp  that  we  know 
of,  were  learned  men,  acquainted  with  the  history  of  the  subject  they 
were  destined  to  advance,  and  practised  in  its  methods :  they  had  iJl 
shown  their  power  over  what  was  known,  before  they  presented  tiiem- 
selves  as  the  promulgators  of  what  vfos  not.  The  squarer  of  the  circle, 
therefore,  may  be  asked  to  show  proof  of  his  acquaintance  with  the 
previous  history  of  the  subject :  any  one  who  really  does  this  would, 
even  now,  meet  with  some  attention.  But  the  general  run  of  cirde- 
squarers  are  a^  ignorant  of  the  past  as  the  future  will  be  of  them. 

Again,  we  have  to  meet  the  very  plausible  objection,  that  many 
difficulties  have  been  overcome  at  last :  why  not  then  the  quadhiture 
of  the  drde  ?  The  answer  is  easy.  The  difficulties  which  have  been 
overcome  at  last  have  bean  overcome  by  the  discoveiy  of  new  means, 
and  the  introduction  of  new  powers ;  but  our  problem  is  to  square  the 
circle  with  the  old  aUowanee  ofmaana :  Euclid's  postulates  and  nothing 
more.  We  cannot  remember  an  instance  in  which  a  question  to  be 
solved  by  a  definite  method  was  tried  for  centuries  by  the  best  heads, 
and  answered  at  last,  by  that  method,  after  thousands  of  complete 
failures. 

QUADRATURES,  METHOD  OF.  The  method  of  quadratures 
derives  its  name  from  its  earliest  application,  that  of  finding  the  areas 
of  curves,  which  was  always  called  their  quadrature,  as  being  the 
arithmetical  process  by  which,  when  exact,  squares  equal  to  them 
might  be  found.    And  since  the  abea  of  a  curve  can  always  be  found 

yivhenjydx  can  be  found,  this  term  has  also  been  applied  to  the  deter- 
mination of  the  definite  values  of  integrals  by  approximation.  We 
shall  first  complete  the  reference  in  Offset.  An  area  being  bounded 
by  a  curve,  a  part  of  the  axis,  and  two  extreme  ordinates,  if  the  base 
on  the  axifl  be  divided  into  any  number  of  equal  parts  by  ordinates 
(ofbets),  the  chords  which  join  the  ends  of  successive  offsets,  if 
substituted  for  the  arcs  of  the  curve,  will  give  very  nearly  the  same 
area.  And  this  area  is  found  by  adding  half  the  first  and  last  offset 
to  the  sum  of  all  the  intermediates,  and  multiplying  by  the  common 
base.  This  is  the  old  surveyor  s  rule.  Thomas  Simpson  gave  one 
of  more  exactness,  by  drawing  a  parabola,  of  axis  perpendicular  to  the 
base,  through  the  first,  second,  and  third  points,  another  through 
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the  third,  fourth,  and  fifth,  and  so  on,  the  number  of  equal  parte  being 
even.  The  approximate  area  is  then  found  by  adding  to  the  first  and 
last  ofiset  twioe  the  mxp.  of  all  the  other  odd  ones  ax^  four  timee  the 
Bi^m  of  tAl  the  even  ones,  and  multiplymg  the  sum  bo  obtained  by  the 
tlurd  part  of  the  oommon  base,  or  smallest  subdiTision  oi  the  whole 
base.  Hie  following  method  gives  any  required  amount  of  approxi- 
mation. Any  integral  [Integration]  can  be  found  approximately  by 
a  Biunmation,  the  limit  of  which  is  the  exact  value :  thua  we  could 

detennine^(te  from  x=a  to  x=a+h  by  dividing  h  into  a  laige 

number,  n,  oi  equal  parts,  and  actuajUy  summing 

but  the  special  object  of  that  which  is  called  the  method  of  quadratures 
is  the  perfection  of  tills  method  of  quadratures  (which  is  eith^  very 
inexact  or  very  tedious)  by  subsequent  corrections,  which  are  most 
readily  derived  from  such  mathematical  considerationB  as  are  described 
in  the  article  Opsration.  The  theorem  on  which  it  is  founded  may 
be  seen  in  p.  313  of  the  '  Differential  Calculus,'  in  the  '  Idbraiy  of 
Useful  Knowledge  :'  exhibited  in  the  best  form  for  practical  use,  it  is 
as  follows : — 

L6tyyc2a;  be  required  to  be  found  from  x=iaiox=u-k-h:  divided 

into  n  equal  puts,  and  let  Aq,  a^,  a^  . « . .  a«  be  the  Taluee  of  y  oor- 

h  k 

responding  to  the  following  values  of  x,  namely,  a,  a  -f  ~» o«i*  2  -,  . « . 

a-k-n  -  {at  a-^h).    Compute 

S  =  (Ao  +  Ai+A,+  ....  +A»)- 

And,  wilting  down  a^,  a^,  Ac,  as  below,  take  their  difierencos. 

{DiFntREEfCB.] 

Aq       Ai       A,       Aj A|,_3     A|,_2     A«-.i      A« 

AAq  AAj  Aa, Aa«_s  AAb.8  Aa«-i 

A"Ao  A*Ax A*A,^   A*A|H-3 

A»Ao  A»A,-, 

Up  to  the  fifth  diSerences,  which  wlH  be  generally  sufficient.  Then 
the  value  otjydx  from  x=a  to:r=a+AiBaB  follows,  very  nearly : — 

s-2  i  <^+^"-  12  5  (AAi»-4~AAo)  — 
1   h  ^  n  h 

ieO  S  (^*^--*+ ^*^)- 60480  n  (A'a^-A'a^) 

/VCa? 

For  exaa^e,  let  the  integral  required  be  /  —  from  «s9  to  «=:1S 

(we  take  purposely  a  case  in  which  verification  is  easy.)  Here  a»9, 
A=4,  y=l  :  X,  Divide  the  interval  4  into  ten  equal  parts,  so  that 
k'.n^'i.  We  have  then  9, 9*4, 9*8,  ....  126, 13,  for  the  eleven  values 
of  X,  and  writing  down  their  reciprocals,  and  taking  their  differences, 
we  have 

AAs=:     I  A«A=     A«A=     A*A=      A"A= 
—  '00     I   +'000     -*0000  +'00000  — '00000 


A= 

0 

•11111111 

1 

10638298 

2 

10204082 

8 

09803922 

4 

09433962 

5 

09090909 

6 

08771980 

7 

08474576 

8 

08196721 

9 

07936508 

10 

07692308 

472818 
434216 
400160 
869960 
843053 
818979 
297854 
2778^ 
260213 
244200 


88597 
84056 
80200 
26907 
24074 
21626 
19499 
17642 
16018 


4541 
8856 
8298 
2888 
2449 
2126 
1867 
1629 


685 
568 
460 
884 
828 
269 
228 


122 

108 
076 
061 
054 
041 


8  1-01854327  X  -4  «  -40541731 
A,o  '•'  A>  "=  18808419 
AA«  -»  Aa«  ^  •00228618 
A»A,  +  A«Ao  *  -00054610 
A%  -  A  "A,  -  -00002912 
A»Ao  +   A»Ao  -  -00000918 


/•*•  dx 
Approziniate  value  of  /      ^ 


1 

2 

X  *4  « 

■<l87e0684 

1 

12 

X  -4  = 

-00007620 

1 
24 

X  -4  =» 

•00000910 

19 
720 

X  -4  = 

-00000081 

8 

160 

X  -4  = 

dx 
X     "■ 

•00000007 

>I«A 

•03769252 
-40541781 

c 

•86772479 

The  same  result,  found  by  common  methods,  is  liyp*  log.  18  —  hw^ 
log.  9,  or  2-56494936  —  219722458,  or  '36772478 :  so  that  tl»  pre- 
ceding  method  is  in  this  case  more  than  correct  to  B0v«n  figures  by 
use  of  four  differences. 

This  method  of  quadratures  is  the  matheniaticisB*B  last  rceointi 
when  all  others  fail  or  are  still  longer.  Intnost  of  ttie  tmmem  in  whidt 
it  is  absolutely  requisite,  the  calculation  of  the  valaea  o€  y  is  the 
most  tedious  part  of  the  operation.  When  the  limits  are  Twy  <fife- 
rent,  it  is  generally  requisite  to  divide  their  interval  into  aeverai  parbR, 
and  to  make  the  integrations  through  the  Boveral  paits  aeparateijr. 
For  an  inverse  process  see  SuvMATioir. 

QUADRIOHLORAOETAMIDE,   or  CIdoraeelamic    mdd   (C^HO, 

KO.=K<  CI  If  is  a  product  of  the  action  of  <ddoriiie  i^kob 

trichloracetamide.    It  ocouis  in  colourless,  inodorocui^  ftcxcnlBr  prins, 
of  disagreeable  taste.      

QUADRICHLOROBUTYRIC  ACID.    [Butybio  Aged.]  ' 

QU.£STOR  {from  tpuKro:  "qui  eonqtareret  pttbHcoM  peaamea  d 
maUJlda/*  Varro, '  De  Ling.  Lat.,'  iv.  14)  is  a  name  wliic^  was  ooannas 
to  two  distinct  classes  of  officers  at  Rome,  who  were  only  distinguiahed 
from  each  other  by  different  attributes :  the  name  cc  one  dai 
qvLCBstares  parriddii  ;  that  of  the  other,  gvavtores  daatiei. 

it/ is  said  by  some  t^at  the  office  of  quaetHom  parriadii  existed 
in  the  reigns  of  Romulus  and  Numa.  Livy  (L  26)  and  l^dtcs 
(' AnnaL/  xi.  22)  think  that  they  were  appointed  hy  tlie  kin^B;  but  it 
is  more  probable  that  the  lungs  only  proposed  the  candidates,  and  thsfc 
they  were  appointed  by  the  populus.  <Ulplan,  '  De  offic.  Qosst,' 
*  Dig.,'  L  18.)  That  the  office  existed  in  the  reign  of  Tnlius  Hoitiliai 
is  certain,  and  the  general  opinion  among  the  Komann  was  tia£  H  wa«» 
instituted  by  that  king.  After  the  establishment  of  the  repuhfie^  ihe 
two  qussstores  parricidii  continued  to  be  elected  in  the  eomhia  of 
the  curies,  on  the  presentation  of  the  consuls,  as  they  were  before  en 
tliat  of  ^e  kings  ;  but  they  were  now  regukrly  elected  eretr  year, 
whereas  before  they  had  omy  been  appointed  in  caaea  of  etux^aKj. 
After  the  decemWrate,  they  were  elected  by  the  centuries.  At  tbs 
time  of  the  Lidnian  law  one  part  of  their  functions  -was  swaDowed  nf 
by  the  office  of  the  triumyiri  capitales,  while  the  rest  were  embodiai 
in  the  offices  of  the  curule  sediles  and  the  tribimes. 

The  qucestorei  parricidii,  according  to  Niebuhr,  were  the  same  as  the 
dtuunviri  perdueUicnis,  but  Walter  ('Gescb.  des  Rom.  Rechta,'p.  855) 
has  adduced  a  number  of  passages  which  seem  clearly  to  proTe  thai 
the  qucBttoree parricidii  must  be  distinguished  from  the  dwttMirip^ 
dueUionitf  who  continued  to  be  elected  to  the  end  of  the  republic,  asid 
were  real  judges  in  cases  of  perduellio.  The  quBsstorea,  on  the  ocher 
hand,  were  a  kind  of  public  accusers,  who  conducted  the  aocosgtuo 
and  carried  the  sentence  into  execution.  (Festas,  a.  t.  'P^iid;' 
Dionys.  HaL,  viii.  78.) 

The  queestorei  c^oanci  had  the  superintendence  of  the  public  ^nmirj, 
and  are  said  to  have  been  instituted  by  Valerius  Pufouodla,  who  ga^e 
the  riffat  of    electing  them  to  the  populus,  though    Wachsmoth 
('  C^eschichte  des  Romisches  Staats')  cont^ds  that  there  was  only  ooe 
kind  of  quaestor.    At  first  they  were  only  two  in  number,  and  in  thft 
year  421  B.c.  their  number  was  doubled  {Liv.,  iv.  48.)  and  part  of  thcsn 
were  to  be  plebeians,  but  this  was  not  the  case  until  ten  yean  afta^ 
wards,  when  three  out  of  the  foiur  qusostores  were  plebeians.    (Li^» 
iv.  43,  54.)     From  the  time  that  four  qusestorea  were  elected,  two 
accompanied  the  consuls  into  the  field,  wMle  the  two  others  remaiaed 
in  the  city  (quasstores  urbani).    After  the  Romans  bad  made  them- 
selves masters  of  all  Italy  (489  B.O.),  the  number  <tf  quacstareB  was 
again  doubled,  so  that  there  were  now  eight  of  them  (Liv.,  '  Epii,'  lit. 
xv.),  for  the  administration  of  the  financial  affiors  in  the  city,  in  tbt 
army,  in  Italy,  and  the  province  of  Sicily.    One  of  them,  who  resided 
at  Ostia,  had  also  to  provide  the  city  wiUi  com.    (Cic.^ '  pro  Sext,* 
17.)    Sulla  in  his  dictatorship  raised  their  number  to  twenty,  sad 
GaDsar  to  fort^.    (Tacit.,  'Annal,'  1.  c;  Dion  Cass.,  ^Kii    47,  5L} 
During  the  tune  of  the  emperors  their  ntonber  TaraedL    The  tvo 
quaestores  urbani,  down  to  the  time  of  Julius  Caesar,  had  the  admlaiS' 
tration  of  the  public  treasuiy;  they  registered  the  revenue  aad 
expenditure  of  tiie  republic  (Asccm.  red.  on  Cic, '  in  Ten-.,'  E  L  p. 
158,  ed.  OreHi;  Plut,  *  Cat  Min.,'  17, 18),  received  the  money  due  to 
the  state,  and  made  the  payments  sanctioned  by  tiie  senate.    Ihey 
had  also  to  receive  and  take  under  their  especial  proteotion  aH 
foreign  ambassadors,  and  those  strangers  who  were   connected  with 
the  state  by  ties  of  public  hospitality;  finally  they  had  the  care  of 
the  funerals  and  monuments  which  the  senate  iocsreed  as  distinc- 
tions for  men  of  great  merit  (Flut, '  Quaest  Rom.,'  43 ;  VaL  Max.,  v. 
1.,  L ;  Cic, '  pro  Flacco,'  18) :  they  kept  in  the  treasury  the  books  in 
which  the  senatus  consulta  were  copied,  until  Augustus  also  entmsted 
them  with  the  keeping  of  the  original  documents.     (Dion  CasBu,  Uv. 
36.)    Julius  Caesar  transferred  the  administration  of  the  treasury  from 
the  quaestores  to  two  aediles.    (Dion  Casa,  xliiL  47.) 

The  military  quaestores  who  accompanied  the  consuls  into  the  field 
(Cic, '  in  VeiT./  ii.  L  16)  had  the  chaige  of  the  money  with  which 
the  war  was  carried  on,  distributed  among  the  soldiers  their  provisioaf 
and  pay,  and  snperintended  the  sale  of  the  booty,  the  produce  of  whidi 
was  eiUier  divided  among  the  soldiers  or  lodged  in  the  public  treasuiy. 
(Livy,  iv.  53.)    They  had  however  to  give  in  an  account  of  all  their 
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proceedings  to  the  trMsozy.  (Cic.,'in  Yerr./  iL  L  14;  and  Asoon. Fed., 
p.  107,  ed.  Orelli)  > 

Witk  the  exteniion  of  the  Roman  empire,  a  greater  number  of 
qtuestores  was  required  for  the  financial  administration  of  the  con- 
quered countries  and  the  provinces,  and  it  was  chiefly  owing  to  this  that 
their  number  increoaed  in  proportion  as  the  empire  became  greater. 
The  praetor  was  therefore  usually  accompanied  in  his  province  by 
a  qwestor,  who  hod  the  ^rikole  financial  department  under  his  con- 
tre),  but  was,  like  the  other  qusBstoree,  accountable  to  the  treasuiy ;  in 
ease  of  his  death,  the  pitetor  appointed  a  pro-quasstor  in  his  stead. 
(Cic, '  in  Verr.,'  ii  L  15.)  When  the  prsotor  was  absent  from  his  pro- 
Tince,  the  qusBi^or  usuaUy  supplied  hu  place,  and  was  then  attended 
by  UctoiB.  ^ic, '  ad  Fam./  iL  15 ;  '  pro  Plane.,'  41.)  There  seems  to 
be  no  doubt  that  the  quastois  at  aU  times,  i^ter  the  yeas  of  their 
office  was  over,  had  a  right  to  take  their  seat  in  the  senate ;  of  Suik 
it  is  exprcBflly  nid  that  he  raised  their  number  to  twenty,  for  the  pur- 
pose of  filling  op  the  vacaaeies  in  the  senate. 

In  the  time  of  the  emperors  we  hsve  mention  of  some  qunstovs  who 
bore  the  title  of  Candidati  principis,  and  who  were  not  sent  into 
provinces,  but  had  only  to  read  In  the  senate  the  <wm m^^»fcytit«fttM 
which  the  emperor  had  to  make  to  that  assembly.  SVom  the  time 
«f  the  emperor  Chuidius  it  became  customary  for  quiBstores,  on  enter- 
ing upon  their  office,  to  give  gladiatorial  spectacles  to  the  people, 
and  aooordizigly  none  but  tibe  wealthiest  Homaas  could  aspire  to  the 
office. 

The  quseatores,  in  the  provinces  of  the  PopdluB  Homaons,  had  the 
jmisdictio  of  the  curule  sdiles,  and  consequently  the  right  of  pro* 
mulgating  edicts.  No  edicts  were  promulgated  in  the  provinces  of  the 
Caesar.    (Qaius,  i  6.) 

C.  W.  (Sottling's  'Gkschichte  der  Romisohen'  Staatsverfossung,' 
1S40,  nosy  also  be  consulted,  and  W.  A.  Beckei^s  '  Handbuch  der 
Romischen  Altertfaiimer,'  1843-56. 

QUAKERS,  the  name  first  given  **  in  scorn,"  sad  sinee  hsbitualiy, 
to  the  sect  of  Christians  who  call  themselves  the  **  Society  of  Friends." 
[Fox,  QsoBex,  in  Bioa.  Drv.] 

Ofigin. — ^The  founder,  or  rather  the  first  member  of  this  society  was 
George  Fox,  who  towards  the  middle  of  the  17th  eentuiy,  after  long 
wanderings  about  the  ccAintiy  and  much  spiritual  conflict  and  inquiry 
into  the  merits  of  the  sects  then  raging  aggunst  each  other  in  Enf^d, 
separated  himself  from  all,  feeling  that  "  none  could  speak  to  his  con- 
ditioB."  By  degrees  his  religious  opinions  sssumed  a  distinct  form, 
and  in  the  year  1647,  when  he  was  23  years  of  age,  he  commenced  his 
ininistry  by  preaching  at  Dukinfield  near  Manchester.  In  a  short 
time  the  number  of  believers  in  his  doctrines  increased ;  in  1648  large 
meetingsattended  his  ministry  in  Notting^iamshire,  and,  notwithstanding 
cruel  persecution,  the  society  spread  from  the  poor  and  uninstructed  to 
many  of  the  more  opulent  and  educated  classes. 

It  is  not  our  intention  to  describe  the  process  by  which  Gfeorge  Fox 
was  led  to  adopt  his  peculiar  opinions,  or  the  course  of  conduct  which 
these  induced  him,  whilst  yet  a  very  young  man,  to  pursue.  Such  a 
navratrve  mig^t  cast  on  the  sect  an  air  of  extravagance,  which  briongs 
leea  to  this  bod^  in  particular  than  to  the  period  of  religious  excite- 
ment in  which  it  had  its  rise.  Notwithstanding  instances  of  indiscre- 
tion or  enthusiasm  in  some  of  its  first  members,  tJie  early  histoxy  of 
the  aociety  is  fuU  of  examples  of  undaunted  courage  in  passive  and 
ukimately  suoeeaalul  resistance  to  oppressiott. 

2'eiMto.--The  Society  of  Friends  have  no  articles  of  creed,  subeerip- 
tiea  to  which  is  required  of  their  members.  The&r  principal  tenets 
may  however  be  gathered  from  the  writings  of  Qeoi^ge  Fox,  William 
Penn,  and  Robert  Barclay,  and  their  other  approvled  authors,  and  from 
the  minutes  and  episties  issued  by  their  yearly  meeting  in  London  to 
the  subordinate  meetings. 

They  beheve  that  it  is  the  prerogative  of  God  alone  to  declare  him- 
aelf  to  man;  and  therefore  they  prefer  expreasing  their  religious 
opinions  in  the  language  of  Holy  Scripture.  In  full  accordance  with 
these  sacred  writings,  they  have  ever  believed  that  there  is  one  God 
and  Father  of  all,  of  whom  are  all  things ;  that  there  is  one  Lord  Jesus 
Christ,  by  whom  all  things  were  made,  who  was  glorified  with  the 
Father  Mfore  Hie  world  waa,  who  is  over  aU,  God  blessed  for  ever; 
4mt  there  is  one  Holy  Spirit,  the  promise  of  the  Father  and  the  Son, 
the  Leader,  Sanctifier,  and  Comforter  of  his  people :  and  that  these 
three  are  one  God.  Whilst  objectmg  to  scholastic  terms  md  dis- 
tinctions, and  to  aU  attempts  to  be  wise  in  the  deep  things  of  God, 
beyond  whs*  He  has  plainly  revealed,  they  have  ever  professed  their 
heiief  in  the  real  manhood  as  well  as  the  true  deity  of  our  Lord  and 
Saviour  «FeBns  Christ ;  that  the  Word  which  was  in  the  beginning  with 
Qod,andwBS  God,  was  made  flesh  and  dwelt  amongst  men.  They 
nuuntam  that  nan  in  the  fiUl  is  separated  and  alienated  in  his  nature 
from  God;  that  aU  have  sumed  and  come  short  of  the  gloiy  of  God, 
s&d  are  therefore  exposed  to  divine  wrath ;  and  that  it  is  solely  through 
the  mercy  of  God  in  Christ  Jesus  that  any  are  brought  into  reoon- 
<9liation  with  him ;  receiving  remission  of  sins  through  fiu&  in  the 
one  propitiaitoiy  ofi^ring  of  the  Lamb  of  God,  and  sandaflcation  of 
Wt  through  the  mfluences  of  the  Holy  Spirit  They  believe  tiie 
Roly  Scriptures  to  be  given  by  inspiration  of  God,  and  to  be  profitable 
fiv  doctrine,  for  reproof,  for  correction,  for  instruction  in  rigfateous^ 
nsas ;  and  they  have  always  professed  their  entire  readiness  that  tiieir 
tenets  and  practices  should  be  tried  thereby 


But  that  which  may  be  regarded  as  the  doctrine  mainly  distiar 
guishing  them  from  other  Christians,  is  what  they  apprehend  to  be  a 
fuller  recognition  both  of  the  universality  and  of  the  *A«^huTg  of  the 
Holy  Spirit.  They  beUeve  that  the  light  of  the  spirit  of  Christ  does  in 
measure  enlighten  every  man  that  cometh  into  the  world ;  that  the 
eiftcts  of  the  death  of  Christ  are  coextensive  with  those  of  Adam's 
transgression,  according  to  the  declaration  of  the  Apostle,  "As  in 
Adam  all  die,  even  so  in  Christ  shall  ail  be  made  alive ; "  and,  as  a 
consequence  hereof,  that  even  those  who  have  not  the  ontward 
knowledge  of  the  Gospel  history  may,  by  giving  heed  to  their 
measure  of  this  light,  become  partakers  of  that  salvation  which  conies 
by  Jesus  Christ 

Th^  moreover  believe  that  the  guidance  of  the  Holy  Spirit  is  to  be 
experienced  by  every  sincero  believer  in  Christ,  in  reference  both  to 
his  religious  duties  and  to  his  daily  walk  in  Ufe, — thafe  to  be  guided  by 
the  Spirit  is  the  practical  application  of  the  Christian  religion.  'Diey 
also  Twaintain  that  this  manifestation  of  the  Spirit,  given  to  every  man 
to  profit  withal,  is  the  only  essential  qualification  of  tiie  Christiaa 
for  service  in  the  church,  and  is  independent  of  human  choioe  or 
appointmemt  They  hold  it  to  be  the  prerogative  of  Christ  to  oaU  and 
qualify  by  the  Holy  Spirit  his  servants  to  ministev  in  word  and 
doctrine,  and  that,  as  in  the  earlieat  period  of  the  Christian  church,  this 
Spirit  waa  poured  upon  servants  and  upon  handmaidens,  so  he  con- 
tinues to  call  from  toomea  as  well  as  from  men,  from,  the  young  and 
from  the  old,  from  the  unlearned  and  from  the  poor,  from  the  wise 
and  from  the  rich,  those  whom  he  commissions  to  declsre  unto  others 
the  way  of  salvation.  As  such  have  freely  received  the  gift  of  Uie 
ministry,  so  are  they  freely  to  give  without  hire  or  bargaining,  fax  less 
to  use  it  as  a  trade  to  get  money  by.  Hence  tlunr  refuse  the  payment 
of  tithes  and  all  other  ecclesiastical  imposts.  They  beUeve  that  the 
true  worship  of  God  is  ofiered  in  the  inward  and  ^"»"iHifitf^  moving 
and  drawing  of  his  own  Spirit;  and  that  all  other  worsh^,  beginning 
and  ending  in  man's  pleasuro,  ought  to  be  rojected.  Hence  they 
abstain  from  the  use  of  all  prescribed  forms  of  prayer,  and  refuse  to 
observe  appointed  days  of  thanksgiving,  or  of  fasting  and  humiliation. 
They  believe  that  as  aU  the  types  and  shadows  snd  ordinances  of  tiie 
law  were  fulfilled  in  Christ,  so  he  established  no  new  ordinances  to  be 
administered  or  to  be  observed  in  his  church,  that  his  baptism  is  tiiat 
of  the  Holy  Ghost  and  of  fire,  that  he  hiipself  is  the  bread  of  life,  and 
that  the  eommanion  of  his  body  and  blood  is  inward  and  spiritual,  and 
that  in  thus  partaking  of  the  substance,  the  figures  aro  no  longer 
needed.  They  assert  that  as  God  hath  aasumed  to  himself  the 
dominion  of  conscience,  all  punishment  for  conscience  sake  is  there- 
fore contrary  to  the  truth;  provided  that  no  man  under  the  protence 
of  conscience  prejudice  his  neighbour.  They  believe  that  true  religion 
dehvem  man  frtnn  the  spirit  and  vain  conversation  of  this  world,  and 
leads  him  to  inward  communion  with  God ;  and  that  hence  all  foolish 
and  superstitious  formalities  and  all  frivolous  recreationa  ought  to  be 
rejected :  thus  all  public  rejoicings  aro  disapproved  of. 

Friends  deem  the  taking  of  all  oaths  unlawful,  and  much  of  their 
su£fering8  arose  from  the  firmness  with  which  in  former  days  they 
rofused  the  oaths  often  wantonly  tendered  to  them.  They  believe  too 
that  all  wars  and  fightings  are  ihconsistent  with  puro  Chnstianity,  and 
they  refuse  all  participation  directly  or  indirectly  in  thenL  They 
beUeve  marriage  to  be  a  divine  ordinance,  but  in  their  maniages  they 
do  not  use  the  intervention  of  a  minister,  for  whose  interference  they 
allege  that  there  is  no  Scripture  warrant.  When  any  of  the  Sooiet^ 
intend  to  marry,  they  acquaint  their  respective  men's  and  women's 
meetings  of  their  intentions,  and  the  necessary  inquiries  having  been 
made  as  to  the  consent  of  parents,  the  freedom  of  tile  parties  from  sll 
previous  engagements,  and,  if  the  woman  is  a  widow  with  children,  as 
to  the  security  of  a  due  provision  for  these,  the  parties  in  a  public 
meeting  for  worship  solemnly  take  each  otiier  in  marriage,  and  a 
certificate  of  the  foot  is  given  to  them.  Friends  abstain  from  all  pomp 
in  the  burial  of  their  dead  and  from  the  use  of  mourning  apparel  or  of 
grave-stones.  They  do  not  use  the  heathen  names  of  the  days  or 
months,  but  designate  them  by  their  niimbers ;  and  they  object  to 
address  an  individual  in  the  plural  number,  or  by  his  titie  of  courtesy, 
or  by  any  designation  which  they  consider  as  either  inconsistent  with 
Christian  truthfulness,  or  as  irreverent  or  merely  complimentary;  but 
tiiey  have  no  scruple  against  the  use  of  the  simple  names  of  dignity  or 
office. " 

i>ue»j>^iKe.— The  discipline  of  the  society  was  at  least  indicated  and 
to  a  great  extent  established  by  George  Fox  with  much  foresight ;  for 
notwitiistandii^  the  great  increase  of  the  body  and  the  altered  droum- 
stances  of  the  times,  the  system  hss  been  found  adequate  to  the  pro- 
tection and  the  government  of  the  society. 

The  members  of  one  or  more  congregations  (according  to  their  sLae) 
hold  monthly  meetings  for  looking  to  tiie  orderly  conversation  of  the 
members,  for  taking  care  of  their  poor  (a  duty  which  the  society 
rigidly  fulfils  to  the  superseding  of  all  parochial  relief),  for  regulating 
the  proceedings  in  relation  to  marriage,  and  for  other  matters  ^fecting 
the  well-being  of  the  body. 

Thero  are  quarteriy  meetings  throughout  the  nation,  to  which 
representatives  are  sent  from  the  subordinate  monthly  meetings.  There 
are  also  montiily  and  quarterly  meetings  of  women  Friends  similarly 
constituted. 

There  are  meetiDgs  for  worship  on  Stmday^  and  in  the  forenoon  o| 
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one  other  day  in  the  week.  The  epistle  from  the  yearly  meeting  in 
1675  exhorts  Friends  not  to  decline,  forsake,  or  remove,  tiieir  public 
assemblies  because  of  times  of  suffering ;  for  such  practices  are  not 
consistent  with  the  nobiliiy  of  truth. 

Finally,  there  is  a  yearly  meeting  of  representatives  from  all 
churches  of  the  society  throughout  Qreat  Britain  and  Ireland.  This 
meeting  is  held  in  London  on  the  Wednesday  after  the  third  Sunday 
in  May,  and  remains  sitting  many  days.  It  receives  reports  of  the 
state  of  the  particular  churches,  and  it  issues  to  them  a  genend  epistle. 
A  similar  representative  body  or  yearly  meeting  of  women  Friends  is 
held  at  the  same  time  for  the  general  supervision  of  the  religious 
state  of  those  of  their  own  sex,  but  they  have  no  power  to  make 
rules  for  the  government  of  the  body.  During  the  intervals  of 
the  yearly  meeting,  the  general  business  of  the  society  is  conducted 
by  a  meeting  termed  the  Meeting  for  Sufferings,  which  is  a  carefully 
selected  standing  committee  of  the  yearly  meeting.  There  is  a 
general  fund  belonging  to  the  society,  called  the  national  stock ;  it  is 
formed  by  the  voluntary  contributions  of  members,  and  it  is  applied  to 
the  publication  of  religious  works,  the  expenses  attending  applications 
for  legislative  relief  in  cases  of  suffering,  the  payment  of  the  exx>enses 
of  ministehi  travelling  in  foreign  parts  out  of  the  limits  of  any  meet- 
ing, and  other  public  objects  of  the  society. 

Whilst  it  is  the  duty  of  the  individual  members  of  the  society 
generally  to  watch  over  one  another  in  love,  this  duty  is  more  especially 
confided  to  certain  officers  of  each  sex  in  the  respective  meetings,  who 
are  called  overseers,  and  who,  whenever  any  case  of  delinquency  comes 
to  their  knowledge,  visit  the  individual  privately,  and  labour  with  him 
in  tenderness  with  a  view  to  his  restoration ;  but  if  these  efforts  prove 
unavailing,  they  are  to  bring  the  case  to  the  monthly  meeting,  which 
appoints  a  committee  to  exercise  further  care  in  reference  to  it ;  and 
if  all  attempts  at  reclaiming  the  offender  should  fail,  he  is  disowned 
as  a  member  of  the  society  by  a  document  iBsued  by  the  monthly 
meeting  and  signed  by  its  clerk. 

There  are  many  wise  provisions  made  by  the  society  for  exercising 
care  over  those  who  believe  themselves  called  to  the  work  of  the 
ministiy.  This  care  is  more  especially  entrusted  to  the  elders,  who  are 
persons  chosen  for  their  spiritual  discernment,  and  from  having  given 
evidence  by  their  fruits  of  the  soundness  of  their  faith.  The  eventual 
recognition  or  acknowledgment  of  ministers  as  such  rests  however 
with  the  monthly  meeting  at  hu^e,  including  all  the  men  and  women 
members  of  the  congregation.  Monthly  meetings  are  cautioned  not 
hastily  to  give  certificates  of  competence  to  those  who  desire  to  travel 
in  the  ministry ;  but  to  take  care  that  these  are  well  approved  at  home, 
are  of  sound  doctrine,  of  good  conversation,  and  in  unity  with  their 
own  meetings. 

This  notice  of  the  Society  of  Friends  ought  not  to  be  closed  without 
honourable  mention  of  their  constant  effoits  in  the  cause  of  humanity. 
The  Lancasterian  system  of  instruction  has  found  among  Friends  some 
of  its  most  zealous  supporters ;  they  also  early  opposed  the  slave  trade, 
and  in  1761  members  engaged  in  the  slave-trade  were  disowned. 
Latterly  there  has  been  a  growing  tendency  to  modify  the  distinctive 
peculiarities  of  dress  and  speech,  and  the  desire  for  a  certain  amount 
uf  conformity  to  the  innocuous  habits  of  ordinary  society  has  received 
the  formal  sanction  of  the  annual  meeting.  For  some  time  there  have 
been  symptoms  of  a  decrease  of  numbers  of  the  sect,  and  in  1859  prizes 
were  offered  for  the  best  essay  on  the  causes  of  such  decline  and  the 
means  of  remedying  them. 

('  Rules  of  Discipline  for  the  Religious  Society  of  Friends,'  London, 
1834;  Sewel's  *  History  of  the  People  called  Quakers,'  London,  1834 ; 
Barclay's  *  Apology,*  (the  edition  used  for  this  article  is  that  of  1701, 
London) ;  and '  Memoir  of  the  Life  of  Geoi^ge  Fox,*  1839 ;  also  tiie 
articles  Fox,  Barclay,  Penn,  and  Gurnet,  in  the  Bioo.  Div.) 

QUALITY  (from  the  Latin  quaUs),  in  the  common  acceptation, 
comprises  all  attributes  that  can  oe  given  to  a  thing,  with  the  excep- 
tion of  those  of  magnitude  and  quantity,  and  it  matters  not  whether 
the  attributes  are  essential  to  the  thing  or  merely  accidental.  But 
in  speaking  of  the  qualities  of  things,  we  chiefly  consider  those  by 
which  they  are  distinct  from  other  and'  similar  things.  This  cir- 
cumstance accounts  for  some  expressions,  such  as  "a  man  or  a 
person  of  quality,"  in  which  the  word  quality  is  used  synonymously 
with  rank,  as  the  quality  by  which  in  aristocratical  countries  one  ftlajM! 
of  men  is  distinguished  from  all  others. 

Among  the  ten  categories  or  fundamental  notions  of  the  philosophy 
of  Aristotle,  quality  is  the  third ;  but  Kant,  who  has  reduced  the  ten 
categories  of  Aristotle  to  four,  makes  quality  the  second ;  and  accord- 
ing to  him  it  comprises  the  notions  of  existence,  non-exiatence,  and 
liniitation ;  or  of  reality,  negation,  and  limitation ;  that  is  to  say,  all 
things  which  come  witliin  the  sphere  of  man's  thought  are,  in  the 
category  of  quality,  cither  something  or  nothing,  or  something  of 
which  he  can  only  say  what  it  is  not.  In  logic,  affirmation  and 
negation  are  the  qualities  of  a  propositimu 

QUALITY  OF  ESTATES,  QUANTITY  OF  ESTATES.    [Pro- 

PERTY.] 

QUANTITY.  There  is  litUe  here  to  add  to  what  has  been  said  in 
the  article  Magnitude,  so  far  as  the  mathematical  notion  is  concerned. 
The  quantity  of  anything  is  the  answer  to  quantus  ?  (how  much  ?)  and 
the  considerations  imder  Ratio  are  necessary  to  the  precise  answer. 
Mr.  Mill,  in  his  '  Elements  of  the  Human  Mind,'  has  invented  the  word 


<aN^i/y,  since  quAutus  (how  much)  is  answered  by  taidu  (somisd: 
and  he  therefore  uses  quantity  and  tantity  as  correbtive  wordi.  2r 
in  truth  the  meaning  of  quantity,  as  generally  received,  does  not  r^ 
to  the  question,  but  to  the  answer :  so  that  the  word  <afirt/ji,if  iatr> 
duced,  could  only  mean  the  same  thing  as  quantity,  vislm  h 
meaning  of  the  latter  word  were  changed.  If  any  one  were  to  propja: 
that  quantity  should  signify  what  it  does  at  present,  with  the  aiiite 
of  a  reference  to  seeking,  requiring,  or  asking,  and  that  tantitr  skd: 
involve  the  same  notion,  its  object  being  considered  as  found,  giraL 
or  determined,  undoubtedly  the  proposition  would  be  a  good  odc,cv> 
sidered  apart  from  the  difficulty  of  altering  established  meaniii^. 
The  word  quanivpllciti/,  as  distinguished  from  quantity,  meur  tht 
answer  to  how  many  times,  as  distinguished  from  haw  much.  [Ritto.^ 

The  notion  attached  to  the  word  quantity  in  the  middle  ages  avi 
between  two  extremes.  At  one  end  it  signified  the  abstract  idao:  :ht 
about  which  quarUus  can  be  asked :  and  in  this  sense  it  neoee^.tiik'] 
the  startling  maxim  that  **  quantity  does  not  admit  of  more  ud  W 
Thus  we  have  not  more  right  to  say  of  a  mile  than  of  a  foot  tkth  u 
the  proper  subject  of  the  question  iqvantus,  or  has  quaxtitat.  At  *i^ 
other  end,  quantity  was  a  "  thing  which  is  per  9t  divisible  into  (ons' : 
thus  winlriTig  the  quantity  to  be  the  thing  from  which  the  notion  insa, 
which  some  called  the  res  quanta.  This  idiom  is  common  in  alltsf: 
and  it  has  sometimes  created  confusion,  and  that  in  everj  lice  i 
thought,  from  agricultui^e  to  logic.  We  should  periectly  vtJluv> 
stand  wliat  a  person  meant  who  said  that  he  had  bought  a  bmho^ 
weight  of  sugar  from  Smith,  and  had  sold  a«  mu/ch  to  Joq^  kt  i  • 
the  same  quantity :  and  we  should  also  understand  the  (hi^  <i 
having  made  a  bltmder  which  might  be  brought  against  tfaespeabr. 
But  there  is  no  blunder  at  all :  the  phrase  has  always  been  in  i^yM 
has  lasted  from  the  time  of  the  schoolmen,  of  whom  nianjdti»d 
quantity  as  being  res  per  se  divisibilis  in  partes.  Blunder  b^im  vbt-i  ji 
person  confuses  this  old  concrete  sense  with  the  modem  one.invLi:^ 
quantity  is  the  proper  answer  to  how  much  /  on  a  thing  which  adu^^- 
of  the  notion  of  more  and  less. 

Quantity  admits  another  important  division.  In  some  qc2ntti6 
(now  meaning  res  quanta)  we  hold  the  parts  in  joint  and  ^y^- 
existence  at  once,  as  in  length,  area,  solidity,  angle,  time,  number.  I 
otiiers  we  have  not  the  separate  perception  of  'peaia,  thoagh  eeosii^;  u 
a  whole  which  we  are  conscious  might  be  more  or  less,  Thtis  vlt: 
we  see  a  foot,  we  see  the  inches :  but  when  we  feel  a  pound,  ve  doc- 
feel  the  ounces.  Some  of  the  old  writers  say  that  it  is  essentol  t' 
quantity  to  have  partes  extra  partes  :  that  is,  to  be  of  the  first  c:. 
now  under  discussion.  But  they  cannot  help  admitting  q«uc'at^ 
which  do  not  satisfy  this  so-called  essential  condition.  The  tr:'^ 
seems  to  be  that  only  in  the  fundamental  notions  of  uutbcmsti^, 
space,  time,  and  number,  do  we  feel  cognisant  of  the  separaU  ci^-^"^' 
of  parts  in  a  whole  by  the  same  means  which  make  us  {K^gniaot^'^^- 
whole.  In  other  things  we  leam  by  instruments,  material  or  ^f-; 
mental.  We  should  never  have  divided  weight  into  parts,  if  it  l»ii|* 
been  for  the  invention  of  the  balance :  nor  bdief,  if  it  had  not  ^^^^'^ 
the  calculus  of  probabilities,  aided,  in  the  first  instance,  by  the  ^li^ 
ness  of  the  cases  which  are  on  the  cards  or  on  the  dice. 

QUANTITY  OF  MATTER.    FMass.] 

QUANTITY  OF  MOTION,    [Momentum.]  , 

QUARANTINE.  Quarantine  regulations  are  regulations  chieS.^^ 
a  restrictive  nature,  for  the  purpose  of  preventing  the  communicat>£ 
from  one  coimtry  to  another  of  contagious  diseases,  by  meani  <i  ^ 
animals,  goods,  or  letters.  The  origin  of  the  term  quarantine  i«^ 
originally  signified  a  period  of  forty  days  during  which  a  Im»^  ^ 
subject  to  the  r^g^idations  in  question)  is  explained  in  the  v^f^^ 
Lazabetto.  The  period  of  forty  days  during  which  a  widow  aiaj''^ 
to  dower  can  remain  in  her  husband's  mansion-house  after  his  dejui  a 
also  called,  in  our  law,  the  widow's  quarantine.  (Blackstone'e'Uc- 
mentaries,'  voL  ii.) 

Quarantine  regulations  consist  in  the  interruption  of  intfnx^"^ 
with  the  country  in  which  a  contagious  disease  is  supposed  to  prv^ 
and  in  the  employment  of  certain  precautionary  measures  respee^ 
men,  animals,  goods,  and  letters  coming  from  or  otherwise  cojm^^^' 
eating  with  it.  Men  and  animals  are  subjected  to  a  probatioruu?  ^"^ 
finement,  and  goods  and  letters  to  a  process  of  depuration,  in  onir^^' 
ascertain  that  the  contagious  poison  is  not  latent  in  the  former;  a>^.^^ 
expel  it,  if  it  be  present,  in  the  latter.  Quarantine  regulations  r^'^ 
men  and  animals  are  tJieref ore  founded  on  the  assumption  ^ 
contagious  poison,  after  having  been  taken  into  the  consdtutii'S^'^ 
man  or  an  animal,  may  remain  dormant  in  it  for  a  certain  tioK' 
that  a  seclusion  of  a  certain  duration  is  necessary,  in  order  to  t^^^^  :_ 
disease  time  to  show  itself,  or  to  afibrd  a  certainty  that  the  dl'^*  ^ 
not  there.  Quarantine  regidations  respecting  goods  and  ^^^^.\ 
founded  on  the  assiunption  l^t  the  contagious  poison  may  he  ^i^^^ 
in  goods  and  letters,  and  transmitted  from  them  so  as  to  conuaum>^ 
the  disease  to  men.  t^ 

The  country  from  which  the  introduction  of  a  contagious  <^j^/ 
apprehended,  may  either  be  conterminous  with  the  countiy  ^^Kj- 
establishes  the  quarantine  regulations,  or  may  be  divided  iro^  ^^'^ 
the  sea.    Accordmgly  quarantine  lines  may  either  be  drawn  roufifl 
coast,  as  is  the  case  in  France,  Italy,  and  Greece,  wth  respect  w 
Levant ;  or  they  may  be  drawn  along  a  land  frontier,  as  on  the  ffon 
between  Austria  and  Servia  and  Wallachia. 
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Tlie  contagjoQB  diseftsee  which  quanmtine  regulations  are  intended 
to  guard  against  are  plague  and  yellow-feyer,  and  latterly  cholera.  We 
are  not  aware  whether  small-pox  has  ever  been  made  a  subject  of 
quarantine  regulations;  but  this  question  is  now  of  no  practical 
moment,  since  Taooination  has  supplied  a  preventive  of  small-pox  &r 
more  efficacious  than  any  quarantine  regulations  could  be. 

The  most  important  disease,  with  reference  to  quarantine  regulations, 
is  the  plague  of  the  LevaiU  ;  and  in  practice,  quarantine  regulations  are 
of  little  importance  except  with  respect  to  ihe  interoouxse  by  land  and 
sea  with  Turkey,  Aida  Minor,  and  £gypt»  and  some  other  of  the 
Mohammedan  countries  bordering  on  the  Mediterranean. 

In  the  article  PESTiLBiroE  there  is  an  explanation  of  the  nature  of 
the  disease  styled  plague,  whidi,  although  formerly  prevalent  over  the 
whole  of  Europe,  is  now  nearly  confined  to  the  Levant ;  and  it  is  there 
stated  that  its  symptoms,  morbid  changes,  history,  and  mode  of  propa- 
gation, bear  so  dose  a  resemblance  to  tiiose  of  the  malignant  typhus  of 
this  country,  that  it  is  difficult  to  regard  them  otherwise  than  as 
different  types  of  the  same  disease.  It  is  also  shown  in  the  same  article 
that  the  plague  of  the  Levant  appears  to  be  generated  by  the  same 
causes  which  generate  typhus  in  this  country,  namely,  filthy,  crowded, 
and  ill- ventilated  dwellings,  want  of*  personal  cleanliness,  defective 
drainage,  and  insufficient  o^  unwholesome  food  (Report  of  Dr.  Amott 
and  Dr.  Kay,  in  the  Appendix  to  the  *  Fourth  Annual  Report  of  the 
Poor-Law  Comnussioners,'  p.  103),  and  that  when  the  disease  has  been 
thus  generated,  it  may,  particularly  under  the  influence  of  any  of  the 
causes  which  originally  produced  it,  be  communicated  from  one  person 
to  another.  It  appears  likewise  that  its  communication  from  one 
person  to  another  is  promoted  not  only  by  filth,  want  of  ventilation, 
and  the  other  usual  accompaniments  of  squalid  poverty,  but  also  by 
certain  atmospheric  causes,  such  as  a  certam  state  of  heat,  moisture, 
&C.,  respecting  which  we  are  as  yet  imi)erfectly  informed.  The  plague, 
therefore,  is  both  epidemic  and  contagious ;  that  is  to  say,  it  may  eitiier 
be  generated  by  local  causes,  whidi  simultaneously  affect  a  large 
number  of  the  inhabitants  of  a  coimtry,  or  it  may  be  communicated 
directly  from  one  person  to  another.  Where  a  disease  is  both  epidemic 
and  contagious,  it  is  difficult  to  defermine  what  proportion  of  the  cases 
of  it  are  due  to  local  causes  and  what  proportion  to  contagion.  The 
analogy  of  typhus  in  this  country  would  lead  us  to  believe  that  the 
number  of  cases  of  plague  in  the  plague  coimtries  produced  by  contagion 
is  small  as  compared  with  the  number  produced  by  local  causes.  The 
invisible  nature  of  the  ordinary  causes  of  plague  and  other  epidemic 
diseases,  and  the  simidtaneous  seizure  of  many  persons  in  the  same 
district,  the  same  street,  or  the  same  house,  have  naturally  led  to  the 
belief  that  the  disease  is  in  every  case  communicated  from  one  person 
to  another;  according  to  the  fallacy  ingeniously  exposed  by  Dr. 
Radcliffe,  who,  on  being  asked  his  opinion  respecting  the  contagiousness 
of  epidemic  diseases,  answered :  ''  If  you  and  I  are  exposed  to  the 
rain,  we  shall  both  get  wet;  but  it  does  not  follow  that  we  shall  wet 
one  another." 

This  view  of  the  ordinary  causes  of  plague  is  likewise  confirmed  by 
the  undoubted  fact  which  is  adverted  to  in  the  article  Pestilence, 
that  the  poor  are  the  chief  sufferers  by  it,  and  that  it  prevails  most  in 
the  filthiest  and  worst  quarters  of  towns.  Dr.  Pa^ck  Russell,  in 
writing  of  the  plague  at  Aleppo  in  1762,  makes  the  following  remarks : 
— *'  The  villages  appeared  to  suffer  in  a  singular  degree,  owing  perhaps 
to  the  structure  of  the  huts  and  cottages,  which  are  small,  with  few  or 
no  windows,  and  stand  crowded  together.  In  this  they  resemble  the 
Keisarias  within  the  city,  which  are  inhabited  by  the  lower  class  of 
people,  and  in  which  the  contagion  spreads  also  witii  great  fury.  The 
inhabitants  of  the  city  of  the  same  class,  but  who  live  in  districts 
where  the  houses  are  less  coimected,  suffered  more  than  the  mttlHliTig 
class  possessing  more  airy  habitations,  but  less  than  the  Keisarias. 
The  people  of  rank,  or  in  higher  offices,  notwithttanding  the  promtKuaua 
crowds  frequenting  their  pcUaces,  suffered  least  of  all.  Neither  the 
governors  of  the  city,  the  cadi,  nor  the  nakeeb,  and  very  few  of  the 
agas  of  superior  rank,  were  theniselves  infected,  though  the  plague  had 
penetrated  into  most  of  their  harems,  and  many  of  the  pages  and  other 
dttendants  without  doors  were  carried  off  by  it.  In  these  great  harems, 
however,  the  contagion  seldom  spreads  much;  of  x)erhaps  about  forty 
females,  not  more  than  four  or  five  being  infected.  ...  Of  all 
people,  the  Jews  appear  to  have  the  strongest  dread  of  the  plague, 
a  circumstance  in  one  light  rather  fortunate,  no  place  being  more 
favourable  to  its  propagation  than  the  habitations  of  the  lower  class  of 
that  nation.  The  houses  are  small,  or,  if  large,  the  different  apartments 
are  crowded  with  different  families.  Many  of  the  houses  are  more 
than  a  story  below  the  level  of  the  street,  in  a  condition  half  ruinous, 
dirty  in  the  extreme,  damp,  and  badly  aired,  from  the  nature  of  tiie 
situation :  and  the  wretehed  inhabitante  are  clothed  in  rags.  When 
.one  of  them  is  taken  ill,  and  known  to  have  the  plague,  he  is  immedi- 
ately abandoned  to  the  care  of  an  attendant,  and  the  rest  of  the  family 
seek  refuge,  if  possible,  at  some  distance.  The  families  lodged  in  tiie 
other  apartments,  all  not  having  it  in  their  power  to  fly,  are  obliged  to 
remain,  but  avoid  approaching  the  chamber  of  the  sick,  and  restrain 
their  children  from  going  into  the  court-yard.  Thus  pent  up,  they 
Buffer  all  the  inconveniences  of  the  hot  season  in  the  midst  of  pi^rpetual 
df^,  till  at  length,  what  often  happens,  they  also  are  attacked  with  the 
^temper.  It  was  not  without  horror  I  descended  into  these  dreary 
nmnsionfl."    (RuaseU's  '  Historical  Journal  of  the  Plague,'  pp.  61-64.) 
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fVom  the  fact  of  the  plague  prevuling  principally  among  the  poor, 
and  rarely  attacking  the  rich,  it  may  be  inferred  either  that  the  plague 
is  produced  exclusively  by  the  filth,  crowdiog,  and  bad  food  to  which 
the  poor  are  subject ;  or  that,  if  it  be  contagious,  tiie  contagion  does 
not  in  general  take  effect  upon  the  inhabitants  of  spacious  and  cleanly 
houses,  who  are  dean  in  their  persons,  orderly  in  their  habits,  and  have 
a  sufficient  supply  of  wholesome  food.  We  see  that  diseases  which 
appear  to  be  contagious  imder  nearly  all  circumstances  prevail  equally 
among  the  rich  and  poor,  and  that  none  of  the  physical  advantages 
possessed  by  the  ridi  afford  any  security  against  it.  Thus,  before 
the  introduction  of  vaccination,  small-pox  was  equally  destructive  to 
persons  of  all  ranks  in  society;  and  the  contagious  diseases  which 
attack  children,  as  measles  and  hooping-cough,  make  no  distinction 
between  the  children  of  the  rich  and  the  poor. 

There  seems  to  us  to  be  no  reasonable  doubt  that  the  plague  is  con- 
tagious— ^in  other  words,  that  it  can  be  communicated  directiy  from 
one  person  to  another — ^provided  there  be  circumstances  &vourabIe  to 
its  transmission.  A  quarantine  for  men  may  therefore  be  expedient 
for  coimtries  where  the  spread  of  the  plague,  supposing  it  to  be  intro- 
duced, is  not  improbable.  The  duration  of  this  quarantine  ought  to 
depend  upon  the  time  during  which  the  disease  may  be  latent  in  a 
person  who  has  taken  it  by  contagion  or  otherwise. 

Since  the  plague  is  a  peculiarly  malignant  and  destructive  fever,  and 
runs  its  course  with  a  rapidity  f^  greater  than  typhus,  there  seems  a 
fair  ground  for  concluding  that  its  poison  would  not  be  long  latent  in 
the  human  body.  The  answers  of  the  protomedico  of  Malta  respecting 
the  plague  in  Malta  of  1813,  state  that  "  the  periods  at  which  the 
disease  made  ite  appearance  in  different  individuals  after  communica- 
tion were  various,  it  was  generally  from  the  third  to  tiie  sixth  di^ ; 
sometimes  longer,  even  to  the  fourteenth  day,  but  not  later."  (Dr. 
Maclean,  /  On  Epidemic  and  Pestilential  Diseases,'  voL  ii  p.  29.)  M. 
S^gur  Diipeyron,  the  secretary  of  the  Council  of  Health  in  France, 
abates,  in  his  Report  on  Quarantine  to  the  Minister  of  Commerce  (May, 
1834),  that  "  the  physicians  who  have  made  a  close  study  of  the  plague 
are  pretty  generally  of  opinion  that  its  poison  cannot  be  latent  in  the 
human  body  more  tiian  fifteen  days ;  and  the  cases  of  plague  intro- 
duced into  the  lazarettoes  confirm  this  opinion  "  (p.  48).  We  believe 
that  the  cases  of  plague  which  have  in  recent  times  occurred  in  the 
lazarettoes  of  Valletta,  Marseille,  and  Leghorn  have  broken  out  either 
at  sea  or  shortly  after  the  ship's  arrivaL  When  the  line  of  French 
steamers  was  first  established,  in  18d7i  between  Marseille  and  the 
Levant,  it  was  arranged  that  the  steamers  coming  from  the  Levant 
should  perform  their  quarantine  at  Marseille.  But  in  consequence  of 
several  cases  of  plague  having  broken  out  on  board  the  steamers  before 
they  could  reach  Marseille,  tiie  French  government  decided  that  they 
should  perform  their  quarantine  at  the  nearest  practicable  station, 
namely,  Malta. 

It  is  commonly  assumed  that  actual  or  nearly  actual  contact  is 
necessary  in  order  to^communicato  the  plague.  **  AU  measures  against 
the  plague  (says  M.  de  S^gur  Dupeyron)  are  founded  on  the  opinion 
that,  except  within  a  very  small  distance  from  the  body,  contact  alone 
can  give  the  disease.  Consequentiy  goods  taken  from  ^ps  with 
different  bills  of  health  are  often  placed  in  the  same  warehouse ;  and 
physicians  who  have  visited  plague  patients,  without  having  touched 
them,  are  not  put  in  quarantine,  and  are  permitted  to  go  about  imme- 
diately after  their  visit "  (p.  76).  We  beueve  the  idea  that  actual  con- 
tact is  necessary  for  the  communication  of  the  plague  to  be  utterly 
erroneous;  and  we  entertain  no  doubt  that  under  circumstances 
favourable  to  its  communication,  such  as  filth,  crowding,  and  want 
of  ventilation,  the  poison  of  the  plague  might  be  introduced  into 
the  human  body  by  inspiration  through  the  lungs.  We  account 
for  the  escape  of  the  physicians,  guardians,  and  others,  who  come 
within  a  short  distance  of  the  plague-patiente  in  lazarettoes,  bv  the 
supposition  that  in  the  isolation,  cleazdiness,  and  good  ventilation  of 
a  well-managed  lazaretto,  the  contagion  of  the  plague  is  exceedingly 
feeble. 

With  respect  to  the  quarantine  of  animals,  it  may  be  remarked  that, 
according  to  the  belief  commonly  received  in  the  Mediterranean,  all 
living  animals  are  capable  of  communicating  the  plague.  Accordingly 
horses,  asses,  cattle,  and  sheep  are  placed  in  quarantine  upon  their 
importation.  There  is,  we  believe,  an  idea  among  the  Franks  resident 
in  the  plague  countries,  that  the  horse  caimot  commiuiicate  the  poison 
of  the  plague,  but  that  it  is  frequently  communicated  by  other  animals, 
especially  by  cats.  (See  Maclean,  voL  i  p.  202)  We  suspect  that  there 
is  no  foundation  for  the  notion  that  plague  can  be  communicated  by 
means  of  animals. 

Goods  carried  in  ships  or  by  land  are  subject  to  quarantine,  accord- 
ing as  they  belong  to  the  class  of  susceptible  or  non-susceptible  goods. 
Qoods  which  are  supposed  to  be  capable  of  containing  and  tranandtting 
the  poison  of  the  plague  are  called  nucq>tible.  Goods  which  are  sup- 
posed to  be  incapable  of  containing  and  transmitting  the  poison  of  the . 
plague  are  called  ncn-tueeepiible.  All  animal  substances,  such  as  wool, 
silk,  and  leather,  and  many  vegetable  substances,  subh  as  cotton,  linen, 
and  paper,  are  deemedsusceptible.  On  the  other  hand,  wood,  metals, 
and  fruits  are  deemed  non-susceptible.  In  Venice  an  intermediate 
class,  subject  to  a  half  quarantine,  is  introduced  between  susceptible 
and  non-susceptible  goods  (Sdgur  Dupeyron,  p.  70) ;  but  this  dassifl- 
cation  appears  to  be  peculit^'  to  the  Austrian  dominions.  All  susceptibly 
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goods  ace  ttnladen  in  the  lajofetto.  Mid  am  there  ezpoiad  to  the  nr,  in 
onior  to  und^go  a  proeaee  of  euppoeed  depuration. 

The  gronnds  ol  the  reoeivad  distinction  between  suaceptible  and 
na»euaeeptible  aitldea  musty  we  conceive,  be  altogether  lanciful,  ainoe 
wo  ea&Dot  diaoofer  any  evidence  thai  the  pkgue  haa  ever  been  oommu- 
nioated  by  merdiandiae.  Whenevor  the  plague  has  been  introdueed 
into  the  laourettoes  of  the  Mediterranean  it  haa  always  been  introduced 
by  paaaengera  or  their  clothes.  (S^gnr  Dupeyron,  pp.  45-48.)  It  may 
be  added,  that  the  persons  employed  in  the  process  of  depurating  sua- 
oeptible  goods  have  never  been  known  to  oatch  the  plague,  which  could 
Boaroely  have  failed  to  be  sometimes  the  case  if  the  poison  of  the 
plague  eould  be  transmitted  through  goods.  (See  answer  28  of  the 
yiJtiMM  protomedioo,  in  Madean»  vol.  ii  ^p.  81.)  It  saeaiB  to  be  like- 
wise supposed  that  some  substances  are  not  only  non-susceptible,  but 
can  even  nullify  the  poison  of  the  plague  in  susceptible  articles.  "  At 
Trieste  (says  M.  de  fi^gur  Dupeyron)  the  juice  of  dried  grapes  is  con- 
sidered as  a  purifier ;  and  consequently  currants  in  susceptible  wrappers 
are  allowed  to  pass  without  ihe  wrappers  being  subjected  to  any  quaran- 
tine" (p.  72). 

There  appears,  however,  to  be  oonduaive  evidenee  that  tlie  dotbes 
and  hwlding  of  plague  patients  have  transmitted  the  jdague. 
(Dupe3rron,  pp.  32-71.)  We  believe  the  danger  of  its  transmission 
in  this  manner  to  be  equal  to  the  danger  of  its  transmission  by 


We  are  not  aware  of  any  well-authentaoated  exMnple  of  the  trans- 
mission of  plague  by  means  of  letters.  Nevertheless  as  paper  is  eon- 
odered  svseepUble,  letters  coming  from  and  passing  through  the  plague 
countries  are  opened  and  fumigated  at  the  laarettoes,  a  prooess  which 
is  often  prodnctive  of  mistakes,  delays,  and  odier  inconveniences. 

Every  diip  is  furnished  by  tJse  consul  or  other  sanitary  authority  at 
the  last  port  wliere  it  tonched  with  an  instrument,  styled  a  bill  of 
health,  dedaring  t^e  state  of  health  in  that  country.  If  the  ship 
brings  a  clean  bill  of  health,  the  passengers  and  goods  are  not  subject 
te  any  quarantine.  If  she  brings  a  foul  bill,  they  are  subject  to 
qtiafastinas  of  dUbrent  durations,  aeeovding  as  tiie  plague  is  known  or 
4Mily  suspected  to  have  existed  in  the  country  at  the  &p's  departure. 
On  account  of  the  prevalence  of  ^agne  in  the  countries  upon  the 
Levant^  they  are  considered  as  permanently  in  a  state  of  suspicion,  and 
no  ship  sailing  from  any  of  tnem  ia  considered  to  bring  a  clean  bilL 
The  periods  of  quarantine  vary  from  two  or  three  to  forty  days ;  the 
vKial  periods  are  from  ten  to  twenty  days. 

For  a  description  of  the  buildings  in  whieh  passengers  usually  pn*- 
form  their  quarantine,  and  in  whieh  goods  are  depurated,  see  La£a- 
BBTTO.  Dm  most  spadous  and  best  appointed  laearettoee  in  the 
Meditsnanean  are  those  at  Malta  and  Marseille.  To  the  statements 
oantained  in  the  article  just  refierred  to,  we  add  the  following  curious 
description  of  a  quarantine  station  on  a  land  frontier,  quoted  from  a 
mannaeript  joumai  in  Hurray's '  Handboc^  for  Southern  Germany,' 
p<  467  :-^  Outside  Orsova,  by  the  waterside,  and  near  the  ferry  over 
the  Danube,  stands  the  Pariatorium,  a  wooden  shed  in  whidi  the 
matket  <akda)  is  held  thne  times  a  week.  On  account  of  the  quaran- 
tine FSgolatieae,  the  inhabitants  of  Bervia  and  Walladiia  are  prevented 
oomhag  in  eontadi  with  the  subjects  of  Austria,  and  dare  not  cross  the 
frtmtier  wkhont  sn  eaoort  The  Austrian  quarantine  is  five  days  for 
those  who  come  out  of  Wallachia^  and  ten  for  those  from  Servia, 
inereaaed  to  forty  days  in  time  ef  plague.  The  Walladiians,  again, 
have  a  quarantine  of  five  daya  against  the  Servians;  so  tibat  none  of 
the  three  paanties  can  intermix  far  the  purpose  of  buying  or  selling,  nor 
can  they  toudi  each  otfaer^s  goods.  On  this  account,  the  building 
when  the  market  is  held  is  divided  by  three  portitioiis,  breast  high, 
behind  i^ieh  the  dealem  of  the  three  nations  are  congregated.  In  an 
open  apace  in  tJie  centre  is  a  table,  by  the  side  of  which  the  Austrian 
quarantine  officers  take  their  stand,  aided  and  supported  by  a  guaid  of 
aoMiecB  with  firearms  and  fixed  bayonets  to  enforce  order  and  obe- 
dienoe.  Whenever  a  baigain  is  made,  the  money  to  be  paid  is  handed 
to  one  of  the  attendants,  who  receives  it  in  a  long  ladle,  transfers  it  to 
a  basin  ef  vinegar,  and,  after  washing  it,  passes  it  on  to  the  opposite 
aide.  The  gOMis  to  be  pinvhased  are  placed  wiAin  sight,  and  are 
ifiunersad  m  a  tub  of  water,  or  fumigated,  wlum  they  happen  to  change 
ownersL  It  is  an  smusing  nght  to  see  the  process  of  bargaining  thus 
oanied  on  by  three  parties  at  the  distance  of  several  yards  fr'om  eaeh 
other,  attended  by  the  vodteation  and  gestaeulation  ins^arable  from 
such  bttsineas.  When  ihib  bartering  is  transacted,  die  Wallachians  aro 
escorted  baek  to  their  own  territory,  se  they  had  previously  been  in 

coming  to  the  spot^  by  a  gvsrd  of  sddiers,  and  the  Serrians  lecross  the 
river  in  their  boats." 

The  institution  of  quarantine  originated  at  Venice,  in  which  e^  the 
erpBdieocy  of  some  preeautions  against  the  introduction  of  the  jlague 
was  enggested  by  its  extensive  eommerdal  relatione  with  l^e  Levant. 
A  s^nrate  hospital  for  persons  attacked  by  the  plague  wns  esta- 
blished in  an  island  near  Venice,  in  1408 ;  and  the  system  of  isolating 
passengen  and  depurating  goods  appears  to  have  been  introduced  Uicre 
about  1485.  The  system  thus  established  in  Venice  gradunlly  spiead 
to  the  other  Christian  countries  in  the  Mediterranean,  and  has  been 
adopted,  to  a  greater  or  less  extent,  over  all  the  dvilised  world. 

Attempts  have  been  made  to  modify  the  quarantine  I  uvs  without 
success. 

The  reason  why  it  is  necessary  for  a  nation  to  adapt  its  quarantine 


regulations  to  the  recdved  opinions  ufon  the  niibjeet»  Sa  eiplained  in 

the  following  extract  from  a  paper  re^MctiBg  quarantine  reguiatioai 

in  the  Mediterranean,  which  was  printed  in  the  Malta '  Goverameot 

Oacette"  of  the  19th  December,  1888 :—''  The  quanntane  regulatbna 

of  the  En^Ush  colonies  in  the  Mediterranean  cannot  be  changed  by  tiie 

simple  will  of  the  "Rngliwh  government  without  producing  inooa- 

veniences  far  greats  than  those  arising  from  the  exiating  systeoL    If 

the  ^glish  government  should  change  the  quarantine  regulatiooi  of 

Malta  and  its  other  colonies  in  the  Mediterranean  without  previoafil j 

obtaining  tiie  approbation  of  the  sanitary  authorities  vi  the  nei^bour- 

ing  countries,  the  pratique  granted  in  tiioae  colonies  would  not  be 

recdved  dsewfaere  ;  and  all  vessels  coming  from  any  of  those  coloniei 

would  be  subjected  to  a  quarantine  of  ob8erra4ion  (from  eigbt  to 

fifteen  days).    The  latter  liability  would  attach  to  ships  of  the  rppl 

navy  as  well  as  to  merdiant  vessels ;  so  thaA  no  ohip  of  war  suing 

from  Malta  could  communicate  with  any  part  of  FVanoe,  Italy,  or 

Austria,  without  being  prerioudy  aubjected  to  »  quarantine  of  obier- 

vation.     Malta,  in  partioular,  would  suffer  most  severdy  by  bong 

unable  to  give  an  efidstual  pratique  to  ships  performing  quarantioe  is 

the  harbour  of  Valletta,  and  by  subjecting  ail  sh^n  clearing  out  of 

that  harbour  to  a  quarantine  'of  observation.     Kot  only  would  ito 

trandt  trade  be  almost  oompletdy  destroyed,  but  it  would  kae  iU 

impc»tance  as  a  quarantine  station.    Its  importanoe  m  a  quara&tise 

station  Is  now  daily  growing,  on  account  of  the  eatablidmkent  of  the 

Frendi  steamers  to  the  Levant,  and  the  use  of  the  overiand  jounqr 

to  India.    It  would,  however,  oease  to  be  a  quanntine  station  if  is 

pratique  was  not  t«edved  by  the  Board  of  Health  at  Mazaaille,  tad 

by  the  other  aanitary  authorities  of  the  Mediterranean.     In  oitder, 

dierefore,  that  the  quarantine  regulations  of  the  Engliah  ooiooitt 

in  the  Mediterranean  might  be  safely  altered,  it  would  be  neeenaiy 

that  the  alterations  ahoidd  be  made  in  eonoert  with  the  gofemmoiti 

of  the  neighbouring  £ur(^>ean  oountries." 

The  small  states  of  Itdy  have  been  euspected  (and^  we  frar,  ^ 
justice)  of  abusing  quarantkie  regulations  for  thepuipose  of  preventing 
eommerdal  intercourse,  and  also  for  the  sake  of  the  profit  to  be  made 
by  farming  out  the  quarantine  due&. 

The  heads  of  the  English  law  rei^eeting  quarantine  are  contaiDed  in 
the  6  Geo.  IV.  c.  78.  This  Act  also  confers  upon  the  king  in  eooncil 
extendve  powers  for  making  quarantine  regulations.  A  fuU  official 
abstract  of  the  regulations  establidied  by  this  statute,  and  of  the  odffs 
in  council  made  under  it,  may  be  seen  in  M'Cuiloch's'Comffleroal 
Dictionary/  article '  Quarantine.' 

In  1860,  upon  the  invitati<«  of  the  FVsnoh  BepubHoan  OoTerameDt, 
it  was  agreed  among  the  different  states  which  had  coast  posseasoni  in, 
or  close  to,  the  Memterranean,  that  an  inteznatiobal  conferaaee  on  the 
subject  of  quarantine  should  be  held  in  Paria.  Ddegates  attended  this 
meeting  from'France,  Great  Britain,  Austria,  Russia, ISardlnia,  Tuacuf, 
the  Papal  States,  Naples,  TuH:ey,  Groece,  8pain«  and  Portugal  M. 
David,  of  France,  was  appointed  president,  and  the  congresa  sat  fnm 
the  28id  of  July,  1851,  to  the  l»th  of  January,  1862.  Although  the 
resolutions  come  to  by  this  body  are  important,  they  have  ody  been 
very  partidly  acted  on  up  to  this  moment  by  the  nations  repreaeotd. 
At  one  of  the  earliest  dttingB  of  the  oongrem  it  was  decided  that  odj 
two  kmds  or  degrees  ef  quarantine  be  henceforth  reoognised ;  0*°^^ 
**  quarantine  of  observation,"  and  "quarantine  of  rigor  or  strictness,^ 
and  that  the  third,  or  intermediate  land,  *  suspected  quarantine 
should  be  disc(mtinued.  Quarantine  of  observation  invdvsaody  tbe 
enforoed  detention  and  isolation  of  a  vessd  with  dl  persons  and  thmp 
on  board  for  a  specified  time,  due  attention  to  ventilation  and  cleum* 
ness  being  required  to  be  obserred.  In  strict  quarantine,  beaideB  i 
longer  detention,  and  a  more  rigorous  isolation,  other  'P^^.^ 
cautionary  measures,  including  the  disembarkation  of  persons  nid  toe 
cargo  in  a  lasaretto,  and  their  presumed  disinfection  by  fumiga^B> 
Ac.,  are  imposed.  __ 

At  the  same  congress,  It  was  resolved  that  the  three  disasses- 
plague,  yellow-fever,  and  malignant  cholera,  diould  be  ^^."'.JH^ 
esfNacid  manner  as  demanding  the  use  of  quarantine  measures  for  tee 
protection  of  a  country  against  their  introduction  from  abroad. 

The  resdution  with  r^ard  to  eholera  was  not  adopted  without  moeii 
oppodtion.  Dr.  Mihoy,  in  his  paper  on  the  subject  of  the  eonr^im, 
reprated  in  the  transactions  of  the'  National  AsBodajtico  for  themn^ 
tion  of  Social  Science '  for  1869,  says, "  The  convention  based  «P^ni»2 
embodying  the  results  <d  their  deliberations,  has  hitherto  been  adop^ 
by  only  a  few  of  the  r^xeseated  powers,  namdy,  by  '^^JT^ 
Sardinia  in  the  firat  instance,  and  ota  later  period  by  P<»^!^' Vl?nL 
and  Turkey.  This  country,  among  others,  has  most  wisdy,  I  y^ 
declined  to  follow  the  example ;' for  there  is  certainly  ™"<*  ^  ^ 
proposed  restrictions  upon  freedo^  of  intereourae,  on  aooount « 
apprehended  risk  of  imported  disease,  that  appears  to  me  *J_^L}j,ff 
Jiecessary,  and  therefore  objectSonalile.  And  it  is  a  fact  not  ^"^^'^  ^ 
of  notice,  that  in  more  than  one  <if  the  countries  whidi  took  V^^ 
tlie  conference,  the  quarantine  syst^  purtued  since  1851  eeenw 
now  actually  more  vexatious  and  ophresdve  than  it  was  h^f®'^'^ 

The  Nationd  Association  for  ihe\  Promotion  of  Social  ^^^^ 
pointed  a  quarantine  committee  in  1|858,  who  issued  a  series  of  ^^^^ 
for  transmisdon  to  governors  of  cololoies  and  British  ^'^'''"^Jl^^te 
countries,  on  the  subject  of  quarantime.  Replies  to  thsae  ^^JjfLjpta 
been  recdved  from  above  two  hundred  different  channds,  end  aww*' 
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ofthofentiinB^yebeeapubliBhed  by  the  Board  of  Trade.  The  first 
abstract,  published  May,  1860,  conmste  of  an  "Abstract  of  the  re- 
guIatioDs  in  loroe  hi  loreigpi  eountries  reBpecting  quarantine."  The 
second  paper  consbts  of  "  Returns  of  information  on  the  laws  of  quaran- 
tine/' puUiahed  August,  I860.  These  papers  contain  by  far  the 
hu^est  amount  of  iBformstion  to  be  obtained  at  present  on  the  subject, 
and  it  is  hoped  that  their  poblicatuMi  will  lead  to  permanent  changes 
in  the  present  laws  of  quanmtine. 

QUARB  UCPEDIT.  When  an  eoolesiastical  benefice  becomes 
vacant,  unless  the  paitron  [Ai>towbon]  present  his  derk,  that  is,  a 
clergyman,  to  the  bishop  of  the  diocese  for  institution,  within  six 
calendar  months,  the  right  lapses  to  the  bishop,  who  may  collate  to  the 
Tacant  benefice.  Bui  if  a  presentation  be  made  by  the  patron  within 
the  six  months,  snd  that  presentation  is  rendered  ineffectual  by  the 
bishop's  lef  osal  to  institute  the  clerk  presented,  the  patron  may  obtain 
redress  for  this  interference  with  his  right  of  patronage  in  an  acthm  of 
Qoare  hnpedit,  a  proceeding  so  called  because  therein  the  defendant  is 
required  to  state  Quare  impedit  (why  he  hinders)  the  plaintiff  from 
dzereisinR  his  li^jbii  of  presentation.  If  the  bishop  be  the  sole  disturber 
ai  the  ri^t,  as  is  the  ease  when  he  rejects  the  clerk  upon  an  unfounded 
allegation  of  personal  iaei^Mcity,  as/iUiterature,  immorality,  &a,  the 
action  of  Quare  impedit  is  brought  against  the  bishop  alone.  Where 
the  bishop  hsa  instituted  a  derk  upon  the  presentation  of  a  party 
wTODgfoUy  claiming  to  be  patron,  the  action  is  ususUy  brought  against 
Uie  bishop,  the  patron  so  claiming,  and  his  cleric  jointly;  for  unless 
the  bish<^  be  made  a  psrty  to  the  suit»  a  title  to  present  by  lapse  will 
accrue  to  Imn  if  the  suit  rennin  undetermined  at  the  end  oi,  the  mz 
months,  and  the  derk  instituted  is  diown  to  be  an  intruder.  If  the 
clerk  be  omitted,  there  can  be  no  process  (in  a  suit  to  which  he  is  no 
party)  to  remove  him  from  the  benefice  in  ease  he  has  been  instituted ; 
and  the  eonssqneoee  will  be  that  the  plaintiff  must  lose  his  right  of 
pceaenting  for  the  present  tuna. 

The  writ  by  wUch  this  action  is  now  commenced  is  the  same  as  in 
other  suits  (28  &  24  Vict.  o.  126,  a.  26).  The  plaintiff,  in  his  deoUra- 
tioD,  sets  out  some  former  prssentation  to  the  same  benefice,  and  if 
that  prsseatation  was  not  by  himseU,  he  must  formally  deduce  a  title 
to  hameelf,  by  descent  or  purchase,  from  the  party  by  whom  the  pre- 
sentation on  some  former  Taeaaey  ia  alleged  to  hsTe  been  made.  The 
declaa-ation  must  also  show  a  dosturbsDoe  before  the  bringing  of  the 
action.  Upon  this  the  bishop  and  the  clerk  may  disdaun  all  title, 
sare  only,  ihe  one,  se  ordinary,  to  admit  and  institute,and  the  other,  ss 
presentee  of  the  patron,  who  is  left  to  defend  hia  own  right.  But  il 
the  bishop  haa  done  mere  than  he  was  bound  to  do  a»  ordinary, 
eapedally  iriaere  he  has  wrongfully  collated  the  benefice,  the  plaintiff 
may,  in  his  lepttaation,  allege  special  distarbanoe  in  the  bishop  for  Hhe 
purpose  of  maVing  him  a  sobstantial  defendant.  If  the  right  be  found 
for  the  plaintiff  mi  the  trial,  the  jmy  who  try  the  cause  are  to  inquire 
of  three  other  points :  1st,  Whether  the  church,  ltc.,is  full,  and  if  full, 
of  whose  presentation ;  for  if  it  be  of  the  defencbnVs  presentation, 
then  the  cferk  is  remoreable,  prQf?ided  the  writ  has  been  brought  in 
due  time;  2nd,  What  tiie  rahub  of  the  liring  is,  and  Uus  with  a  view 
to  the  asssssment  of  damagea,  which  are  directed  to  be  giTen  by  the 
statute  (18  fid.  L) ;  8rd,  In  case  of  plenarty  (that  is,  of  the  benefice 
being  full),  upon  a  usurpatioB,  whether  six  calendar  months  have 
passed  between  the  avoidance  and  the  time  of  bringing  the  action ; 
because  the  statute  which  permits  a  usurpation  to  1m  diTssted  by  a 
Qoare  impedit,  does  so  only  when  the  action  is  brought  within  the  six 
months,  snd  at  common  law  plenarty  is  a  bar  to  the  action  of  Quare 
impedit,  howerer  early  the  action  may  have  been  oonmienced.  If  the 
jury  find  that  the  plaintiff  had  the  right  to  present,  and  that  his  action 
was  commenced  within  the  six  months,  he  has  judgment  to  recover 
this  presentation ;  and  if  the  church,  ftc.,  be  fuU  bv  institution  of  any 
derk,  process  issues  to  remove  him,  miless  whilst  the  action  was 
depen^Qg,  the  bishop  (not  having  been  made  a  party  to  the  suit)  has 
collated  by  lapse ;  in  which  case  the  plaintiff  loses  the  preaent  pre- 
fentation,  bat  is  entitled  to  recover  the  full  amount  of  the  income  of 
the  benefice  lor  two  years  from  the  defendant,  the  paeudo'patron,  as  a 
satisfaction  for  the  turn  lost  by  his  disturbance ;  and  in  case  of  inability 
to  pay,  the  defendant  is  liable  to  imprisonment  for  two  years:  But  u 
at  the  termination  of  the  suit  the  church  still  remsins  void,  the  party 
to  whom  the  presentation  is  found  to  belong,  whether  plaintiff  or 
defendant,  may  sue  out  a  writ  *'  ad  admittendum  dericum,"  by  which 
the  bidiop  is  commanded  to  admit  snd  institute  the  derk  of  the 
soocessful  party.  If,  upon  this  writ,  the  clerk  be  not  admitted,  the 
patron  may  recover  satisfaction  in  damages  against  the  bishop  in  an 
action  for  such  refusal. 

The  patron  only,  and  not  the  cleric,  can  maintain  an  action  against 
the  disturber.  But  under  several  statutes  passed  in  the  reigns  of 
James  I.,  William  and  Mary,  and  Anne,  which  took  away  the  right  of 
prssentatioB  from  Roman  Oatholio  natrons,  the  derks  presented  are 
empowered  to  take  certain  proceedmgi  in  support  of  their  interests. 
The  right  of  presenting  to  benefices  bdonging  to  Roman  CathoUo 
potroDS  Is  vestsd  by  those  statutes  in  the  universities  of  Oxford  and 
Cambridge,  according  to  a  distribution  of  counties  given  in  the  act  of 
Jamea  L ;  most  of  tiie  counties  in  the  south  and  west  of  England  being 
for  this  purpose  annexed  to  Oxford,  and  those  in  the  north  and  east  to 
Cambridge.  The  12  Anne,  it  iL  o.  14,  provides  (s.  4)  that  besides  the 
writs  of  Qoare  impedit  whkh  the  untversities  as  p^rons  are  entitied 


to  bring,  they  or  their  derks  may  file  a  bill  in  equity  againat  any 
person  presenting  to  such  living  and  disturbing  tiieir  right  of 
patronage,  in  order  to  compel  a  discovery  of  any  secret  trusts  for  the 
benefit  of  Roman  Catholics  in  evasion  of  these  statutes :  and  also  (by 
11  Geo.  II.  c.  17)  to  compd  a  discovery  whether  grants  or  conveyances 
of  such  advowsona  were  made  bond  fde  to  a  Protestant  purchaser  for 
the  benefit  of  Protestants  and  for  a  full  consideration ;  without  which- 
requisites  every  such  grant  and  conveyance  of  any  advowson  is 
declared  to  be  void.  This  is  the  only  case  in  which  the  clerk  is  at 
liberty  to  interfere  with  the  recovery  of  a  presentation  of  whidi  he  is 
afterwards  to  have  the  advantage. 

The  statutes  giving  to  the  universities  the  right  to  present  to 
benefices  belonging  to  Roman  Catholic  patrons  do  not  affect  the  exercMC 
of  the  right  of  patrouage  in  any  other  class.  Dissenters^  and  even 
Jews  and  pagans,  may  exercise  this  right  When  the  disability  was  . 
first  createa,  persons  professing  the  Roman  Catholic  religion  were  the 
only  dass  from  whom  any  danger  in  a  political  or  religious  poini  of 
view  was  apprdiended ;  and  the  circumstance  that  persons  wno  have 
been  admitted  to  holy  orders  in  the  Church  of  Rome  are  capable  ol 
holding  benefices  in  the  Church  of  En^^and  may  perhi^have  inereaasd 
the  jealousy  with  which  Roman  Cathdic  patroiM  were  regarded  by  the 
legislature. 

It  haa  lately  been  held  that  these  statutes  do  not  transfer  any  r%ht 
of  presentation  to  the  universities  where  the  patronage  ol  a  vacant 
benefice  is  vested  in  several  parties,  unless  all  of  tham  be  persona  pro- 
fessing the  Roman  Catholic  religion.  If  there  be  two  patrona,  one  a 
Protestant  and  the  other  a  Roman  Catholicy  the  entire  right  of 
presentation  vests  in  the  former. 

Finally,  no  penon  shall  brings  Quare  impedit  or  any  suit  to  enforce 
a  right  to  present  to  or  bestow  any  eodesiasticd  benefice  after  the 
expiration  of  the  period  during  which  three  derks  in  sucoeesion  shall 
have  held  the  same,  all  of  whom  shall  have  obtained  pcwnesnioo  thereof 
adversely  to  the  right  of  such  person,  or  of  some  person  through 
whom  he  claims,  if  the  times  of  such  incumbendes  taken  together 
shall  amount  to  the  full  period  of  sixty  years ;  and  if  the  time  of  such 
incumbendes  shall  not  together  amount  to  the  full  period  ol  sixty 
yean,  then  after  the  expiration  of  such  further  time  as  with  the  times 
of  such  inoambencies  will  make  up  the  full  period  ol  sixty  yeam 
(3  &  4  Will.  IV.  c.  27,  s.  30.) 

QUARRY  and  QUARRTINQ.  A  <iuany  is  an  exoavaticm  w  the 
ground,  from  whence  are  extracted  marble,  stones  or  chalk,  for  the 
purposes  chiefly  of  sculpture,  buildingf  and  dvil  engineering  The  name 
appears  to  have  been  implied  to  such  excavations  froia  theeiroamsteBce 
that  the  materials  obtained  from  them  are  there  quadrated  er  formed 
into  rectangular  blocks. 

Egypt  abounds  with  rocks  of  oalcaf^DOus  stona^  sandstone,  end 
granite ;  and  all  theee  materials  have  been  em|4oyed  in  the  formation  of 
the  massive  works  which  yet  remain  to  attest  the  magnttoenoe  oC  the 
ancient  people  of  that  country.  The  walls  of  most  of  the  temples  were 
constructed  of  sandstone,  winch  appears  to  have  been  chiefiy  obtafawd 
from  the  quarriee  stretching  along  the  banks  of  the  Nile,  in  the 
mountains  of  Silsileh;  but  the  obeheka  and  statusa  wfaidi  adorned 
those  temples  are  formed  of  Syenite,  or  Oriental  granite,  drMm  from 
the  quarries  in  the  islands  of  Philce  and  Elephantine,  sad  partkm- 
larly  from  the  vast  excavations  in  the  mountain  terraces  about  Sfena. 
('  Egypt  Antiq.'  '  Library  of  Bntertamii^  Knowledge^')  The  stone 
whi^  has  served  for  the  pyramid  of  Cheops  is  a  carbonate  ol  lime,  of 
a  light  gray  cdour ;  and  tiie  same  kind  ol  stone  forma  the  intetkr 
mass  of  the  pyramid  of  Myoerinus ;  but  the  latter  is  covered  with  red 
granite.  The  monolith  at  Sais,  in  the  Ddta^  was  formed  of  a  single 
blook  of  granite,  which  was  floated  down  the  Nile  on  a  rafty  from  the 
quarry  in  Elephantine.    (Herod.  iL  176.) 

The  master-pieces  of  Qreciaa  soulptuxe  were  executed  in  the  rich 
white  marbles  of  Attica  and  the  islands  of  the  Aittkipelago.    The 

auarries  of  Mount  Pentelious  near  Athens  snpi^ied  the  materials  lor 
lie  Psrthenon  and  the  temple  of  Theseus  in  that  city,  and  for  the 
temple  ol  Ceres  and  Proeerpine  at  Eleusis ;  and  both  in  Qresee  and 
Asia  Minor  an  abundance  ,of  stone  of  a  greeoish-white  was  dug  from 
the  earth  for  the  ordinary  purposes  of  tfchiteoturei  The  marble  c< 
Pentdicus,  which  lies  on  the  surface  of  the  rocky  mountain,  was 
obtiuned  by  cutting  the  side  of  the  hill  into  vertical  difls ;  sad  about 
the  foot  of  the  escarpment  there  still  remain  seme  of  the  Uooks  d 
marble  partiy  cut  in  form  for  the  ahafts  of  columns.  The  quarriea  at 
Ephesus  are  said  to  have  constituted  an  immense  labjnrinth.  The 
qusrry  in  the  hill  Epipolie,  with  the  stone  from  which  toe  edifices  ol 
Syracuse  were  constructed,  spears  to  have  been  of  vast  extent^  since 
it  was  capacious  enough  to  contain  the  7000  Gntk  sddien  who  had 
been  taken  prisoners  when  the  army  of  Nidas  retreated  from  that  dty. 
(Thucyd.  viL  86.)  The  quarriea  of  the  Qreeks  and  Romans  were 
worked  by  slaves ;  and  as  the  labour  was  of  a  severe  kind,  we  find 
frequent  allusions  to  the  practice  of  — "<i»»^  unruly  alaves  to  work  in 
the  quarries  as  a  punishment 

We  learn  from  Yitruvius  (lib.  ii.  cap.  7)  that  the  buildings  of  aadent 
Italy  were  constructed  witii  stones  of  several  differentkinds.  The 
Tibnrtine  or  Travertine  stone  is  a  calcareous  rock ;  it  was  employed  in 
constructing  most  of  the  buildings  of  ancient  Rome.  The  quarries  in 
Umbria  and  Pioenum  f  umiihed  a  white  stone  which  could  be  cut  with 
a  saw,  snd  would  stand  well  in  situations  where  it  was  sheltered  from 
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the  weather,  but  was  liable  to  be  destroyed  by  rain  or  frost.  On  the 
other  hand,  the  red  stone  obtained  from  the  quarries  about  the  Vulsi- 
nian  Lake  (Bcisena),  on  the  borders  of  Tarquinii,  would  stand  both  frost 
and  fire,  and  would  last  for  ages :  on  which  account  it  was  generally 
employed  for  sculptured  works.  After  the  destruction  of  Rome  by 
fire,  in  the  time  of  Nero,  the  houses  are  said  to  have  been  rebuilt  of  the 
Alban  and  Gabian  stone,  which  has  the  property  of  resisting  the  action 
of  that  element.  The  quarries  of  Canara,  on  tilie  north-western  slope 
of  the  Apennines,  have  long  been  celebrated  for  the  fine  white  marble 
which  is  so  much  employed  in  the  north  of  Europe  for  statuary. 

The  British  Isles  abound  with  stone  of  nearly  every  different  kind 
that  can  be  employed  with  advantage  in  architecture.  The  quarries  of 
Aberdeenshire  supply  laige  quanUties  of  the  best  granite,  which  is 
employed  for  bridges,  liver  wzdls,  and  every  work  where  strength  and 
durabUity  are  most  required.  The  Peterhead  granite  from  the  same 
county  takes  a  beautiful  polish,  and  is  frequently  employed  for 
colmnns,  chimney-pieces,  and  other  ornamental  works.  The  Grampian 
HUls  in  Scotland,  the  quarries  in  the  county  of  DubUn,  and  those  of 
Newiy  in  the  county  of  Down,  in  Ireland,  also  produce  several  varieties 
of  the  like  material.  In  Eng^d  granite  is  obtained  chiefly,  and  in 
great  abundance,  from  the  quarries  in  Cornwall,  where  that  material  is 
usually  designated  moor-stone. 

Sandstone,  both  rod  and  white,  is  obtained  in  laige  quantities  for 
the  piuposes  of  building,  from  Yorkshire,  Lancashire,  and  Derbydiire ; 
uid  the  princi^ttl  edifices  in  Shrewsbury  have  been  constructed  chiefly 
of  the  white  kmd  which  is  furnished  by  the  quarries  near  Grindiill  in 
Shropshire.  A  millstone-grit,  now  much  used  in  England,  is  supplied 
from  Bramley  and  Hedon  in  Yorkshire.  The  red  sandstone  is  dug 
from  the  quarries  at  Barra,  Tranent,  and  other  places  in  Lothian ;  from 
those  at  Kingudie  in  Perthshire,  and  also  from  Arbroath  in  For&r- 
shire.  In  Ireland  it  is  obtained  from  the  quarries  in  Tippezary,  and 
the  county  of  Cork. 

Slate  Quabeibb  are  noticed  in  a  separate  article. 

The  stone  moetextensivdy  diffused  over  England  and  Ireland  is  that 
which  is  denominated  limestone,  and  which,  from  the  fadlily  it  affbrds 
for  working  it,  is  most  generally  called  freestone.  It  is  quarried  to 
some  extent  in  GloucestOTshire,  Shropshire,  Derbyshire,  and  Oxford- 
shire, and  a  gray  species  is  obtained  in  Yorkshire  and  Northampton- 
shire ;  but  the  principal  quarries  of  this  material  are  in  Dorsetshire  and 
in  the  country  about  Baui.  Those  in  Dorsetshire  are  situated  about 
Kingston  in  the  Isle  of  Portland,  and  at  Swanwich,  or  Swanage,  in  the 
Isle  of  Purbeck.  The  most  extensive  quarries  about  Bath  are  at 
Combe  Down,  where  the  ground  has  been  undermined  for  several 
miles.  More  than  80,000  tons  of  PortLmd  stone  are  said  to  be  ex- 
ported annually  to  London,  where  it  has  been  very  generally  employed 
from  the  time  that  Inigo  Jones  used  it  in  the  construction  of  the 
Banqueting-houae  at  WhitehalL  It  was  also  extensively  used  by  Sir 
Christopher  Wren  in  the  Ifuilding  of  St.  Paul's  cathe^nd,  the  Monu- 
ment, and  most  of  the  public  edifices  in  the  city  after  the  great  fire 
which  occurred  in  1666.  It  is,  however,  not  so  much  used  at  present  as 
formerly.  The  stone  obtained  from  Pmrbeck  is  of  various  kinds ;  some 
of  it,  which  is  capable  of  taking  a  good  polish,  has  been  used  for  the 
pillars  of  Salisbury  and  Canterbury  cathedrals.  It  is  of  a  darker  colour 
than  Portland  stone,  and  in  general  it  is  not  so  good:  the  blocks 
raised  from  the  quarries  are  also  smaller.  The  material  is  frequently 
used  M  a  flag-stone  for  the  steps  of  buildings  and  for  paving  the  streets. 
The  hills  containing  the  stone  lie  in  a  direction  nearly  east  and  west ; 
the  beds  have  a  considerable  dip  or  indination  to  the  horizon,  and 
being  covered  by  a  laz^  mass  of  earth,  the  men  work  in  quarries 
under  groimd.  The  stone  of  Portland  and  Purbeck  constitutes  the 
upper  oolite  formation  of  the  geologists;  'and  in  the  former  district 
the  quarries  are  cut  through  several  different  beds.  The  first,  or  t^t 
immediately  below  the  vegetable  earth,  consists  of  a  cream-coloured 
limestone,  three  or  four  feet  deep ;  and  next  to  it  is  tiie  eap-gtcne, 
which  is  of  the  same  colour,  very  hard,  and  about  ten  feet  tiiidc 
Below  these  is  a  species  of  rook  composed  of  fragments  of  oystershells 
cemented  together;  and  still  lower  is  a  bed,  five  feet  thick,  of  good 
white  stone.  This  is  followed  by  a  quantity  of  fimt  about  six  feet 
deep,  a  seoond  bed  of  good  stone  five  feet  deep,  and  a  thin  layer  of 
stones  of  small  value.  The  best  building-stone  lies  still  deeper,  and 
the  beds  of  it  vary  in  thickness  from  seven  to  fourteen  feet.  Under- 
neath all  these  are  masses  of  flints,  extending  to  the  depth  of  fifty  or 
sixty  feet. 

The  quarries  near  Bath  furnish  the  stone  which  bears  the  name  of 
that  town,  and  which  occurs  generally  in  three  beds,  of  variable  thick- 
nesses and  different  qualities.  That  in  the  middle  is  fw  superior  to 
those  which  are  above  and  below  it  The  depth  of  the  middle  bed  is 
in  some  places  as  much  as  30  feet;  the  stone  when  first  taken  from  the 
quarry  is  soft,  but  it  becomes  hard  after  having  been  for  a  time 
exposed  to  the  air.  The  depth  of  the  upper  bed  varies  from  20  to 
above  50  feet,  and  the  matenal  is  either  sheUy  or  argillaceous ;  that  of 
the  former  kind  appears  to  have  been  employed  by  the  Romans 
for  the  edifices  they  constructed  in  this  piu*t  of  the  country,  and  is 
▼enr  durable. 

The  marble  and  limestone  quarries  which  were  opened  near 
Plymouth  in  1812  furnished  the  material  used  in  the  formation  of  ^e 
breakwater  at  that  place;  the  stone  was  raised  from  thence  in  blocks 
weighing  from  one  to  above  five  tons.  The  material  selected  for  the  con- 


struction of  the  Houses  of  Parliament  is  a  magnesian  limeatone^  whidi 
abounds  in  all  the  tract  of  cotmtry  from  Durham  to  Noiihampton; 
and  that  which  is  actually  employed  is  obtained  from  several  differ- 
ent quarries,  principally  those  near  Norfall  and  Anston  in  Yorkshire, 
and  near  Bolsover  in  Derbyshire.  The  unfortunate  result  ol  this 
selection  will  be  foimd  noticed  under  Stone  for  Buildino. 

Limestone  is  found  in  Scotland,  where  it  is  oocasionally  employed 
for  arohitectural  purposes.  It  is  also  plentiful  in  manj  parts  of 
Ireland ;  and  quarries  of  this  material,  of  a  rich  kind,  have  b«ea 
opened  in  Queen's  county,  and  ita  the  counties  of  Dublin,  Meath, 
and  Cork.  The  limestone  district  of  Kilkenny  is  famous  for  its 
quarries  of  black  marble  so  much  used  for  ornamental  purposes;  aad 
good  flagstones  for  paving  are  obtained  at  ShawbiU  in  the  sama 
county. 

The  quarries  in  the  Cotswold  HiUs  in  GloueesteiBhire  afford  in 
abundance  a  blue  claystone  for  building;  and  the  best  stones  for 
pavements  are  obtained  from  those  at  Ealand,  or  Eland,  near  Halifax 
in  Yorkshire.  The  quarries  near  Maidstone,  on  the  south  bank  of 
the  Medway,  produce  much  of  what  is  called  ragatone,  a  materal 
which  is  occasiosaUy  used  in  Kent  for  building,  but  chiefly  in  ths 
construction  of  sea-walls  and  for  paving  the  roads.  Lastly,  about 
Reigate  and  Godstone  in  Surrey  is  found  a  soft  stone  which  has  the 
property  of  withstanding  the  action  of  fire,  and  whidi  on  that  aoooimt 
is  much  used  for  chimneys,  ovens,  and  furnaces ;  but  it  is  acaroely  fit 
for  any  other  purpose. 

A  valuable  table  of  the  principal  quarries  of  sandstaiie  and 
limestone  in  England  accompanies  the  'Report  conoemisg  the 
Qualities  of  Stone  with  reference  to  the  New  Houses  of  Parlia- 
ment' (1889). 

Having  thus  explained  the  nature  of  quarries,  we  proceed  to  notice 
quarrying,  which  is  the  operation  of  extracting  from  the  ground,  or 
detaching  from  the  sides  of  rocks,  marble,  stone,  or  other  minenls,  in 
considerable  masses ;  generally  also  this  operation  is  accompanied  by 
a  reduction  of  the  masses  to  rectangular  forms. 

When  the  material  to  be  excavated  lies  vertically  below  the  surboe 
of  the  grotmd,  the  work  commences  by  removing  the  earth  to  a  depth. 
sufficient  to  lay  that  material  bare,  in  order  that  it  may  be  separated 
into  blocks,  and  removed ;  but  when  the  stone,  &c.,  is  in  the  interior, 
and  near  the  side  of  a  mountain  or  hill,  the  workmen  proceed  as 
in  the  operation  of  mining,  running  galleries  into  the^ ground,  and 
leaving  piUars  of  tiie  material  for  the  support  of  the  mass  above 
them. 

A  quarry  of  small  extent  is  opened  by  sinkiog  vertically  in  the 
ground  a  shaft,  into  which  the  men  descend  by  ladders ;  and  tbe 
blocks  of  stone,  being  separated  from  the  mass,  are  drawn  up  by  meaoa 
of  cranes,  which  are  worked  by  a  windlass  or  other  machinf..  In 
working  the  laiger  quarries,  the  v^etable  mould  forming  the  uppo- 
surface  is  removed  by  the  spade ;  and  the  beds  immediately  under- 
neath, generally  consisting  of  rag,  or  stone  of  an  inferior  qu^ty,  ane 
broken  up  by  gunpowder  or  otherwise,  and  conveyed  to  a  dirtaoce. 
The  stones  intended  for  sale,  and  which  are  genenlly  in  beds  orach 
below  the  surface,  are  sometimes  also  detached  from  the  mass  by  Uast- 
ing  [Mindvg]  ;  but  as  by  this  process  the  blocks  are  broken  irr^olarly 
and  the  stone  wasted,  a  different  method  is  generally  employed  The 
large  mass  of  stone,  as  it  exists  in  the  quarry,  consists  of  strata  con- 
tiguous one  to  another,  and  the  surfiices  in  contact  form  planes  of 
cUavoffe;  in  lines  parallel  to  which  the  stones  being  more  easily 
divided  than  in  any  other  direction,  these  lines  constitute  what  is 
called  the  cleaving  grain  of  the  material.  In  order,  therefore,  to  ae- 
rate a  large  block  from  the  mass,  a  series  of  iron  wedges,  placed  in 
line  a  few  inches  asunder,  on  the  natural  face  of  the  rock  and  in 
the  direction  of  the  cleaving  g^rain,  are  driven  into  the  stone  till 
a  part  is  loosened :  a  channel  is  then  cut  in  the  direction  of  the 
length  of  the  intended  block,  and  at  a  distance  from  the  natural  edge 
of  the  stone  equal  to  its  required  breadth ;  and  wedges  being  planted 
in  the  channel,  they  are  driven  by  repeated  strokes  tall  the  stone  is 
split  in  that  direction  also.  In  the  hardest  stones,  the  wedges  are 
placed  not  in  the  channels,  but  in  what  are  called  pooi  holes  sunk  in 
the  direction  in  which  the  block  is  to  be  severed  from  the  mass.  A 
similar  operation  is  then  performed  in  the  direction  of  the  breadth  of 
the  block;  and  thus  a  large  portion  is  detached  from  the  oc^gxnal 
mass. 

The  natural  strata  of  the  stone  in  different  quarries  are  in  dilArent 
nositions;  frequently  they  are  horizontal,  but  generally  th^  are 
mdined  to  that  plane,  and  sometimes  they  are  vertical :  oceaaioDally 
also  both  the  first  and  last  of  these  positions  are  assumed  by  the  stone 
in  the  same  quarry.  It  is  evident  that  the  separation  of  the  blo^ 
from  a  mass  must  be  most  easily  effected  when  the  natural  strata  are 
in  vertical  positions. 

After  the  blocks  have  been  severed  from  the  mass,  they  are  reduced 
as  nearly  as  possible  to  a  rectang^ular  form;  and  this  is  done  by  means 
of  a  tool  called  a  hevel,  pointed  at  one  end  and  flat  at  the  other,  with 
which  the  irregular  parts  are  knocked  off.  The  blocks  are  th^i  usually, 
by  means  of  cranes  which  are  capable  of  being  moved  from  place  to 
place,  raised  upon  trucks  or  low  carriages;  and  these  are  drawn, 
generally  on  iron  railways,  to  the  quays  or  wharfs  where  the  stone  is 
put  on  ^p-boerd  A  curious  account  is  given  by  Yitnivius  of  an 
unsuccessful  attempt  which  was  made  by  an  engineer  named  Paocoiius 
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to  bring  from  a  quarry  a  mass  of  stone  containing  about  576  cubic 
feet.  For  this  purpose,  two  broad  cylinders  of  wood,  15  feet  in 
diameter,  were  constructed;  and  the  stone,  being  rauied  from  the 
ground,  was  made  to  rest  between  them,  the  Une  of  its  length  being  in 
a  horizontal  position  in  the  direction  of  their  common  axis,  then  a 
rope  being  wound  round  the  droumference  of  the  united  cylhiders  in 
the  middle  of  the  length  of  the  latter,  and  one  end  of  it  being  made 
fast  to  the  harness  of  the  oxen,  it  was  intended  that,  by  the  motion 
of  the  animals,  the  cylinder  should  revolve  on  the  ground,  and  the 
stone  be  brought  up  to  its  place.  The  contrivance  appears  to  have 
foiled;  but  had  the  oxen  been  attached  to  the  two  ends  of  the  cylinder 
instead  of  its  middle,  there  is  no  reason  to  doubt  that  it  would  have 
succeeded. 

So  far  as  cancema  pur  own  country,  granite  is  the  hardest  stone 
quarried  in  any  considerable  quantity.  The  largest  operation  in 
Cornish  granite  is  believed  to  have  been  the  detaching  and  working  of 
a  block  weighing  33  tons,  for  an  obelisk.  The  granite  of  Brown  Willy, 
^sent  down  to  Wadebridge  for  shipment;  that  of  the  Cheesewiing, 
'shipped  at  Liskeard ;  that  of  the  Par  Valley,  shipped  at  Par  Harbour ; 
and  that  of  Penrhyn,  shipped  at  Falmouth, — ^are  well-known  examples 
of  Cornish  nanite.  In  some  of  these  quarries  the  stone  is  of  beautiful 
texture,  and  glistens  brightiy  in  the  sun ;  so  hard  is  the  stone,  that 
the  blovm  of  tiie  picks  against  it  give  forth  a  real  musical  sound,  vary- 
ing in  pitch  according  to  the  size  of  the  picL  We  have  said  that  the 
use  of  gunpowder  is  rather  limited  in  quarries  of  stone  for  building, 
because  the  substance  is  apt  to  be  too  much  shattered  by  this  explosive 
force.  We  may,  however,  refer  to  Blastinq  for  further  information 
as  to  this  process — especially  in  those  iostances  where  an  electric  cur- 
rent IB  employed  to  ignite  the  powder.  Enormous  masses  of  Holyhead 
mountain  are  now  being  quarried  in  thjs  way,  to  furnish  materials  for 
a  new  breakwater  in  tne  harbour  of  refuge;  a  railway  extends  from 
the  place  of  detachment  to  the  place  of  deposition,  thereby  greatly 
facilitating  the  operations. 

At  the  Aberdeen  meeting  of  the  British  Association,  in  1859,  Mr. 
Gibb  gave  an  account  of  the  Aberdeenshire  granite  quarries,  from 
which  it  appears  that  those  quarries  have  been  worked  about  two 
centuries  and  a  half.  The  operations  were  on  a  small  scale  until  about 
the  year  1741,  when  an  extensive  fire  at  Aberdeen  led  to  a  municipal 
order  that  the  fronts  of  houses  should  be  built  of  stone,  instead  of 
wood  as  heretofore.  Aberdeen  granite  was  first  used  in  the  London 
streets  in  1764 ;  but  Waterloo  Bridge  was  the  first  great  metropolitan 
work  constructed  in  this  stone.  The  quarries  are  about  twenty  in 
Bumber,  and  present  five  kinds  of  granite,  technically  known  as  blue, 
red  or  Peterhead,  Ught  red,  soft  gray,  and  white.  It  exhibits  irregular 
masses,  and  a  columnar  structure.  A  good  deal  of  blasting  is  neces- 
sary in  the  operations.  The  best  stone  ia  now  found  at  some  depth 
beneath  the  surfiice.  Dressing  machines  have  occasionally  been  tried 
to  bring  the  blocks  of  granite  into  form,  but  they  have  not  been  satis- 
factory, because  they  acted  like  a  plane ;  whereas  granite  reqtdres  a 
Jdnd  of  percussive  action  to  bring  down  the  surface.  There  are  about 
500  workmen  and  50  horses  at  the  quarries.  The  produce  is  now 
about  50,000  tons  annually,  of  which  30,000  tons  are  exported. 

It  is  right  to  observe  that  builders  generally  consider  it  advantageous 
to  dispose  the  stones  in  the  lower  part  of  an  edifice  in  the  same  posi- 
tion as  thev  had  when  lying  in  the  quarry ;  it  being  understood  that 
they  are  then  best  capable  of  supporting  the  weight  of  tiie  super- 
structure. 

QUART,  the  same  word  as  quarter,  but  always  used  (in  our  language) 
for  the  quarter  of  a  gallon.    [Gallon.] 

QUARTER,  the  fourth  part  of  anything.  The  frequency  of  divi- 
sion into  four  parts  has  caused  the  word  to  be  used  sonietimes  in  the 
sense  of  a  part  or  portion  allotted.  Thus  the  portion  of  a  camp  or 
barrack  allotted  to  one  soldier  is  called  his  quarten, 

QUARTER.    [Hebaldbt.1 

QUARTER-SESSIONS.    [Sbssions.] 

QUARTER-SQUARES.  A  table  of  the  fourth  part  of  the  squares 
of  nimibers  niay  be  substituted  for  one  of  logarithms  in  multiplioition. 
For  since 

(a+6)«  _  (lr±)"=a5 
4  4  ' 

a  table  which  gives  the  squares  of  the  halves  of  numbers  will,  by  the 
addition  of  the  squares  of  the  halves  or  qiiarter-squares,  give  the  pro- 
duct. Where  a+b  and  a—b  are  odd,  the  fraction  i  is  omitted  from 
both  squares,  which  obviously  produces  no  effect.  Thus  the  tabular 
quarter  square  of  5  is  not  6},  but  6.    [Table.] 

QUARTILE,  a  term  of  astrology  and  ancient  astronomy.  Two 
bodies  are  said  to  have  a  quartile  aspect  when  their  longitudes  differ 
by  90  degrees,  or  one  quarter  of  the  whole  great  circle. 

QUARTZ.    [SiLKX)».] 

QUASSIA.  The  wood  of  two  different  trees  is  known  in  oonunexxie 
by  this  name :  one,  formerly  very  conmion,  but  now  extremely  rare, 
is  obtained  from  the  Quassia  amara  (Linn.,  f.  supp.  235,  and  Woodv., 
t.  77),  a  native  of  Surinam,  Guayana,  &c. ;  the  other,  Pierana  exeelsa, 
Lindley  {Q^assia  txceUa,  Swartz),  is  a  native  of  Jamaica.  Both  kinds 
are  imported  in  billets,  sometimes  a  foot  in  diameter  and  several  feet 
long;  but  before  bein^  used  for  medidnal  purposes,  they  are  cut  into 
chips,  which  are  of  a  light  gray  colour,  or,  by  long  exposure  to  tiie  air 


of  a  yellow  or  brownish  hue.  The  physical  characters  of  the  two  sorts 
are  so  similar,  that  it  is  difficult  to  distinguiah  them ;  but  a  watery 
infusion  of  the  Surinam  quassia  by  permuriate  of  iP6D.  is  only  rendered 
turbid,  with  grayish  flooculent  pieces  floating  in  it,  while  that  of  the 
Jamaica  quassia  is  rendered  black  by  the  same  re-agent.  Both  are 
devoid  of  odour,  but  possess  an  intensely  bitter  taste,  which  is  stronger 
but  more  disagreeable  in  the  Jamaica  quassia.  This  property  at  once 
distinguishes  quassia  from  any  other  wood  which  may  he  substituted 
for  it.  The  active  principle  seems  to  be  quassUe,  a  neutral  body,  which 
crystallises  in  white  prisms,  and  ui  readily  soluble  in  alcohbL  Quassia 
has  a  poisonous  influence  over  many  of  the  lower  animals,  and  perhaps 
even  over  very  susceptible  individuals  of  a  higher  grade.  The  infu- 
sion of  quassia  should  be  made  with  cold  water.  The  bitter  cup,  now 
popular,  is  made  of  quassia,  and  i^  a  convenient  form  of  obtaining  an 
infusion. 

Quassia  ii  regarded  as  a  pure  and  simple  bitter,  possessing  tonic 
properties  of  a  very  marked  kind ;  and  hence  it  is  useful  in  many 
forms  of  debility,  particularly  of  the  stomach  and  muscular  system. 
It  is  generally  given  in  the  form  of  infusion,  which  serves  as  a  conve- 
nient vehicle  for  some  of  the  preparations  of  iron,  especially  the  proto- 
sulphate  and  the  phosphate.  The  Jamaica  quassia  ought  not  to  be 
employed  as  a  vehicle  for  the  permuriate  of  iron,  as  an  inky  fluid, 
instead  of  a  clear  transparent  one,  is  the  result.  The  want  of,  aroma 
may  be  obviated  by  adding  to  the  infusion  a  portion  of  .the  compound 
tincture  of  quassia  ('  Phann.  Edin.'),  which  renders  it  more  grateful 
and  more  benefidaL 

Infusion  of  quassia,  sweetened  with  sugar,  \b  useful  to  destroy  flies, 
and  Ib  much  safer  than  the  flv-waters  made  of  king's  yellow  or  orpi- 
ment,  a  poiBonous  compound  of  arsenic ;  for  should  children  or  others 
drink  the  infusion,  improved  appetite  would  be  the  only  result, 
whereas  deatii  ii  the  frequent  consequence  of  drinking  the  arsenical 
fly-water. 

QUASSIN,  or  QmssUe  (C^U^fif^  T).  The  bitter  principle  of  quassia 
wood.  [Quassia  akaba,  in  Nat.  Hist.  Diy.]  It  may  be  obtained 
by  treating  the  solid  aqueous  extract  with  alcohol,  evaporating,  and 
recrystallising.  It  forms  small,  white,  opaque  prisms,  inodorous  and 
ve^  bitter.    Nitric  acid  converts  it  into  oxaJio  acid. 

QUEEN,  from  the  Saxon  c]>en,  used  to  denote  muUer,  fenUna, 
eonjux,  as  well  as  the  most  distinguished  of  women  and  wives,  to 
whom  now  it  is  only  appropriated.  The  other  use  of  it,  as  betokening 
a  sovereign  princess  who  has  succeeded  to  the  kingly  power,  is  an 
application  of  it  not  originally  contemplated. 

The  king's  consort  has  been  regarded  in  all  coimtries  as  a  person  of 
eminent  dignity,  and  has  been  invested  with  privileges  not  aUowed  to 
any  other  nuurried  woman.  In  England  she  can  purchase  lands,  and 
take  grants  from  the  Ling  her  husband ;  she  has  separate  courts  and 
officers,  including  an  attorney-  and  a  solicitor-genend ;  she  may  sue 
and  be  sued  apart  from  her  husband,  have  separate  goods,  and  dispose 
of  them  by  will.  She  pays  no  toll,  is  not  subject  to  amercement,  and 
has  a  share  in  fines  made  to  the  king  for  certain  privileges,  which  last 
is  called  queen's  gold.  Ancientiy  manors  belonging  to  the  crown  were 
assigned 'to  her  in  dower,  but  this  provision  is  now  made  by  a  Parlia- 
mentary grant.  Again,  there  is  thrown  over  her  person  a  peculiar 
protection.  It  is  as  much  treason  to  compass  or  imagine  the  death  of 
the  king's  consort  as  of  the  king  himseU.  To  violate  or  defile  her 
person  is  also  treason,  though  she  be  consenting.  It  has  been  the 
usual  practice  to  crown  the  queen  with  the  same  kind  of  solemnities  as 
at  the  coronation  of  a  king.  In  the  case  of  Caroline,  the  consort  of 
King  George  IV.,  who  was  living  at  the  time  apart  from  her  husband, 
this  was  not  done;  but  her  right  was  asserted  at  the  time  by  Mr. 
Brougham  before  the  Privy  CoundL 

The  chief  distinction  between  a  queen-dowager  and  the  widow  of 
any  other  person  of  eminent  rank  lies  in  this,  that  though  she  marry 
with  a  commoner,  she  does  not  lose  her  rank ;  but  no  one  can  many  a 
queen-dowager  without  the  special  licence  of  the  sovereign. 

A  queen-regnant,  or  princess  who  has  inherited  the  sovereign  power, 
differs  in  no  respect  from  a  king  as  to  the  poUticid  rights  vested  in  the 
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QUBEN-CONSORT.    [Quben.] 

QUEEN'S  METAL  is  a  white  alloy,  used  for  making  spoons,  knife- 
handles,  teapots,  &c  It  is  intermeduite  in  properties  between  Pbwtsr 
and  BaiTAKiOA-METAL,  and  consists  of  9  parts  of  tin,  1  of  antimony, 
1  of  bismuth,  and  1  of  lead. 

QUERCETIC  ACID.    [Queboitrin.] 

QUERCETIN.    [Quebcitbin.] 

QUERCIN.    A  crystalline  matter  said  to  be  oontalned  in  oak-bark. 

QUERCITANNIC  ACID.    [Tanwio  AciDa.] 

QUERCITE  (C„H„0  J.  A  variety  of  sugar  contained  in  acorns. 
It  separates  out  in  transparent  prismatic  crystals  from  a  concentrated 
and  fermented  infusion  of  acorns;  the  tannin  having  first  been 
separated  by  the  addition  of  lime.  It  is  soluble  in  water  and  in  proof 
spirit,  is  not  f ermenteedble,  and  does  not  reduce  alkaline  tartrate  of 
copper.    [MAmnTS.] 

QUERCITRIC  ACID.    [QuEBCiTBnr.] 

QUERCITRIN.  Q»ercurie  Acid  {C„n,fl^'h2A<i.).  The  yellow 
colouring  matter  oontamed  in  quercitron  tNU-k.  [QusROua,  tinetoria, 
in  Nat.  Hist.  Diy.]  An  alcohoUc  tincture  of  the  coarsely  comminuted 
bark  is  treated  with  gelatin  to  remove  tannic  add;  on  evaporation 
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qtiercitrin  cryMOweB  out.  It  is  an  inodorous,  bitter,  eryBtaUine 
powder,  slightly  sduUe  in  boiling  water,  absolute  alcohol,  or  ether, 
readily  so  in  hot  acetic  acid,  and  very  soluble  in  solutions  of  soda  or 
ammonia. 

Quercitrin  is  a  glucoside ;  that  is,  by  the  action  of  dilute  acids  it 
breaks  up  into  grape  sn^  (glucose),  and  a  new  body  to  which  the  name 
quefcetm  has  been  given. 

Querce^  (C^H.O.q)  is  a  citron*yellow  granular  powder,  inodorous 
and  tasteless.  It  is  msoluble  in  cold  water,  cmlr  sHghtly  soluble  In 
hot  water,  but  rery  soluble  in  alcohol  or  in  alkaline  solutions.  Like 
quercitrin  it  is  coloured  green  by  perchloride  of  iron.  Hlasiwetz  has 
recently  found  that  queroetin  itself  contains  the  elements  of  a  sugar 
identical  with  phloroglucin,  associated  with  a  dystalline  acid  to  which 
he  gives  the  name  querceHe  acid  (Cj^H^O^-f  7H0). 

QUERCITRON.  The  barks  of  Q;iiercut  tinctoria,  the  quercitron  or 
Mack. oak, and  of  the  Q,alba,  or  white  oak,  of  North  America, are 
officinal  in  the  United  States,  and  that  of  the  Q.  Hnet&ria  in  the  German 
pharmacopoeia,  but  not  the  British.  In  the  former  they  are  em- 
I^oyed  from  eonvenience,  as  being  indigenous,  though  confessedly 
inferior  in  tannin  and  astringency  to  the  Q.  Jio^r  (pedtmaUata)  of 
Europe.  The  German  pharmacopoeiaB  give  quercitron  a  place  because 
it  funiiahes  a  useful  reagent  for  the  salts  of  iron ;  its  inftision  yields 
no  precipitate  with  gelatine.  But  its  employment  in  dyeing,  and  also  in 
drearing  leather,  is  the  chief  cause  of  its  being  imported  into  Europe. 
There  is  one  inconvenience  in  using  leather  tanned  with  it,  namely,  it 
imparts  a  yellow  colour  to  the  stoi^ings  of  the  wearer.  This  can  be 
avoided  by  subjecting  ike  leather  to  a  particular  but  expensive  process. 

The  same  remedial  powers,  though  in  len  degree,  are  possessed  by 
quercitron  bark  as  by  that  of  the  common  oak-beurk.  It  enjoys,  justly 
or  unjusUy,  the  same  reputation  in  America,  as  a  preventive  or  cure  of 
eonsumptioti ;  so  persons  threi^ned  with  consumption  resort  to  bark- 
mills  and  tan-works.  For  medical  purposes  an  infusion  with  cM  water 
is  best 

QUERCUS  PEDUNCULATA  (Willd.)  The  bark  of  this  species, 
the  true  British  oak,  is  used  in  medieine.  Its  appeanmoe  varies  with 
the  age  of  the  berk,  as  w^  as  of  the  tree  from  which  it  is  oVtained. 
Its  excellence  is  determined  by  the  period  of  Uie  year  when  the  int 
has  been  barked.  The  best  is  obtained  from  coppice  oaks,  not  from 
c^d  or  full-grown  trees,  sad  is  better  fr<nn  the  branches  than  the  trunk. 
According  to  Sir  H.  Davy,  the  greatest  quantity  of  tannin  exists  in 
the  bark  in  spring,  at  the  time  when  the  buds  begin  to  open  ('  Agricul. 
Chemistry,'  4th  ed.,  p.  87)>  which  is  confirmed  by  Biggins.  This  is  the 
period  usually  seleeted  to  deoortioate  the  trees,  owing  to  the  greater 
ease  with  which  it  is  then  efibeted,  tHe  eambium  which  exists  between 
the  bark  and  wood  allowing  of  thehr  easier  separation.  The  interior 
cortical  layers  are  much  richer  in  the  active  principles  than  the 
external  ones. 

Oak-bark  is  oommoikly  met  with  in  pieces  from  one  to  two  feet  long. 
That  from  young  stems  or  branches  is  generally  thin,  tolerably  smooth, 
having  a  silvery  or  ash-gray  cuticle,  and  frequently  clothed  vrith  lichens, 
chiefly  of  the  genus  VerruMria  or  Opegrapha,  When  newly  detached 
it  is  whitish  internally,  but  by  exposure  to  the  fJr  H  deepens  into 
brown,  and  becomes  fibrous  and  cracked.  The  bark  of  old  stems  is 
much  thicker,  v«y  rough  and  eiacked,  and  greatly  mferior  in  quali^. 
The  chief  chemical  constituents  are:  tannin  (impure  tannic  acid), 
tannates  of  lime,  magnesia,  potash,  Ac.,  gallic  acid,  unciystaUlsable 
sugar,  pectin,  and  lignhi.  It  has  the  peculiar  and  well-known  odour  of 
tan,  aod  a  bitter  astringent,  but  afterwards  sweetish,  mucilaginous 
taste. 

Oak-bark  possesses  aU  the  properties  of  astringent  substances,  except 
the  power  of  decomposing  tartar-emetic.  [Astrimoents  ;  Ahtimont.] 
It  is  more  employed  externally  than  internally  as  a  wash  or  injection. 
^y  long-continued  application  it  can  almost  tuo  the  living  tissue,  and 
either  strengthen  a  weak  part  of  the  skin,  or  convert  a  secreting  into  a 
non-secreting  surface,  as  in  cases  of  prolapsed  or  inveriied  uterus.  One 
of  the  most  valuable  iqipUcations,  and  at  the  same  time  diei^pest,  to 
surfaces  threatened  with  gangrene  from  pressuro,  as  in  fevers,  or  old 
bedridden^  persons,  is  a  wash  formed  by  digesting  oak-bark  i^.  weak 
distilled  vinegar,  and,  after  straining,  adding  hydrochloride  of  ammonia. 
It  is  not  only  unneosssary,  but  injurious,  to  make  a  decoction  of  oak- 
bark  :  no  tanner  would  think  of  boiling  his  oak-bark  before  steeping 
his  hides  in  it. 

Powdered  oak-bark  with  chamomile  flowers  Is  a  aheap  and  often 
efiectual  mode  of  checking  the  paioxysms  of  aguea* 

(Cullen's  Mat.  Med, ;  Pereira's  MaX.  Med.) 

QUERCUS  INFECTOBIA.    [Galls.] 

QUEVENNE'S  IRON.    [Metals.] 

QUI  TAM.  In  those  statutes  by  which  certain  acts  are  prohibited 
under  a  penalty,  it  is  usual  to  enoonrage  the  enforcing  of  the  penalty 
by  appointing  the  whole  or  some  part  of  it  to  be  paid  to  the  person 
who  shaU  take  the  risk  snd  trouble,  and  incur  the  odium,  of  bringing 
the  matter  before  a  court  ci  law«  Where  the  part,  commonly  a 
moiety,  is  given  to  the  king,  the  informer  suing  for  the  penalty  pro- 
ceeds in  this  form :  "A.  B.,  who,  ss  well  {qni  tarn)  for  our  lady  the 
queen  as  for  himself,  in  this  behalf  proseeutes,  complains,"  &c. 

When  a  qmi  tarn  or  other  pensl  action  is  commenced,  no  other  person 
can  afterwards  sue  the  defendant  in  respect  of  the  same  o^nce,  what- 
ever the  result  of  the  first  action  may  be.    It  is  therefore  not  unusual 


for  offenders  against  penal  statutes  to  seek  to  protsci  themselTes  by 
procuring  one  at  theh*  friends  to  sue.  This,  liowwer,  will  be  of  dd 
avail  agunst  a  subsequent  informer  suing  bemd  JkU,  prorvided  the 
fraud  and  collusion  in  getting  up  the  first  action  can  be  sfaciwn. 

QUIA  EMPTORES.    [Feudal  Srsmi.] 

QUICK  HEDGES.    [Hsdosb.] 

QUICKLIME.    [Calcium.] 

QUICKSANDS  are  those  masses  of  loose  or  moving  otfid  which  arc 
f orfned  on  many  sea-coasts  and  generally  at  the  mouths  of  riveta  :  those 
of  the  Nile  and  Senegal  are  among  the  most  remarkable  for  tfacar 
accumtilations.    The  sands  are  generally  oonveyed  by  the  rivers  iron 
the  interior  of  the  country,  and  being  at  first  srrested  by  the  wsters  ei 
the  ocean,  they  become,  in  many  instances,  l^  the  action  of  the  winds 
and  tides,  moveable  harif  which  are  very  dsDj^erous  to  sAiipfnng.     The 
loose  sands  on  the  coasts  are,  when  dry,  driven  by  winds  over  the  land, 
which  they  then  cover  often  to  a  considerable  depth,  overiaying  the 
fertile  ground  and  occasionally  entombing  whok  viUs^ :  the  eoeats  d 
ComwiUl  and  Norfolk  in  England,  and  of  Jutland  m  Denmark,  ve 
particularly  subject  to  these  enoroachments  [DunssI  ;  and  it  is  stated 
that  in  the  latter  country  thero  are  vast  beds  of  sana  so  looaa  as  to  be 
incapable  of  supportiog  the  wei|^t  of  a  man.    In  Oreesftbnd  tboe  is  a 
chain  of  loe-hibs  between  two  promontories  of  moving  aaad,  vriu^  ii 
driven  by  the  winds  far  out  to  seaw 

The  easterly  movement  which  gives  the  character  of  quieksands  to 
the  arenaceous  deposits  in  and  avound  the  months  of  the  Nile,  takes 
place  at  all  depths,  and  is  extoided  to  the  shore  itself.    It  is  caosed  by 
the  westerly  gales  and  prevailing  north-west  breeaes,  vrhock  have  also 
produced  a  range  of  sand-dunes  ratewluig  from  Cape  Boolos  at  the 
most  northerly  point  of  Lake  Boulos,  eastward  of  the  Rosekka  branch 
of  the  river,  to  the  month  of  the  Damietta  branch.    These  winds  are 
both  the  accumulating  and  moving  causes  el  this  "  sfrxniii  of  ssnd- 
dunes,"  as  it  has  been  termed.    As  fast  as  the  wind  remo'Fn  tiie 
sun-dried  sand  from  the  beach,  the  surf  re-aooumuhites  it  again,  during 
every  gal^.    The  quicksands,  therefore,  are  littoral  as  vrell  as  marine 
phenomena.    There  is  a  constant  movement  of  the  sand  in  the  depths, 
both  along  the  shoro,  and  within  the  shore  (which  here  merely  sepantei 
the  waters  of  the  sea  from  those  of  the  Delta),  commenciiig  from  the 
Rosetta  mouth  on  the  east,  and  extending  to  the  Damietta  month  ce 
the  west    It  is  also  blown  along  the  coast  in  a  sucoession  of  dunes  by 
one  wind,  or  in  part  back  again  into  the  sea  by  another,  leas  preraleDt, 
but  more  violent  wind.    l!^e  subject  is  importantly  ooonected  wHb 
that  of  one  of  the  most  remarkable  projected  enterprises  of  the  presait 
age,  the  "  canalisation "  of  the  Isthmus  of  Sues,  in  oider  to  effect  • 
navigable  communication  between  the  Mediterranean  and  the  Bed  Sea 
The  subject  has  been  te^eated  by  one«  of  our  most  eminesit  marine* 
surveying  officers,  Capt  Thomas  A.  B.  Spratt,  R.N.,  F.R.8.,  in '  As 
Investigation  of  the  Effect  of  the  provailing  Wave  inflnenoe  on  the  Nilec 
Deposits,  and  upon  the  Littoral  of  its  Delta,'  dated  Alexandria^  Jn\f9, 
1858,  prihted  with  four  lithographs  of  maps  and  sections,  by  the 
British  Admiralty  in  the  following  year;  and  from  which  eopio« 
extracts  have  been  made  public  &  a  parliamentary  return  of  1S60. 
The  preceding  notice  of  the  Nilotic  deposits  has  been  derived  from  tks 
original  paper.    Csipt.  Spratt's  actual  investigatiott  waa  of  the  noH 
practical  naturo,  by  the  observation  of  the  winds  and  sea-eurrents,  the 
examination  of  the  coast,  that  of  the  sea-bottom  by  dredging,  and  the 
mineralogical  and  chemical  examination  of  the  depositsL    The  resiUt« 
broadly,  is  this,  that  the  Mediterranean  entrance  to  the  propoaed  cassi 
would  be  perpetually  filled  up  by  the  moving  sands  of  the  Nik  drifted 
by  the  sea  along  the  coast,  and  thaty  in  the  attempt  to  oonstmet  aad 
maintain  it,  mi£dons  of  money  would  be  fruitlessly  loet  in  the  depths 
of  the  sea. 

The  sand  of  Bagshot  Heath,  which  rests  on  the  Ixmdon  clay,  is  m 
many  places,  at  a  few  feet  below  the  surface,  saturated  with  water  so 
as  to  constitute  a  perfect  quicksand :  and,  on  the  borders  of  Oman,  in 
Arabia,  thero  waa  cUscovered  by  Baron  von  Wrede  a  remarkaUe  qukk- 
sand,  which  is  said  to  be  moro  than  60  feet  deep. 

QUICKSILVER.    [Msrcubt.] 

QUIETISM  is  the  name  of  the  doctrine  of  certain  ascetic  Chriitiao^ 
who  taught  that  the  chief  duty  of  man  was  to  be  wrapped  up  in  tbd 
continual  contemplation  and  love  of  God,  so  as  to  become  totellr 
independent  of  outward  ciroumstances  and  of  the  influence  of  ihe 
senses,  and  they  contended  that  iriien  a  man  arrived  at  this  scsto  of 
perfection,  the  soul  had  no  further  occasion  lor  prayer  and  ctiier 
external  devotional  practices.  Quietism  is,  in  fact,  the  extreme  of 
asceticism  and  of  contemplative  devotion.  Thero  have  been  men  so 
disposed  in  all  ages  of  Christianity,  without  forming  a  sect,  and  even 
the  Moharnmedans  and  Brahmins  have  Uieir  quietists ;  but  It  vas  a 
Spanish  priest  called  Michael  Molinos,  in  the  17th  centory,  who  fint 
embodied  the  principles  of  quietism  in  his  work%  which  were  con- 
demned at  Rome,  whero  the  author  was  imprisoned  and  died  in  16^. 
About  the  same  time  Madame  Quyon,  or  Quion,  in  France,  shoved 
herself  a  great  advocate  of  quietism.  She  was  supported  by  Feneloii, 
and  opposed  by  Boasuet    [Qutoh  and  FsnsLOir,  in  Bioo.  Drv.] 

QUINA,QrQUINIA,— one  of  the  alkaloids  of  ^odkKnu^Medkai 
prop€riie»  of.  The  mode  of  procuring  this  and  other  alkaloids  from 
bark,  and  tiie  mode  of  forming  some  6i  the  numerous  salts  and  com- 
binations of  these  bodies,  aro  already  given  under  Cikchova,  Alkaloids 
or.    Soon  after  their  discovery  they  were  emjriioyed  in  the  treatnunt 
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of  diseaaey  and  posseesed  Bome  adTantagea  <yver  the  crude  bark,  the 
inaolubility  of  tte  woody  fibre  of  which  aerioudy  diBtreaaed   the 
Btomacb.     A  brief  notice  of  these  can  only  be  given  here ;  for  fuller 
details  reference  may  be  made  to  Pereira'a  'Mat.  Med.;'   Royle'a 
'  Mat.  Med. ; '    but  the  fullest  exista  in  Dierbach,  '  Die  Neuesten 
Entdeckungen  in  der  Mat.  Med./  vols,  i  and  it     Pure  quinia  is  too 
insoluble  to  admit  of  use.    Some  of  ita  aalta  or  aolutiona  are  used. 
Cinchonia  is  more  soluble,  but  it  also  is  only  given  in  solution  or  com- 
bination.     These  may  be  classed  under  the  acids,  inorganic  and  organic, 
and  the  naenstrua  or  solvents  employed  to  facilitate  their  admimatra- 
tion,   augment  their  power,  or  render  them  move  grateful  to  the 
patient.     Of  all,  the  most  common  is  the  sulphate  of  quinia.    This  is 
found  in    two    states— the    strictly  neutral,  formerly  called  diaul- 
phate,  and  the  bisulphate.      The  superior  solubility  of  the  former 
entitles  it  to  preference.    Bisulphate  of  cinchonine,  and  dieulphate  of 
quinidina  (boui  termed  sulphate  of  cinchonia,  and  sulphate  of  quinidina, 
uiough  there  are  also  bisulphates  of  theae  alkaloidB)  have  the  advantage 
of  greater  cheapness,  and  probably  equal  efficacy.    A  combination  of 
an  inorganic  acid  and  an  organic,  in  the  form  of  a  aulpho-tartrate  of 
quinia,  in  syrup,  haa  been  used,  but  probably  it  haa  scarcely  any 
advantage   but  from  ita  greater  palatableness,  a  merit  foimd  in  a 
saccharated  solution  of  bark,  or  combining  extract  of  bark  with  con- 
fection of  orange-peel,  which  renders  it  acceptable  to  children.   Similar 
properties  to  this  last  combination  are  found  in  the  officinal  compound 
tincttire  of  quinia.    Amorphous  quinine,  as  it  is  found  in  quinoidine, 
along  with  aeverai  other  baaea,  ia  a  most  valuable  form,  and  has  the 
great  advantage  of  comparative  cheapness,  a  circumstance  which  fita  it 
well  for  camp  and  hospital  practice,  since  ita  efficacy  aa  ui  anti- 
periodic  ia  unquestionaole.     In  one  of  the  forms  of  elephantlaaia, 
which  ia  of  a  febrile  character,  and  of  malarious  origin,  and  maricedly 
periodic  in  its  nature,  the  utility  of  quinine  is  most  striking;  and  as 
this  occurs  mostly  among  the  poor,  a  cheap  bat  effectual  remedy  ia 
most  desirable. 

Hydrochlorate  or  muriate  of  quina  haa  the  advantage  of  greater 
solubility  than  Ihe  aulphate,  and  aeems,  for  this  or  other  reasons, 
to  possess  a  superior  power  over  some  forms  of  quartan  ague,  par- 
ticularly of  a  fyphoid  type.  Nitrate  of  ^mna  is  very  insoluble  in 
water,  but  easily  ao  in  alcohol.  A  tincture  is  therefore  a  good  form. 
Phosphate  of  quina  ia  equally  and  eaaily  soluble  in  water  and  in 
alcohol — either  may  be  uaed  aa  ita  solvent.  In  the  treatment  of  the 
nervous  exhaustion  of  literary  men,  thia  preparation  ia  of  great 
utility. 

Of  the  combinations  of  quina  or  cinchonia  with  organic  acida  the 
dtrate  aeems  entitled  to  preference.  It  is  of  great  service.  On  account 
of  its  deameas  sulphate  of  quina  is  often  substituted  for  it;  but  when 
pure  its  curative  properties  seem  very  decided,  especially  against  head- 
achea  of  malarious  origin.  It  may  be  taken  along  with  lemon  juice. 
[Obanoe.]  a  syrup  also  is  formed,  which  is  acceptable  to  children. 
Citrate  ox  quinine  and  iron  ia  a  moat  eligible  combination.  Kinate  and 
tannate  of  quinine  are  bpth  useful  forms.  Arsenite  and  arseniate  of 
quinine  are  forms  of  much  utility,  both  in  intermittent  diseases  and 
in  skin  affections,  particulariy  if,  in  the  lattef  cases,  associated  with 
sulphur. 

Tartrate  of  quina  is  little  known  or  uaed,  except  aa  a  aulpho-tartrate 
above  mentioned. 

Acetate  of  quina  ia  likewise  little  known,  but  an  acetate  of  quinidina 
alone,  which  is  less  nauseous  tium  the  sulphate  of  quinidina,  or  in  con- 
junclion  with  this  last  preparation,  is  a  very  potent  anti-periodic. 
Acetate  of  quina  and  iron  ia  also  a  commendable  tonic,  especially  in 
cramp  of  the  stomach. 

Valerianate  of  quina  is  liable  to  the  objection  that  it  haa  a  moat 
repulsive  odour.  But  its  efficacy  as  a  tonic  in  nervous  affections  is  very 
great ;  and  in  Asiatic  cholera  it  has  proved  a  useful  support. 

Hydriodate  of  quina  is  well  suited  to  the  debility  of  strumous 
persons. 

Hydrocyanate  of  auina  la  well  suited  both  for  some  cases  of  intex^ 
mittents^  in  which  tne  aulphate,  from  ita  heating  properties,  cannot 
be  borne,  and  for  aU  caaea  where  a  tonic  and  antiapaamodic  are 
indicated,  such  aa  convulsive  disorders,  St.  Vitus*  dance,  3fcc. 

Feno-cyanate  of  quina  is  very  soluble  in  alcohol,  but  not  in  cold 
water,  while  it  ia  entirely  decomposed  by  hot  water.  It  is  appropriate 
to  tertian  and  quartan  aguea^  especially  where  the  sulphate  cannot  be 
borne. 

Lactate,  oxalate,  and  chloride  are  fitted  for  Bomo  pecuISar  caaea,  and 
have  their  reapective  advocates. 

The  ammoniated  liquor  of  quina  ia  one  of  the  best  preparations,  and 
one  of  the  most  speedily  acting.  In  severe  influenza  and  depressed 
states  of  the  system,  it  surpasses  all  other  forms ;  but  some  peraona 
cannot  bear  ammonia.  Winea  of  quinine  and  winea  of  quinium  exist, 
and  are  in  request,  but  many  owe  aa  much  to  the  wine  aa  the  quinine 
for  the  favour  they  enjoy.  < 

Solutions  of  quinine,  of  hydriodate  of  quinine,  and  of  valerianate  of 
quinine  in  codliver  oil  are  vended,  but  rapid  decomposition  occurs. 
So  they  should  only  be  prepared  immediately  before  they  are  to  be 
taken. 

QUINCE.  The  fruit  so  called  is. the  Oydonia  vulgaris  of  botanists, 
of  which  there  are  three  varieties,  the  apple-shaped,  pear-shaped,  and 
the  Portugal  quince.    The  last  is  by  aome  reckoned  a  species.    There 


are  alao  aome  mib-variet&ea  of  the  others.  The  quince-tree  is  used,  and 
ohiefly  propagated  in  tills  country,  for  furnishing  stocks  for  grafting 
with  sui^  pears  aa  are  intended  to  be  grown  as  dwarfs,  or  when  early 
fraiting  is  denred.  The  Portugal  quince  is  to  be  preferred  for  thia 
purpose,  aa  ita  growth  oorroaponda  nearer  with  that  of  the  pear  than 
the  other  amailer-leaved  aorta.  It  ia  also  better  for  the  domestic  pur* 
poaaa  to  which  the  fruit  of  the  q«inoe  is  applied,  audi  aa  marmalade, 
and  syrups  or  jellies.  The  propagation  of  the  trees  is  eaaily  effected 
by  layering,  but  they  root  and  grow  dowly ;  and  aeedlinga  form  the 
best  stocks,  though  tiiey  require  two  or  three  yeara  longer  than  theae 
from  layers  before  grafting.  Aa  the  tree  vegetates  early,  it  ahmUd, 
when  used  aa  a  atodc,  be  grafted  as  soon  as  the  weather  will  permit. 
From  thia  not  being  attended  to,  a  want  of  aueoesa  haa  oocauonaUy 
been  complained  of.  The  atocka  diould  be  headed  down  even  aa  eaiiy 
aa  Januaiy.  Quineea  are  beat  adapted  for  light  and  rather  moiat  aoila. 
In  diy  aoila  the  peaia  grown  upon  them  are  rendered  gritty.  [CTDoaia, 
in  Nat.  Hist.  Drv.l 

QUINDECAQON,  a  figure  of  fifteen  aidea. 

QUINETINE.    [CiNOHOVA,  Aulaloii>8  of.1 

QUINIC  ACID.    [KiNio  Acm.] 

QUINIC  ETHER.    [Ethyl.] 

QUINIA.    [CnffOHOVA,  Alkaloidb  of.] 

QUINICINE.    fCiaoHGNA,  Alkaloids  of.] 

QUINIDINE.    [OiKOHONA,  Alkaloids  of.] 

QUININE.    [Cinchona,  Alkaloids  of.] 

QUINOIDINE.    [CiNOHONA,  Alkaloids  of.] 

QUINOIL.    Synonymoua  with  Kdtoil.    [Kinio  Aen>.] 

QUINOLINE.    [CiN(»OKA«  Alkaloidb  of.I 

QUINONAMIDE  (Ci.H^NO,),  Kinmamide,  An  emenld-green 
crystalline  product,  obtained  by  Uie  action  of  ammonia  upon  kinone. 

QUINONE.    Synonymoua  with  Kinonb.    [Kinio  Acid.] 

QUINONIO  ACID  (C^.H^O^),  Kmtmie  Acid,  Thia  acid  haa  not  yet 
been  obtained  in  a  separate  state,  but  aeverai  of  ita  derivativea  are 
known.    The  following  are  the  names  and  fcMinuln  of  the  principal :— * 

Cbloraatlio  add      .       •        •       •       •       •  CxsHsCl,0, 

ChlorairilaiaidB  •••••••  CxsH^dsN^O^ 

ChloraBUam  or  cliloraiiilamic  add  •        •        •  Cj  (Hsd^NO, 
Chloranilammoa  or  cbloranUamate  of  ammonia  Cj|H9(NH^)Cl,N0^ 

« 

QUINONIC  GROUP.    [Kinonic  Group.] 

QUINOTANNIC  ACID.    [Tannic  Acids  ;  KinoianfUe  Acid.] 

QUINOVATIC  ACID.  Synonymous  with  Kinovatic  Acid.  It  is 
sometimes  called  chiococdc  acid,  and  esculic  acid. 

QUINOVIC  ACID.    Synonymous  with  KiNOvic  Acm. 

QUINST,  or  Cynanche,  or  Aiigina,  ia  an  inflammation  of  the  throat. 
NoBologista,  having  apphed  tiie  name  of  cynanche  to  nearly  all  the 
inflammatorv  diaeaaes  in  thia  part,  have  been  obliged  to  «^i*rf:ingi^i»)  the 
different  affections  of  the  aeverai  organs  included  in  it^  by  specific 
names ;  hence  we  have  Cynanche  parotid€ea,&noiher  name  for  mumps ; 
C.  traehealit,  which  is  croup;  C.  pkaryugea,  or  inflammation  of  the 
pharynx ;  C.  tonnllarit,  or  inflammation  of  the  tonaila  ,*  and  many  other 
spec^,  named  either  from  the  organ  chiefly  affected,  or  the  cha^ncter 
of  the  inflammation.  Of  theae,  mumps  and  croup  having  been  treated 
of  in  separate  articles,  the  present  may  be  devoted  to  the  two  last 
mentioned,  whidi  are  indeed  thoae  that  are  commonly  intended  by  the 
popular  name  quinsy. 

Cynanche  pharyngea,  or  inflammation  of  the  mucous  membrane 
lining  the  back  of  the  mouth  and  the  upf)er  part  of  the  throat,  is  that 
which  usually  exists  in  a  common  sore  throat,  brought  on,  as  it  moat 
frequently  is,  by  a  change  in  the  weather,  or  by  sitting  in  cold  or 
damp  air.  It  is  usually  a  mild  disease,  and  chiefly  annoying  from  ita 
liability  to  recur  on  slight  occasions.  The  extent  of  the  inflammation 
varies  greatly  in  different  cases ;  it  may  be  confined  to  the  i^rynx,  or 
it  maj^  spread  fr(»n  it  over  the  aoft  palate  and  the  tonaila,  and  into  the 
cavitiea  of  the  nose,  where  it  produces  the  additional  symptoms  of  a 
cold,  or  into  the  tympanum,  giving  rise  to  deafneaa.  On  examination 
the  back  of  the  mouth  and  feiucea,  when  thua  inflamed,  will  be  found 
unnaturally  red  and  swollen,  and  often  covered  with  tough  mucus  or 
lymph ;  and  from  these  changes  there  result  dryness  and  soreness  of 
the  throat,  pain  on  swallowing,  and  a  sensation  aa  if  the  diaeaaed  parts 
were  doaely  conatricted. 

A  common  acre  throat  does  not  need  much  treatment;  warmth, 
gentle  purgatives,  and  sweating  medicines,  the  avoidance  of  stimulating 
f  ood«  and  the  inhaling  of  the  vapour  of  hot  water,  or  hot  vinegar  and 
water^  or  the  application  of  a  large  poultice  round  the  throat,  will 
usual%  effect  its  removal  in  a  few  days.  Sometimes  however  the 
disease  ia  prolonged  in  a  slight  but  obstinate  form,  which  is  commonly 
called  a  relaxed  sore  throat.  In  this  condition  the  redness  of  the 
parta  affected  is  atill  obaerved,  but  it  ia  of  a  less  vivid  colour,  and  ia 
irregularly  streaky,  instead  of  being  evenly  diffused ;  the  velum  also, 
which  is  commonly  implicated,  is  elongated,  and  it  is  from  its 
unnatural  contact  with  the  back  of  the  tongue  and  the  epiglottis 
that  the  tickling  sensation  in  the  throat  arises,  and  excites  a  constant 
desire  to  swallow  or  to  cough.  For  this  condition  the  necessary 
treatment  consists  of  stimulating  gardes,  auch  as  hot  wine,  infusion  of 
Cayenne  pepper,  very  diluted  mineral  acida,  Ac,  and  if  the  patient  be 
in  general  iU  health,  tonica  and  appropriate  alteratives. 


QUINSY. 


QUOTIENT. 


In  more  Berere  eases  of  inflammation  of  the  phaiynz  and  adjacent 
parts,  matter  sometimes  forms  either  around  or  near  the  pharynx,  or 
in  the  soft  palate  of  the  iiTula,  Wherever  the  existence  of  matter  can 
be  determined,  it  should  be  inmiediately  let  out,  as  from  an  abscess 
in  any  other  part  of  the  body.  In  other  severe,  and  in  some  measure 
peculiar  cases,  the  intensity  of  the  inflammation  is  marked  by  the 
formation  of  false  membranes  on  the  aflfected  surface.  This  form  of 
the  disease  has  been  named  angina  menibranacea,  and  has  been 
especially  described  by  M.  Bretonneau  and  other  liVench  physicians 
under  the  name  of  diphtherUe.  P^ifhthbria.]  In  its  essential  nature 
this  afifection  resembles  croup,  with  which  also  it  is  sometimes  con- 
nected, the  false  membrane  being  not  only  spread  over  the  mucous 
surfaces  of  the  pharynx  and  ^uces,  but  extending  down  into  the 
trachea.  In  some  cases  the  inflammation  is  very  acute,  and,  being 
accompanied  byoommon  inflammatory  fever,  requires  for  its  reduc- 
tion the  most  active  antiphlogistic  troeitment;  the  same  measures,  in 
short,  as  are  applicable  in  cases  of  croup.  [Croup.]  In  another 
severe  form  of  quinsy,  the  inflammation  and  formation  of  false 
membranes  are  accompanied  by  a  low  typhoid  state  with  great  pros- 
tration of  strength,  and  requiring  all  the  remedies  that  are  used  in 
cases  of  low  typhus  fever,  in  malignant  scarlet  fever,  and  other 
dangerous  diseaaes  of  the  same  class.  It  is  this  form  of  disease  which 
is  usually  called  putrid  or  malignant  sore  throat,  and  by  nosologists, 
Cynanehe  or  Angina  maligna.  It  sometimes  occurs  as  an  epidemic,  and 
was  long  regarded  as  attended  by  sloughing  of  the  tlux>at,  the  layers 
of  fiUse  membrane  being  mistaken  for  the  mflamed  tissue  in  a  state  6f 
gangrene.  In  other  cases  of  this  form  of  cynanehe  there  is  a  tendency 
to  the  ]production  of  ulcers.  These  may  be  distinguished  from 
diphtheria  by  the  circumscribed  character  of  the  inflammation.  The 
accompanying  fever  is  of  a  more  or  less  low  form.  The  ulcers  should 
be  touched  with  nitrate  of  silver,  and  afterwards  a  most  effectual 
remedy  is  a  lotion  of  chlorate  of  potash  with  hydrochloric  acid.  In 
these  cases  the  system  requires  support,  and  beef  tea,  port  wine,  and 
quinine  should  be  administered. 

In  Cynanehe  Umdllaris,  or  tonsillitis,  the  inflammation  is  entirely  or 
nearly  limited  to  the  tomdls.  Its  symptoms  are  scarcely  distinguish- 
able from  those  of  the  conunon  form  of  the  preceding  disease,  but  on 
examining  the  throat  the  redness  is  seen  to  be  less  diffused,  and  the 
tonsils,  being  more  or  less  increased  in  size,  are  approximated  to  each 
other  so  as  nearly  to  block  up  the  posterior  aperture  of  the  mouth,  and 
render  any  effort  to  swallow  extremely  painful.  Hence,  to  avoid  the 
pain,  the  patient  usually  lets  the  saliva  flow  from  his  mouth,  and 
often,  in  attempting  to  swallow,  is  unable  to  overcome  the  obstacle 
presented  by  Uie  enlarged  tonsils,  and  discharges  the  fluid  back 
through  the  nose.  In  many  cases  also  the  inflammation  extends  to  the 
eustachian  tube  and  tympanum,  producing  deafness,  and  to  the  parts 
immediately  around  the  larynx,  giving  rise  to  difficulty  of  breathing 
and  a  harsh  hoarse  sound  of  the  voice.  With  these  local  symptoms 
there  is  usually  more  or  less  fever,  with  headache,  loss  of  appetite,  &c. 

The  milder  cases  of  inflammation  of  the  tonsils  may  be  treated  in 
the  same  manner  as  those  of  the  preceding  disease ;  leeches  applied  to 
the  sides  of  the  throat  where  the  pain  is  most  severely  felt,  are 
probably  the  most  beneflcial  means  that  can  be  employed.  The  direct 
application  of  powdered  alum  to  the  tonsils  is  very  usefuL  With  a 
higher  degree  of  inflammation  abscesses  often  form  in  the  tonsils, 
accompanied  by  all  their  usual  signs,  and  with  still  greater  obstruction 
in  the  throat  In  time  these  will  break  of  themselves,  but  it  wiU 
materially  shorten  the  patient's  sufferings  if  they  be  opened  as  soon  as 
matter  has  distinctly  collected.  The  operation  should  be  performed 
with  a  guarded  knife,  or  with  one  that  slips  through  a  canula  and  can 
have  the  length  of  its  cutting  part  fixed. 

The  most  annoying  result  of  repeated  inflammation  of  the  tonsils 
(and  those  who  have  once  sufito^  are  peculiarly  liable  to  a  recurrence 
of  the  disease  from  very  slight  causes),  is,  that  they  become  perma- 
nently enlarged.  In  this  state,  although  swallowing  is  not  painful,  it 
is  often  attended  with  difficulty,  and  by  the  partial  closure  of  the 
fauces  the  respiration  is  always  obstructed  and  requires  an  effort  for 
its  effectual  performance.  From  this,  in  children,  a  peculiar  deformity 
of  the  chest  often  results,  the  breast-bone  and  ihe  fronts  of  the  ribs 
becoming  elevated  and  very  much  arched  forwards,  in  a  form  which  is 
commonly  called  chicken-breasted.  But  if  this  do  not  occur,  the 
patient  always  suffers  inconvenience  from  hoarseness  and  a  kind  of 
nasal  sound  of  the  voice ;  he  cannot  avoid  snoring  very  loud  in  his 
sleep,  and  often  starts  up  from  it  with  a  feeling  of  impending 
suffocation.  The  best  means  for  the  removal  of  this  state  are  astrin- 
gent gargles,  as  those  with  alum,  oak-bark,  mineral  acids,  &c.  Iodine  I 
:ilso,  administered  internally  and  rubbed  on  the  throat,  often  proves  ' 


useful ;  but  in  many  cases  nothing  will  alleviate  the  condition  of  the 
patient  but  cutting  off  a  portion  of  each  tonsil,  so  as  to  reduce  them  ta 
their  natural  dimensions. 

QUINTAL  generally  means  the  weight  of  a  hundred  pounds ;  bet 
the  term  is  not  now  English. 

QUINTICHLOBOPHENIC  ACID.  A  product  of  the  action  d 
chlorine  upon  trichlorophenio  aoid  [PHsmnjc  Group],  or  upac 
chlorisatin  [Indigo].  It  is  crystalline  and  volatile,  and  forms  ciystal- 
line  salts  with  bases. 

QUINTILE,  a  term  of  sstrology  and  ancient  astronomy,  meamsg 
distant  in  longitude  by  72  degrees,  or  the  fifth  part  of  the  whole  grot 
cirdo. 

QUIT  RENT.    [Rent.] 

QUO  WARRANTO.  A  writ  in  the  mtaxe  of  a  writ  of  ri^t  for 
the  crown,  which  lies  against  any  person  or  corporation  ilut  has 
usurped  or  unjusUv  daims  any  public  office  or  other  £randii£e  or 
liberty,  or  that,  havmg  originally  had  a  grant  of  one,  baa  forfeited  it 
by  abuto  or  neglect.  Proceedings  under  it  are  proeecated  in  the 
Queen's  Bench,  and  the  defendant  is  called  on  to  show  6y  takai  warrant 
^uo  foarranto)  he  exercises  the  office,  liberty,  or  franchise  in  questioa. 
The  first  process  against  him  is  by  summons.  .  If  he  fail  to  appear  in 
the  same  term  in  which  he  is  summoned,  he  loses  his  franchise.  After 
appearance,  he  may  disclaim  sny  title,  either  to  the  whole  or  port  of  the 
frfmchise ;  or  he  may  plead  in  justification,  showing  by  what  warrant 
he  has  exercised  it.  To  this  plea  there  may  be  either  a  demurrer  or 
replication,  and  subsequent  proceedings  as  in  ordinary  actionsL  On 
disclaimer  judgment  is  immediately  given  for  tbe  crowzL  In  that 
case,  or  on  judgment  for  the  crown  on  demurrer,  or  after  trial,  the 
judgment  is  that  the  franchise  shall  be  seised  into  the  hands  of  the 
crown,  or,  if  the  crown  cannot  have  the  franchise,  that  the  defendant 
shall  be  ousted,  that  is,  ejected.  If  the  judgment  be  for  the  defendant, 
it  is  that  he  may  enjoy  the  franchise,  &c.,  saving  the  right  of  the 
crown,  and  this  saving  applies  to  aU  titles  except  that  on  which  judg- 
ment is  given.  The  judgment  is  conclusive  even  against  the  crown. 
(2  'Inst.,^  282 ;  Co., '  Ent,'  527,  &c.) 

Proceedings  under  a  writ  of  quo  warranto  have,  however,  been 
superseded  by  informations  in  the  nature  of  a  quo  warranto,  these  Utter 
being  adapted  to  attain  the  same  ends,  and,  at  the  same  time,  in<3% 
expeditious.  The  judgment  is  not  in  this  case  oondusive  against  the 
crown.  Except  when  exhibited  by  the  attorney-general,  they  are  filed 
by  leave  of  the  court. 

The  statute  of  the  9  Anne,  c  20,  was  passed  for  the  purpose  of 
facilitating  such  proceedings  in  the  case  of  corporaie  offices.     For 
although  their  ostensible  object  is  the  punishment  by  fine,  as  well  as  the 
ejection  of  the  usurper  from  his  office,  these  proceedings  are  virtuallj 
of  a  civil  nature,  and  are  now  almost  exclusively  employed  for  the 
decision  of  questions  relative  to  the  exercise  of  corporate  righti 
between  mere  individuals.    The  prosecutor  is  styled  the  relator,  and 
must  apply  by  motion  in  open  oourt  for  leave  to  file  an  information 
upon  affidavits  of  all  the  facts  upon  which  it  is  grounded.    The  court 
may  either  grant  or  refuse  a  rule  nisi,  and  if  a  rule  be  granted,  the 
case  comes  on  for  azgument  in  the  ordinary  course.    The  defendant 
may  then  either  support  his  opposition  by  affidavits  stating  the  fads 
which  form  the  grounds  of  it,  or  confine  himself  to  arguments  arising 
on  the  case  presented  by  the  relator.    If  the  rule  be  made  absolaie, 
the  defendant  must  plead,  at  latest,  within  the  next  term,  but  if  the 
plea  be  insufficient,  the  court  will  allow  the  defendant  to  amend  at  anj 
time  before  trial    In  other  respects,  the  pleading  is  conducted  on  the 
same  principles  as  in  ordinary  cases.    If  the  defendant  be  found  guilty, 
the  court  may  give  judgment  of  ouster  as  well  as  fine.    By  the  statute 
of  Anne,  costs  are  given  to  the  relator  against  the  defendant,  if  the 
information  be  successful ;    to  the  defendant  against  the  relator,  if 
it  wholly  faiL    If  one  material  issue  be  found  for  the  crown,  the 
crown  must  have  judgment,  and  the  relator  is  entitled  to  costs  on  all 
the  issues.    The  provisions  of  the  statute  of  Anne  only  relate  to  offices 
analogous  to  those  mentioned,  that  is,  those  of  a  corporate  character. 
By  the  statute  33  Qeo.  IIL  c.  58,  the  defendant  is  enabled  to  plead 
that  he  had  exercised  the  office  in  question  for  rix  years  previous  to 
the  exhibition  of  the  information,  and  if  the  fact  be  so,  he  is  entitled 
to  judgment.     By  stat.  1  Vict,  c  78,  s.  28,  the  time  within  which 
proceedings  of  quo  warranto  may  Ibe  brought  against  any  mayor, 
alderman,  coimciUor,  or  burgess,  is  further  limited  to  one  year  after 
either  his  election  to  office,  or  the  commencement  of  his  disquali- 
fication.   (Com.  j^.,  tit.  Quo  Warranto ;  BL  Cam,) 

QUORUM.    [Sessions.] 

QUOTIENT,  or  QUOTE,  the  result  of  dividing  one  number  by 
another. 
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RADUTION  OF  HEAT. 


R. 


RJB  one  of  the  Tihntmg  leteen  oalled  liquidt.  It  is  formed  at  the 
back  of  the  palate,  md  la  on  this  oooount  more  nearly  related  to 
the  liquid  I  than  to  n  or  m.  For  the  Tariona  loima  of  the  alphabetical 
symbol  see  Alfhabxt.    It  is  oonvertible 

1.  with  2.    See  that  letter. 

2.  with  n.    See  that  letter. 

3.  with  m  at  the  end  of  words.    Bee  N. 

4.  with  s.    See  S. 

5.  It  is  apt  to  place  itself  at  one  time  before^  at  another  after  a 
TOweL  Thus  in  Greek  RpoicoSfiXof  or  icapKodf iA«f ,  sjpcnvf  or  iraprof . 
So  the  English  words  red,  nm,  are  changed  in  the  Doraetshixe  dialect 
to  hvrd,  h»rn.  Agun»  hid  is  an  old  orthography  of  bird,  and  the  town 
BridUnffton  is  pronounoed  BwrUngton, 

6.  The  letter  r,  in  the  neighbourhood  of  aereral  oonaooanta,  is  apt  to 
disappear  from  words.  Thus  the  Gennan  tprechrm  is  in  English  ^iralr, 
our  word  world  is  in  German  wetL 

7.  In  one  language  a  word  is  found  with  an  initial  r,  when  in  other 
allied  languages  there  occur  at  the  beginning  two  consonants,  as  hr,firf 
KT,  Thus  in  Qreek  we  have  poSor,  pTrfrv/u,  p«{w,  conneoted  with  which 
are  the  forms  0p9Sor,  frango,  Latin,  and  break,  En|[^Uah;  and,  thirdly, 
the  English  words  tortah,  wcfi,  wrought. 

8.  The  letter  r  is  at  times  confounded  with  w.  Thus  it  is  not  a 
very  rare  variety  of  articulation  that  rubbiA  ia  pronounced  wubbiA, 

9.  More  particularly  when  a  word  ends  in  a  to,  or  even  a  vowel,  it  is 
not  uncommon  to  pronounce  an  r,  especially  if  the  next  word  bcgina 
with  a  voweL  The  London  vulgarism,  winder,  piUer,  for  window, 
pillow,  is  an  example,  nor  need  the  philologist  be  ashamed  to  treat  of 
such  cases,  which  are  aa  worthy  of  oonaideiratioii  as  any  dialect  of  the 
Greek  tongue. 

RABBI  (fiafipt,  '^9'^),  a  title  of  respect,  similar  in  meaning  to  our 
word  master  or  teacher,  which  waa  given  to  the  teach'toB  of  the 
Jewish  law  by  their  disciples  and  the  people  in  the  time  of  Christ 
(Matt.,  xxiii.  7.)  The  title  waa  often  given  to  Christ  by  his  disciples. 
(Matt,  xxvi.  25, 49 ;  Mark,  ix.  5 ;  xL  21 ;  John,  I  88 ;  iv.  81.)  It  is 
doubtful  when  it  was  first  introduced.  It  is  admitted  by  Jewish 
writers  that  it  was  not  in  use  before  the  time  of  CQllel  of  Babylon, 
who  lived  in  the  1st  century  before  the  Christian  era ;  and  it  was 
perhaps  first  introduced  into  the  Jewish  schools  about  the  time  of 
Christ  The  word  was  originally  used  in  three  forms  :  Mb  (3*1),  as 
the  lowest  degree  of  honour;  Balbbi  (^21),  of  higher  dignity;  and 
Babbun  (pOT}),  or  Babbom  {fmfifiort),  which  was  the  most  honourable 

of  all.  The  title  of  Babboni  is  given  to  Christ  on  two  occasions  in  the 
evangelists.    (Mark,  x.  51 ;  John,  xx.  10.) 

The  title  of  rabbi  has  continued  in  use  among  the  Jews  in  modem 
times.  The  term  rabbiniod  has  been  given  to  lul  the  Jewish  writings 
composed  aftor  the  Christian  ^era. 

(Bnxtorf,  Lexie,  Chald.  Bab.  TaUiwd.,  2176 ;  Ughtfoot,  Jffor.  ffebr. 
ad  Maih.,  xxiiL  7  ;  Hill,  De  ffobraeor,  Babbinu,  Jen.  1741 ;  Winer, 
BibUacha  BealwMerbuch,  art  Babbl) 

RABDOLOGY.    [Napier's  Bones.] 

RACEMIC  ACID.    [Tabtauo  Acu).] 

RACHITI&    [Rickets.] 

RACK.    [Abback.] 

RACK.      rTOBTURB.] 

RADIATION  OF  HEAT  is  a  motion  of  its  particles  in  rectilinear 
directions,  diverging  every  way  from  a  heated  bpdyi  either  luminous  or 
not ;  and  it  is  imagined  to  arise  from  the  existence  of  a  strongly  repul- 
sive power  by  which  the  particles  are  made  to  recede  from  oich  other 
witii  great  velocity. 

The  intensity  of  heat  thus  emitted  from  a  ix>int  of  radiation  is 
obviously  the  same  at  equal  distances  from  the  point;  and  at  unequal 
distances,  it  ia  inversely  proportional  to  the  squares  of  the  distances. 
The  radiating  particles  ^Ung  upon  the  sur£M$es  of  any  bodies  in  the 
vicinity  of  that  from  which  they  emanate,  are,  according  to  the  nature 
of  those  bodies,  absorbed  in  tiiem,  or  transmitted  through  them,  or 
again  they  may  be  reflected  from  them ;  and,  in  the  two  last  cases,  the 
radiant  heat,  as  it  is  called,  appeara  to  suffer  modifications  analogous  to 
those  which,  in  like  drcumstances,  take  place  in  li^t  According  to 
M.  Prevost  ('  Easai  but  la^  CUorique  Bayonnante,'  1809),  the  radiation 
of  heat  is  a  process  which  is  perpetually  going  on  among  all  the  bodiea 
in  nature;  those  which  are  of  equal  temperature  mutually  inter- 
changing equal  quantities  of  caloric ;  but,  with  respect  to  two  bodies 
whi(£  are  imequally  heated,  that  which  has  the  greatest  quantity 
sends  forth  emanations  in  greater  abundanc^^than  the  other ;  the  differ- 
ence however  Himinialitng  as  boUi  bodies  approach  to  an  equality  of 
temperature. 

The  particles  ti  heat  (calorific  particles)  appear  to  move  with  perfect 
freedom  through  a  vacuum,  and  to  be  impeded,  but  in  an  insensible 
degree,  in  their  progress  through  air  or  any  of  the  gases;  they  are 
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also  found  capable  of  being  transmitted,  though  in  small  quantitiesi 
through  transparent  media  of  the  denser  kinds,  as  glass,  rock-oystal, 
ftc;  and  in  passing  through  air  they  produce  no  sensible  effect  on 
the  temperature  of  the  hitter.  If  a  body  be  heated  to  any  degree  of 
temperature,  and  be  phMsed  in  an  absolute  vacuum,  it  is  evident  that, 
in  consequence  of  the  repulsive  power  above  mentioned,  the  heat  must 
at  length  be  entirely  dissipated  by  the  radiation  merely;  and  if  the 
body  be  placed  in  any  fluid,  it  may  be  readily  concluded  that  the 
absteaction  of  the  heat  must  be  influenced  by  the  conducting  power  of 
the  fluid. 

The  first  direot  experiments  which  appear  to  have  been  made  on  the 
radiation  and  reflection  of  heat  are  those  of  Mariotte,  and  aniaocount 
of  them  is  given  in  the  '  M^moires  de  I'Acad.,'  1682.  He  caused  the 
heat  of  a  &e  to  fall  on  the  surface  of  a  concave  mirror,  and  observed 
that  it  waa  concentrated  in  the  focua  of  the  latter;  and  on  placing  a 
pbte  of  ^ass  between  the  fire  and  the  mirror,  he  perceived  that  tka 
raya  of  heat  were  intercepted.  The  subject  does  not  appear  to  have 
been  much  attended  to  till  about  the  middle  of  the  18th  century, 
when  Lambert,  in  his  '  Photometria'  (1760),  states  that^  on  phKong  a 
lai^e  s^  lens  before  afire,  the  heat  waa  scarcely  sensible  at  the  focus, 
while  the  reflected  heat  of  burning  whi^^yM^l  get  fire  to  combustibles  at 
a  considerable  distance ;  and  Scheele,  in  his  treatise  on  air  and  fire, 
which  appears  to  have  been  written  in  1775,  describes  radiant  heat  as 
differing  from  ordinary  heat  by  disseminating  itself  in  right  lines 
whose  ourections  are  not  changed  I7  Uie  agitations  of  the  air,  and  by 
being  reflected  from  polished  metallio  mirrors,  while  it  is  absorbed  in 
those  of  glass,  and  in  the  others  when  their  surfM)es  are  blackened. 

The  experiments  of  Scheele  were  varied  by  MM.  Saussur«  and 
Pictet,  who  by  an  appropriate  apparatus  endeavoured  to  ascertain  the 
laws  €d  the  radiation  of  caloric.  They  employed  for  this  purpose  two 
concave  mirrors  of  polished  tin,  in  the  mens  of  one  ot  which  waa 
placed  the  bulb  of  a  B^umur's  tiiermometer,  and  in  that  of  the  other 
a  ball  of  iron  heated  below  the  degree  necessary  to  render  it  luminous; 
and,  by  a  comparison  of  the  height  of  the  mercury  in  the  thermometer 
with  that  in  one  Fhich  waa  placisd  out  of  the  focus,  but  at  an  equal 
distance  from  the  iron,  the  difference  was  found  to  be  equal  to  about 
8  dcgreea.  M.  Pietet  employed  also,  in  place  of  the  heated  ball,  a 
^ass  flask  containing  boiling  water,  in  order  to  avoid  the  risk  of  any 
lig^t  being  combined  with  the  heat;  and  the  eflRsct  produced  on  the 
thermometer  sufficiently  proved  that  the  calorific  rays  exist  in- 
dependently of  those  of  light  (Pictet, '  Essai  sur  le  Feu,'  1790.)  In 
pursuance  of  the  experiments  of  Scheele  with  a  bbw^ened  mirror, 
M«  Pictet  covered  with  lampblack  the  bulb  of  the  thermometer  in  the 
focus  of  one  of  his  mirrors,  and  found  that  tiie  concentrated  heat  from 
the  flask,  which  when  the  bulb  waa  bright  raised  the  mercury  2^ 
degrees,  now  raised  it  H  degrees.  The  same  experimenter  placed  a 
fladc  of  snow  in  the  focus  of  one  metallic  reflector,  and  a  thermometer 
in  that  of  another;  and  the  observed  fall  of  the  mercury  was  then  con- 
sidered as  an  indication  that  cold  is  susceptible  of  radiation  and  reflec- 
tion like  heat  The  last  experiment  belongs  however  to  an  eariier 
date,  as  may  be  seen  by  reference  to  a  letter  from  Oldenburg,  dated 
1665,  in  Boyle's  Works  (fo.  1744). 

The  nature  of  the  apparatus,  and  the  experiments  made  by  Leslie  on 
the  radiation  of  heat^  are  described  under  Heat.  From  these  it 
appeared  that  the  amount  of  radiation  from  a  polished  surface  was  only 
about  on»«]f^th  of  that  which  took  place  from  a  surface  without 
polish ;  and  hence  it  waa  evident  that  the  velocity  of  radiation  depends 
more  on  the  surface  than  on  the  nature  of  the  radiatiiig  body.  In 
making  experiments  respecting  the  absorbing  power  of  substancea, 
Leslie  found  that  when  the  heat  from  the  canister  waa  suffered  to  fall 
on  the  glass  bulb  of  the  differential  thermometer,  the  quantity  received 
by  the  latter,  if  covered  with  tin-foil  having  a  polish,  was  only  one- 
fifth  of  that  which  it  received  in  its  ordinary  statei 

Leslie  also  repeated  the  experiments  of  PLctet  for  determining  what 
was  Called  the  radiation  of  cold;  and  filling  his  canister  with  ice  or 
snow,  he  found  that  the  cold  amxffently  emitted  from  the  varnished 
aide  was  the  greatest,  and  that  from  the  polished  side  the  least ;  he 
observed  also  that  the  cold,  like  the  radiant  heat,  varied  with  changes 
in  the  absorbent  power  of  the  thermometer  and  of  the  surface  ofme 
mirror.  The  mercury  in  the  thermometer  fell  more  when  the  mirror 
waa  of  polished  metal  than  when  of  dass ;  it  also  fell  more  when  the 
bulb  waa  in  its  ordinary  state  than  when  covered  with  a  polished  tin- 
foil (' Inquiry  into  the  Nature  of  Heat,' 1804.)  lliese  circumstances, 
which  seemed  at  one.  time  to  favour  the  opinion  that  cold  had  a 
material  existence  like  heat,  have  received  an  explanation  from  M. 
Prevost  of  Geneva.  (' Jouxiial  de  Physique,'  xxxviii.)  This  philo- 
sopher observes  that  a  mass  of  ice  or  snow  may  send  out  radiant  heat 
less  in  abundance  than  that  which  is  emitted  from  other  bodies  in  its 
vicinity ;  and  this  comparatively  small  quantity  of  heat,  when  reflected 
from  one  mirror  to  the  other,  and  from  the  surges  of  the  latter  to  the 
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focus,  may  there  produce  the  effect  of  absolute  cold,  by  causing  the 
thermometer  to  send  out  radiant  heat  to  the  ice,  and  thus  render  the 
mercury  in  it  lower  than  it  would  otherwise  be.  This  interchange  of 
caloric  between  the  thermometer  and  the  ice  may  be  conceived  to  go 
on,  the  former  on  the  whole  losing,  and  the  latter  acquiring  it,  till  an 
equilibrium  is  established  between  their  temperatures. 

From  the  results  of  Leslie's  experiments,  it  is  apparent  that  the 
power  by  which  bodies  absorb  heat  is  directly  proportional  to  that  by 
which  they  allow  it  to  radiate  from  them ;  and  that  both  are  inversely 
BO  to  the  power  of  reflecting  it.  When  the  rays  of  heat  fall  on  polished 
glass,  a  large  portion  of  them  is  absorbed ;  these  raise  the  temperature 
of  the  g^ass,  and  from  the  surface  of  the  latter  that  heat  is  afterwards 
radiated  in  abundance ;  whereas,  when  the  rays  strike  the  surface  of 
polished  metal,  nearly  all  of  them  are  reflected.  It  was  found  how- 
ever that  different  metals,  independently  of  their  polish,  have  different 
degrees  of  reflecting  and  radiating  power.  A  mirror  of  tin  being 
-  rubbed  with  mercury,  the  reflection  was  increased  in  the  ratio  of  12  to 
20,  though  the  degree  of  polish  was  the  same ;  and  a  metal  having  lost 
some  of  its  brillianoy  by  oxidation,  the  radiating  power  was  propor- 
tionally augmented. 

Leslie  s  canister  was  foimd,  moreover,  to  produce  different  effects, 
according  to  the  thickness  of  the  covering  material  on  its  sides.  One 
coat  of  jelly  on  the  tin  side  produced  an  elevation  of  the  thermometer 
equal  to  38**,  and  four  such  coats  produced  an  effect  equal  to  6i° ;  but 
after  a  certain  thickness  the  difference  was  insensiUe.  A  pkU^e  of 
itnetallic  leaf  rendered  however  the  radiating  power  as  great  as  a  thick 
jplate  of  the  same  metal. 

£bcpcriment8  made  by  Count  Rumf ord,  soon  after  the  publication  of 
Lealie's  work,  produced  nearly  the  same  results  as  the  latter  had  ob- 
tained; and  the  Count  draws  from  them  several  useful  conclusions. 
He  observes  (*  Phil.  Trans.',  1804)  that  when  we  would  confine  heated 
substances,  solid  or  fluid,  in  a  vessel,  the  surface  of  the  latter  should 
be  highly  polished ;  on  the  other  hand,  if  the  object  be  to  cool  the 
substances,  the  surface  should  be  painted  or  varnished,  or  be  covered 
with  a  soft  coating  which  is  not  metallic.  Also,  in  warming  apart- 
ments by  steam,  the  intention  being  to  promote  radiation  as  much 
as  possible,  the  tubes  conveying  the  steam  should  be  unpolished  or 
painted. 

In  pursuing  the  views  of  Scheele  concerning  the  transmission  of 
heat  mrough  screens,  Leslie  found  that  a  sheet  of  tin  interposed 
between  the  canister  and  the  mirror  entirely  intercepted  the  heat,  and 
a  plate  of  glass  nearly  so.  Employing  two  sheets  of  tin,  each  of  which 
had  one  side  coverea  with  black  varnish,  while  the  other  side  was 
polished,  the  following  were  the  results :  when  the  varnished  sides 
were  in  contact,  little  heat  passed  through,  evidently  because  one  of 
the  exterior  sides  was  not  well  adapted  to  receive  the  caloric,  nor  the 
other  to  radiate  the  little  which  might  have  been  acquired ;  but  when 
the  varnished  sides  were  placed  exteriorly,  the  quantity  which  passed 
through  was  considerable,  the  vamiBh  enabling  one  plate  easily  to 
absorb  and  the  other  as  easily  to  radiate  the  heat. 

The  reality  of  the  transmission  of  heat  through  glass  plates,  which 
both  L^lie  and  Brewster  appeared  to  doubt,  from  the  diiEculty  of 
distinguishuig  between  heat  so  transmitted  and  that  which  radiates 
from  the  glass  after  having  been  for  a  time  absorbed  in  it,  is  now  sup- 
posed to  be  sufficiently  established  by  the  experiments  of  MH.  Prevost 
and  De  la  Roche  ('Annals  of .PhUos.,  1803),  and  ako  by  the  researches 
of  M.  Melloni.  (*  Annales  de  Chimie,*  xlvilL,  &c.)  The  first,  in  order 
to  ascertain  the  lact,  received  on  a  thermometer  the  ray»  from  a  heated 
body  after  passing  through  screens  of  glass  which  were  renewed  so 
often  that  tney  had  not  tune  to  become  heated.  The  second  suffered 
a  thermometer  to  rise  to  its  maximum  by  the  rays  from  a  heated 
body  when  a  transparent  glass  screen  was  interposed ;  and  again,  when 
there  was  interposed  a  glass  screen  blackened  so  as  to  prevent  the 
radiant  heat  from  passing,  the  excess  of  the  rise  of  the  thermometer  in 
the  former  case  above  that  in  the  latter  gave  evidently  the  effect  pro- 
duced by  the  radiant  heat  alone.  The  conclusion  at  which  the  experi- 
menters arrive  is,  that  the  quantity  of  heat  which  radiates  through 
gloss  is  so  much  the  greater  as  the  temperature  of  the  source  of  the 
heat  is  higher.  M.  Melloni  found  that  of  100  rays  incident  on  the 
same  plate  of  glass  from  an  oil-lamp,  from  red-hot  platinum,  from 
copper  heated  to  734°,  and  from  the  same  heated  to  212'*,  the  numbers 
were  77,  57,  34,  and  12,  respectively.  He  has  also  ascertained  that  aH 
bodies  which  have  the  power  of  transmitting  heat  are  in  general  more 
or  less  transparent ;  and  that  rock-salt  is  the  only  known  substance  in 
which  all  the  radiant  heat /ailing  on  it  is  either  reflected  or  transmitted, 
whether  the  temperature  of  the  heated  body  be  low  or  high. 

Diathermacy  does  not  depend  \ipon  transparency,  either  in  solids  or 
hi  liquids.  An  iron  ball  heated  to  400**,  placed  midway  between  the 
blackened  balli  of  a  thermoscope,  will  not  cause  a  rise  in  the  liquid, 
since  each  bulb  receives  an  equal  share  of  heat ;  but  if  a  plate  of  rock- 
Balt  be  interposed  between  the  iron  and  one  of  the  bull»,  and  a  plate 
of  glass  of  equal  thickness  between  the  hot  ball  and  the  other  bulb, 
the  bulb  next  the  rock-salt  will  rise  in  temi)erature  much  more  rapidly 
than  the  one  next  the  glass,  although  both  screens  are  equal  in  thick* 
ness,  and  equally  transparent  to  light.  So  also,  if  four  liquids  equally 
transparent  receive  each  100  rays  from  an  argand  lamp,  water  will 
transmit  only  11,  sulphuric  acid  17,  ether  21,  and  oil  of  turpentine  81 ; 
while  chloride  of  sulphur,  which  is  of  a  reddish  colour,  allows  63  rays 


to  pass.  The  diathermacy  of  different  solids  and  liquids  for  heat  from 
different  sources  is  stated  in  a  tabulated  form  in  sach  books  as  Millers 
*  Chemical  Physics.'  We  do  not  repeat  ihem  here ;  but  state  a  few  of 
the  more  modem  results'  given  in  that  work  in  connection  with  the 
subject. 

Knoblauch  has  found  that  very  thin  metallic  films  are  diathermic, 
thus  presenting  an  analogy  to  their  limited  tFansparency  to  light 
Gold  and  silver  transmit  certain  calorific  rays  more  freely  than  othen, 
while  platinum  appean  to  tranumit  all  the  mys  with  equal  facilitj'. 
Tyndall  has  found  that  the  gases  exert  different  degrees  of  absorptifs 
action  on  the  rays  of  heat;  tiius,  coal  gas  is  more  absorptive  thm 
atmospheric  air,  and  the  vapour  of  ether  considerably  more  than  tL^ 
of  the  bisulphide  of  carbon.  Certain  rays  are  more  powerfully  alxsorlcd 
by  the  colourless  gases  than  others.  Thus  coal  gas  arrests  the  hesz 
rays  from  a  source  below  a  visible  red  heat  much  more  perfectly  th-ji 
it  absorbs  the  rays  of  the  lime-light  after  they  have  traversed  a  ihln 
layer  of  water. 

Diathermacy  is  not  dependent  on  transparency ;  thus  black  glass  asd 
plates  of  smoked  quartz,  so  opaque  that  the  midday  sun  is  banrlr 
visible  through  them,  are  much  more  diathermanous  than  plates  u: 
alum;  and  plates  of  quartz  smoked  so  as  to  be  opaque  are  nbre 
diathermanous  than  when  clean  and  transparent.  Diathermacr 
seems  to  be  more  influenced  bv  mechanical  arrangement  than  ly 
chemical  composition.  Common  table  salt  is'adiathennic  :  a  soluti*  s 
of  rock-salt  is  scarcely  superior  to  pure  water  in  diathermacy,  and  a 
solution  of  alum  Ib  eaual  to  one  of  rook-salt.  The  latter  subestance  h. 
the  solid  colourless  form  approaches  perfection  in  diathermacy  ^5 
already  noticed.  But  even  this  has  lately  been  found  to  absorb  ocrtaiu 
of  the  rays  of  heat  somewhat  more  freely  than  others.  All  other 
bodies  examined  by  Melloni  transmit  a  quantity  of  heat  which  varies 
with  the  nature  of  the  source,  just  as  coloured  ncicdia  transmit 
quantities  of  light  depending  on  the  nature  of  the  colour.  Thus  if  a 
pencil  of  solar  light  fall  upon  red  glass,  red  rays  alone  will  be  irxxi- 
mitted,  the  rest  being  absorbed.  This  property,  whereby  different 
partially  diathermanous  media  absorb  different  constituents  of  tie 
thermic  pencil,  has  been  termed  thermo-dirosii  or  "  calorific  tint."  F'?r 
as  a  pencil  of  solar  light  incident  first  on  a  red  plate,  and  then  on  one 
of  bluish  green,  wHl  be  totally  absorbed,  the  second  plate  absorhir.; 
what  the  first  transmitted,  so  a  ray  of  heat  may  be  entirely  absoHr'e^i 
by  causing  it  to  ydJsa  through  two  media,  one  of  which  absorbs  the 
rays  transmitted  by  the  other. 

By  letting  the  calorific  rays  pass  first  through  one.  screen  and  thea 
through  two,  M.  De  la  Hoche  found  that,  in  passing  through  tae 
second  screen,  the  rays  suffered  less  diminution  of  intensity  than  ia 
passing  through  the  first;  and  the  fact  is  considered  as  proving  tkit 
some  calorific  rays  experience  more  difficulty  in  passing  throtigfa  gks 
than  others ;  consequently  that,  like  light,  radiant  heat  is  of  diff«T«Dt 
kinds.  He  also  observed  that  a  thick  plate  of  glass  allows  a  smalls- 
quantity,  of  radiant  heat  to  pass  through  than  a  thin  one,  and  that  ths 
difference  is  so  much  the  less  as  the  temperature  of  the  heated  body  is 
higher :  and  it  is  inferred  that,  since  radiant  heat  becomes  m«:re 
capable  of  penetrating  glass  as  the  temperature  increases,  tiU  the  \nA'< 
becomes  luminous,  heat  is  only  a  modification  of  light. 

The  theory  of  radiant  heat  is  intimately  connected  with  that  of 
the  .cooling  of  bodies;  and  the  first  effort  to  determine  the  b^s 
relating  to  this  subject  was  made  by  Sir  Isaac  l^ewton,  trho,  fntn 
theoretical  considerations,  inferred  that  when  a  heated  body  is  expoecf} 
to  a  constant  cooling  cause,  as  the  uniform  action  of  a  current  of  air, 
it  ought  to  lose  at  each  instant  a  quantity  of  heat  proportional  to  the 
excess  of  its  temperature  above  that  of  the  surrounding  air,  ar^I 
consequently  that  its  losses  of  heat  in  equal  intervals  of  time  abotiM 
form  a  decreasing  geometrical  progression.  But  it  is  now  known  tba: 
this  law  holds  good  only  when  the  differences  of  temperature  do  cv  t 
exceed  40  or  50  degrees,  and  its  inaccuracy  at  high  tebiperaturea  w.^s 
fii-st  pointed  out  by  Marline  (1740). 

From  the  experiments  of  MM.  Dulong  and  Petit,  it  is  found  that^  if 
it  were  possible  to  obtain  the  absolute  loss  of  heat  which  a  body  ii 
vacuo  experiences  (or  that  loss  which  would  take  place  if  there  were  n> 
restoration  of  heat  from  surrounding  bodies),  the  vdocitiee  of  oooIiB^. 
estimated  by  the  diminutions  of  temperature  indicated  by  on  air 
thermometer,  would  increase  in  a  geometrical  progression  when  tLe 
temperature  of  the  heated  body  increases  in  an  arithmetical  pru- 
gression;  and  further,  that  the  ratio  of  the  form«r  pro^rression 
(  =  1'0077)  would  be  the  same  for  all  bodies,  whatever  might  be  the 
state  of  their  surfaces,  and  whether  the  temperature  of  the  vacuum 
remained  constant  or  increased  in  an  arithmetical  progresacm.  But, 
6tl  taking  account  of  the  quantity  of  heat  sent  back  at  ev«ry  instant  by 
the  surrounding  medium  (a  quantity  which  wiU  be  constant  if  iIm 
temperature  of  that  medium  does  not  vary),  it  is  found  that  tiie 
velocities  of  cooling  in  vacuo  increase,  for  equal  increfnents  of  tempe- 
rature, in  a  gcomemcal  progression  whose  terms  ate  diminished  by  s 
constant  quantity,  which  quantity  varies  in  a  geometrical  progresaion 
when  the  temperature  of  the  medium  varies  in  an  arithmelical  pro^ 
gression.  By  direct  experiments  on  the  cooling  of  heated  bodies  is 
air  and  hydrogen  gas,  Dulong  and  Petit  determined  what  I,«ealie  had 
before  ascertained  by  an  indirect  process,  namely,  that  the  loss  of  heat 
when  a  body  is  in  contact  with  a  gas  is  independent  of  tlie  suiface  o: 
l&e  cooling  body.    They  found  also,  by  experiments  on  dilated  air  sod 
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carbonic  acid  at  various  temperatures,  that  the  velocity  with  which  a 
body  coob  from  the  mere  contact  with  gas  (when  the  excess  o£ 
temperature  of  the  heated  body  above  that  of  the  surrounding  gas  is 
constant)  depends  on  the  density  and  .temperature  of  that  gas ;  but 
this  dependence  is  such  that  the  velocity  of  cooling  remains  the  same 
if  those  elements  change  in  such  a  way  that  the  elasticity  of  the  gas 
remains  constant.  The  same  chemists  have  also  ascertained  that, 
when  the  elasticity  of  air  varies  in  a  geometrical  progression,  its  cooling 
power  varies  likewise  in  a  geometrical  progression,  in  such  a  manner, 
that  when  the  common  ratio  of  the  first  progression  is  2,  that  of  the 
latter  is  1'366.  If,  instead  of  common  air,  hydrogen  gas,  carbonic 
acid,  or  olefiant  gas  be  in  contact  with  the  heated  body,  the  ratio  of 
the  first  progression  being  as  before,  that  of  the  second  is  1*301.  And 
they  conclude  that  the  cooling  power  of  each  of  the  last-mentioned 
gases  is  nearly  proportional  to  the  square  root  of  the  elasticity  of  the 
gas.    ('  Annales  de  Chimie,'  vii ;  '  Annals  of  FhUos.',  ziii.) 

That  the  colours  of  bodies  have  some  effect  on  the  velocity  of 
radiation  and  on  the  absorption  of  heat  has  been  proved  by  experi- 
ments made  by  Dr.  Stark  of  Edinburgh  (1833).  This  gentleman 
surrounded  the  bulb  of  a  thermometer  successively  with  dqual  weights 
of  black,  red,  and  white  wool,  and  placed  it  in  a  glass  tube,  which  was 
heated  to  the  temperature  of  180°  by  immersion  in  hot  water;  the 
tube  was  then  cooled  down  to  50°  by  immersion  in  cold  water,  and  the 
several  times  of  cooling  were  respectively  21,  26,  and  27  minutes.  On 
^sinding  successively  black,  red,  and  white  wool  about  the  bulb,  and 
raising  the  temperature  from  50°  to  170*,  the  times  in  which  the 
thermometer  so  surrounded  acquired  the  latter  temperature  were 
respectively  ik,  54,  and  8  minutes.  (Turner's  '  Elements  of  Chemistrj^' 
Heat.)  Mr.  Glaisher  ('  PhiL  Trans.'  1847)  found  the  order  of  the 
radiating  power  of  coloured  wools  exposed  to  a  dear  nocturnal  sky  to 
be  black f  green,  white,  crmson,  acarlet,  orange,  yeUow,  dark  blue,  Ught 
Uue,  the  difference  between  Ught  blue  and  black  being  1°'8. 

The  refrangibility  of  heat  was  first  examined  by  Dr.  (afterwards  Sir 
WTiUiam)  Herschel,  who,  having  analysed  by  the  prism,  as  usual,  a 
beam  of  solar  light,  and  having  placed  a  Fahrenheit's  thermometer 
successively  within  the  fields  of  the  different  coloured  rays  in  the 
spectrum,  found  that  in  the  violet  rays  the  temperature  was  2%  and, 
gradually  increasing  towards  the  other  extremity,  in  the  red  rays  it 
was  7"  above  the  general  temperature  of  the  apartment.  He  also 
ascertained  that  there  was  a  point  beyond  the  limits  of  the  visible  red 
rays  at  i^hich  the  excess  of  temperature  was  a  maximum.  Similar 
observations  were  made  about  the  same  time  bv  Sir  Henry  Englefield ; 
and  it  was  hence  evident,  not  only  that  the  calorific  rays  were 
refrangible,  but  that  the  property  existed  in  them  in  a  higher  degree 
than  in  light.  Dr.  Herschel  afterwards  made  a  number  of  observations 
on  small  pencils  of  heat  proceeding  from  a  lighted  candle,  a  common 
fire,  iron  heated  to  redness,  and  also  from  iron  heated  to  a  lower 
degree ;  and  he  discovered  that,  in  all  these  cases,  the  calorific  rays 
were  susceptible  of  refraction.  He  found  however  that  there  was  some 
difference  between  the  heat  of  the  sim  and  that  of  terrestrial  bodies, 
the  former  passing  more  freely  through  the  glass  than  the  latter. 
('Phil  Trans.',  1800.)  M.  Melloni  has  subsequently  ascertained,  by 
using  prisms  of  rock-salt  (a  mineral  which  possesses  in  a  high  d^pree 
the  power  of  transmitting  heat),  that  heat  from  different  sources, like 
light  of  different  colours,  has  different  degrees  of  refnmgibility. 

In  the  experiments  on  radiant  heat  it  has  been  noticed,  that  when 
such  heat  from  whatever  source  has  been  once  absorbed  and  again 
radiated  it  does  not  retaii^the  peculiarities  of  its  source.  But  heat  of 
low  refrangibility  may  be  converted  into  that  of  higher  refrangibilit^. 

M.  Berard  ascertained  that  when  li^t  suffers  double  refraction  in 
Iceland  spar,  the  two  pencils  formed  spectra  which  exhibited  similar 
properties ;  in  both,  the  calorific  power  differed  at  the  two  ends,  and 
existed  beyond  the  visible  red  rays.  Also,  on  polarising  by  reflection 
from  glass  a  beam  of  solar  light,  and  receiving  the  reflected  ray  on  a 
second  glass,  the  latter  being  capable  of  turning  round  till  tne  ray 
ceased  to  be  reflected  from  it,  he  found  that  whQe  the  light  was 
reflected,  the  heat  was  also  reflected,  and  that  when  no  light  was 
reflected,  there  was  no  heat.  The  lUce  effect  was  produced  when, 
instead  of  a  pencil  of  solar  light  a  portion  of  radiant  heat  from  a  body 
not  luminous  was  employed,  and  the  inference  ^is,  that  the  particles  of 
radiant  heat  are  polarised  by  reflection,  like  those  of  light.  Thv 
Kubject  has  however  been  since  more  completely  investigated  by 
Professor  Forbes,  ('Edinburgh  Phil.  Trans.',  1836.)  Knoblauch, 
C  ^^SS'  Anna!,'  Ixxiv.)  has  sdso  obtained  distinct  evidence  of  the 
diffiraction  and  interference  of  the  rays  of  heat. 

The  subject  of  solar  radiation,  or  of  the  direct  force  of  the  sun's 
rays,  so  important  to  the  a^culturist  as  well  as  to  the  philosopher, 
was  treated  by  Mr.  Daniell,  in  his  '  Meteorological  Essays, ,  1823.  On 
comparing  a  uiermometer  exposed  to  the  action  of  the  sun  with  one 
which  gave  the  mean  temx)erature  of  the  air  in  the  shade,  Mr.  Daniell 
observed  ih&t  the  power  of  solar  radiation  varies  with  the  sun's  decli- 
nation; the  greatest  intensity  taking  place  in  June,  though  the 
greatest  m;ean  temperature  of  the  atmosphere  does  not  occur  till  July. 
He  observed  also  that  the  radiation  varies  at  different  hours  of  the 
day,  increasing  with  the  sun's  altitude  till  a  short  time  after  it  arrives 
on  the  meridian,  and  then  diminishing  till  the  evening.  From  the 
observations  of  Major  Sabine  at  Sierra  Leone,  at  Bahia,  and  at  Port 
Royal,  Daniell  was  led  to  conclude  that  the  intensity  of  solar  radia- 


tion diminishes  in  proceeding  towards  the  equator;  and  the  conclusion 
appears  to  have  been  subsequently  confirmed  by  the  observations  of 
Scoresby  and  Parry,  and  of  Richardson,  in  the  Arctic  regions.  From 
the  observations  of  Sabine  on  the  moimtains  of  Jamaica,  Daniell 
considers  that  this  radiation  increases  from  the  suifiBce  of  the  earth 
upwards.    [Ao^ikometer.] 

Since  all  bodies,  even  in  vacuo,  lose  heat  by  radiation,  it  is  easy  to 
conceive  that  any  i)art  of  the  earth's  surface,  when  not  exposed  to  the 
direct  action  of  the  sun,  must  emit  calorific  rays  of  heat  towards  the 
heavens,  and  thus  must  become  cooled.  This  is  called  terrestrial 
radkUion,  and  the  subject  was  particularly  considered  by  Mr.  Dani^, 
who,  from  observations  continued  during  all  the  months  of  the  year, 
found  that  the  maximum  depression  of  the  thermometer,  on  account 
of  radiation,  varied  from  10"  to  17*  between  ihidwinter  and  mid- 
summer; but  that  the  mean  depression  was  the  least  in  Januazy  and' 
July,  and  the  greatest  in  April.  It  is  obvious  however  that  nxmierous 
observations  are  yet  to  be  made  in  different  regions  of  the  earth  before 
any  general  theory  respecting  the  extent  and  law  of  the  variations  of 
solar  and  terrestrial  radiations  can  be  formed.  The  progress  that  has 
been  made  on  the  subject  of  late  years  is  noticed  \mder  Meteo- 
BOLOOT ;  Tekfsbatttrb,  Terrestrial,  Distribution  or. 

RADICAL.    [Root.] 

RADICALS,  ORGANIC.    [Oroanio  Radicals.] 

RADISH.  Of  this  vegetable  there  are  several  sorts.  The  Scarlet  or 
8almo»'€oloured,  and  the  Jtadis  rote  demi^ongue,  are  the  best  for  early 
sowing;  the  latter  variety  is  very  tender  and  of  a  fine  bright  colour. 
The  purple,  another  early  long-rooted  variety,  is  sometimes  sold  under 
the  name  of  Saiad  JRaaieh,  the  seed  leaves  being  larger  and  conse- 
quently better  adapted  for  small  salading  than  those  of  the  other 
varieties.  With  the  colour  of  the  preceding  sorts,  the  Long  White 
Trantparent  will  form  an  agreeable  contrast.  Of  the  round  or  turnip- 
rooted  varieties,  the  Barly  White  Turnip-rooted  and  the  Purple  Tumip- 
rooted  are  the  best.  The  YdUw  RadUh  succeeds  in  hot  weather, 
being  fit  for  use  when  the  earlier  kinds  are  apt  to  ru;i  to  seed ;  and  it 
precedes  the  autumn  and  winter  varieties,  of  which  the  following  is 
the  order  of  succession  :  Round  Brown,  White  Spameh,  Oblong  Brown, 
Black  Spameh,  and  Purple  Spanish,  None  of  these  are  however 
esteemed  in  this  country,  where  they  are  generally  unknown. 

If  the  early  white  tundp-radish  be  sown  in  August,  it  will  come  into 
use  in  the  spring.  The  principal  sowings  should  however  be  made  in 
January  and  February,  and  suocessionally  till  May.  The  ^winter 
varieties  require  to  be  sown  in  July.  In  cold  frosty  weather  the  beds 
should  be  protected  by  straw,  as  is  commonly  practised,  or  by  such  | 
otiier  efficient  means  as  may  be  at  command.  The  covering  should  be 
always  dispensed  with  when  the  days  are  fine ;  but  it  ought  to  be 
replaced  b^ore  the  cold  of  night  ensues.  With  careful  management 
they  m^  be  gathered  nearly  throughout  the  year,  but  in  a  hot  autumn 
it  is  difficult.  Radish  seed-pods  are  sometimes  pickled,  whilst  tender, 
and  may  be  used  instead  of  capers,  when  the  latter  cannot  be 
obtained. 

RADIUS  (a  ray,  the  spoke  of  a  wheel)  means  the  line  drawn  ffom  a 
point,  considered  as  a  centre  or  pole,  to  any  point  of  a  curve. 

RADIUS  OP  CURVATURE.    [Curvature;  Surface.] 

RADIX  (root)  is  applied  to  any  number  which  is  arbitimly  made 
the  fundamental  number  of  any  mtem.  Thus  ten  is  the  radix  of  the 
decimal  system  of  numeration,  and  the  radix  of  the  common  system  of 
logarithnis.  The  term  however  has  ,not  acquired  much  fixed  use, 
though  often  convenient  for  temporary  specification  of  the  use  which 
is  made  of  a  particular  number  or  fraction. 

RAGGED  AKD  INDUSTRUL  SCHOOLS;  REFUGES  FOR 
DESTITUTE  CHILDREN.  Efforts  to  instruct  ignorant  and  neg- 
lected children  are  not  peculiar  to  the  present  time,  although  such 
efforts  have  been  of  late  years  more  systematic  and  sustained  than 
formerly.  The  Sunday  schools  now  so  numerous  in  this  country  com- 
menced with  what  were  in  effect  ragged  schools.  About  sixty  years 
ago,  Thomas  Cranfield,  in  conjunction  with  a  few  other  persona 
connected  with  Surrey  Chapel  (Rev.  Rowland  Hill's),  commenced  ft 
"  Fragment  school "  in  the  Mint,  Southwark,  which  was  followed  by 
the  opening  of  other  schools,  similar  to  the  present  ragged  schools. 
John  Pounds,  a  cobbler,  of  Portsmouth,  gathered  neglected  diildren 
into  his  workshop,  and  in  this  humble  way  was  able  to  impart  the 
rudiments  of  education  to  about  five  hundred  children.  About  1839, 
efforts  were  put  forth  in  Bristol  and  in  London  to  establish  schools 
for  the  neglected  and  outcast.  Andrew  Walker,  an  agent  of  the 
London  City  Mission,  opened  schools  of  the  kind  referred  to  in  West- 
minster, and  similar  schools  were  soon  after  commenced  in  other  parts 
of  London,  till,  in  the  pourse  of  five  yean,  when  the  Ragged  School 
Union  was  formed  (1844),  there  were  20  schools,  with  200  voluntary 
teachers  and  about  J3000  scholars. 

Bagged  SdwoU  are  generally  intended  to  impart  instruction,  chiefly 
religious.  At  first  they  were  usually  open  during  the  week  in  the 
evening  only,  besides  being  open  on  Sundays.  It  was  considered  best 
to  commence  the  experiment  with  the  evening  school,  as  many  of 
the  children  had  to  provide  for  themselves  the  means  of  living  by 
selling  articles  in  the  streets,  and  most  of  them  were  unwilling  to  sub- 
mit to  the  restraint  of  school  hours  during  the  day-time.  This  system 
was  found,  in  the  course  of  a  ^few  years'  experience,  to  wor|^  very 
imperfectly,  and  paid  teachers  were  in  many  cases  engaged  to  conduct 
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the  Bohoolfl.  Such  sohools  were  opened  during  the  day  as  well  as  in 
the  evening.  In  many  schools  industrial  day  and  evening  Hnsspn  were 
also  added ;  and  in  some,  food,  to  a  small  extent,  was  given  to  the 
scholan.  In  order  to  obtiiin  more  complete  control  ovei^  the  children, 
JnduUrial  Feeding  Sckoola  were  established,  in  which  the  children  are 
taken  charge  of  for  the  whole  of  the  day,  supplied  with  food,  instructed 
in  the  ordmaiy  branches  of  common  school  education,  and  tau^t  some 
handicraft  The  credit  (d  originating  this  system  is  by  common  consent 
awaided  to  Sheriff  Watson,  of  Aberdeen,  and  the  schools  founded  by 
him  are  generally  reg^oded  as  models.  Refuge$  are  industrial  feeding 
schools  in  which  the  children  are  also  housed  and  clothed.  Reformaioriea 
are  similar  to  refuges,  with  this  difference,  that  the  children  received 
into  reformatories  are  such  as  have  brought  themselves  under  the 
operation  of  the  criminal  laws  of  the  country,  and  are,  by  authority 
of  the  magistrates,  placed  under  instruction  and  discipline,  not  only  for 
their  own  benefit,  but  Ukewise  for  the  protection  of  the  oonmiunity. 
[Refobmatobisb.] 

In  connection  with  the  London  Ragged  School  Union,  at  the  com- 
mencement of  1860  the  number  of  schools  held  on  Sunday  afternoon  and 
evening  was  about  200 ;  of  scholars,  more  than  22,000.  Of  day  schools, 
there  were  146 ;  of  night  schools,  200.  Of  industrial  clBsses,thve  were 
114.  About  1600  children  were  sent  to  situations  during  the  year  1859. 
There  were  2670  voluntary  teachers,  380  paid  monitors,  and  416  paid 
teachers.  The  paid  teachers  have  an  association  for  mutual  benefit  by 
means  of  which  new  modes  of  ttfwching  and  other  improvements  are 
communicated  to  the  members.  There  were  76  penny  banks,  with 
upwards  of  15,000  depositors,  with  an  amount  approaching  9000i.  paid 
in  during  1859.  In  49  clothing  clubs  sums  amounting  to  nearly  600^. 
were  contributed  by  the  subscribers  for  the  piutshaae  of  articles  of 
wearing  apporeL  In  connection  with  the  operations  of  the  Union, 
there  were  93  Ragged  Church  and  City  Mission  meetings  held  weekly, 
and  75  meetings  for  the  benefit  specially  of  the  falhers  and  mothers  of 
the  children  attending  ragged  schools.  During  the  year,  132  scholan 
had  become  voluntary  teachers,  and  88  were  received  as  members  of 
Christian  churches.  The  aggregate  income  of  155  schools  for  1859 
was  upwards  of  17,0002.,  and  that  of  15  refuges  wss  more  than  15,0002. 
The  expenditure  of  the  Ragged  School  union  was  about  50002. 
During  the  year,  2822. 13f.  had  been  given  by  the  Union  in  small  sums 
as  prizes  to  scholars  who  had  retained  situations  for  more  than  twelve 
months. 

The  Western  division  of  the  metropolis  contains  89  ragged  schools, 
with  upwards  of  4200  children.  Of  tiiese  schools,  8  are  in  Westminster, 
5  in  Chelsea,  1  in  Brompton,  5  in  Paddington,  2  in  Bayswater,  5  at 
Netting  Hill,  and  2  at  Hanmiiersmith. 

The  Central  and  Northern  division  comprises  88  schools,  with  about 
5500  children.  These  schools  are  pretty  equally  distributed  over  the 
district,  which  is  an  extensive  one,  reaching  from  Bedfordbuiy,  Covent 
Garden,  to  Hoxton,  and  from  CSare  Marlet  to  Agar  Town.  Five  of 
the  sohools  are  in  the  vicinity  of  Drury  Lane  and  Lincoln's  Inn  Fields ; 
2  in  and  near  Seven  Dials;  5  in  Field  Lane,  Saffiron  HiU,  and  Clerken- 
well  Green ;  3  in  Camden  Town;  and  10  in  Islington. 

The  Eastern  division  includes  38  schools,  with  about  6000  scholan. 
Of  these  schools,  2  are  in  the  City,  5  in  Whiteohapel,  7  in  Spitalfields, 
4  in  Bethnal  Green,  and  10  in  the  neighbourhood  of  the  Docks, 
Ratdiffe  Highway,  Shadwell,  and  Poplar. 

In  the  Southern  division  are  40  schools,  with  about  5500  children. 
Two  of  these  schools  are  situated  in  Lambeth;  8  in  the  vicinity  of 
the  New  Cut;  7  m  the  Borough;  4  in  Newington  and  Walworth;  5 
in  Bermondsey;  6  in  Rotherhithe,  Deptford,  Greenwich,  and  Black- 
heath;  2  at  Peokham;  2  in  Camberwell  and  Brixton;  and  2  at 
dapham. 

Bristol  was  amongst  the  foremost  in  dealing  with  an  unhappy 
iuyenile  population  by  the  agency  of  the  ragoed  school  The  name  of 
Miss  Csrpenter,  as  a  writer  and  as  an  active  worker,  is  necessarily 
associated  with  this  good  work  in  the  dty  where  she  resides.  Few 
persons  have  done  more  to  advocate  the  claims  of  the  children  of  the 
ragged  school  than  this  energetic  and  benevolent  lady.  The  Bristol 
ragged  school  for  males  and  females,  established  in  1846,  has  accommo- 
dation for  150 ;  the  Bristol  industrial  school  for  males,  established  in 
1849,  for  50.  At  Liverpool  the  first  ragged  school  was  established  in 
1844.  In  1848  a  Ragged  School  Union  was  formed.  This  union 
comprised,  at  the  commencement  of  the  year  1860,  60  schools,  of 
which  33  were  evening  schools,  12  day  ra^;ed  schools,  8  industrial 
a(^ools,  and  12  Sunday  schools  only.  The  aggregate  attendance  of 
sdioUn  was  6974;  the  number  of  teachen  488 ;  and  of  moniton  (in 
tiie  day  ragged  schools)  20.  During  the  year  489  obtained  situations. 
In  eight  of  the  evening  schools,  at  which  the  aggregate  attendance  was 
878,  a  charge  of  a  penny  a  week  is  made  to  the  scholan,  who  are 
generally  ragged  school  (^dren  who  have  gone  to  situations.  Several 
of  the  schools  have  penny  banks  in  connection  with  them.  York 
mdustrua  ragged  school,  commenced  in  1846,  has  accommodation  for 
100  orphans,  destitute  children,  and  vagrants.  Manchetter  possesses  a 
rajKed  and  mdustrial  school  at  Ardwick  Green,  commenced  in  1846, 
with  accommodation  for  800  poor  and  vagrant  chUdren  and  unconvicted 
3uvemle  thieves,  from  which,  since  its  commencement,  about  500 

j^  have  gone  into  situations.  In  connection  with  the  Manchester 
Md  Salford  Ragged  School  Union,  formed  in  1858,  there  are  15  schoob, 
■with  an  average  attendance  on  the  Suifday  evenings  for  the  year  1859 


of  3564  children,  with  426  teachers.  Each  school  has  one  or  moit 
evenings  in  the  week  devoted  to  secular  instruction,  with  atf.endOTce, 
in  all,  of  •  1916.  During  the  year  more  than  200  scholan  were 
transferred  to  Sunday-schools  of  a  luj|^^  class ;  60  were  sent  to  dsr- 
sdxools,  and  65  obtained  situations.  The  penny  banks  connected  with 
the  schools  received  upwards  of  2002.  from  nearly  1200  depoeitorB.  Is 
Bkwnjj^am  a  ragged  and  industrial  school  wss  commenced  in  18ML 
The  free  ixKlustrial  school,  commenced  in  1849,  provides  for  12» 
children  of  both  sexes.  BaA  established  industrial  schools  in  I84S; 
JMry,  Bull,  Ipnrick,  and  SimderUmd  in  1849;  Cfambrid^  in  1850; 
CheUer,  ClifUm,9jad  Cdowxater  in  1852;  BoUtm  in  1853;  and  othen 
followed  in  quick  succession.  At  Bradford^  where  the  fint  ragged 
school  was  established  in  1855,  there  were  in  that  year  111  cases  of 
juvenile  delinquency.  In  1856  the  number  fell  to  76 ;  in  1857  to  47; 
and  in  1858  to  26.  These  results  are  ascribed  to  the  operation  of  tht 
ragged  schooL 

vv  In  Scotland  the  subject  of  juvenile  delinquency  was  first  dealt  with 
in  the  city  of  Aberdeen,  where  vagrancy  and  street  bagging,  with  thdr 
usual  accompaniment  of  petty  pilfering,  had  become  formidaUe 
nuisances.  With  1002.  subscribed  by  himself  and  some  friends  Shedff 
Watson  commenced  in  October,  1841,  an  industrial  adiool  for  boji. 
The  number  of  sdiolan  at  starting  was  20.  Two  yean  later  a  simSar 
school  was  opened  for  girls.  Anotiier,  called  ShenfT  Watson's  Feaoak 
School  of  Industry  was  opened  in  April,  1847,  with  53  children.  T1» 
juvenile  school  of  industry  was  commenced  in  1845,  in*  co-operatioB 
with  the  police  authorities,  who  tmderook  to  send  to  the  school  every 
child  found  begging  in  the  streets.  At  the  end  of  1846  was  institnted 
the  Child's  Aaymm,  the  committee  of  which  investigates  the  oaaaa  of 
begging  and  delinquent  children,  and  hean  applications  from  psrties  for 
the  admission  of  destitute  childron  into  the  sdiools  of  industry.  The 
children  are  instructed  in  reading,  writing,  arithmetie,  geography, 
geology,  and  religious  knowledge.  The  boysjtfe  employed  in  net-making» 
which  is  found  to  be  a  healthy  as  well  as  a  remunerative  oeeapatiop; 
and  they  occasionally  work  in  the  garden.  In  the  girls*  schools  the 
scholan  do  all  the  household  work ;  they  receive  an  education  aiiDilar 
to  that  whidi  the  boys  receive ;  and  they  are  trained  for  dooMstk 
service.  The  present  state  of  ttie  Aberdeen  industrial  sdiools  is  aa 
follows :— 


Schools. 

Ntmber  <ni 
Boll. 

Average 

Monthly 

Attendanee. 

1 
Avenga     1 

Cost  of  each 

Child  dnrisf 

the  Tear. 

Boys*  indnstrial  idiool  ' 
JnTsnUs  indctttrial  sshool,  boya 
Javeaile  industrial  aehool,  girls 
FeBBsto  aeiiool  of  indiutry .        .    . 
Sheriff  WataoD'a  female  aehool  of  ) 
iadoatry   .       •        •        .      j 

79 

67 

60 

100 

6S 

70 

95 
56 

£  «.    A    ! 
s  IS   6    ; 

S  18    0 
4     S  10 

4  15    5| 

1 

It  is  scarcely  neoessaiy  to  remark  that  juvenile  bagging  has  been  eo- 
tirely  got  rid  of  in  Aberdeen,  and  that  the  number  of  juvenile  criminsli 
is  very  greatly  reduced.  In  1841  the  number  of  juvenile  ofieodeis 
in  prison  was  61 ;  in  1858  it  was  15.  Upwards  of  8000  difldren 
have  attended  the  Aberdeen  industrial  sohools  ainoe  their  cozd- 
mencement.  Of  these  200  girls  have  gone  from  school  into  domeatic 
service^  and  400  boys  into  situations,  and  are,  with  few  exoeptiooB, 
known  to  be  doing  well:  many  have  been  taken  home  by  their 
parents. 

The  Jhmdu  industrial  school,  accommodating  200  boyB,  wia  founded 
in  1846,  and  has  been  extremely  benefidal  to  that  town.  GUugom  com- 
menced the  work  in  1847,  and  has  six  industrial  and  reformaUxy 
sohools,  with  accommodation  for  more  than  1000  duldreo.  The  Act 
17  ft  18  Vict  cap.  74,  applicable  to  Scotknd,  which  was  pMsed  in 
1854,  provides  that  children,  apparently  under  14  yean  of  age,  found 
in  a  state  of  vagrancy,  may  be  brought  before  a  magistrate,  and  sent  io 
an  industrial  sohooL  This  Act,  commonly  known  aa  '  Dunlop*s  Act,' 
has  been  found  exoeedingly  useful  in  Qlaagow,  as  well  as  in  other  lu^ 
towns  in  Scotland.  It  has  been  aaoertained  that  the  amount  of 
juvenile  boggling  has  been  matmially  lessened  since  the  Act  referred 
to  was  brought  into  operatioiL  The  industrial  school  at  A^  was 
founded  in  1848 ;  those  of  QrcoMck  and  Stirling  were  commeooed  in 
1849 ;  of  Kilmarnock,  Paidejf,  and  Strtmraer  in  1850 ;  and  many  others 
have  been  opened  since. 

The  industrial  schools  of  Sdinhurgh  owe  their  lonnation  chiefly  to 
the  exertions  of  the  Rev.  Dr.  Quthrie  of  that  dty.  Hie  success  o{ 
the  efforts  at  Aberdeen  and  Dundee  prompted  £hr.  Guthrie  to  take 
measures  for  forming  an  industrial  feeoihg  sdiool  in  Edinburgh  An 
interim  committee  was  formed,  and  puluic  attention  and  sympatfar 
were  engaged  by  the  publication  of  Dt.  Guthrie's  fint '  Plea  for  Ragged 
Schools.'  The  scheme  received  general  support,  and  was  speedily  pot 
in  operation.  Another  industrial  school  was  also  commenced  by  other 
influential  persons  in  Edinburgh.  Dr.  Guthrie's  first  '  Plea '  «u 
followed  by  a  second,  and  the  two  have  been  recently  repuUiabed 
with  a  third 'Plea;  under  the  significant  title  of  'Seed-Time  and 
Harvest ;  or  Pleas  for  Ragged  Schools.'    The  results  m  the  decrease  of 
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juvenile  mendicancy  and  crime  have  been  most  striking  and  satis- 
factory. From  the  Original  Ragged  Schools,  536  have  been  sent  to 
situations,  including  those  who  have  been  sent  out  as  emigrants,  and 
those  who  have  gone  into  the  army  and  the  navy ;  from  tiie  United 
Industrial  Schools,  461. 

About  three  years  ago,  cards  of  invitation  to  a  tea-meeting  were 
issued  to  as  many  of  the  old  scholars  of  the  Original  Ragged  Schools  as 
could  be  found  in  Edinburgh.  It  was  a  very  pleasant  and  joyous 
assemblage.  About  160  attended,  some  of  the  guests  being  the  wives, 
and  others  the  husbands,  of  former  scholars.  Dr.  Guthrie  says :  "  We 
lingered  over  the  scene.  Nor  could  I  look  on  that  gathering  of  young 
men  and  women — so  respectably  clad,  and  wearing  such  an  air  of 
deoenoy — and  think  what,  but  for  the  ragged  school,  they  would  have 
been,  without  tears  of  joy,  gratitude  to  Gtod,  welling  up  to  the  eyes. 
It  was  a  sight  worth  living  for.     It  was  our  harvest  home.** 

In  Ireland  not  many  ragged  schools  have  been  instituted,  and 
most  of  the  industrial  institutions  now  in  operation  are  of  recent 
establishment. 

The  Mill  Street  ragged  school  in  Dublin  was  commenced  in  1851. 
Up  to  1858  the  average  attendance  of  children  at  the  Sunday  schools 
varied  from  149  in  one  year  to  860  in  another ;  in  1858  the  number 
was  110.  At  the  daily  school  for  boys  and  girls,  the  average  attend- 
ance varied  from  60  in  1851  to  80  in  1858.  A  ragged  sdiool,  dor- 
mitory, and  industrial  home  for  boys,  was  commenced  in  1858,  for  the 
benefit  especially  of  destitute  and  homeless  boys  attending  the  ngged 
school.  During  1859  there  were  75  boys  admitted ;  of  these  22  went 
to  situations. 

The  following  Refvqa^  in  connection  with  the  London  Ragged  School 
Union,  had  a  total  of  605  inmates  in  March,  1860.  The  figures  appended 
indicate  the  number  of  children  in  the  reroeotive  refuges : — 

For  boys  : — Belvedere  Crescent,  Lambeth,  19 ;  Bridge  House, 
Wandsworth,  70;  Britannia  Court,  King^s  Cross,  14;  Brook  Street, 
Hampetead  Road,  18;  Bryan  Street,  Caledonian  Road,  82;  Euston 
Road,  51 ;  Great  Queen  Street,  Lincoln's  Inn,  100;  Grotto  Passage, 
High  Street,  Maiylebone,  22 ;  Hatton  Street,  Maida  Hill,  28 ;  Mansell 
Street,  Whitechapd,  47  :  total,  401. 

For  girls :— Albert  Street,  Mile  End  New  Town,  88 ;  Broad  Street, 
St.  Giles's,  52;  Hill  Street,  Dorset  Square,  60;  Lisson  Street, Padding- 
ton,  88 ;  Manor  Street,  Chelsea,  21 :  total,  204. 

From  these  refuges,  during  the  year,  182  obtained  situations,  49 
were  sent  out  as  emigrants,  and  80  were  otherwise  provided  for,  A 
new  Homo  of  Industry  for  Females  was  opened  in  October,  1860,  at 
Old  Pye  Street,  Westminster. 

The  largest  Refuge  in  the  metropolis  is  that  in  Great  Queen  Street, 
Lincoln's  Inn  Fields,  entitled  the  St.  Giles  and  St.  Geoige,  Bloomsbury, 
Refuge  for  Homeless  and  Destitute  Boys.  It  was  commenced  in  1852, 
in  Arthur  Street,  St.  Giles's,  with  about  20  boys.  In  1858  it  was 
removed  to  extensive  premises  in  G^reat  Queen  Street,  formerly 
occupied  as  a  coach  fiac^ry.  The  number  A  boys  at  present  in  the 
house  is  about  100.  They  are  employed  in  shoemaking,  tailoring  Mid 
other  handicrafts,  the  return  for  which  lessens  tiie  expense  of  the 
boys' maintenance.  The  same  society  has  a  refuge  for  50  girls  in 
Broad  Street,  Bloomsbury,  and  supports  several  ra^ed  schools.  The 
total  number  of  children  admitted  into  the  two  refuges  up  to  the  end 
of  1859  was  781 ;  namely,  469  boys  andT  812  girls.  Of  the  boys,  89 
emigrated  to  Australia,  Canada,  the  United  States,  and  Soath  Africa ; 
84  entered  the.navy ;  15  entered  the  merchant  service ;  76  were  placed 
in  situations ;  4ti  were  restored  to  their  parents  and  friends ;  2  were 
H^prentioed ;  and  8  enlisted.  Of  the  giris,  99  were  sent  to  service,  88 
were  restored  to  their  friends,  18  removed  to  other  institutions,  5 
emigrated  to  Australia,  26  to  Canada,  16  to  New  Zealand.  Numerous 
and  satisfactory  communicatioos  have  been  received  from  and  respecting 
the  emigrants.  Connected  with  the  boys'  refuge  is  a  Band  of  Hope, 
the  members  of  which  are  instructed  in  the  pnndples  of  temperance, 
and  are  trained  in  singing,  in  which  many  of  the  boys  attain  grp^t 
proficiency,  and  several  obtained  silver  medals  in  a  public  competition 
for  singing  and  recitation. 

^  A  source  of  great  anxiety  to  the  oooductois  of  ragged  schools  is  the 
disposal  of  the  children  after  they  have  been  in  some  degree  fitted  for 
active  life;  and  emigration,  assisted  as  this  has  been  to  a  large  extent 
by  the  government  and  by  private  benevolence,  has  opened  an  eligible 
outlet  for  man^  hundreds  of  the  children.  Many  encouraging  reports 
have  been  received  respecting  the  conduct  of  the  emigrants.  Mr.  John 
McGregor,  barrister,  who  has  taken  a  deep  interest  in  all  the  efforts 
for  the  b^iefit  of  ragged  school  children,  visited  Canada  in  the  autumn 
of  1858,  and  made  it  his  business  to  institute  personal  inquiries  into 
the^  condi1»on  of  boys  who  had  been  sent  out  as  emigrants  from  metro^ 
politan  refuges  and  ngged  schools.  The  result  ox  his  inquiries  was 
extremely  favourable,  many  of  the  boys  being  found  in  good  situations, 
and  conducting  theinselves  in  a  creditable  manner.  The  letters  from 
emigrants  which  are  published  in  the  annual  reports  of  the  Red  Hill 
Refonnatory,  the  St.  Giles's  Refuge,  and  similar  institutions,  contain 
much  that  is  interesting  and  indicative  of  well-doing  on  the  part  of  the 
writers. 

An  excellent  initiatoiy  step  in  industrial  training  has  been  found  in 
connection  with  the  dioe-blaok  brigades.  The  shoe-black  societies 
were  commenced  in  1851.  For  the  year  1859  the  statistics  of  those  in 
London  were  as  follows : — 


Name  of  Soeiety. 

Unifonn* 

No.  of 
Boys. 

Earnings. 

Bagged  Sohool  Shoe-blaek  SodeCy     . 
Eut  London    .        .        •        •        . 
Soutii  London      •   ,    •        •        •    . 
North-Wcst  London         •       • 
West  Kent  .        .        «        •        •    , 
West  London  •       •        •       •       • 
Islington    •••••. 

NottingKill 

Union  Jaok  (LimehooM)      •        •    . 

Bed. 

Blae. 

YeUow. 

White. 

Green. 

Purple. 

Brown  (red  facing) 

Blue  (red  faeing) 

Bed  (blue  faeing) 

59 
100 
40 
IG 
18 
15 
SO 
20 
18 

1,740 
1,094 
869 
140 
120 
208 
240 
200 
183 

319 

4,548 

Besides  these  societies  there  is  a  Roman  Gatholie  brigade,  designated 
as  that  of  St  Vincent  de  Paul. 

The  result  of  the  establishment  and  extension  of  the  ragged  school 
system  may  bo  summed  up  in  the  terms  of  a  resolution,  moved  by 
&  J.  P.  Kaye  Shuttleworth,  at  a  meeting  of  the  Leeds  Ragged  Sohool 
and  Shoe-Black  Brigade,  in  October,  1860,  with  Viscount  Paknenton, 
prime  minister  of  England,  in  the  chair:—" The  establishment  of 
ragged  schools  has  be^  productive  of  much  good  in  dimmi«liing 
crime  and  ignorance;  and  a  large  extension  of  this  species  of 
benevolence  is  imperatively  demanded  in  our  laige  and  populous 
towns  and  cities." 

RAOS.  UntQ  some  better  and  cheaper  material  can  be  discovered, 
Imen  and  cotton  rags  will  continue  to  be  the  staple  of  the  Papbb 
Maihjfaotubs,  as  described  in  the  article  under  that  name,  and  will 
continue  to  be  an  object  of  great  solicitude  to  governments  and  manu- 
facturers. Linen  rags  are  imported  mostiy  from  Hamburg,  Bremen, 
Rostock,  Ancona,  Leghorn,  Messina,  Palermo,  and  Trieste.  Those 
from  the  first  three  ports  are  mostiy  German  rags ;  those  from  the 
next  four  are  Italian  and  Sicilian  rags;'  while  Hungarian  rags  are 
shipped  at  Trieste.  The  rags  are  closely  packed  in  bags  of  about 
i  cwt.  each;  and  the  bags  are  marked  according  to  quality.  The 
foreign  rags  are  darker,  dirtier,  and  coarser  tlum  English ;  but  as  they 
comprise  a  larger  ratio  of  linen  and  a  smaller  of  cotton,  they  are 
better  for  the  paper-maker*s  purposes  than  English  rags — especially  as 
they  can  now  be  bleached  as  white  as  the  latter  by  boiling  in  a  ley, 
and  then  exposure  to  chlorine.  Holland,  Belgium,  Spain,  and  Portugal, 
as  a  means  of  protecting  the  papet-manufacture,  prohibit  the  exporta- 
tion of  rags  altogether;  and  France  is  only  now  (I860)  beginning  to 
depart  from  that  system,  as  one  of  the  counterbalances  for  the  advan- 
tages she  receives  through  the  new  Commercial  treaty  with  England. 
The  United  States  compete  seriously  with  England  for  the  purchase  of 
£iux>pean  rags,  and  overbid  her  for  those  of  Northern  Italy.  Taking 
an  average  of  recent  years,  the  price  naid  \x^  English  paper-makers  for 
foreign  rags  ranges  between  20^  and  80^  per  ton,  including  freight. 
When  England  made  120,000,000  lbs.  of  paper  annually,  she  used 
10,000  tons  of  foreign  rags;  if  the  same  ratio  prevails  now,  when  the 
product  reaches  210,000,000  lbs.  (as  it  did  in  1869),  the  foreign  lags 
must  be  nearly  20,000  tons;  but  there  are  reasons  for  thinlring  that 
the  English  portion  of  the  supply,  owing  to  tibie  greater  use  of  cotton 
and  straw,  has  increased  faster  than  the  foreign. 

Woollen  rags  are  not  avulable  for  paper-making.  If  of  loose  texture 
and  not  too  much  worn,  they  are  reserved  for  Aoddy;  that  is,  they 
are  torn  up  by  machinery  into  fibres,  and  mixed  with  new  wool  to 
make  cheap  wooUen  doths.  Some  of  the  pil(A  cloths,  as  they  are 
called,  now  made  in  enormous  quantities  about  the  neighbourhood 
of  Dewsbury  and  Batiey,  consist  of  three-fourths  or  seven-ei^ths 
shoddy,  with  only  a  small  proportion  of  new  wool  Some  of  the 
woollen  rags  are  made  into  flocks  for  beds,  by  washing,  grinding, 
tearing,  and  pulping.  All  that  is  too  bad  for  these  purposes  is  used 
as  manura  Besides  our  own  wooUen  rags,  the  chief  foreign  supply  is 
from  Hamburg  and  Bremen.  The  prices  are  generally  about  15^.  or 
20^  per  ton  for  good  white,  10^  or  12^  for  good  coloured,  and  5(.  or 
6{.  for  common. 

RAILWAY.  A  road  in  which  smooth  tracks  of  wood,  iron,  stone, 
or  other  suitable  materials  are  inferoduoed  for  tiie  purpose  of  obviating 
the  friction  of  the  wheels  of  the  carriages  to  a  greater  extent  than  can 
be  done  on  common  roads.  Railways  are  tiius  of  various  kinds,  and 
they  have  been  used  for  a  very  considerable  time  as  a  means  of  diminish- 
ing the  cost  of  transport  of  minerals  and  of  heavy  gooda  Of  late  years 
they  have  been  appliied  to  the  general  purposes  of  intercommunication, 
in  conjunction  with  the  locomotive  engine,  and  tiie  improvement  in 
all  social  relations  thus  effected  has  been  so  great,  that  it  has  almost 
formed  a  new  era  in  the  history  of  our  race. 

As  the  construction  of  railway  carriages,  and  of  the  engine  power 
employed  for  moving  them,  are  subjects  intimately  connected  with 
the  formation  of  the  road  itself,  and  indeed  regulate  some  of  its  most 
important  details,  it  i^pears  desirable  to  discuss  them  at  the  same 
time  as  the  railway  itself  is  imder  consideration.  It  is  intended, 
therefore,  to  present  a  brief  sketch  of  tiie  progress  of  invention  in 
matters  connected  with  railways;  an  account  of  the  general  mode 
of  desigoing  and  executing  the  works  of   tibe  substructure,  and  of 
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tha  roadway  i  ui  account  of  tbs  uiutl  modes  of  working  a  line  □[ 
imilvniy ;  and  &  few  of  the  statiatioB  of  the  nilwa je  alreod;  executed  at 
bome  or  abroad. 

BiHory. — In  the  cities  of  Northern    Ital;  the  practice  of   laying 
naooth  tneki  of  haid  nurble  in  the  ordinary  paving  of  the  streets, 


t  be  traced  farther  lack  than  to  about  the  year 

the  nqigfabourhood  o(  Newoutle-upan-TynB,  some  roade  with  wooden 
nila  ner«  laid  down  (^i.  1  and  S),  for  the  purpoie  of  facilitating  the 
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tiamport  of   ooale   from  the  pita  to  the  landing  etiigei.    For  numy 
n  thi(  imperfect  eyiCem  of  rood  making  continued  in  lue  without 
irovement,  imd  it  wu  not  until  about  the  year  1716  that  a  raised 
[,  protected  b;  flat  iron  on  its  upper  nirface,  naa  introduced  !□ 
thou  psrta  of  tiie  rood  where  the  tnction  nu  the  heaviest.      The 
□ait  improTemeat  coiui*ted  in  tiis  lubatitution  of  the  edge  rail  for 
the  flat  band  aorewed  down  to  the  wood,  and  the  durability  of  these 
nule  was  farther  increased  by  the  uie  of  cast-  instead  of  wrouBht-irDn. 
The  waggons  which  ran  upon  theee  nuls  were  usually  loaded  to  the 
extent  of    from  two   to  three  tons,  and  the  traction  was  performed 
almost  entirely  by  hoiwa,  unless,  in  a  few  cases,  wherein  the  cajTisgea 
were  allowed  to  descend  some  inclined  planes  by  the  effect  of  graTity, 
The   introduction   of  the  oast-iron   edge  rail  appean  to  liave  taken 
place  about  the  year  1767,  at  the  suggestion   of   Hr.  Reynolds,  the 
engineer  of  the  first  enst-iron  bridge  erected  in  Bn^and,  in  the  Cole- 
brook  Dale. 
The  next  step  in  the  history  of  railways  was  made  by  the  appllea- 
pj^  J         tion  of  a  cast'iron  plate  in  a  kind  ol  -i  form,  instead  of 
the  straight  cast-iron  edge  rail  {jtg.  3)  ;  this  alteration 
JH     wu  said  to  hava  been  suggested  by  the  manager  of  the 
l|ll|     Duks  of  Norfolk's  collieries  near  ShefBeld,  In  1776,  and 
i  system  itaelf  is  still  retained  in  mining  operations, 
n  all  the  forms  originally  applied,  were  laid 
i> .  V...  _i_...  i.n.  -'-|B  blocks  were  UDcd 


to  support  the  rail,  and  this  apparently  unimportant  change,  by  render- 
ing the  first  coat  of  an  edge  railway,  and  its  sulMequent  repairs,  less 
eipenaiTe  than  before,  tended  greatly  to  facilitate  the  introduction 
of  the  new  ^sleln.  Very  shortly  after  the  suhetitution  of  the  rtone 
blocks  for  the  wood  sleepers,  the  coalownen  of  Northumberland  and 
Duiham  introduoed  the  uee  of  east-iron  edge  rails  in  short  lengttu, 
but  fastened  tii  chairs  let  into  the  stone  blocks  ;  and  in  this  manner 
they  Buoceeded  in  obtaining  a  roadway  upon  which  the  traction  was 
companlively  easy,  at  a  very  trifling  expense  {Jigt.  5  and  6).  The 
rails  were  east  in  lengths  of  from  S  to  1  feet,  and  they  were  made  in 
what  is  called  the  fA-btOied  form,  or  with  their  greatest  depth  in  the 
middle ;  a  repreaent*  {Jig.  6)  the  section  of  the  rul  in  the  middle,  and 
b  the  aaedoa  at  the  ends ;  the  latter  were  made  with  a  half-lap  joint, 
and  throng  this  joint  a  key  waa  passed  to  tsstea  them  to  the  chairs. 
The  Motion  upon  these  edge  rails  was  further  diminished  by  making 
the  tires  of  Iha  wheels  slightly  corJcal,  Many  of  the  mine  railways 
are  eren  at  the  present  day  made  precisely  in  this  manner ;  and  so 


the  Commercial  Road,  London,  may  indeed  be  referred  to  ss  illiiiba- 
tiona  of  the  importance  attached  by  our  immediate  predecffira  to  the 
□eoeasity  for  dimirushing  the  ocst  of  goods  trafBe,  and  of  tlic  nmest- 
ness  of  their  eSbrts  to  attain  such  results.  Animal  powor  via,  bow- 
over,  the  only  one  need  until  about  1810;  sothitt  the  rapidity  at  inter- 
communication  could  hardly  hare  been  much  affected  by  aoj  of  tht 
syateruB  applied  up  to  that  period, 

Although  the  application  of  steam,  as  a  motive  power  to  the  esr- 
risgea  running  upon  railways,  has  been  of  a  comparattrely-spcekiag 
recent  introduction,  the  efforts  of  meohanioians  had  long  been  turstd 
towards  that  object.    Watt,  Symington,  Trerithiok,  Bleokinaop,  Ch^ 


IrevitUck's  Englni, 


man,  Brunton,  and  others,  had  striven  for  more  lluui  forty  yean  Ic 
discover  the  means  of  propelling  carriages  fay  steam  upon  comnwn 
turnpike  roads,  or  upon  railwaye ;  but  after  numerous  failures,  the 
whole  class  of  machino-maken  seem,  about  the  year  181!,  to  ban 
arrived  at  the  conviction  that  a  eimple  band  wheel  could  not  eitnbe 
a  sutScient  amount  of  friction  upon  a  road  snrface  to  oause  the  carriige 
to  advance.  For  majw  years  the  eSbrts  of  stBam-carriage  builikn 
weto  directed  to  obviating  this  imaginary  difficulty,  and  rajmet  wheds, 
jointed  levers,  mechaniial  legs  of  every  shape  and  form,  were  inlio- 
duced.  to  the  detriment  of  the  roadway,  and  to  the  diminution  of  the 
useful  power  of  the  engine.  About  1814,  however,  Qeorge  Stephenaoe 
constructed  for  the  Killingworth  Collieiy,  Durham,  a  steam-engiM. 
bearing  two  cylinders  seated  upon  a  boiler  mounted  on  wheels,  and 
immediately  above  the  axles  of  those  wheels,  which  bore  cranb  con- 
nected wiUi  the  piston  heads  of  the  cylinders,  and  were  msd>  to 
revolve  in  unison  by  means  of  vauoanson  chains  wortlns  over  bamb 
on  the  respective  a^es.  The  engines  made  upon  Ste^ensoB^  pns- 
ciplaa  were  not  at  first  much  esteemed,  and  it  was  long  befon  they 
became  of  general  use ;  but  gradually  they  were  adopted  bi  the  oiJliay 
distriiTts;  and  about  the  yew  1826,  Stephenson  even  sftpUed  eu  ot 
them  for  passenger  traffic  on  the  Btockton  and  Dorllngtos  line.  Tbs 
-velocity  attained  by  these  engines  wss  not  more  than  i£out  nine  nuhs 
an  hour,  when  used  for  passenger  traffic ;  or  than  five  milea  par  hour 
for  good). 

One  of  the  great  inconvenienoea  felt  in  the  early  days  of  the  uss  o! 
the  locomotive,  arose  from  the  number  and  the  Inaeeuri^  of  the  jolnti 
ol  the  rails  when  the  cast-iron  fish-belUed  ones  were  employed,  end 
from  the  brittie  nature  of  the  iron  itself.  The  discovery  by  Mr- 
Birkenshaw  of  a  mode  of  efBdentlj  and  cheaply  lolUng  msHtis*-!-  inn 
nils,  which  waa  patented  by  him  in  ISSO,  constitatod.  thersfne,  a 
most  important  unk  in  the  chain  of  meohanioal  inventico,  by  iriics* 
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^euu  the  rulwsj  mtem  liu  been  partectoi  The  fibrouB  ohstaoter 
of  the  wrought-i^o  makes  it  !«■  len  litel?  to  break  under  con^Miona 
than  CMtiron  would  be ;  uid  tha  seotinnfll  form  generaUy  glreQ  to 
Uie  H  or  double-beaded  ™1,  offfera  a  VB17  great  reaistaEce  to  deflec- 
tion It  ia  remorkflble  that  ruis  which  are  conBtonlly  travelled  over 
do  not  nut;  but  it  ia  important  that  they  ahould  be  made  of  a  metal 
as  cTTBtallino  aa  it  poadbly  can  be,  oonaiatentlj  with  the  rctentian  ot 
iU  niUeability ;  aolt,  fibrous  iron  i»,  In  fact,  not  auitcd  for  the  nianu. 
faoture  of  rails.  Wrought-iron  raila  ire  made  about  IB  or  21  feet  in 
length,  inatead  of  3  or  i  feet,  aa  in  ttie  case  of  tbe  eaat-iroo  raila. 
^Wben  the  projectors  of  the  Liverpool  and  Manchcater  Hailway  were 
siiraKed  in  the  deeign  and  eiecution  of  that  great  work  in  the  year 
1835  and  the  following  years,  the  capabilitiea  of  the  locomotive  engine 
were  stiU  so  little  known  tbat  it  waa  tor  a  long  time  a  matter  of  dia- 
cuadon  wUther  or  not  that  description  of  motive  power  should  be 
adopted.  The  dirocbora  were  soon  convinced  that  hotae-power  would 
not  enable  them  to  attain  the  apeed  Ihoy  conaidered  Occeaaaiy ;  but 
the  result  ot  the  eipcriment  upon  the  Stockton  and  Darhngtcn  hne 
had  not  been  aufficiently  deciMve  to  induce  them  at  once  to  try  the 
new  looomolivM.  They  therefore  oonaultcd  some  ot  the  moat  eminent 
englneors  of  tho  day,  and  after  carefully  eiamioing  the  reports  of 
MoBsra.  Raatrick  and  Walker  in  favour  of  fiied  engines,  and  those  ol 
Mensre.  Stephenson  and  Locke  in  favour  of  locomntivea,  the  du-ei^tora 
■wisely  detennined  to  uso  locomotives,  and  to  offer  a  premium  for  the 
beat  engine  of  that  deacripUon  which  should  fulfil  certain  conditions. 
The  history  ot  this  competition  ia  so  well  known  that  it  would  bo 
uaelesB  to  repeat  it  here ;  and  it  may  suffice  to  oiieerve  that  the  pre- 
mium was  won  by  Mesars.  Stephenson  and  Booth,  who  produced  tho 
Hockat  tapco,  rf  which  an  illuatraUon  is  given  (fs-  8)  i   and  thua 
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in.iupunited  the  most  important  revolution  m  the  meana  of  material 
civilisatJoD  wliich  any  age  liaa  witnessed.    [STiifiiENBOS,  Qeobo^ 
Biofl.  Div.] 

The  French  mining  interest  had  not  neglected  to  avail  IhemaelvaB  ot 
the  advantage  oflered  by  the  edge  rails  in  diminishing  the  cost  of  their 
heavy  tiaffic;  and  tbey  had  constructed  about  182B,  tho  railways  from 
Boanne  to  St.  Etienne,  and  frum  St.  Etienna  to  Lyon  and  to 
AndTBdeui.'  M.  [Sequin,  tho  enpnocr  of  one  of  ttcse  iiiiea,  had  also 
constructed  some  iocomotive  engines  tor  the  purpose  ot  drawing  the 
waggons;  and  in  them  he  first  introduced  tie  uso  of  small  tubes 
pa^ng  from  the  fire-box  to  the  chironoy.  Messrs.  Stonbenaon  and  Bury 
adopted  thia  plan  in  constiucting  the  boiler  of  tho  IlocI;et,  and  thus 
increased  in  a  notable  manuer  tha  evapoiutjng  poncr  of  their  engi 


nnd  they  increased  the  draught  by  canslng  the  wasto  steam  to  escape 
bythe  funnel  Tho  cylindorsof  the  Rocket  were  fiied  externally ;  a 
fjstem  to  which  after  many  trials  some  engine  mataiH  seem  disposed 
to  return ;  and  the  eariy  locomotives  invaiiably  were  heated  by  coke. 


The  Bocket  had  tour  nhccla,  not  coupled,  and  its  weight  was  only  4 
tons  6  cwt. ;  it  attained  with  a  groes  load  of  17  tons,  an  average  speed 
)f  1*  miles,  and  In  aoma  inatancea  It  attained  a  speed  o£  17  miles 
3Cr  hour.  It  ia  curious  to  contrast  these  figures  ^th  the  ones 
connected  with  tho  more  recent  locomotives.  Thus,  the  weight  ol 
of  the  passenger  engines  on  the  North  Western  line  (without 
their  supplies  of  coke  and  water)  ts  not  less  than  27  tons  ;  the  Weight 
'  ome  of  those  on  the  Qreat  Western  line  is  not  less  than  31  tons; 
some  of  the  engines  used  on  the  Sccmering  lino  are  even  of  48 
1  weight  and  have  six  coupled  wheels.  The  variotis  considera- 
tions connected  with  the  weight  and  the  dimensions  of  locomotives 
belong  however  to  tho  records  o£  the  subaequent  hlstoiy  ot  the 
railway  syatcm  ;  its  general  (or  perhaps  rather  Its  prelinunaij)  history 
was  closed  by  the  triumphant  auccess  of  the  Rocket. 

On  iht  modal  of  daigning  and  axeuting  the  tnarti  vpm  i-aHioaji.^ 
^Organiiatioa,)—lt  would  serve  httle  good  purpose  to  discuBS  here  the 
question  aa  to  whether  or  not  it  would  be  desirable  to  charge  the 
central  administration  of  a  country  with  the  duty  of  laying  cut  tho 
lines  of  railway  communication ;  because  the  peculiar  circumstances  a( 
every  nation  will,  generally  speaking,  render  the  sclutlan  of  that 
qucetion  independent  of  any  abstract  reasoning.  So  doubt  tb« 
absence  ot  anything  like  administrative  contnl  has  led  in  England  to 
a  fearful  waste  of  money,  and  to  the  establishment  of  a  minoug  com- 
petition in  many  instaucca  ;  but  if  we  had  waited  nntil  the  government 
had  decided  upon  the  merits  of  railways  in  the  first  instjmce,  or  until 
it  shoulil  have  decided  the  precise  routes  to  be  followed  by  the  new 
lines  of  intercommunication  In  the  ncond,  it  !s  tolerably  certain  that 
ive  never  should  have  poBsessed  the  marveUous  instrumeuts  of 
civilisation  we  actually  do.  Tho  results  of  tho  intervention  of  the 
Btate  authorities  in  o^er  countries  do  not  seem  to  warrant  the  belief 
that,  in  the  end,  they  roinage  things  better  than  is  done  here ;  and 
practically  it  has  been  shown  tbat  the  "  laisser  aller,  laissez  fture " 
system  conduces  the  most  surely,  not  only  to  a  nation's  greatness,  but  even 
to  the  extont  and  the  perfection  ot  its  niilways.  At  any  rsto  our  trunk 
railways  are  made,  and  it  vrould  be  useless  now  to  sttompt  to  retrace 
our  Bteps.  In  our  colonies  there  may  be  reason,  and  tJiere  still  ia  time, 
for  the  government  to  interfere,  to  guide  the  efforts  of  capitalists,  and 
to  spare  Uiem  from  the  robt>ery  and  extortion  they  certainly  have  beelj 
exposed  to  in  England.  But  the  author  of  this  notice,  who  has  had  a 
long  practical  experience  in  foreign  countries,  feels  it  at  once  to  be  his 
duty  to  record  his  conviction,  that  no  more  mischievous  course  can  be 
■dopted  than  for  the  government  o£  any  country  to  exeouto,  or  to 
work  a  railway;  either  when  the  question  is  Considered  from  a 
structural  and  engineering  point  of  view,  or  from  a  political,  or  moral 
one.  Perfect  freedom  of  private  industry  majflead  to  abuses;  the 
creation  of  a  numtier  of  places  of  pay  and  profit  mutt  do  so,  however 
honeat  -tha  chiefs  of  an  administration  may  be. 

However  the  management  of  the  general  evstem  of  the  railwaya  ot  a 
oountiy  may  be  settled,  the  first  questions  which  require  consideration. 
when  it  has  been  determined  to  execute  a  line  between  any  two 
important  termini  are,  whether  or  not  it  should  be  mode  to  d^ect  a 
litUe,  in  order  to  accommodate  the  local  trafilc ;  01  whether  it  would 
be  preferable  to  serve  that  traffic  by  means  ot  branch  lines.  Ths 
relative  importance  of  the  intermediate  towns  and  the,  so  to  speak, 
locomotive  habite  of  tiieir  inhabitants,  must  be  taken  into  account  in 
arriving  at  tha  dedsion  on  this  anbiect ;  aa  must  also  be  considered 
the  pecuniary  circumstances  ot  the  local  travellera,  inasmuch  as  the 
latter  materiuly  alTect  the  relative  proportions  of  the  persons  taking 
the  various  da:<ioi  of  carriagee.  On  short  railways  the  local  traffic 
will  be  found  to  vary  between  from  SO  to  90  per  cent,  of  the  whole 
receipts  :  on  long  railways  the  through  trafflc  beara  a  larger  proportion 
to  the  total  rooeiplB,  and  this  probably  as  much  on  account  of  the 
increased  Dumber  of  first-class  passengers,  as  on  account  of  tho  increased 
total  numlwr  of  passengers.  The  usual  relative  proportiona  of  tho 
tisvellen  in  the  various  desoriptJons  of  carriages,  is  in  England  aa 
Follows  :  in  the  first  class  there  are  about  13'2  per  cent.,  in  the  second 
there  are  81-2  per  cent.,  and  in  the  third  BB'6  per  cent. ;  in  Oormany 
these  proportions  do  Dot  hold,  tor  the  first-class  passcngera  ar6  fewer, 
and  the  second-class  imeB  have  a  much  greater  relative  importance ; 
these  differences  may  to  some  extent  be  explained  by  the  character  ol 
the  accommodation  given,  but  the  comparative  wealth  of  the  populo* 
tion  to  be  served  must  also  Influence  them.  The  probable  amount 
of  the  local  goods  traffic  must  be  taken  into  account  likewise  in 
estimating  the  influence  of  any  particular  place  on  the  prosperity  of 
B  line  ;  and  above  all  things  an  estimato  of  tiie  cost  a  passage  through 
it  would  entail  must  be  made.  It  would  appear  that  the  average 
distance  traversed  1^  a  ton  of  goods  on  lines  of  considerable  lengUi 
is  atMut  double  the  distance  travelled  by  ordinary  passengera,  and 
that  goods  travel  a  relatively  greater  distance  on  long  lines  than 
they  do  upon  short  ones.  Aa  a  general  rule,  tho  result  ot  the 
most  careful  inveetigations  of  tbe  traffic  returns  of  railways  has 
been  to  show  that  it  ia  not  deainble  to  sacrifice  local  traffic  to  tha 
interesta  of  the  termini;  and  the  history  of  some  of  our  "direct  lines" 
provdB  that  whenever  the  communioatjon  between  the  tonnini  is 
sufficiently  important  to  justify  a  direct  railway,  the  want  will  very 
soon  ba  supplied.  There  are  some  curious  statistics  on  this  subject  in 
Lardner'i  '  Hailway  Economy,'  nnd  in  Ferdonnet'a  '  Tnut^  El^mcntaire 
des  Chemins  de  Per.' 
The  principal  points  through  which  a  railway  is  to  paaa  being  thus 
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tettled^  it  ia  neeeaaaxy  carefuUjto  examine  the  country  to  be  traveraed, 
ita  relief,  ita  meana  of  tnmaport  for  the  matexiala  required,  ita  livera, 
roada,  and  canala,  both  on  aooount  of  the  faoilitiea  they  may  fumiah, 
and  of  the  worka  they  may  render  neceaaaiy,  and  ita  geological  atruc- 
ture,  boUi  auper&cial  and  aubtenmnean.  If  thia  inquiry  ahould  not 
lead  to  the  diacorery  of  any  apeeial  neceaaity  forcanying  the  line  in 
a  definite  direotion,  it  lAoiud,  of  courae,  be  made  aa  atraight  and  with 
aa  near  an  approach  to  a  dead  level,  aa  ia  poaaible.  In  the  early  daya 
of  railway  making  greater  imp<Mrtanoe  waa  attached  to  the  latter 
condition  than  ia  now  the  caae ;  and  in  France,  even  aa  late  aa  in  1846, 
Mr.  Locke  had  great  difficulty  in  perauading  the  authoritiea  to  tolerate 
indinea  of  a  riae  of  1  in  126;  but  upon  the  Burningham  and 
Olouceater  line,  the  Lickey  incline  with  a  gradient  of  1  in  87,  baa  been 
for  yean  in  aucoeaaful  won,  and  in  the  paaaage  of  the  Soeinering,  on 
the  Vienna  and  Trieate  railway,  the  indinea  are  aometimea  canied  for 
great  diatanoea,  at  the  rate  of  1  in  40,  and  the  radii  admitted  in  the 
cunrea  upon  the  level  parte  are  often  not  more  than  628  feet,  whilat 
upon  the  indinea  of  1  in  40  they  are  atfll  occaaionally  of  only  984  feet; 
the  length  of  the  area  in  the  latter  caaee  doea  not  exceed  1800  feet  in 
round  numbera.  Of  courae  the  apeed  over  linea  with  indinea  of  so 
aevere  a  nature  cannot  be  great,  but  the  introduction  of  the  enanaion 
gear  into  the  locomotive  haa  ao  much  increaaed  what  may  be  called  the 
daatidty  of  ita  powera,  that  at  the  preaent  day  an  incline  of  1  in  100 
would  not  be  r^^arded  aa  imfavourable,  and  the  former  limit  of  1  in 
200  would  not  be  a  matter  of  a  momenVa  heaitation.  Curvea  of 
800  feet  radiua  are  often  reaorted  to,  when,  on  account  of  the  approach 
to  a  atatlon,  the  apeed  of  a  train  muat  be  Blackened;  but  it  ia  haidly 
aafe  to  admit  them  of  a  leas  radiua  than  of  about  J  of  a  mile  on  the 
ordinaiy  parte  of  the  line. 

The  limita  of  incline  above  quoted  are  the  mRTinmim  onea  which 
can  be  worked  economically  Y^  locomotive  -power,  and  ifdienever  it 
might  become  neoeaaaiy  to  overcome  differencea  of  levd,  which  could 
not  80  be  paaaed,  it  would  be  indiapenaable  to  reaort  either  to  the  uae 
of  indinea  planea,  or  to  tunnd  through  the  hiU  which  interpoaea  itadl 
The  mechanical  prindplea  upon  wMch  theae  conaiderationa  mainly 
turn  are,  firstly /.that  upon  a  railway  the  traction  doea  not  exceed  |th  of 
the  effort  requirod  to  move  a  load  on  a  levd  and  wdl-made  turnpike 
road ;  or  aa  tne  traction  on  the  latter  ia  aa  1  te  80  of  the  load,  it  ia  on 
a  railway  aa  1  to  210  or  to  260;  at  an  inclination  of  1  in  250  it  ia 
already  about  aa  1  to  100 ;  and  it  tiience  rapidly  incx^aaea  until  with 
an  inclination  of  1  in  about  150  a  wdl-made  carriage  would,  if  left  to 
itadf ,  deaoend  an  incline  by  the  mere  efiect  of  gravity ;  or,  in  other 
worda,  the  force  required  to  draw  the  load  up  we  incline  must  not 
only  be  in  exceaa  of  that  required  to  overcome  the  friction,  but  alao  to 
raiae  a  portion  of  the  dead  weight  of  the  train.  The  praoticd  quea- 
tiona  connected  with  the  nature  of  the  indinea  admiaaable  on  a 
railway,  it  may  be  added,  may  often  be  materially  affected  by  the  uae 
of  bank  en^ea  upon  the  heaviest  part  of  the  indinea ;  but  however 
the  difficulties  of  auch  indinea  may  be  obviated  they  miut  alwaya  con- 
atitute  a  burden  upon  the  working  expenaea  of  a  rauway,  ao  that  they 
ahould  never  be  admitted  unleaa  at  the  laat  extremity.  Aa  ^  aa 
poBsible  alternate  directiona  of  inclination  ahould  be  avoided,  and  the 
riae  ahould  take  place  aa  nearly  aa  may  be  to  acme  engine  station, 
whence  a  supplementaiy  engine  could  be  obtained  if  needed.  Curves 
of  small  radiua  are  nearly  as  unfavourable  to  the  economical  working 
of  a  railway  aa  are  heavy  inclines,  and  tiiiBy  therefore  ahould  only  be 
resorted  to  in  the  last  extremity. 

The  only  other  apedal  conaiderationa  to  be  taken  into  account  in  the 
laying  out  the  plana  of  railways  are,  firstly,  that  they  diould  croes  exist- 
ing roads  aa  seldom  aa  possible  on  a  levd';  and  aeconcUy,  that  the  atationa 
ahould  be  made  in  podtiona  where  they  can  eaaily  be  approached.  All 
that  rdatea  to  the  execution  of  embankmenta,  bridges,  viaducts,  cul- 
verts under  or  over  paaai^,  resemblee  so  dosely  the  same  deaoriptlon 
of  work  required  in  ordinary  engineering  operationa,  that  they  may 
fairly  be  diacuaaed  under  the  exdudvdy  practical  aection  of  the  forma- 
tion of  the  road. 

Obtaining  an  Ad  of  ParUamenC-^AB  the  railways  in  "Rngltmrl  an 
constructed  by  aasodationa  of  private  individuals,  with  a  view  to  their 
own  pecuniary  advantage,  as  wdl  aa  with  a  view  to  the  public  benefit, 
it  IB  necessary  that,  on  the  one  hand,  legialative  reetrictiona  diould  be 
impoaed  to  protect  the  interests  of  a&  who  may,  dther  directly  or 
indirectly,  be  affected  by  the  execution  of  auch  worka ;  whilat,  on  the 
other  band,  the  promotera  of  the  scheme  should  be  protected  agEtinat 
the  imposition  of  the  landowners,  and  should  be  vested  with  the 
necessary  powers  to  carry  their  scheme  into  efiect,  if  the  legislature 
should  consider  it  to  be  advisable.  Landa,  buildings,  water-couraes, 
canals,  roads,  Ac.,  have  from  time  to  time  to  be  interfered  with;  and 
whilst  justice  requires  that  the  varioua  partiea  iutereated  in  them 
should  bo  fairly  and  liberally  indemnified  for  any  loss  accruing  to  them 
or  to  their  property,  dther  directly  or  contingently,  and  that  every 
unnecessary  interference  with  the  existing  rights  of  property  ahould 
be  avoided,  it  is  equally  neceasaiy  for  the  public  benefit  that  opera- 
tiona of  this  description  should  not  be  defeated  by  objectiona  inspired 
by  prejudice,  or  by  mistaken  private  interest  It  has  been  with  a 
view  of  reconciling  both  of  these  conditiona  that  the  Houaea  of  Parlia- 
ment have  isaued  a  code  of  instructions,  known  under  the  name  of  the 
standing  orden,  for  the  purpose  of  afforoUng  the  partiea  interested  the 
meana  of  stating  their  respective  caaea  before  the  tribunals  appointed 


to  examine  the  necesdty  for  the  legidative  powera  sought  to  be 
obtained ;  and  dthough  there  are  no  doubt  instancea  in  whidi  great 
apparent  injuiy  ia  thua  inflicted,  on  the  whole  the  ayatem  of  referring 
rauway  billa  to  aelect  committees  of  the  two  Houaea  haa  (to  quote  a 
well-known  phraae) "  worked  wdL"  The  opportunity  thua  aJSarded 
for  factious  opposition  is,  perhi^,  one  of  the  worat  evils  attfiding  thia 
ayatem  of  l^gidation ;  and  it  often  leada  to  a  frightful  expeoae.  Hie 
act  for  the  London  and  Birminc^iam  Railway  coat  at  least  72,00021; 
that  for  the  Great  Western,  cost  88,0002. ;  and  that  for  the  Brighton 
Railway,  a  atOl  larger  sum.  The  standing  orders  and  the  l<ya1atifm  o< 
railway  oompaniea  nave  been  frequently  modified;  but  at  the  preaent 
day  they  may  be  atated  to  be  (briefly)  aa  f oUowa. 

billa  for  the  establiahment  of  a  jomt«tock  company  for  the  exeoatkn 
of  a  rdlway,  or  for  the  increaae  of  the  powerp  of  any  ftriafa'ng  con^iaoy, 
are  of  the  aeoond  daaa  of  private  billa.  Noticea  of  the  intention  to 
apply  to  parliament  for  tfaie  neoeaaaiy  powera  muat  be  given  cooe  in 
the  months  ci  October  and  November,  or  in  one  of  theo^  in  the 
London,  Edinburgh,  or  Dublin  Gaaette,  and  is  three  eonaeeotive  weda 
in  aome  one  and  the  same  newapaper  of  the  county  in  which  the  laoda 
auch  bill  refera  to  may  be  ntuated ;  if  the  worka  dionld  extend  over 
more  than  one  county,  then  the  noticea  muat  alao  appear  in  the  jooraala 
published  in  London,  Edinbur]^,  or  Dublin,  aa  the  caae  may  be. 
Koticea  are  to  be  given,  in  writing,  to  the  landownera,  leaaeea,  and 
occupiera,  of  the  intention  to  apdy  for  the  biU,  and  theae  noticea 
muat  be  served  before  the  15th  of  December  previous  to  the  aesaioo  in 
whidi  the  application  to  parliament  ia  to  be  made.  Plana  and  booka 
of  reference  of  the  landa  and  houses  to  be  taken,  together  with  a 
aection  of  the  intended  line,  are  to  be  deposited  before  the  80th  of 
November  with  the  derk  of  the  peace,  or  the  dieriff  deric,  of  the 
respective  counties  traversed,  with  the  Board  of  Trade,  and  at  the 

Erivate  bill  officea  of  the  Houaea  of  Parliament;  and  in  caaee  where  it 
)  propoaed  to  execute  worka  upon  tidd  landa,  within  range  of  firing 
tidea,  ainular  jdana  and  sections  have  to  be  depodtedwith  theBovd  ol 
Adnurdty.  The  petition  for  the  bill  ia  to  be  depodted  at  the  Private 
Bill  Officea  on  or  before  the  28rd  of  December,  and  it  muat  be  aooom- 
panied  hy  a  dedaration  from  a  parliamentary  agent,  and  a  copy  of  the 
proposed  bill :  in  tiie  dedaration  by  theagent,  he  ahall  diatinctly  atate 
the  daaa  of  the  biU,  and  the  powers  Bought  to  be  obtained  by  it 
Printed  oopiea  of  the  bill  muat  also  be  depodted  with  the  Board  of 
Tnde,  on  or  before  the  28rd  of  December;  smd  with  the  Admiralty,  if 
neoeaaaiy.  Gopiea  of  the  eatimatea,  dedarationa,  liata  of  ownera,  leaaees, 
and  occupiera,  are  to  be  depodted  at  the  Private  Bill  Offices  on  or 
before  the  8l8t  of  December ;  and  in  caaea  wherein  new  oompamea  are 
proposed  to  be  established,  a  dedaration  must  be  made,  atating  the 
amount  of  capitd,  the  number  of  aharea  to  be  iasued,  the  number  aub- 
acribed  for,  and  the  number  paid  up.  In  aome  caaea,  oopiea  of  the 
last-named  documenta  are  required  to  be  depodted  alao  at  the  Vote 
Office.  The  plana  required  are  to  be  drawn  to  a  acale  of  4  inchea  to  a 
mile,  and  muat  ahow  the  line  or  dtuation  of  the  whole  work,  and  the 
landa,  Ac.,  it  is  intended  to  traverse ;  and  whenever  it  ia  proposed  to 
apply  for  powera  to  make  laterd  deviationa,"  the  limita  of  those 
deviationa  muat  be  diatinctly  indicated.  Enlaz]^  plana  of  buildings 
oourt-yarda,  gardena,  ftc.,  to  a  scde  of  not  less  than  ^  of  an  inch  to 
every  100  feet,  muat  be  added;  the  distancea  from  one  of  the  termini 
muat  be  indicated  in  milea  and  furlonga ;  thoee  portiona  of  the  line 
whidi  are  to  be  executed  in  tunnd  muat  be  indicated  by  dotted  linea ; 
and  every  deviation  or  dteration  of  turnpike  or  other  icada,  of  river^ 
or  of  canala,  muat  be  dearly  aet  forth.  The  book  of  reference  must 
contain  the  namea  of  the  owners,  lessees,  or  occupierB  of  the  houaea 
and  landa  to  be  interfered  with,  and  it  muat  oontam  a  deaciiption  of 
the  nature  of  tiie  property  to  be  taken.  The  aectiona  are  to  be  drawn 
to  the  aame  horiaontd  acde  aa  the  plan,  and  to  a  verticd  acale  of  not 
less  than  one  inch  to  every  100  feet ;  they  muat  ahow  the  natural  levd 
of  the  ground,  the  intended  levd  of  the  work,  the  relative  heighta  of 
the  embankmenta  and  cutting,  the  datum  line,  and  the  laila'  levd ; 
the  height  and  span  of  the  varioua  bridgea,  viaducta,  ftc,  are  to  be 
indicated,  aa  alao  are  to  be  indicated  the  dterationa  propoeed  to  be 
made  in  the  levels  of  the  «-gii?fcittg  roada  or  other  oommunicatioDs. 
The  eatimate  muat  be  aigned  by  the  person  making  it.  In  the  caae  of 
railway  billa,  a  depodt  of  8  per  cent,  on  the  amount  of  the  estimate 
muat  be  made  before  the  15th  of  January. 

The  detaila  of  the  pidiminaiy  requirementa  of  the  les^alature, 
stated  above  aa  being  neceasary  before  tiie  bill  can  be  entertuned,  are 
extracted  from  the  standing  ordera  of  the  Houae  of  Commons;  but, 
according  to  May'a  '  Parliamentaiy  Practice,'  the  ref^uireaienta  of  the 
two  Houaea  are  identicd,  excepting  in  some  insignificant  matteis  of 
detail  The  further  sta^^  of  the  proceedings,  it  may  be  added,  are 
described  upon  the  suppodtion  that  the  bUl  sought  for  is  presoited, 
firstly,  to  the  House  of  Commons. 

Any  person  interested  in  the  proposed  railway,  or  in  ita  operation,  ii 
entitled  to  present  a  memorid  in  oppodtion  to  ita  progreea,  on  the 
ground  of  non-compliance  with  the  standing  orders,  before  aome  day 
between  the  9th  and  23rd  of  January,  according  to  the  number  of 
rotation  assigned  to  the  petition  for  the  bill.  The  examinera  of 
petitiona  for  private  billa  then  inquire  into  the  maimer  in  which  the 
standing  orden  have  been  complied  with;  and,  if  any  irregularity 
ahould  have  been  committed,  they  make  a  report  to  the  House  ^ 
Commona,  or  send  a  certificate  to  the  House  of  Lords,  to  the  efiect 
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that  the  standing  orden  have  not  been  complied  with,  but  ther 
do  not  at  all  enter  into  the  inquiry  m  to  the  merits  ol  the  bilL  iz 
the  standing  orders  should,  however,  have  been  complied  with,  a 
report  is  made  to  that  effect.  Within  three  days  from  the  date  of 
the  indorsement  of  the  bill  by  the  examiner  of  petitions,  the 
petition  for  its  being  read  must  be  presented  bv  a  member,  and  it  must 
be  accompanied  by  a  printed  copy  of  the  bill ;  and  if  the  standing 
orders  have  been  complied  with,  the  bill  is  at  once  ordered  to  be 
brought  in;  if  they  have  not  been  complied  with,  the  petition  is 
ref  enred  to  the  standing  orders  committee,  who  are  empowered  to  make 
qpecial  reports  to  the  House  on  such  subjects.  The  second  reading  of 
the  bill  tSkea  place  at  some  period  between  the  third  and  seventh  day 
from  the  first  reading,  and  is  considered  substantially  to  sanction,  in 
the*  opinion  of  the  House,  the  principle  of  the  bill,  which  is  then 
committed.  It  is  firstly  referred  to  the  general  committee  on  railway 
and  canal  bOls,  which  names  the  chairman  and  members  of  the  select 
committee  before  whom  the  examination  into  the  allegations  of  the 
petition  and  the  clauses  of  the  bill  tako^  place,  llie  select  conmiittee 
must  consist  of  five  members  not  locally  or  otherwise  interested  in  the 
bill,  when  the  latter  is  opposed ;  or  tiie  bill  may  be  referred  to  the 
chairman  of  ways  and  means  and  to  two  members,  when  it  is  unop- 
posed. After  an  interval  of  eight  days  at  least  from  the  second 
reading,  the  select  committee  proceed  to  hear  the  parties  who  seek  the 
act,  and  those  who  have  petitioned  against  the  bill,  either  by  them- 
selves, by  their  agents,  or  counsel ;  and  after  a  careful  examination  of 
the  evidence  submitted  to  them  (in  the  House  of  Lords  the  evidence 
is  taken  upon  oath),  the  committee  are  bound  to  report  upon  the  various 
subjects  involved.  These  subjects  mainly  afiect  the  fitness  of  the 
proposed  railway  in  an  engineering  point  of  view,  the  peculiar  local 
circumstances  affecting  the  works,  and  the  main  allegations  of  the 
petitions  for  or  against  the  bill,  with  the  reasons  of  the  committee  for 
agreeing  to  or  dissenting  from  tiiem.  The  committee  is  bound  not  to 
authorise  a  company  to  raise  a  larger  sum  by  loan  or  mortgage  than 
one-third  of  the  capital ;  and  until  50  per  cent,  of  ^  capital  has  been 
paid  up,  the  company  is  not  to  be  allowed  to  raise  any  loan.  No 
alterations  of  turnpike  roads  are  to  be  allowed  which  should  leave  the 
rate  of  inclination  of  the  new  road  more  than  1  in  80 ;  nor  shall  any 
other  road  be  made,  without  special  reasoit,  whose  incline  shall  exceed 
1  in  20.  Numerous  provisions  are  made  also  by  the  instructions  of  the 
House  for  the  purpose  of  preventing  any  abuse  of  the  powers  to  be 
conferred  by  the  bill,  or  of  preventing  the  smuggling  of  cl&uses  for  one 
object  under  cover  of  a  bill  avowedly  proposed  for  another  one.  It  is 
worthy  of  remark  that  amongst  these  instructions,  which  in  fact  con- 
stitute the  standing  orders  to  the  committees,  there  is  one  whose 
object  it  avowedly  is  to  prevent  the  payment  of  interest  upon  deposits, 
or  payments  on  calls,  until  the  line  is  opened — a  course  of  proceeding 
diametrically  opposed  to  the  one  followed  by  all  other  countries  in 
Europe.  The  usual  coarse  of  the  inquiry  before  the  committee,  so  as 
to  enable  them  to  make  their  report  to  the  House,  is  to  discuss  firstly 
the  preamble  of  the  bill ;  and,  if  that  should  be  declared  to  be  proved, 
then  to  discuss  the  clauses  seriatim.  In  this  manner  the  whole  of  the 
measure  is  capable  of  being  thoroughly  examined,  and  the  obnoxious 
portions  can  be  removed  if  the  parties  really  interested  attend  to  their 
own  business  ;  the  principsl  difficulty,  however,  attending  all  these  pro- 
ceedings lies  in  their  cost. 

When  the  report  of  the  select  compiittee  has  been  made,  the 
committee  clerk  delivers  ioto  the  Private  Bill  Office  "the  committee 
biU,"  which  is  printed  at  the  expense  of  the  parties,  and  delivered  to 
the  members  of  the  House.  The  report  of  the  bill  is  ordered  to  lie 
upon  the  table,  as  also  is  the  amended  bill ;  and  after  the  interval  of 
three  clear  days  from  the  delivery  of  the  report  the  consideration  of 
the  bill  may  be  proceeded  with,  on  the  third  reading.  So  jealous  is 
our  legislature,  theoretically,  of  the  rights  of  private  property,  that  it  is 
easy,  even  at  this  stage,  to  stop  the  progress  of  a  bill ;  but,  in  fact,  it 
is  very  rarely  that  the  dedaion  of  a  select  committee  is  reversed.  The 
usual  course  is,  that  the  bill,  as  it  leaves  the  committee,  passes  on  the 
third  reading;  and  it  then  has  to  go  through  nearly  a  similar  ordeal  in 
the  House  of  Lords ;  and,  imless  important  amen(hnents  should  there 
be  introduced,  the  bill  receives  the  royal  assent,  and  becomes  an  Act  of 
Parliament.  The  proceedings  before  the  House  of  Lords  differ  in 
some  respects  from  those  which  are  followed  before  the  House  of 
Commons ;  but  the  differences  consist  mainly  in  points  of  form,  and 
they  seem  to  have  been  inspired  principally  by  the  desire  of  the  former 
House  to  protect  in  the  most  efficient  manner  the  vested  rights  of  pro- 
perly. The  reader  who  would  desire  to  study  more  in  derail  the  law 
and  the  practice  of  Parliament  in  these  matters,  would  do  well  to 
consult  the  work  by  Mr.  May  (before  referred  to,  and  to  read  the 
Standing  Orders  published  by  the  respective  Houses  of  the  legislature 
at  the  commencement  of  each  session.  Amongst  other  provisions 
made  by  the  House  of  Lords,  there  is  one  it  may  be  important  here  to 
notice — ^namely,  that  they,  fix  at  the  coiomencement  of  every  session  a 
day  beyond  which  they  will  not  take  any  proceedings  in  private  biUs, 
whencesoever  proceeding.  Mr.  May's  work  contains  also  an  ample 
description  of  the  fees  payable  to  the  officers  of  the  respective  Houses 
of  Parliament,  a  study  of  which  might  fiurly  be  recommended  to  the 
Attention  of  the  administrative  reformers  of  the  day. 

Owing  to  the  numerous  subjects  embraced,  a  raUway  act  is  always  a 
lengthy  document;  but  of  late  years   these   measures    have  been 

ABTS  AND  801.  DIV.  VOL.  YL 


considerably  simplified  by  the  passing  of  the  Railway  and  of  the  Lands 
Clauses  Consolidation  Acts.  In  cases  where  companies  simply  apply 
for  powers  for  increasing  their  capital,  or  when  they  apply  for  powers 
of  amalgamation,  or  purchase  of  otiier  companies,  me  forms  of  parlia- 
mentary practice  are  slightiy  different  from  those  above  described; 
and  the  Whamcliffe  standing  orders  prescribe  the  observance  of  certain 
conditions  under  the  peculiar  circumstances  they  were  designed  to 
meet,  especially  with  reference  to  the  manner  of  ascertaining  the 
opinions  of  the  shareholders  of  any  existing  company  as  to  the  extension 
of  their  operations.  The  principle  of  this  le^slation  is,  however,  on 
thb  whole,  extremely  equitable,  and  it  substantially  affords  protection 
to  existing  interests,  whilst  it  gives  every  reasonable  facility  for  the 
development  pf  enterprise. 

FormaHon  of  the  Road, — ^The  Act  of  P^liament  being  obtained,  the 
land  required  for  the  railway  is  definitively  set  out  and  purchased. 
Power  1b  usually  given  to  take  a  width  of  22  yards,  exclusive  of  that 
which  is  necessary  for  the  sloping  sides  of  cuttings  or  of  embankments; 
and  it  may  be  added  that,  in  ordinary  cases,  we  average  quantity  of 
land  taken  is  about  at  the  rate  of  12  acres  per  mile  lineal  of  road, 
leaving  out  of  account  the  stations,  when  the  mtter  are  of  considerable 
importance.  The  price  to  be  paid  for  the  land  is  either  settied  by 
amicable  arrangement,  or  it  is  fixed  by  a  jury ;  and  it  includes  all 
claims  for  compensation,  severance,  and  oompulsoiy  purchase.  It 
appears  that,  practically,  railway  companies  are  compelled  to  pay  about 
double  the  real  value  of  all  the  land  or  hereditaments  they  take — so 
deeply  rooted  is  the  popular  opinion  that  the  interests  of  private 
individuals  should  be  studied  at  tiie  expense  of  public  companies. 

The  works  themselves  coniiected  with  the  formation  of  the  road 
consist  in  the  embankments  and  cuttings,  the  tunnels,  the  bridges, 
viaducts,  and  culverts,  and  the  stations  and  minor  accessory  buildings. 
These  works  are  usually  divided  into  separate  contracts,  and  are  let  by 
public  or  by  private  competition,  unless  when — as  is  fix  too  often  the 
case  in  England — ^the  bulk  of  the  ci^ital  has  to  be  provided  by  the 
contractor.  In  ordinary  cases,  the  works  which  would  take  the  longest 
time  are  commenced  the  first,  especially  when  it  is  desired  to  open  the 
line  at  once  in  its  entire  length.  Before  any  works,  however,  are  com- 
menced, it  is  essential  to  make  a  series  of  deep  borings  wherever 
import<mt  structures  are  to  be  raised  or  tunnels  to  be  formed ;  the 
result  of  the  preliminary  observations  upon  the  Kilsby  Tunnel  seem, 
indeed,  to  show  that  these  borings  should  be  made  very  dose  to  one 
another,  and  that  they  should  he  carried  at  least  to  the  maximum 
depth  it  may  be  desired  hereafter  to  attain.  Careful  observations 
must  also  be  made  upon  the  hydrographical  conditions  of  the  country 
to  be  traversed,  the  inclination  of  the  strata,  and  their  hydroscopic 
nature,  not  only  for  the  purpose  of  dealing  witli  the  springs  they  may 
yields  and  their  greater  or  lesser  tendency  to  floods,  but  also  in  order 
to  provide  against  any  danger  from  the  slipping  of  the  earth.  It  must 
be  observed  here  that  tunnels  upon  railways  are  objectionable,  on 
account  of  iiieir  darkness,  their  dampness,  and  the  singular  inter- 
ference they  produce  with  the  action  of  the  electrical  telegraphs,  as 
well  as  on  account  of  the  special  attendance  they  require.  As  far, 
therefore,  as  possible,  they  should  be  avoided ;  nor  should  they  ever 
be  resorted  to  in  the  open  country  where  land  can  be  obtained  cheaply, 
unless  the  cutting  it  would  othervnse  be  necessary  to  make  should 
exceed  80  feet  in  depth.  In  towns,  of  course,  the  value  of  land  will 
materially  affect  tins  question,  and,  as  in  the  case  of  the  Undeigruund 
Railway,  it  may  even  be  desirable  to  execute  nearly  the  whole  of  the 
line  in  tunnel    [TmnvEL.] 

The  angle  of  inclination  of  the  slopes  of  cuttings  should  be  made  to 
vary  with  the  nature  of  the  material  traversed.  Hard  limestone  or 
sandstone  rocks  will  stand  when  dressed  off  vertically;  chalk  and 
the  softer  limestones  will  ultimately  assume  a  slope  of  about  45°,  or  of 
1  base  to  1  vertical ;  hard  gravel,  bound  together  by  waters  containing 
the  hydrous  oxide  of  iron,  will  stand  at  a  similar  inclination  to  chalk, 
but  the  ordinary  open  gravel  and  sand,  without  water,  should  be 
dressed  to  a  slope  of  I4  base  to  1  in  vertical  height;  tlie  London, 
Oxford,  and  Gault  clays  may  sometimes  stand  with  an  inclination  of  2 
or  S  to  1,  but  if  they  should  contain  any  beds  of  permeable  sand  they 
have  been  known  to  slip  even  with  inclinations  of  10  to  1.  Wherever 
moveable  strata  of  this  description  are  encountered,  the  greatest  pre- 
cautions must  be  taken  to  provide  an  efficient  surface  drainage,  so  as 
to  prevent  the  passage  of  water  to  the  more  permeable  lower  strata. 
1Ch»  dan^  arising  from  the  tendency  of  some  materials  to  sUp  after 
the  condition  of  stability  they  have  naturally  assumed  has  once  been 
disturbed,  is  prindpidly  felt  when  the  cutting  has  to  be  made  on  a 
hill  side,  and  when  it  lays  bare  the  lower  edges  of  inclined  beds  of 
sand  or  of  gravel  intercalated  between  beds  of  clay.  In  many  cases, 
it  is  better  to  construct  at  once  a  retaining  wall  than  to  trust  to  any 
form  of  dope ;  but  the  thrust  of  a  lofty  bank  of  earth,  such  as  is  now 
under  consideration,  must  be  so  enormous  that  especial  precautions 
must  be  taken  to  guard  against  its  effects,  and  to  provide  an  outiet  for 
the  waten  which  would  <&erwise  accumulate  at  the  base.  The  history 
of  the  New  Cross  cutting,  near  London,  of  the  Euston  cutting,  of  the 
Loudon  end  of  the  Oreat  Northern  Railway,  of  the  Kilsby  cutting,  and 
of  the  cutting  near  the  Yal  Fleury,  on  the  Yersailles  line,  may  be 
dted  as  iUustrations  of  the  accidents  to  which  dee|>  cuttings  are 
exposed,  and  of  the  means  of  obviating  them.  Much  information  on 
this  subject  is  to  be  found  in  Sganzin's '  Cours  de  Construction,'  and  in . 
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Perdonnet'B '  Tnit^ '  tinadf  refaned  to.  In  aottUng  the  axnotmt  of 
oottitig  to  be  exMoted  on  A  line  of  nilwAy,  it  is  ementiAl  to  httat  in 
mind  thftt  it  Bhoiild>  as  nearly  m  poanblej  bftl«nee  the  amount  of  tike 
embankment  so  as  to  avoid  either  the  neoeteity  Ibf  purchaainf^  grondd 
to  reoeire  the  spoil  of  BOtphu  earth,  or  to  ftrrnLBh  the  material  for  thA 
completion  of  tne  bank  from  aM^cntting.  The  Trlng  entting  on  the 
Birmingham  BtXL^mfi  auA  the  Qadelbaoh  ettttisg  on  the  Ulm  9taA 
Angabmrg  Unej  are  ateongat  the  laigeat  Works  of  this  deaertptioa  ^rtfl 
aiaeoted :  the  former  oontained  naarfy  1}  ttttUona  of  enbie  ynrda  i  the 
latter  about  1,410^000  <mbie  fmrdM, 

The  eaubankmenta  an  formed  ainitdtaneonBly  ytWti  the  enttingn,  and 
thi)  ttsitefiahi  obtained  froni  the  latter  are  transported  hj  baarrowtf 
carts,  or  waggons,  to  the  former,  according  to  the  distance )  barroW" 
work  ceasing  to  be  ewnwinilqal  when  the  distance  to  be  liayeited  ex- 
ceeds 100  yards,  carta  are  then  used ;  and  when  the  length  of  transport 
attains  a  quarter  of  a  mile  it  is  decidedly  cheaper  to  use  ii^Aggons  npon 
temporsry  roadwm,  made  in  raftiwi^  works  of  the  metals,  ot  raSs,  to 
be  afterwards  nsea  for  the  permanent  way.  As  embankments  can  thus 
only  be  commenced  from  their  two  ends  at  a  time,  it  follows  that 
when  they  are  of  cooaiderabld  dimensions  they  may  eren  regulate  the 
duration  of  the  works  upon  a  railway,  because  bridges  or  tunnels  can 
be  oommenoed  at  onoa  in  seyexsl  places*  Time  may  occaaionally  be 
aaved  by  the  use  of  temporary  wooden  staging,  and  by  cartying  on  the 
wofk  in  several  layers  or  stmta ;  but  if  tiw  length  of  lead  (or  the  dia- 
tance  traversed)  be  great,  it  is  very  ni^y  indeed  that  more  than  from 
SOOO  to  2500  yarda  cube  can  be  tipped  at  one  end  of  a  bank  in  a  day. 
The  earth  in  small  banka  is  often  rammed  to  ensure  tts  uniform  com- 
presaion,  and  even  in  the  very  rough  and  ready  manner  in  which  railway 
woks  are  efifected,  espedaUy  in  Bn^and,  the  precaution  of  punning 
the  earth  at  the  back  of  culvefts^  or  brklges,  is  generally  adopted*  For 
large  embankmenta  it  would  be  practically  impossibie  to  attempt  to 
aecure  this  theofetical  perfection,  and  the  earth  is  in  them  simply  cast, 
or  tipped,  from  a  waggon,  and  is  allowed  to  settle  by  its  own  weight, 
and  l^  the  effect  of  time.  It  is  important,  tfaenfore>  to  observe  that 
the  earth  taken  from  a  cutting  will,  in  the  beginning,  occupy  a  space 
about  i  greater  in  the  bank  than  it  did  in  its  natund  pos&oni  and 
that  even  after  they  have  settled  during  three  or  four  yean  the  ma- 
terials in  a  bank  will  stall  oeeupy  a  volume  ^th  greater  than  they  did 
originally.  The  subsidence  of  new-made  banks  is  indeed  a  source  of 
danger  and  oi  expense  on  all  taUwaya^  and  it  must  be  ffuarded  against 
in  the  most  careful  manner;  allowance  should  be  made  for  such  sub- 
sidence, by  keepuig  the  crowns  of  the  baiifca  above  tha  intended 
finished  leveL 

In  executing  heavy  embasdunents  cal«  nrast  also  ba  taken  to  «nsui« 
that  the  groimd  upon  which  tiiey  are  to  be  founded  should  not  be 
exposed  to  lateral  displacementy  ef  to  any  serious  amount  of  vertical 
compression;  although  the  latter  oMeotion  nltimately  rosolves  itself 
simply  into  a  question  of  money.  Accidents  of  this  description  fre- 
quently occur  upon  the  banka  of  rivers,  or  in  diluvial  cHstricts;  and 
the  most  efficient  mode  of  dealioig  with  them  ia  to  isolaito  the  aeat  of 
the  bank  from  the  suitounding  gromid,  in  such  a  manner  as  to  cause 
the  whde  comprosaion  to  take  place  vertically.  In  marriiy  and  boggy 
grounds  judicious  dminage  may  do  tttash  good;  but  the  system 
adopted  in  canying^  the  Liverpool  and  Maacheiter  RaUway  over  the 
Chat  Moss,  of  supporting  the  earth  to  be  deposfted  upon  a  stratum  of 
hurdles,  or  the  one  used  by  the  Dutoh  engineers  of  foiming  aa  it  were 
a  floor  of  fascines^  cr  of  bundlea  of  teeda,  must  in  many  instanoes,ba 
resorted  to  in  addition  to  the  introduction  tof  lateral  draftnai .  On  the 
Munich  and  Augaborg  line  an  efllcient  method  «f  narrying  the  vail- 
way  embankment  over  a  oeat-bog  about  16  feet  deep  wm  used.  Which 
it  may  perhaps  be  deshabie  to  mstttion  here ;  It  contisted  in  linking  a 
series  of  square  holea>  "en  eafaiqvSer>"  abont  8  ft  10  in.  apart.  Mid 
measuring  1  ft.  9  in.  square  at  the  bottom,  and  2  ft  10  in.  aquan  at 
the  top ;  these  holes  were  then  filled  with  in^MnneaUe  earth,  and  the 
embankment  waa  laid  on  them;  the  seating  of  the  bank  was  fint 
properly  drained  and  a  good  outfall  provided.  Another  daaa  of  posi- 
tions in  which  it  bneceasaiy  totake  eapedal  precautions  in  forming 
embankments,  is  when  their  fiset  ire  exposed  to  the  action  of  large 
bodies  of  water,  whether  tidal,  flowfaig,  or  compaxative]^  atffi,  as  in 
lakes.  The  materials  used  below  the  wttter-bne  ahottld  be  eC  the 
greatest  possible  moificgravity,  the  seat  of  the  bank  should  be  ^eand, 
by  dredging,  of  aU  loose  or  compressible  mud,  and  the  aides  exposed 
to  the  wash  of  the  water  should  be  protected  l^  beds  of  Itecinea,  or  by 
stone  pitching  in  ordinaty  cases-;  in  sea  water,  cr  in  open  bays,  it  mav 
even  be  necessary  to  oaary  the  fb<it  of  the  embaiAansnt  upon  solid 
masoniy  walls,    f EMBANKXEffT ;  Rnm ;  Wmb.] 

The  earth-works  upon  most  of  the  principal  nnes  in  England  have 
been  very  heavy,  and  th^  seem  in  some  exc^ional  cases  even  to  have 
cost  20,000^.  or  30,000^  per  mile;  nor  has  it  bean  by  any  means  na% 
for  tlie  average  cubical  quantity  of  earth  so  moved  to  average  from 
100,000  to  150,000  yards  per  mile.  In  other  countries  this  portion  of 
the  cost  of  railways  has  been  dtmimshed ;  first,  by  reason  of  the  lower 
price  of  labour ;  but  secondly  and  principally,  by  reason  of  the  facili- 
ties afforded  by  the  steeper  gradients  now  tcderated. 


planting  of  the  quickset  hedge ;  and  the  soiling  and  planting  of  fiie 
slopes.  Insignificant  as  theae  works  may  seem  to  be  in  themaei^e-a, 
fiinch  of  the  Mcurity  from  accidents  of  the  ndlwav  depends  npon  their 
being  well  executed  and  weH  maintained ;  and  It  ia  especially  oa 
account  of  habitual  disregard  the  American  engineers  display  to  the 
safe  endoBUre  of  their  lines,  that  the  accidents  from  strayed  nniwih 
occur  so  frequently  with  them.  The  planting  of  the  slopes  of  exn- 
bankmenta,  it  nay  alio  be  added,  is  an  easy  snd  profitable  naode  of 
protecting  them. 

Bridges  are  required  on  tailwaya  for  vie  pulpoae  oi  oarrym^  tnefn 
across  the  various  water-ooones ;  for  maintaining  the  otiwtfng  road 
eommnnicatkms  either  above  or  below  the  level  of  the  fatts;  or  for 
ttffiying  the  roadway  above  the  surftoe  of  the  ground  in  doep  tnnw 
gorgea  when  for  local  reasons  it  is  found  that  the  oonalmetion  ei 
viaducts  is  preferable  to  the  executicn  of  heavy  embank  incutoi    Tlbe 
choice  of  tne  materials  uied  for  the  construction  of  zatlway  bridges 
must  mainlv  be  influenced  by  eoonondoal  consldentions,  always  bear- 
ing in  mhid  the  fact  that  in  waiitr-bridges  the  matoriala  used  shoakl 
be  of  apeermanent  description ;  because  the  repairs  of  the  ■absfentaoa, 
so  to  speak,  of  a  roadway  aro  always  attended  with  dsSt<nity;  fnr 
over  bridgea  wood,  brick,  stone,  or  iron  may  be  used  aa  may  be  fo«d 
advisable.    The  reader  is  referred  to  the  artidea  Bridob  and  ViAnrct 
for  a  detailed  notice  of  the  principlea  of  oonstraction  reqnirBd  to  be 
followad  in  this  clan  of  works,  and  under  8kbw  Abob  and  Tumxnm 
Bnnx^n  will  be  found  notices  of  peculiar  fonna  of  bridgea  frsqueufly 
employed  on  railways.   It  asems  that  upon  the  avera^  ttiera  aro  abnrt 
2i  over  or  under  road  bridges  per  mile  forward  of  railway  hi  England. 
even  when  a  conrideraUe  number  of  level  croanngs  are  afloirod;  in 
England  thero  is  at  least  one  crossing  per  mile.    As  waa  befaro  aaad^. 
the  latter  riiould  be  avoided  as  much  as  possible,  for  they  «e  a  fre- 
quent source  of  accidenta,  and  Uie  cost  of  the  guanibn  ropNaenfts  tlie. 
interest  of  a  larger  sum  than  aa  ordinary  bridge  would  eatiL    It  i 
often,  in  foot,  that  an  ordinary  over  or  under  bridge  coata  more 
1000/.  to  20001. ;  or  perhaps,  taking  into  account  ttie  appronoh 
the  latter  fignre  may  be  taken  as  an  average ;  this  haa  to  be  aet 
tiie  coat  of  the  cott^,  gates,  and  crossing,  and  the  keeper^e  wagea,  m 
case  a  level  crossing  ^uld  be  resorted  to.    It  is  usuat  to  eatimate 
that  the  cost  of  culverts,  surface,  or  underground  draina  of  a  railway 
amounts  to  80  per  cent,  of  the  ooet  of  the  unde^bridges ;  tho  cutting  cl 
the  lateral  ditohes  being  carri^  to  ih»  earthworks  aoeount    ne 
fflasonry  for  finhig  tonnels,  or  for  retaining  walla,  forma  paat  of  thoar 
special  items  in  rrilway  estimates. 

Wb&a  the  various  wotka  eonneoted  with  the  cuttings  and  ernbaak- 
menta  are  finished,  and  the  bridges  ai«  ready  to  receive  the  ballast,  ti» 
railway  is  said  to  be  brought  to/brsMCion  Jevef,  and  all  that  renudna  t» 
be  done  is  to  lay  down  ih»  permanent  way.  The  fbrmatioa  lewl  It 
usually  made  about  2  feet  below  the  intended  faUa  level ;  the  width 
of  its  surface  is  about  SO  feet,  exclusive  ci  lencea  and  ditches ;  and  it 
is  made  higher  in  the  centre  than  at  the  sides,  in  order  to  throw  off 
the  rain  water. 


require  notice.    These  aro  the  fencing  ._ 
of  the  land ;  the  foxmatian  of  the  cqp  mound,  and  of  the  ditdi;  the 


BtMfUftmff  emd  U^fimg  tkepemutfimi  way. — In  the  earlier  neriadi  c€ 
the  history  of  ratt^vnya  very  warm  disousaions  were  canied  en  with 
reroect  to  the  form  of  rail,  and  the  mode  of  attaching  it  to  Hie  deepen 
or  blocka;  but  at  present  there  seems  to  be  a  veiy  "taiarked  tendency 
on  the  part  of  engineers  to  adopt  uniformly  the  system  el  double^ 
headed  rails,  keved  to  diairs  spiked  upon  cross  wooden  ateepen,  and 
flah*jcUited  at  the  ends.  As  many  nsefnl  leasons  were  learnt  in  the 
courae  of  the  experimente  by  which  the  system  now  genenfly  adopted 
was  axrived  at,  and  the  hiatoiy  of  the  aupentmcturo  eC  inflwaya  is  in 
Hself  very  interesting,  a  slight  notice  of  the  variona  phaaea  ef  the 
discussions  in  question  may  be  desirable.  8o  much  fadead  of  the 
commMoial  success  of  a  radwi^  depends  n^on  the  perfeetion  ef  ite 
permanent  way,  that  it  behovea  every  engmeer,  nt  least,  to  atndy 
carefully  the  phenomena  which  might  have  been  obaervod  during 
the  rei^ective  trials;  and  it  Is  even  desirahle  that  the  directors  of 
railway  companiea  should  know  something  of  the  previously  made 
experimento  in  this  matter  ao  as  to  avoid  a  useless  repistitlen  oiE  them 
hereafter. 

When  locomotive  engines  travellhig  at  speeds  of  even  nine  milea  an 
hottt'  had  been  introduced,  it  was  soon  found  that  «ast4rou  fiA4»ellied 
ndla  were  so  liable  to  be  displaced  and  fractured  that  Hieir  nae  was  at 
cnee  abandoned ;  nandlelwrought^ron  rails  were  substitQted  for  them 
univenally.  On  the  liverpool  and  VAnchester,  and  on  beariyaH  Che 
railways  executed  by  the  Stephensons  in  the  early  periods  cf  the 
railway  system,  the  nuls  were  keyed  to  chain,  frstened  to  stone  blocks 
bedded  in  the  ballast ;  but  it  was  soon  found  that  the  btocka,  which 
were  isolated  from  one  anotiier,  vrere  exposed  to  aink  unequally,  and 
tiiua  to  deform  the  road ;  and  moreover  diat  the  unyielding  nature  ef 
the  point  of  support  (when  it  had  once  found  a  bearing)  made  the 
roadway  very  injurious  to  the  earriagea  and  roQhiqg  phint.  Mx.  Loehe 
seems  to  have  been  the  first  to  have  adopted  on  a  laige  aoale  (aa  the 
means  M  obviating  these  inoonveniences)  the  use  of  the  eUl  system  ef 
wooden  sleepen,  passing  beyond  tibe  two  tails  (as  ahcwn  ott  Jl§.  16)  so 
as  to  carry  twochaira;  and  at  the  present  dtay  tins  a^stsm  hss  been 
generally  adopted  wh^ver  the  rails  are  uaed  with  only  oceaaicBal 
supports.  Many  essays  of  cast-iron  sloepera  have  been  made,  without 
sucoBss,  it  must  be  a^ded,  for  in  the  preeent  atato  of  iron  naataDnrgy 
caat-iron  goods  aretoo  brittle  to  be  emfdoyod  toartifliaiMifajeelBdto 


•  foraadlj  exposad;  but  it  ia 
M  dinonrad  by  nhicb  thii  objaelioti 
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nuuij  patent!  hiwo  been  taken  , ._.  _.. 

have  bean  Boaked  in  lolutioiu  ot  odc,  copper,  mercury,  ftc,  with  mi- 
able  luccew;  but  at  tlte  praaent  Any  it  seauu  1«  be  generally  adoiittoil 
that  CTeaaota  ia  the  loiitenal  which,  whea  properl;  applied,  caninbutca 
the  mart  valuable  propertiei  to  wood  to  eipoaed;  all  thcoa  pio- 
venem  are  however  but  pnlliaUona  of  a  seiloui  ovil  inberent  to  the  uie 
of  wood,  and  it  oectaiiily  would  be  prefenble  to  employ  a  toateruil 
exempt  from  the  conditieni  of  decay  above  eaunierated.  However 
thia  be,  the  caat-iron  chura  uaed  either  for  blocks  or  for  aleepera  are 
apiked  doym  rritb  iron  apilea,  and  some  tricing  modificationa  of  the 
patterns  of  the  cLiuia  are  at  timaa  advantaeeoualy  made  in  order  to 
avoid  the  splitting  of  the  fibrea  of  the  wool  The  raila  are  fr't*^"^ 
to  the  duuTB  by  meaaa  of  oompraaaed  wooden  wedgei,  which  naturally 
expand  apun  when  expoaed  to  the  eSeota  of  moieture ;  theae  wedgea 
are  at  Qie  preaeat  day  crcnaoted  on  the  beat  linea  of  railwaj.  Sleepera 
are  uaually  from  7  (o  9  feat  long,  by  10  in.  by  6  in.,  and  are  uaually  placed ' 
at  ^ataocea  of  3  feat  from  oantre  to  centre,  on  the  average  ;  eapeciallf 
on  ^e  lioea  whare  heavy  locoiDotivae  are  uaed. ' 

He  ileepera,  aa  woa  said,  are  laid  in  boUaati  whkh  should  ae  far  aa 
poaaibte  couaiit  of  giavellj  s.iiid,  guflSrienUy  permeable  by  water  to 
allow  the  lain  to  poaa  mindly  into  the  surface,  and  to  the  aide  draina. 
When,  however,  ballast  of  thia  description  caimot  be  obtAined,  it  m^ 
be  replaoed  by  mod,  by  lidDelc,  by  broken  at«D»  of  not  more  than^ 

in  nining  districta  forge  ariiea  and  broken  slag  are  advanta^^ualy 
uaed.  The  ballaat  ia  made  (for  doujile  roads)  30  feet  wide  and  18 
inchea  think,  oQ  tba  areiage ;  and  ita  auifaee  ia  dreased  oS  ao  aa  to 
foTm  a  aeiiee  of  water-couinee.  It  vetuirea  about  8,S00  yard*  cube  of 
baUoat  fa  mUe  forward  of  tatlwaya,  or  about  S  yards  cube  per  yard 

The  form  ot  rail  uaed,  and  ila  weight,  have  paaaed  tJirou{}i  many 
changes,  but  they  have  Enally  resolved  themaelvee  into  two  piiuoipal 
varieties,  known  aa  the  douhl»ltBadad  rut,  and  the  bridge  nul ;  the 
latter  bclqg  employed  on  lioea  aucb  oa  Uie  Great  Weetem,  where 
cootinuoua  lon^tudinal  beaidnga  have  been  ^optcd  instead  of  tht 
ordinary  chain  and  alsepeia.  The  advantagea  and  diaadvantagea  o: 
the  bridge  tail  will  bo  diacuased  hereafter,  and  fartheprgBent,attentioi 
wilt  simply  he  cslled  to  the  atepa  which  liave  led  to  the  adoption  of 
the  douUe-headed  rail  most  .frequently  employed. 

In  figure  11,  the  illustration  marked  a,j^reaant«  Uie  section  of  Ui< 
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A  -IK  -ill 

£ih-heUiad  rail  oaed  en  the  ManehaaWr  aod  Lirerpoal  line;  (ia  the 
■■ine  tail  fixed  in  its  ohair ;  c  and  d  an  vapnaeDtatioiia  of  a  rail  of  the 
■ame  f  una  used  on  the  Newoaatle  and  Cariiile  nilway ;  thaae  laila 
were  all  batenad  with  .traa  koya.  On  the  London  and  Birmingham 
i«ihn>y  Bobert  Staphenaan  introdnoed  a  modification  of  thia  mtmn 
repnaantad  by  t  and  /;  thia  rail  waa  partially  leplaced  on  the  Ima  of 
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ralhraf  }«it  manliaaad  by  Uu  lona  riiownoi  k;  and  atiiaiAown  > 
aontiivaiua  (or  keaiung  the  rail  in  ila  aait.  Tha  doubl^lieiided  rail 
may  be  oeoMdared  to  have  hMo  introdiued  by  Kr.  Looke,  who  uaad  it 
an  tht  Onad  Jondiea  andt^fknitli'Wiataii  linaa  in  the  tatm  ahown 
•t  k  (  and  amntuaUy,  Dotwitlulaiiding  tha  other  modifloaliona  at  Uis 
rail  with  Jntwrnmiintt  aupporls  as  at  •■,  Hr.  Xiot^'s  form  haa  baan 
generally  adopted.  At  g,  n,  and  o,  are  repreawted  tha  maotuai  of 
fnnaMtfae4ad)oivtaof  the  laila,  either  witba  half  Up,  wwitb  butt 
•nds..fi«»j-' ' '  -.  ..--L .  -. 


Iha  lyatemno 
udMtinadIo 


now  prevalaut;  and  ttl^  Aawa  a  rail  <d  a 


perfeotiou  of  the  roadway,  and  the  upper  and  Tower  surfaces  of  the  nuls 
are  made  identically  the  same.  Wlwn  firstly  the  double-headed  nuli 
were  introduced  thej  were  nude  in  IB  or  IS  feet  lengtha,  of  about 
60  lbs.  wmgbt  per  ysjd  forwivd ;  at  the  preeent  day  they  are  made  o[ 
from  70  to  SO  Ibe.  per  yard,  and  are  often  of  21  feat  leog^.  The  caat- 
iron  chairs  have  alao  been  increaaed  in  weight,  and  inatead  of  weighing 
for  the  joint  chaira  20  lbs.,  and  tor  the  middle  15  Iba.  each,  they  now 
weigh  for  the  joint  dialra  3S  Ux.,  and  tor  the  roiddlea  214  lbs.  each. 
Latterly  when  the  rails  have  been  fiah-JMMed,  or  made  with  fish  plates 
weighing  about  28  lbs.  per  pair  bolted  on  the  reapective  aidea  at  tlie 
rail,  the  middle  chaira  only  are  em^oyed,  and  Ute  aleepen  at  the  end 
of  cBoh  mil  are  brought  as  (doaely  to  the  fish  joint  aa  poaaibla 

When  Hr.  Brunei  attempted  to  introduce  ^le  broad  gauge  he  also 
attempted  to  introduce  the  Amaricaa  syatem  of  placing  the  rail  with 
a  contumoua  bearing,  and  thua  was  led  to  adopt  the  form  ot  rails 
reprasantad  by  Pi  9>  r,  and  i  -oa  fig.  IS,   partly  with  (he   hops 
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of  bmng   able  to  <^Tmini«li  the   wrfgbt  ot   iron.     He  began  to  uae 
nils  tvelgbiqg  jttSllt  jS.to  i7  !h«.  per  yud,  and  they  were  bqlted  or 

spokad«a«hetengitnaiuidbaiilkaat  dlatanoea  of  about  18  inches;  but 


the  continually  increasing  weight  of  the  locomotivee,  and  the  in 
rate  of  travelling,  have  forced  Uia  pertiea  who  have  used  the  bridge 
rail  to  follow  Uie  example  of  the  advooatea  ot  the  double-headed  one ; 
na  that  at  the  present  day  the  bridge  nuls  are  often  made  of  even  80  Iba. 
weight  per  yard  forward.  The  grent  objection  to  their  oae  li««,howev«r, 
in  tba  nacaasity  (h^  involve  (w  a  very  expensive  timbv  aubatrueture, 
which  ia  liable  to  rfipid  decay,  and  to  frequent  deformationa  bytiM 
warping  of  the  wood,  or  by  lie  eipansion  ot  the  rails.  Practically, 
tben,^^ugh  the  sy^m  of  oontinuous  hearii^a  produoaa  a  rqtd  of* 
very  plsaaant  description  for  the  traveller,  ao  lai«  at  lenat  aa  it  is  in 
cedar,  it  ia  found  to  be  of  so  coatly  a  maiuteoanoe  that  it  is  rartjy 
uaed  in  England,  unless  when  the  roadway  hSiS  to  be  eairiad  over 
viadocta,  bridgea,  or  other  works,  wbere  the  paitmsuon  U{I0B  the 
intermediate  heaTJpga  might  beoonw  iajurioua. 

It  joay  heaaweU  berp  to  obaervj,  that  io  laying  jaiJs,  the  allowanee 
tor  the  ekffi(^cD  produced  bv  «ommar  heat  muat  be  vtty  4m^u% 
made.  In.a  IS  feat  caiU  the  diffarifinee  gf  lengUi  for  an  incrMse  of  7S^ 
Fahr.  will  he  about  f,^  ot  an  inch ;  but  at  the  aame  lime  that  i^o- 
visioo  must  be  made  for  the  free  ecpanaion  of  Uie  nils,  thar  BMtst  not 
he  bid  with  ao  open  a  joint  aa  to  gire  rise  to  caacusnoasTlt  is  usual, 
nlso,  to  give  a  slight  inchuation  to  the  upper  sur&ce  of  the  mils, 
indimng  inward  about  1  in  30,  f«r  the  purpose  of  giving  a  better 
bearing  to  the  conical  aurfscea  of  the  wheels ;  and  in  curves,  the  outo- 
rail  ia  elevated  above  the  inner  one,  by  a  height  regulated  by  the  maxi- 
mum Vdlodtj  att«iueA  upoo  1^  £urve,  aaSby  its  radiaa.  CTpoa  level 
croaranga,  very  sharp  curvee,  viaducta,  or  bridg«,  it  is  usual  to  faaten 
counter-rails ;  but  they  have  so  often  proved  aourcea  of  danger,  through 
their  independent  movements,  that  theae  counter-nila  are  never  placed 
unleaa  under  very  eioeptional  drcumatancea.  On  level  crowdnga  they 
are  necaaaary  in  order  to  protect  the  rails  from  the  ahocks  of  p""'"g 

1000  yards  radius  (and  this  seems  to  be  the  miiumum  radius  which 
should  be  allowed  in  railways  upon  which  ordinary  expreas  speeds  aro 
attained)  ia  abont  S  inahea  ;  and  in  curvea  near  stations,  ot  BOO  yarda 
ladiiis,  tjie  elevation  beitiHDes  about  ZJinohea.  Fractures  of  the  nula 
oocur  en  ebangas  of  temperat^ire,  and  obaire  are  frequently  broken 
whan  wedged  up  too  tightly.  Oreat  eitfe  is  therefore  required  In  the 
inapeotion  of  the  rails  at  theae  aeaaona  ;  and  it  ia  worthy  of  remark, 
that  thare  ia  a  marked  tendency  of  the  rails  to  diaplace  themselves  in 
the  direotion  of  ithe  movement  0f  the  faiuns,  eapectally  on  inclinaa  and 
near  the  stations.  In  some  eaaea,  every  10U>  or  SOA  rail  is  notched 
its  ehahs,  in  order  to  xaaiat  the  tendency  to  thia  kind  of 


'The  baMs  of  tie  gmges,  whfah  nged  bo  turionlly  a  few  years  sinoe, 
has  now  been  pndtioally  aoWed  by  the  adoption  of  uie  mixed  gauge  on 
the  Ofset  Wastem^e  itself ;  and  indeed  the  advant^^  of  a  uniformity 
of  gauge  are^  ao  much  greater  than  those  which  can  be  secured  even  by 
a  more  logicd  arMUigement  than  VbB  one  adopted  originally  by  Hr, 
fitapharaon,  that  itis  almost  idle  to  diacusa  the  question  at  present. 
for  all  useful  purpoaaa,  it  is  aaoertainad  that  the  4  feet  8j  fnehes 
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gftuge  IB  as  Relent  as  the  6  or  7  feet  gauge ;  and  it  is  iimneasaxably 
cheaper,  both  aa  regards  the  formation  of  the  roadway  and  the  con- 
struction of  the  rolling  plant.  It  seems  that  the  precise  gauge  of 
4  feet  8i  inches  was  the  result  of  a  mere  accident ;  but  as  it  has  been 
adopted  on  the  majority  of  railways,  it  is  now  desixable  to  cany  it 
out  on  all  similar  works.-  The  space  between  the  rails  is  usually  made 
6  feet  from  edge  to  edge. 

^owMories  o/e&e  AmJonk^.— It  is  often  nec^^ 
caRJagQs  from  one  Una  of  rails  to  another,  and  this  is  erocted  by 
means  of  switdies  or  points,  and  crossings  by  turn-tables,  or  by 
trarening  platfoima.    If  we  suppose^  as  in  fg,  18,  a  series  of  cases  in 

Fig.  18. 


which  such  changes  of  direction  may  be  necesaaiy,  we  may  perceive 
that  some  contrivance  is  required  to  guide  the  flanges  of  the  wheels  in 
such  wise  as  to  cause  them  to  follow  the  new  line  of  rail  they  are 
intended  to  travel  upon.  This  contrivance  consists  of  two  moveable 
rails  {fg,  14)  working  sLmultaneously  and  parallelly  upon  fixed  pivots. 


Fig.  14« 


BO  that  the  flange  of  the  wheel  on  one  side  should  bear  against  one 
of  the  railB,  and  should  thus  be  forced  to  follow  it>  whilst  the  other 
flange  would  find  an  open  pasnge  which  would  allow  it  to  follow  the 
new  line  of  direction  given,  l&ny  varieties  of  points  and  crosaingB 
have  been  introduced  from  time  to  time,  of  whidi  the  most  concise 
account  is  to  be  found  in  Perdonnet's  'Traits  El^mentaire';  but  for 
our  present  purposes  it  may  suffice  to  say  that  the  system  now  gene- 
rally adopted  is  the  one  known  by  the  name  of  Wyld's  patent,  in  which 
the  surfnces  of  the  xails  in  the  principal  line  are  not  touched,  but  the 
tongues  of  Uie  points  are  made  to  pass  gradually  under  the  heads  of 
the  main  rails.  On  the  Great  Western  line  many  of  the  points  were 
originally  made  as  in  ^.  15.    The  radius  of  the  curves  of  the  best 
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points  and  crossings  is  usually  made  equal  to  1650  feet,  and  care  is 
taken  that  counterpoises  should  be  fixed,  to  keep  the  main  Une  open ; 
as  fer  as  possible,  also,  no  points  should  be  fixed  so  as  to  meet  the 
advancing  trains  on  the  mam  line.  At  the  points  of  turns  out  of  single 
lines  of  railways,  and  at  the  junction  points  of  embranchments,  signal 
posts  are  invariably  fixed  for  the  purpose  of  indicating  which  line  is 
open,  and  the  radius  of  curvature  is  ;Dade  as  large  as  possible.  On  the 
Belgian  lines,  the  embranchments  are  made  near  the  stations,  and  some- 
times the  radius  of  the  points  does  not  exceed  1000  feet ;  but  it  is  to 
be  observed  that  these  embranchments  have  no  back  curves  like  those 
of  ordinaiy  crossings.  It  may  be  as  well  to  add,  that  where  the  two 
rails  cross  one  another,  grooves  are  cut  to  allow  the  flanges  to  pass,  and 
guard-nils  are  placed  to  check  any  tendency  of  the  rails  to  leave  the 
road,  as  shown  in  fig,  13. 

Turn-tables  present  a  marked  advantage  over  points  and  crossingB  in 
this  respect,  that  they  allow  the  carriages,  &c.,  to  pass  from  one  line  to 
the  other  in  a  much  smaller  space;  but  the  operation  itself  is  poformed 


slowly,  and  must  be  repeated  for  eveiy  separate  carriage.  Tum-taUa 
consist  of  circular  platforms  of  wood  ana  iron,  fijLed  on  a  level  with 
the  rails,  and  mounted  on  friction-rollers,  so  as  to  turn  freely  upoe 
their  central  pivots;  four  rails  are  fastened  on  the  upper  face, and 
made  to  correspond  with  the  positions  of  the  longitodinal  and  izaos- 
verse  rails  at  each  quarter  revolution,  in  such  cases  aa  those  iei««- 
sented  in;^.  16,  wherein,  if  it  were  desired  to  tnosfer  a  carriage  from 


Fig.  16. 


^e  line  a  to  the  line  &,  the  carriage  would  be  rolled  to  c2;  a  quarter 
revolution  of  the  table  is  then  made,  and  the  carriage  is  pushed  on  to 
e ;  a  similar  quarter  revolution  of  the  table  t  is  made,  and  the  carrtige 
could  then  be  advanced  in  either  direction  on  the  Une  dL  The 
dimensions  of  tmn-tables  depend  on  the  sizes  of  the  carriages  to  be 
moved :  thus,  for  goods  waggons,  'an  8-feet  table  will  suffice ;  for 
passenger  carriages  a  12-feet  table  is  necessary;  whilst  for  locomotives 
and  tenders  coupled  together,  tables  of  as  much  as  86  or  even  50  feet 
diameter  have  been  made.  Sometimes  tiie  turn-tables  of  statjops  are 
made  to  serve  a  series  of  converging  rails ;  and  in  the  engine-bmiaea  of 
some  railways  a  large  table  is  pLiMd  in  the  centre,  so  as  to  sarre  the 
purposes  of  as  many  as  16  lines. 

TVaversing  platforms  are  used  when  it  is  desired  simply  to  pass 
engines  or  carriages  from  one  line  of  rails  to  another  situated  paralbeDy 
to  it.  They  are  exclusively  fixed  in  stations  where  no  throii^  traffic 
can  possibly  be  admitted ;  because  they  consist  of  a  platform  susocfK 
tible  of  movement  only  in  a  direction  transversal  to  that  of  the  line  of 
rails,  and  moving  on  rollers  in  a  deep  pit  extending  the  whcde  length  of 
the  lines  thus  put  in  communication  with  one  another. 

Water-tanks,  water-cranes,  pumping-engines,  and  wells,  constitute 
useful  adjuncts  of  railways,  but  they  hardly  require  special  notice  ia 
this  article.  The  signal  posts,  for  both  day  and  night  services ;  the 
provisions  for  the  establishment  of  tiie  electric  telegraph ;  the  watch- 
boxes  even  for  the  guardians  of  the  way  in  particular  positions,  must 
also  occupy  the  serious  attention  of  the  nulwa^*  engineer.  Local  dr- 
cumstances  must,  however,  so  tnodify  the  manner  of  dealing  with  all 
these  questions  of  detail,  that  it  would  be  dangerous  to  attempt  to  lay 
down  anv  absolute  principles  with  respect  to  them,  otherwise  than  by 
saying  that  every  convenience  should  be  provided  to  facilitate  the 
discharge  of  duties  upon  which  the  safety  of  the  public  so  materially 
depends.  It  may  be  added  that,  with  respect  to  the  service  of  the  water- 
columns  for  the  supply  of  tenders,  the  tendency  of  modem  prackbe  is  to 
make  them  with  reservoirs  able  to  hold  about  200  cubic  feet  of  water, 
and  to  place  those  reservoirs  immediately  over  the  delivery-pipe,  so  as 
to  ensure  the  rapid  filling  of  the  tenders;  the  reservoirs  are  them- 
selves filled  during  the  intervals  of  the  trains.  Heating  apoaratos  are 
also  provided  for  the  water-columns,  in  order  to  prevent  tlie  freesing 
of  the  water.  Gk)od  signals  are  especially  required  at  the  entrances 
of  long  tunnels,  and  at  the  points  of  the  turn-outs  of  single  Unes  of 
railway,  or  at  embranchments. 

On  some  lines,  or  portions  of  lines,  as  on  the  old  Birmingham  and 
the  Blackwall  Railways,  upon  the  goods  lines  at  LiverxKX)!,  and  iqion 
the  line  from  Iddge  to  the  Prussian  frontiers,  it  was  thought  advisable 
to  substitute  fixed  machinery  for  the  locomotives  employed  <m  Uie 
other  parts  of  the  line.  These  machines,  in  fact,  gave  motion  to  end- 
less ropes,  passing  over  grooved  wheels  and  running  from  station  to 
station  upon  friction-rollers,  to  which  ropes  the  carriages  were  attached, 
and  were  thus  hauled  along.  In  almost  every  case,  but  those  at 
Li^  and  at  Liverpool,  these  engines  have  been  abandoned;  and 
indeed,  the  improvements  lately  introduced  in  the  detaila  of  locomotive 
engines  have  rendered  their  intervention  unnecessary ;  and  rt  may  be 
suspected  that  at  Li^,  even  the  fixed  engines  would  have  been 
absindoned,  had  they  not  been  placed  on  a  line  in  the  direct  cootiul  of 
the  state.  The  same  description  of  remark  may-  also  be  extended  to 
the  atmospheric  railway,  which  has  been  so  umversaUy  abandnned  by 
engineers,  that  it  may  suffice  here  to  refer  those  who  desire  to  make 
themselves  acquainted  with  its  practical  and  theoretical  defects,  to  the 
late  Mr.  R.  Stephenson's  report  upon  the  subject.  The  system  thus 
referred  to  was  tried  on  uie  largest  scale,  both  in  Kngland  and  in 
fVanoe ;  and  in  both  countries  it  has  supally  failed  (when  compared, 
economically)  with  locomotive  traction.   TAtmosfhebic  Rajlwat.] 

BoOiMg  sSock, — ^Railway  carriages  for  the  conveyance  of  pawsffngpri 
sre  usuallv  very  capacious,  the  bodies  being  made  to  project  over  the 
wheels,  which  in  ordinary  lines  are  made  8  feet,  or  8  feet  6  inches  ia 
diameter ;  but  as  the  centre  of  gravity  of  the  carriages  is  kept  very 
low,  the  oversailing  of  the  frame  produces  no  evil  effects.  On  account 
of  Uie  rapid  speed  at  which  the  carriages  travel,  and  the  violent  shocks 
to  whidi  they  are  oocasionaUy  expoeed,  their  frames  are  nocesaarijy 
made  of  great  strength ;  and  every  precaution  is  taken  by  tiie  intro- 
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duotioD  of  qnings  and  buffeni  to  diminiih  the  violencs  af  the  blami 
they  receire,  or  the  effect  the;  themKlTeii  might  produce  upon  the 
r^Ia.  E^Mtidtf  in  the  traction  m  slm  necesBBr;  u  veil  for  the  safety 
luid  comfort  of  the  puaeDgera,  ai  for  the  pnsenatjon  of  the  caniaRea ; 
and  eren  ia  order  to  eoonoome  engine  power,  for  if  it  did  not  ezist, 
the  engine  would  be  obliged  to  exercise  a  greater  power  to  start  the 
truna  than  it  wuuld  do  for  the  maintenance  of  the  speed  once  attuned. 
Various  oontriTaaces,  more  or  leas  suoceoful,  have  been  adopted  to 
secure  these  ooodilions ;  but  the  system  reprsssnted  in  Fig,  17,  is  the 
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one  usuaU;  adopted ;  it  represents  the  plan  of  the  framework  of  a 
carriage,  the  body  being  supposed  to  be  remoTed.  The  frame  is 
carried  on  springa  fixed  outside  the  wheels,  and  resting  on  brass 
bushes,  which  beni  directly  on  the  axles  :  a,  a,  a,  a,  are  the  buffers,  or 
discs  iiE  wood  or  metal,  covered  with  cushions,  and  fixed  to  the  ends  of 
inetBl  rods,  working  between  guides  sgainet  the  ends  of  very  strong 
haiiEontal  springs  c,  e.  In  such  cases,  when  tiie  truu  is  suddenly 
stopped,  the  springs  are  forced  against  one  another,  and  serve  thus  to 
soften  the  blow  to  an  extent  dependent  upon  Uie  force  of  the  spring. 
The  diBW-baiB  are  also  attached  to  the  centre  of  the  hoTiiontal  sindngs, 
and  thus  prevent  any  sudden  jar  to  the  fnuues  of  the  comigee  at  their 
starting,  and  the  several  draw-ban  of  n  train  are  attached  to  one  another 
by  a  coupling  chain,  bearing  a  double  thread,  no  oa  to  fone  the  butfors 
into  close  contact;  loose  duuns  are  also  placed  W  the  sides  of  thebuffbrs, 
in  case  the  coupling  chains  should  bnak.  Ituny  varietiea  of  spring 
have  been  applied  for  both  the  puiposes  dcaeribed  above ;  but  experi- 
ence has  led  engineers  to  reaort  to  the  old-fashioned  plate  spring  of 
course  of  considerable  thickness,  and  of  the  veiy  beet  quality  of  sCaeL 
The  ordinary  Gist-class  carriages  have  three  connpartmeutB,  able  to 
contain  from'ni  to  eight  [assengers  in  each,  oompartment ;  the  second. 
clan  carriagee  mostly  have  three  or  four  oompartments  with  ten  paa- 
sengeii  in  each  compartment;  whilst  Xbe  third-class  camaga  are 
tniule  to  contwi  from  fif^  to  sfarty  passengers  each.  The  weight  of 
the  beat  modem  first-class  carriages,  on  the  narrcw^uge,  is  about 
5{  tons;  that  of  the  second-dasa  is  about  ttj  tons ;  and  that  of  the 
third-class  6  tons  :  or,  in  other  words,  the  ratios  of  the  dead  weights 
of  the  carriages  to  the  loads  transported  are,  in  the  several  classes,  as 
2-9  to  1 ;  as  2*1  to  1  j  and  as  I'fl  to  1.  A  cert^  number  of  the  car- 
riages in  each  bwi  is  made  with  Imsks,  and  a  guard's  van,  with  occa- 
sionally an  extra  luggage  van,  are  added.  Horae-boxca,  caniage-trucka, 
and  pcvt-office  waggons  are  made  upon  the  same  prinoiplsa  of  framing 
and  suspension,  as  the  ordinary  traveller's  cairiagea,  so  as  to  allow  of 
their  being  added  to  the  aams  tnuns  as  the  latter.  As  the  goods 
waggons  do  not  travel  at  the  same  velocity  as  the  waggons  for  ths 
conveyance  of  passengers,  there  is  not  the  nine  attention  [aid  either 
to  their  modes  of  suspension,  or  to  their  disw-bars ;  but  every  wsggon 
which  is  added  to  a  train  moved  by  a  locomotive  engine  is  hung  upon 
springs,  even  whsn  there  is  no  spring  draw-bar ;  there  is  very  rarely 
any  buffing  apparatus  attached  to  merchandise  waggons.  On  ordinary 
igo  lines  the  wdghts  of  gooda  csrrii^es  range  between  3 


upon  that  nst< 
the  ntio  of  th 


abandoned,  it  is  only  necessary  to  obsrare  that  .  _  - 
caniagee  are  not  only  more  ezpendve,  but  that  the  nUio  of  the  dead 
to  the  ubbEuI  weight  ia  even  more  nnfavouiable  than  the  one  irflidb 
prevails  upon  the  narrow  gauge  lines.  It  may  also  here  be  added  that 
upon  almost  all  the  continenlal  tines  of  railway  the  carriages  are  much 
more  commodious  than  they  are  upon  the  fngli^Vi  lines;  and  that  in 
America  only  two  clanes  of  carrisgea  are  admitted,  one  for  the  white 
passengers,  the  other  for  merchandise  and  nqpnes.  The  Americsn 
caxriogn  usually  run  on  eight  wheels,  oouplej  by  what  are  called  bo^t 
frames  in  two  pain,  in  order  to  Hitninlah  the  length  of  the  tangentia! 
line  formed  by  the  Gied  axles  with  tba  curvea  of  the  roadway  they 
travel  over ;  the  wheels,  however,  ai«  very  small 

We  have  already  seen  that,  during  the  gradual  development  of  the 
railway  system,  there  has  been  a  oonstant  tendency  on  the  part  -^ 
machine-maken  to  increase  the  power  and  the  weight  of  the  looomoti 
engine,  luitil  it  has  at  last  attained  the  coIossaT  dimensions  before 
stated  Originally  also  the  locomoUvea  were  made  with  only  four 
wheels;  but  the  frightful  accident  on  theYemilles  line  in  IStS  raised 
BO  strong  a  prejudice  against  engines  of  that  claas,  that  they  have  lieen 
universally  abandoned.  Six-wheeled  engines  are  now  this  on^  on 
used  on  our  English  railwaye;  sometimes  wiUi  the  tenders  attauied 


the  engine,  and  upqn  the  same  firams ;  and  somstimea  with  the  tenders 
entirely  dstaohed,  and  carried  upon  a  distinet  set  of  lour  wheels,  as  is 
the  caae  with  any  ordinary  caiiiage.  In  America,  and  on  the  tinea  in 
GemiBoy  with  very  steep  giadiatta,  the  engines  aie  made  with  ei^t, 
or  even  with  ten  wheels ;  the  tsndei*  being,  in  either  of  those  cases. 


the  engjnes  thus  refsired  to ;  snd  in  them  a  lepresenti  the  flre-boz, 
usually  made  of  copper,  and  surronnded  by  an  outer  cashig  of  iron,  so 
as  to  leave  a  space  all  round  surroiinded  t^  water ;  b  lepreeenta  the 
boiler,  with  its  horisontal  tubes  of  about  140  or  ISO  In  number,  and 
made  of  brass,  r"""g  from  the  Ore-box  (o  the  Bmoke.chamber,  c; 
d  represents  the  steam-cheat,  which  in  modem  engines  is  made  oon- 
siderably  smaller  in  proportjon  than  it  used  to  be.  The  steam  "asses 
throng  the  smoke-box  to  the  cylinden  at  e,  and  there  is  upon  the 
tube  which  so  conveys  it  a  throttle  valve,  under  the  control  of  the 
driver; /andff  represent  th«  safety  valves,  and  1  the  f ssd-pipes  from 
the  englns  to  Uie  tender ;  A  represents  the  steam-whistle.  Until  very 
lately  all  locomotivs  engine*  wen  heated  with  ooke,  but  a  notable 
eooDomy  has  been  obtained  on  tome  Uim*  by  the  substitution  of  coal 
tor  coke,  by  means  of  some  altentEons  in  the  fir»-boxea  and  the  giate*. 
The  escape-steam  In  all  locomotives  \  aianii  oCT  through  the  chimney 
above  the  smoke-box.  On  some  lines  of  railway  the  cylinden,  inafiW 
of  l>eing  placed  inside  the  frame,  are  placed  eztttnally  to  it,  so  that  the 
motion  is  oommanicated  at  once  from  the  piston  Uirongh  the  crank  to 
the  driving  axle,  without  the  neoessi^  for  forging  a  drank  on  the 
axle  itself ;  but  Uiere  seems  to  exist  a  gne^  disincl^ation  on  the  pert 
of  the  majority  of  engine  buildera  to  adopt  thia  simple  arrangement, 
peihapa  on  aooonnt  i^  the  oondensation  which  tatiss  pUoe  in  tlie 
cylinders,  and  on  account  of  Om  frequent  ruptures  of  the  cylinders 
which  occur  in  these  enginaa.  Ths  dnviiig-whe«ds  of  csdinary  express 
locranotives,  on  Cranptou's  ^itsm,  are  now  mads  S  feet  in  diameter ; 
the  cylinders  ybont  18  inches  diameter,  and  3  laet  stroke ;  tlie  beating 
surface  in  tiie  flre-binee  is  about  1S4  feet  superficial,  and  the  heating 
surface  of  the  tubee  about  2200  feet ;  the  pressure  of  the  slaam  is 
often  ISO  pounds  on  the  square  inch.  Such  an  engine,  with  its  tender 
filled  with  coke  and  water,  would,  at  a  maximum,  weigh  8S  tons ;  the 
trailing  or  canying-wlieels  are  3  feet  0  inohes  in  diameter. 


nwi^ 
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•E  inm  4ileeb 6  kiehes  to  d  laet im  iMniel«r,ftiid  iwo  aMiyuig-wliiaeUi^ 
far 4hei2iaiK>w^uge  ttnw, «t  Iflisust,  mhfm  tb*  iaoMnwi  do  »ot«BQead 
1  ^  lOflL  On  «B  line  MTOii  thA  Saancnng,  4M«refrer,  tfaeie  ape  lo«r 
dnrang^^wiuMb  <o<pfad»  and  SKmiAed  on  one  bogie  inmtt  aod  aix 
ofli^TingAiiribeBb'moiiMed  en  nether.  The  ol»jeoi  eiined  •t  ib  thew 
onesie  to  increMe^  m»  iar  wm  ■nwihlc^  ti»  edhedon  on  theiaihi  ;*  and 
to  eeottre  thie  gio«toet  poHtble  leagUi  of  boiler^ nadtiiegMrtott  hwtini^ 
wmtwmk  fihe  iralighi  of  an  ««dkMry  goodi  ttai^ 
be  atonfc  ISd  to  Sid  toiw;  thai  ef  an  oniinaty  ^neanger  toain  abeilt 

Stations. — A  very  important  part  of  the  establiahment  of  a  railway 
oonaiata  in  Ihe  e^^ection  of  the  intermediate  and  the  end  stations. 
The  result  of.  paitt  experience  seems  to  prove  that  it  is  by  no  means 
advisable  to  donsiruct  these  buildings,  ai  the  first  opening  of  a  line,  in 
a  costly  or  a  fermanent  manner;  but  rather  t^t  the  true  policy  of  a 
nulway  complmy  as  to  purchase  at  once  all  the  land  that  may  be  re- 
quired, and  0^1^  to  erect  the  permanent  buildings  when  the  traffic  has 
had  time  to  develope  itsdf.  As  a  general  rule,  it  would  seem  to  be 
necessary  to  turcliase  an  additional  quantity  of  ground,  beyond  tha^ 
which  is  reniired  for  the  road'way.  of  about  enght  acres  for  a  first- 
class  intemffraiato  viation.;  and  df  aboitt  four  antBs  tot  a  second-class 
one;  the  jierminal  paawnger  «tolio&  for  ft  fixat«da8f  railway  will 
require  an  teeaof  aibout  4t  to  IS  acroa ;  whilst  the^poeda  Maition  oi  such 
a  line  will  reqtxirB  about  2S  or  40  «eres,  and  tlw  repairing  ahops, 
carriage  d^pdls,  engine  hoviasfl,  jcofce  ovena,  Uga^  require  at  least  12 
acree.  It  tnay  be  atf oM  t&at  in  n  %ngt  fMiaBei^gar  atotioa  at  a  tor- 
minv^  as  many  as  toft?^  {>eopld  am  constantly  employed ;  and  in  a 
Wge'<jbe9nsua;ia.l  goo^  fetiraoaa  tfaen  '•re  o^en  wi  inaay  aa  140  ;  on  a 
fir^(|ass  iixtemediato  etalioii  Ifeere 'tas6 tiam^y about ienpeople  em- 
ployed, and  on  a  seooDd-class  litatioa  only  ftbout  foiu^  &  has  been 
found  that  the  average  length  of  udiogB  for  tunx-ovts  and  goods 
stationB,  on  Hues  with  a  laige  iraffioi  is  «>t  leaa  than  Irom  12  to  15 
per  cent,  of  the  whole  length  of  the  through  way ;  and  the  expense 
of  the  station  buildings  has  been  found  to  be  not  less  than  2000^  per 
mile  lineal  of  the  distance  between  the  termini,  when  no  very  costly 
or  monumed^  buildings  have  been  attempted.  In  all  cases  the 
embarcation  )and  landing  of  passei^ra  should  be  effected  under 
cover,  and  the  slune  remark  of  course  would  apply  to  goods;  the 
passenger  plajtf oitns  should  be  finished  at  the  level  of  the  floors  of  the 
carriages.        ' 

Cott, — ^F2nally,.it  may  be  desirable  to  state  that  in  England  the 
average  cost  <ff  aA  the  rafhi^ys  ahready  executed  haa  «Koeeded  33,0002. 
per  nule ;  bui  that  thei:e  Is  little  vesaon  for  calculatiiig  the  cost  of  the 
railways  which  xaay  iuMW  to  be  -niBde  iMieafter  «t  more  than  16,000L 
per  mile,  uiilesa  fhire  akoi^d  be  aai  mbnofmud  jfratHirlian  of  the  line 
carried  through  town  propardy.  IDbe  rolling  atook  noil  be  found  to 
have  coat  from  20002.  to  ^Ol  |iar  sale  of  ndlvniy ;  and  of  the  portion 
of  the  capitail  tpclcxal^  4evoted  to  the  ooBstruotion  iof  Ae  roadway,  in 
double.Jineii  of  lead,  ihe  aart^wotka  wSH  ooat  about  40  per  odbt. ;  the 
permflopkt  way  40  met  ^etA^  bridgesr^ba,  12  par  oaxit ;  and  land  8  per 
cent .  Of  aoinsey  itowever,  thase  %(it]ps  mmt  «Af  he  regarded  as 
rough*  average  approximationa  Evety  hue  of  railway  preaento  its  own 
peculiar  difiicultiea  and  special  causes  of  expenditure.  Thus  it  has 
arisen  that  the  average  cost  of  the  railways  in  {Ixtg^d  has  borne 
to  those  of  other  oormtriea  ao  very  remarkable  a  proportion.  With 
us;  they  have  <osb  near^  one-third  more  thim  in  Etance^  twice  as 
niu^h  as  in  Belgium,;  two  and.a  half  times  as  much  aa  in  Qetniaqy^ 
and  about  five  times  aa  much  aa  in  the  tTnited-Statos  of  Amenca. 

fStatwtUs  of  Jkiihoa]fs,'^t  is  difficult  to  oollect  any  veigr  traatwoitl^ 
•statiaiooa  o£  the  -preciae  state,  at  any  particular  moment,  of  a  ^Sasa  of 
operaJFions  so  aesentifltb^  exposed  to «»ange  as  nuIwayamiMt  be.  The! 
ioUowiog  table  ^must  iharexore  ozily  be  -conaidered  to  repreasnt  the 
raal  #tate  of  the  caae  in  a  .vei^  rude  and  'ap^roxiinate  mannar.  £v«y ; 
jaeath  witoaaeea  the  «qpeni^g  of  a  new  iine  of  nUway ;  ereggr  ,jraar' 
witoesaae  'the  adoption  of  '&e  railway  .mtom  an  A  new  ooanti|r.  I 

in  ihe  year  lo56  it  was  oaloiflaten  that  xailw^ya  .had  been  com-' 
mesoed  in  Eorgpeof  tiie  lengths  subjoined.  The  ^xmulatian  of  Had 
diffienent  oointries  is  added.  Aibout  three^filtha  of  the  iaiigth  -then 
nndaitakiBn  ]^?y^'^  baen  coidpleted* 


Countrite, 

Great  Bk'itidii    •        • 
France         .        • 
Germany,  fixnall  states 
Austria        .        .        . 
Pruasta    ... 
Belgium       •        «        • 
Deiiinafic «        »        • 
Spain  a        «        •       •'■ 
HoUaad  <,•••• 
Italy    •        .       •        • 
Biifsia      •        •       '. 


Popiilation. 

27,32d»00Q 

35,547,000 

16,804,000 

36,400,000 

16,200,000 

4,5B4,<aOO 

S,1SS,000 

14;£1 0^000 

3,344,000 

17,000,000 

63,600,000 


iQles  Of  Hallway. 

12,801 

7142 

2827 

2701 

2657 

1110 
*    118 

U90 

S08 

lftl6 
3 


from 


In  Mr.  Fenn's  book,  'On  the  Funds,'  he  quotes  (p.  400) 
Mr.  Danvers  a  table  of  perhaps  greater  interest  than  ^e  one  given 
above,  insomuch  as  it  contains  much  information  as  to  the  cost  of 
some  of  the  railways,  and  as  to  their  commercial  results,  not  only  in 
Europe,  but  in  other  quarters  of  the  globe.  t 


JName  of  State. 


Aiifltria         •        • 
Belgitun  .        •        •    « 
Fraaee         .        • 
Germaiqr,  exclnaiveof  \ 

Austria  and  PxuMia  / 
Great  BritaKa ': 

England  aad  Walea 

Seotlaad 

Ireland     •        • 
Holland  •  '     •        . 
Pnuaia        «        • 
^rdiaia  •      .  •       « 
Spaia  .        •       • 
Switzerland    ••     -  • 
Toacany       • 
United  States  of  America 


S 


Eaat  Indian 
-Great  I&dlui 
Madras 


year. 


1856 
1856 
1854 

1655 


1857 

1667 
1856 
1855 
1666 

1856 
1856 
1855 


1858*$9 
16#«-^ 
1666^0 


i 


2 


t 


Milea. 
1566 
445 
2913 


i6706 

7  1248 

(l070 

163 

2509 

284 

160 

208 

132 

17,481 


142 

194 


3190 
2158 
25,668|2706 


2226  18,111 


39,276 

S6,225 
15,664 
19,981 
14,101 


19,888 

15,556 

8,275 


12,084 
8,768 
7,090 


1816 

8161 

2107 

1091 

1709 

1877 

1477 

924 

636 

966 

1234 


1447 
7«4 
490 


1040 

898 

1616 

919 


1597 
1166 
6201 
667 
909 
70S 
40^ 
195 
620 
568 


770 


o  c  * 

as* 


62-70 
58-16 
44-01 

69-26 


49*00 
44*00 
88-00 
60-96 
51*59 
61*38 
66-48 
54-28 
46-18 
54-00 


i^^    1 

Is"  I 

a*  ^ 


6-32 
S-4S 
6-58 

6-70 


4-€€ 
41} 

S-» 

6'S2 


S-34 
6-7t 


45-04 

44-1 

68-9 


7.  4.  19  • 
5.14.  , 
2.1.6    t 


In  addition  to  these  figures,  it  may  -be  aa  well  to  ataie  that,ai»Gfdi]ig 
to  the  Baport  on  the  BaUways  of  Great  Britain,  iaaued  hj  the  Denrt- 
aaant  of  Bailways  in  IS69^  ih#  total^nxunbar  of  <nilea  iwten  lor  tnfic 
wai^ 

In  England  and  Vales  «  7217  milea^  ttie  xeoe^U  9,969,^9  17    6 
In  Scotland  .        .        ,  1869     ^  ^  1,267.792     3     9 

la  Ireland        •       .   «  1210     ^  ^  604,987    9    8 


!rolals 


9790 


£11,862,739  10  11 


Hie  total  sum  nted  aad  expended  on  these  lines  to  the  csd  d 
December,  1859,  was  not  leas  than  »85,485,071^ 

^e  petunia  i^ren  by  Mr.  Consul  Ward  of  iieip^  show  that  in 
Germany  Proper,  in  1858,  there  were  open  for  traflftc  7S60  mzla  of 
railway,  which  had  coat  about  120^000,000/.;  and  in  additioa  th«^ 
about  1(01  nules  of  railway  had  been  opened  in  Hungary  and  GaUfca. 
Thetengthof  railway  opened  In  the  United  States  was,  at  the  eod  of 
1850,  not  leas  than  27,857  mUes ;  tiiey  had  been  constructed  al  a  oott 
of  192,209,478?^  and  they  yielded  a  total  revenue  of  9^68l,500L  neai^. 
In  Canada  tliere  were  ^061  miles  of  railway  opened  up  to  ^  »me 
period;  and,  in  our  East  Indian  eolonies,  ms  miles;  whilst  in  the 
Cape  colony,  Ceylon,  New  Brunawidk,  Nova  Scotaa,  Bemenaa,  Jamaka. 
Au«ti%lia ;  in  the  Bnurils  and  the  central  American  States,  and  in  Cubi». 
numerous  lines  were  opened,  and  in  progress.  TKie  great  eon^i&ny 
whicb  is  at  work  upon  the  main  lines  of  Russia  haa  undertaken  to 
complete  in  ten  yeacs  about  4162  mUes  of  raHroad;  whilst  in  Asa 
Kinor  and  in  Egypt  there  are  short  lengths  already  open  to  traffic. 
in  a  very  few  years,  indeed^  railroads  \7f0.  be  found  in  eveiy  ciTilised 
countary,  jwrhapa  even  to  the  exclusion  of  «vefy  other  deecriptioo  of 
road ;  for  in  proportion  to  the  value  attached  to  time  in  conuoKcial 
a&irs  trin  tBs  rapid  means  of  intorcommunication  become  mon  aad 
more  neceBsary.  The  rates  4it  winch  goods  trains  now  more  an 
between  17  and  20  miles  an  liour ;  the  passenger  stopping  tnuns  trawl 
at  rates  Of  between  27  and  80  miles,  and  t^e  egress  tiains  at  ntes  of 
between  87  and  45  miles  ^  hour.  In  those  days,  when  tinw  ii 
emphatiaJly  mon^^  no  ns^tion,  which  desires  to  wiA.intaTn  its  poaiism 
in  the  world,  can  ai^nse  with  a  system  which  enables  it  to  travd 
under  the  same  conations  of  speed  as  its  neighbours,  iKytwithstandiog 
that  the  cost  may  be  considenEb^  greater  in  one  case  than  in  anotber. 
The  Butch  government  at  last  has  lelt  this  truths  and  even  it  has 
been  induced  to  commence  a  series  of  railways  which  wiH  involve  an 
outlay  of  at  least  10,000,0002.  sterling. 

RAXIS'.  The  anciente  appear  to  have  been  very  imperfectly  ac- 
quainted, with  the  constitution  of  the  atmosphere;  and  Bttcartes  was 
probably  the  first  who,  in  attemptii^  to  refer  metoorological  ^eaomena 
to  their  oaiises,  approached  near  the  hypotheses  now  generally  received ; 
-for  he  ascribes  the  formation  of  cloud^  snow,  rain,  and  li^l  to  varia- 
tions of  temperature  in  the  upper  ragiona  of  the  air.  He  jsuppoaes  that 
when  the  coldness  of  any  portion  of  those  regions  beoom«  intense,  the 
subtle  matter  disseminated  among  the  particles  of  vapour  becomisg 
too  weak  to  keep  those  particles  at  a  distance  from  one  another,  the 
latter  must  rush  together,  and  either  form  amall  apicular  £lamentA  or 
apherioal  drops  of  ice.  The  superfioies  of  these  .filaments  or  dro{«  being 
supposed  to  be  considerable  when  compared  with  their  volumes,  he 
conceives  that  the  resistance  of  tiie  air  may  be  great  enough  to  pie- 
vent  them  from  descending  by  their  weight,  and  that  thus  a  gr^t 
assemblage  of  them  may  remam  suspended  in  the  fonn  of  a  cloud 
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above  the  earth.  The  fflamento  becomnig  by^  an  aoeessioii  of  heat 
partieUy  HqueAfd,  it  mkj  happen  thBt  meiijr  of  tiicm  irSl  adhere 
together,  nd  thtm  foim  flekea  of  Booir,  whiMh,  at  las^  aeqtiifiBg 
st&cient  weight  to  overoimie  the  lealetaiioe  of  the  air,  deieiiPd  to  the 
gronnd.  In  order  to  explain  the  origin  of  rahi  and  hafl,  he  auppoeaa 
that  the  flakoe,  on  arriving  near  the  aorfaee  of  tlie  earth,  mav  ptfai 
through  a  wanner  region  than  that  hi  whieh  they  wwe  f onaedi  and 
thcn^  dioDoI  vlngy  th^  aaanme  toe  flgnre  of  ij^terleal  tif  aphemidil  dropa 
of  water.  AgSn,  if  in  the  deaeent  the  latter  ahoold  Aeat  a  enmBt  ef 
cold  9xe,  they  beeome  i^obulea  ef  iee.  ('  Meteor*/  mp,  t.  tL)  The 
abeenoe  of  obaervation  m  all  thia,  hewerer,  k  evhioed  br  the  theory  ef 
the  formation  of  anew,  to  which  it  ia  .evidflot  thait  DMoatMi  never 
applied  eren  aueh  a  moderate  magiijtter  m  he  mig^t  ntSXtf  have 
obtained,  or  he  eould  net  have  failed  to  ite  the  true  nature  of  Ha 
aggregation* 

The  diCtaalon  ef  ^eetrldtf  tlmm|^  the  earik  and  atmoafiiere  haa 
led  aome  meteorologiafB  to  believe  Hiart  the  vtttetle&e  in  He  qnentfty  or 
inteneity  in  partlenlar  regiona  may  be  the  eauae  of  the  fonttatien  of 
asiow,  rain,  and  haiL  The  ekotrieal  partielee,  being  endowed  with  a 
great  repukive  power,  are  sappoaed  to  keep  in  general  the  particlea  of 
vapour  aeunder;  and  when,  from  any  oauae,  eome  given  volume  of  air 
is  deprived  of  ita  natural  qnantitv  of  eleotrkvty,  theee  partielea  oiite 
by  their  mutual  attraetlona,  and  thua  fonn  drope  of  rain  or  ioe.  From 
the  ahowera  whieh  aoeompany  a  thnndar-atonn,  there  k  no  doubt  tiiat 
electricity  oo-operatea  in  aome  nieaaure  in  tlie  produetion  of  nin ;  and 
it  may  be  remarked  in  aupport  of  the  above  hypotAieak  that  ndn  k 
moat  abundant  among  motmtaina^  their  ekrated  sommite  being  favour- 
able for  receiving  aiM  diachaiging  eketrkitv ;  while  in  aeme  regiona 
where  thunder  k  little  known  there  k  ako  UMk  rain.  But  the  idea 
that  repukive  eleotrieal  partidea  keep  asunder  the  paatkUa  of  aqueoue 
vapour  k  itaelf  purely  hypothi^oal 

The  theory  ftrat  propoMd  by  0r.  Hutten  ef  Bdinbuigh  C  TVana.  Roy. 
Soc  Edin./  1784)^  k  that  whkh  appeare  to  oorreapood  meet  aatie- 
foctorily  to  the  obeerred  phenomena  of  the  atmosi^iere;  and  aeoofd- 
ingly  it  haa  been  adopted  by  nearly  every  diwttnguiriied  meteorologiat 
ainoe  thai  time.    Thk  theory  will  be  briefly  deacribed. 

The  atmosphere  aurroanding  the  earth  k  known  to  eonaiBt  of  air 
and  aqueoua  gae  or  vapour^  both  of  which  are  ^daatie ;  and,  aoeording 
to  the  expenaaenta  of  M.  Ck^-Luaaac,  the  ekatiei^  of  the  vapour  k 
equal  to  that  of  tlie  air  at  an  equal  temperature,  both  when  the  v^wur 
eziatfl  alone,  and  when  it  k  diffoeed  throufl^  the  air;  henoe  it 
is  inferred  that  in  the  atmoaphere  the  vapour  and  air  are  in 
mechanical  miiAare  only,  and  abo  that  the  partikea  ef  the  former  have 
the  power  of  mofing  ft«elvin  the  intervak  between  tfioae  of  the  Utter. 
Tlie  atmoaphere  k  aupplled  with  humidltv  by  evapontion  Irom  tba 
waten  of  the  earth,  and  Ita  power  to  hold  the  water  in  auapentdbn 
depends  on  ita  temperature,  en  inereaae  of  the  latter  augmenting  that 
power,aod  a  deoreaee  diminiAing  it :  but  in  the  theotv  of  Hutton.the 
diminution  of  the  power  takes  pkoe  ha  a  Mgher  ratio  tiiaa  the  diminu- 
tion of  the  tempetatuTB. 

Now  the  quantity  of  moisture  in  the  atniosphei«  will  at  aU  times  be 
nearly  equal  to  the  greatest  quantity  that  can  be  maintained  ia  it  in  a 
state  of  vapour  at  t£ia  existing  temperatum  Therelbre  if  two  vohnnea 
of  air  tiiua  aatmated  with  moisture,  but  of  different  temperatures, 
beoome  by  any  meana  mixed  together,  a  mean  degiee  of  heat  reauks 
from  the  union ;  but  the  whole  quantity  of  moisture  in  the  earn  of 
the  volumes  of  air  will,  i^ieeably  to  the  Ikeoiy,  be  gteater  than  that 
wbidi  k  due  to  the  mean  temperature,  and  (iie  esaeas  will  ef  eoune 
be  condensed  or  preoipitated.  Tlie  valour  ao  eondensed  forms  a 
cloud  [Cloud]  ;  and  if  thk  be  spedficaUy  heavier  than  the  air  in 
which  it  k  formed,  it  wifl  begin  to  alnk:  the  internal  friction  of  the 
air,  aa  Prefaasor  Stokes  has  reoentty  shown,  will  for  a  time  tetsrd  Hs 
desoent,  ailewing  it  to  remain  saspeoded  until  tiM  resistaaoe  from  thk 
canae  k  overcoBBa  by  the  inereaBiitt  magnitude  of  the  drops.  Should 
the  atmespbere  near  the  "serth  be  leaa  dense  than  the  doudi  tiie 
latter  will  oontimie  to  descend  till  it  tonohes  the  ground,  when  the 
aqueous  particles,  if  small,  will  form  wttikt  k  called  a  mist;  or  if  laige, 
and  particulaily  if  the  condenaation  of  the  vapour  has  been  r^d  Md 
oopiottf,  tkey  wiU  descend  by  their  gravity  in  rain,  snow,  or  hail, 
aoccnding  to  the  temsenture  of  t2ie  region  m  which  tliey  have  been 
formed  or  througli  which  they  paaa.  It  may  happen,  however,  in  tlie 
dttcent  that  a  cloud  arnvea  in  a  wanner  region  than  that  in  which 
it  was  loinaod ;  in  thk  caae  the  oondenaed  mokture  may  again  beeome 
vapour,  whkh  may  re«acend  to  a  region  at  which  a  new  eondenaa- 
laoa  ti^ea  place.  But  though  it  be  true  that  some  precipitation 
must  follow,  whatever  be  the  dilkreace  beiwuen  the  temperaturea  ef 
i^  two  volumea  of  air,  yet  utdeaa  the  mean  of  tlie  two  quanrtitiea 
of  vi^Krar  ahottld  be  graater  than  the  quantity  aecaaaaiy  for  com- 
plete aatuntion  at  tibe  mean  of  the  two  temperatUMa,  the  precipitation 
will  not  be  peroeptibk  in  the  form  of  rain. 

In  order  to  fflustrate  the  general  aubject  of  donda  and  rain,  the  kte 
Profeaaor  DameU,  in  hk  'Eaaaya  en  tiie  Constitution  of  the  Atmo- 
^heie'  and  ^  MeteonAogy,*  suppesea,  first,  that  the  ess^  k  a  sphere  ef 
uaifarm  tempentura,  and  surreoMled  by  en  atmceplieM  of  diyand 
permanently -dastk  fluid;  alKl  he  shows  that  on  thk  suppoaition  tiM 
density  of  the  airwould  diminiah  in  a  gecmetrioal  progreasMn  at  eleva- 
tions increasing  by  equal  incrementa.  Be  obseivea  alao  l&at  the  tem- 
psiatnre  weidd  decrease  with  tira  ^^kniitiea,  and  that  ihe  atmssphsve 


wouldbeceoastantlyhieqQiHbrio.  Thk  would  continue  to  be  tlie  caae 
il  the  ganeral  temiMrature  of  the  aphere  were  to  be  increased,  provided 
that  hweaae  were  unifbrm  at  «D  points  on  ita  auiface.  Kow,  if  the 
tsuapetaturs  of  the  aphere,  inatead  of  being  uniform,  were  aupposed  to 
increaae  from  the  j^lea  towards  the  equator,  the  unequal  densities  pro- 
diMsd  hi  vsrtlcsl  oelumns  d  the  air  by  the  difftR^enoea  of  tezsipenitUTe 
at  equal  haic^ts  above  the  surface  of  the  sphere,  would  ave  rise  to 
lateral  preaMrea  whieh^  in  the  kwer  atrata,  would  produce  currenta 
tendh^komtiU  poke  towards  the  equator;  but  the  elasticity  of  the 
•ir,idd0hkeoiiBlantneaf  the  snrCacia  of  the  sphere,  vai^  with  the 
he^t  abeea  that  surface,  aeoerding  to  sndi  a  kw  that,  beyond  a  oer- 
tsla  ektntieii,  it  would  produce  kteral  pressures  e^ceedhig  thoae  irhioh 
sake  ftuoi  ike  dsnaitjr  in  the  neighbouifng  cdumns  at  equal  altitudes, 
and  thus  there  wen^  arise  a  current  in  the  upper  ragions  flowing  coo* 
tinuaUy  from  tiw  equator  tewarda  the  poles. 

He  sttppoeas  next  that  the  sphere  k  eovered  everywhere  with  vrater 
of  equal  temperature,  and  k  surrounded  bv  an  atmosphere  of  pure 
sqvaoos  vapour;  and  he  diows  not  only  that  the  density  of  ihUa 
tepour  would  dimfaiah  upwards,  according  to  the  law  before  men-* 
thmed,  but  that  the  atmoaj^re  wouM  in  thk  case  ako  be  in  equifibrio 
and  transparent  even  when  tiie  general  temperature  6f  the  sphere 
experienoea  a  unifonn  increase.  But  if  the  temperature  of  the  sphere 
were  to  increase  as  before,  from  the  poles  towards  the  equetor,  the 
density  snd  elasticity  of  the  vapour  vai^g  ako  with  the  temperature, 
there  would  arise  by  evaporation  at  the  equator  a  cunent  tend&ig  from 
thence  to  the  poks,  and  thk,  being  eondensed  in  its  eourae,  wouM 
return  from  the  poke  towarda  the  equator  bi  the  form  of  wtter.  The 
mndsnsatlon  thus  going  en  would  cause  the  atmospheie  to  be  ecu- 
stsntty  chaiged  with  clouds  and  rain.  Unleas,  however,  t^e  excess  of 
tempetatuie  at  the  equator  wero  maintained  hj  some  fore^  power,  as 
solar  radktion,  the  temperature  over  the  whole  ai^eto  would  by 
degreca  become  equaUaed;  the  equatorial  parts  beocAniBg  oooled  by 
ev^wration,  whik  the  polar  ragions  would  beoome  warmed  hj  ^e 
coodeoeaticia. 

Mr.  Daxnell  afterwards  eontempktes  an  atmosphero  oonslatiiig  of  t 
permanently  ekstic  fluid  mixed  with  aqueous  vapour,  and  surrounding 
a  ^han  el  water  of  unifonn  temperature ;  and  he  obsenrea  that,  aince 
the  evaporation  would  be  alow,  the  amaH  quantity  of  water  precipitated 
wonld  be  almost  immedktek  diaeolved  by  the  auperfor  temperature  of 
the  Btratum  below,  into  wiish  It  would  tend  to  fall;  tikerefore  this 
Bimosphoie  would  be  free  from  clouds.  But  in  the  event  of  the  tern* 
peratore  of  the  sphere  Inoresaing  from  tiie  polea  to  the  equator,  the 
eeapontkn  in  the  latter  region  would  destroy  the  regular  gradation  of 
tenqpemtnre  in  the  atmoMihere  from  the  surface  of  the  sphere  upwaida; 
the  evaporated  water  riakg  to  the  middle  regionB  would  there,  in  con- 
seqnanbe  of  the  diminiahed  temperature,  give  out  ita  latent  heat,  and 
becosaa  condsnsed;  then  dsscenoing,  it  would  acquire  from  below  a 
near  portion  cf  hsat,  with  whieh  it  would  rise  till  it  was  again  foroed 
to  put  with  its  caloric.  Thk  process  may  be  supposed  to  contfamc  tfU 
these  legions  of  the  atmosphere  become  satu^ted  wHfa  vapotar,  and  at 
the  same  time  rarefied  by  the  heat.  The  rarefaction  of  ti&e  air  would 
diminiah  ita  reaistaace  to  the  generSl  movement  of  ftte  vapotff  towarda 
tias  peks,  and  titus  tlie  vapour  would  nkh  with  iMee  in  tboee  directions; 
but  on  affxviqg  in  latitudes  st  whkh  the  temperature  k  too  low  to 
allow  the  ak  to  hold  k  in  sotution,  condensation  ifould  take  ^soe,  and 
clouds  would  be  foimed. 

Tlks  cirewmstaiiess  just  menticeed  correspond  nearty  to  those  whicb 
wonld  take  jdaoe  abo«t  the  earth  if  local  and  other  accidental  droum- 
stancss  did  not  intsifoe  with  the  general  process.  In  its  aotfual  con- 
dition, when  a  column  of  air  vertically  over  any  pkee  k  Irom  any 
cauae  heated  mere  than  the  neighbouring  cohimna,  it  begina  to  ascend 
by  its  dimlakhed  spedfle  gratify,  the  colder  air  of  the  vidmty -flows  in 
te  flu  «p  tiM  void,  and  thus  the  fehndon  between  the  temperature  and 
hasmdity  at  the  place  k  deranged.  Then,  agreealdv  to  the  general 
theory  ef  Dr.  Button,  a  predpitation  of  the  vapour  takea  pkce. 

in  proportion  te  the  denaity  ef  the  vapour,  the  msKnitudea  of  ^b 
eondensed  partkks  of  water  are  greater  (this,  however,  does  not  appear 
te  be  pro^id,  and*  tile  magnitude  of  the  partidea  must  be  in  some 
ratio  to  the  temperature  of  condensation');  in  the  \xppeir  regions  of  the 
air  the  doud  assumes  a  light  appearance,  but  bdow  it  k  more  dense. 
After  their  formation,  tiie  clouds  are  driven  about  by  the  winds, 
reedvxug  aew  acosasions  of  predpitated  vapour  till  the  ak  k  no  longer 
capabk  of  eupporting  tiiem,  and  then  thek  substance  descends  in  r^, 
saew,erlMiL 

On  thesappodtien  tiist  the  surface  of  the  eartii  k  witbout  iuequalitiea, 
and  that  the  temperature  gradually  dinunisliea  from  the  equator  towards 
either  pole,  it  should  follow  that  the  rarefaction  of  the  air  and  tlae 
evaporation  of  the  water,  and  consequently  tiie  quantity  of  rain,  must 
diniinish  aoeording  to  some  kw  with  the  distances  of  places  frcnn  tiie 
equator.  Now  the  mean  temperature  in  any  ktitude  being  known^  the 
quantity  of  moisture  in  the  atmospherical  column  at  that  ktitude  can 
be  lennd,  since  H  depends  on  tiie  temperature :  hence,  knowiug  ako 
tlie  variations  t6  which  the  temperature  of  the  stmoscbere  at  the  place 
k  subject  in  the  eeuree  of  the  year,  the  mean  atmud  deptii  of  rain  in 
that  latitude  maf  be  con^pufted.  On  sudi  prindples,  Humboldt  deter- 
maasd  that  the  mean  annual  depth  of  rain  ahould  be,  at  the  equator, 
M  UMhes;  in  kt.  40%  29  indies;  and  in  let  60*,  17  indies.  The 
cjpcwmstanecsy  however,  which  render  tiie  temperatures  in  difEbrent 
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latitodea,  and  even  on  the  circumference  of  the  same  parallel,  irregular, 
must  produce  irregularitiee  in  the  quantities  of  rain  which  fidl  at 
different  places;  yet  the  results  of  observation  show  that,  in  proceeding 
from  the  equator  towards  the  north  pole,  thero  is  inreali^  a  diminution 
m  the  mean  annual  quantities  of  rain. 

From  an  average  of  the  observations  made  during  fourteen  years 
(1810  to  1823  inclusive),  the  mean  annual  depth  of  rain  on  the  Malabar 
coast  is  128*5  inches,  and  the  mean  annual  temperature  is  80*4*  (Fahr.), 
but  the  annual  depths  of  rain  are  vezy  irregular,  and  differ  considerably. 
From  a  mean  of  observations  for  seven  years  (1817  to  1828  inclusive), 
the  mean  annual  depth  of  rain  at  Bombay  was  only  85'24  inches.  From 
a  mean  of  observations  during  seventeen  years  (1802  to  1818  inclusive), 
Mr.  Dalton  makes  the  mean  annual  depth  of  rain  at  Manchester  equal 
to  38*596  inches,  the  mean  annual  temperature  being  47*6" ;  and  here 
also  ^0  annual  quantities  of  rain  vary  very  int^gularly.  The  same 
meteorologist  estimates  the  average  of  the  annual  quantity  of  rain  in 
Kngland  to  be  81*3  inches;  the  greatest  quantity,  according  to  the 
data  he  investigated,  being  at  Keswick  in  Cumberland  (b67'5  inches), 
and  the  least  at  Upminster  in  Essex  (sl9*5) ;  but  it  is  supposed  that 
this  estimate  of  the  mean  quantity  is  higher  than  the  truth,  because 
too  many  of  the  observations  were  made  in  the  maritime  ootmties, 
where  the  atmosphere  may  be  expected  to  be  the  most  humid. 
According  to  observations  made  by  members  of  the  Britii^ 
Meteorological  Society,  collected  and  discussed  by  Mr.  Olaisher,  the 
quantity  of  rain  that  falls  annually  in  the  isUmds  of  Jersey  and 
Guernsey  is  about  31  inches ;  in  ^e  counties  of  Cornwall 'and  Devon 
from  80  to  40  inches,  or  in  some  places  still  more ;  in  the  Isle  of 
Wi^ht  and  over  the  south  of  England  about  30  inches ;  about  London 
25  mohes;  about  the  town  of  Bedford  and  the  dties  of  York  and 
Durham  24  inches;  near  the  east  ooa^  27  inches;  30  inches  near  the 
west  coast;  and  about  27  or  28  inches  elsewhere. 

The  late  J.  F.  Miller,  F.R.S.,  of  the  Observatory,  Whitehaven, 
Cumberland,  by  whom  the  meteorological  phenomena  of  the  EngUsh 
lake  district  were  accurately  observed  and  recorded,  ('  Phil.  Trans.,' 
1851,  &C.)  showed  that  in  the  valleys  of  Cumberland  and  Westmore- 
land, the  \isual  fall  of  rain  varies  from  50  to  100  inches  in  depth  in  a 
year ;  and  these  large  quantities  increase  with  the  elevation,  till  the 
greatest  annual  depth  of  rain  is  attained  at  the  altitude  of  about 
1000  feet ;  at  higher  elevations  it  decreases  ii|  amount.  He  records 
the  very  lai^e  fall  of  38*9  inches  in  a  single  month,  a  quanti^  exceed- 
ing the  average  annual  fall  of  all  England.  The  hamlet  of  Seathwaite, 
in  Borrowdale,  was  until  lately  considered  to  be  the  wettest  spot  in 
Great  Britain,  the  rain-fall,  in  the  year  1850,  amounting  to 
143*96  inches.  But  Mr.  Miller  ascertained  that  this  was  greatly 
exceeded  by  a  new  station  for  observation  about  a  mile  and  a-half  south- 
west of  Seathwaite,  and  580  feet  above  it,  or  980  feet  above  the  sea- 
level,  at  the  extreme  southern  termination  of  the  val£^,  on  the 
shoulder  of  Sprinkling  Fell,  or  the  Stye.  In  1850  the  rain-&ll  at  this 
station  amounted  to  189*49  inches. 

In  regions  where  the  trade-winds  blow  constantly  rain  seldom  falls,  and 
the  reason  may  be,  that  both  the  temperature  and  the  currents  of  air 
being  there  nearly  uniform,  the  vapours  raised  from  the  ocean  are 
carried  about  the  earth  without  suffering  those  psjlaal  accumulations 
by  which  condensation  and  precipitation  might  be  produced.  But 
elsewhere  the  irregular  distribution  of  land  and  water,  the  existence  of 
mountain-chains,  and  even  the  various  capacities  of  different  parts  of 
the  earUi's  surface  for  absorbing  or  communicating  heat,  independently 
of  variations  in  the  electricity  of  the  air,  are  to  be  considered  as  the 
most  frequent  causes  of  perturbation  in  the  general  currents  of  the 
atmosphere,  and  consequently  of  the  &11  of  rain. 

The  dense  mists  which  rest  on  the  ocean  near  Newfoundland  are 
precipitations  caused  by  inequalities  in  the  temperature  of  the  ocean 
m  the  line  of  the  Oulf-siream,  In  the  year  1821,  in  consequence  of 
very  strong  winds  between  the  tropics  during  the  summer  having 
caused  an  extraordinary  difference  between  the  levels  of  the  waters  in 
the  Gulf  of  Mexico  and  those  of  the  Atlantic  Ocean,  the  stream  of  warm 
water  wasfoundtoextendeastwardof  the  Azores;  and  it  deserves  to  be 
remariced  that  this  unusiud  circumstance  was  attended,  both  in  France 
and  in  Enghmd,  by  a  very  hbt  and  damp  winter,  together  with  an 
excessive  fall  of  rain.  (Sabine,  '  Experiments  on  the  Figure  of  the 
Earth,'  1825.)  The  rains  which  frequently  deluge  the  tropical  islands 
are  in  part  produced  by  the  volumes  of  air  which  are  intermingled  by 
the  sea  and  land  breezes;  and  those  which  fall  at  the  time  of  the 
summer  solstice  in  Africa  may  be  ascribed  to  the  immediate  precipi- 
tation of  the  vapours  which  flow  from  the  seas  to  supply  the  place  of 
the  ru^ed  air  above  the  heated  lands;  while  the  drou^t  which  pre- 
vails in  the  sandy  deserts  of  that  quarter  of  the  earth  Ib  partly 
explained  by  the  level  character  of  those  deserts,  over  which  the 
currents  of  air  may  be  supposed  to  flow  nearly  without  interruption. 

From  April  to  Octobo*,  the  winds  blowing  from  the  south-west 
towards  the  coast  of  Malabar  are  accompanied  by  heavy  rains,  and  the 
ciroumstance  may  be  accounted  for  by  the  vapours  of  the  ocean  being 
brought  from  a  warm  region  to  one  which  is  less  so,  and  consequently 
beooining  there  condensed  and  precipitated.  On  the  other  hand,  the 
prevailing  winds  on  the  coast  of  Peru,  being  from  the  south  and  south- 
west, come  from  a  cold  to  a  warmer  region ;  consequentiy  a  diminution 
of  the  degree  of  saturation  must  there  take  place,  and  the  vapours 
remain  unoondensed ;  'accordingly  it  is  found  that  rain  seldom  ^Hff  on 


that  coast  The  clouds  which  overhang  the  coast  of  Malabar  dtmo^ 
the  monsoon  above  mentioned  are  arrested  by  the  chain  of  the  GfaauV. 
and  while  it  rains  on  the  western  side  the  fair  season  is  enjoyed  on  tbe 
coast  of  Coromandd.  Again,  the  currents  of  air  which  pass  over  Pcr±, 
in  crossing  the  chain  of  the  Andes,  where  the  temperatore  ia  lower, 
betoome  condensed  by  the  cold,  and  the  rain  ia  there  precipitated  za 
abundance.  The  vapours  which  come  from  the  Atlantic  Ocean,  and 
pass  over  the  south-western  counties  of  England,  must  be  more  abuxkdas? 
than  those  which  arrive  there  from  the  continent  of  Europe ;  axtd  froca 
observations  made  at  Penzance,  the  rains  which  accompany  the  weateri j 
winds  at  that  place  exceed  thoee  produced  by  the  easterly  winds  in  th^ 
ratio  of  about  three  to  one. 

In  tropical  regions,  the  quantities  of  rain  which  fall  in  diflfereot 
months  of  the  same  year  are  very  unequal:  at  Bombay,  the  meac 
monthly  depth  in  June  was  found  to  be  24  inches,  and  in  Oetobo' 
1*26  inches.  In  temperate  climates  the  quantities  dififer  much  ksd, 
but  more  rain  falls  during  the  second  half-year  than  during  the  first. 

In  ihe  article  Climate  (voL  iL,  coL  972)  the  local  cdstributkn  ci 
rain  has  been  treated  at  some  length,  and  the  rainless  regiofna  of  the 
earth  particularly  distinguished.  An  attribute  of  the  latter,  hiUkorto 
unnoticed,  may  now  be  pointed  out :  this  is,  the  different  condition  of 
oxiduBable  and  readily  soluble  substances  in  them  from  that  charac- 
terising the  same  class  of  bodies  in  those  countries  which  are  ordinarily 
subject  to  rain,  and  in  which,  consequently,  the  earth,  even  in  its 
depths,  has  been  frt>m  time  to  time  drenched  with  water  dnzing  the 
present  period  of  its  physical  histoxy.  Mr.  Frederick  Fldd,  F.CLSl,  a 
chemist,  who,  during  his  residence  for  some  years  on  the  western  aide 
of  South  America,  was  actively  engaged  in  the  examinatkni  of  itg 
mineral  products,  remarks  that,  "In  the  northern  part  of  CMli,  where 
little  or  no  rain  falls,  and  the  mines  have  only  be^  recently  wosked, 
[and  their  contents,  therefore,  not  long  exposed  to  the  actton  of  tJie 
atmosphere,]  many  minerals  in  a  highly  oxidised  state  are  found,  which 
have  been  preserved  .tmtouched  from  the  absence  of  any  solvenL 
Arsenic  is  obtained  sometimes  as  arsenious  acid,  and  su^hur  as  sol- 
phuric  acid,  in  combination  with  the  oxides  of  iron  and  copper.  In 
Peru,  even  crystals  of  native  sulphate  of  silver  have  been  obaerved.** 
('  Quart.  Joum«  of  Chem.  Soa,'  voL  xii,  April,  1859.)  In  ordinary 
rainy  countries,  for  the  reason  above  stated,  these  substances  are  o: 
rare  occurrence,  under  occasionally  favourable  circumstanoea  only. 

In  general  the  lowest  stratum  of  air  about  the  earth  contains  the 
greatest  quantitv  of  aqueous  vapour ;  and  hence  it  might  be  expected 
that  more  rain  should  fall  on  low  level  plains  than  in  elevated  countries. 
The  contrary,  however,  is  the  fact :  and  this  may  be  accounted  for  by 
the  variety  of  currents  among  mountains,  and  by  dooda  resting 
frequently  on  the  summits  of  hiUs  without  descendinig  to  the  plains. 
TfVhile  the  average  annual  depth  of  rain  at  Keswick  is  67*5  itM^li<%a^  in 
the  interior  of  t£e  countiy  and  on  the  sea-coast  it  ia  but  25  inches : 
and  while  the  average  depth  on  the  St.  Bernard  is  63*1S  .indies,  that 
at  Paris  is  20  inches  only.  Yet,  from  the  observations  of  Dr. 
Heberden,  Mr.  Luke  Howard,  and  M.  Arago,  it  appears  that  ^  depth 
of  rain  on  the  level  of  the  ground  is  greAter  than  at  the  top  of  a 
building.  The  first  of  these  philosophers  found  that  the  annual  depth 
at  the  top  of  Westminster  Abbey  was  12*099  inches,  while  at  a  lower 
levcd,  on  the  top  of  a  house  in  the  neighbourhood,  it  was  18*139  indies; 
and  on  the  ground,  in  the  gjorden  of  the  house,  it  was  22*608  inches. 
M.  Arago  observed^  frt>m  observations  during  twdve  years,  that  on  the 
terrace  of  the  Observatory  at  Paris  the  annual  depth  was  50*471  centi- 
metres (19*88  inches),  while  in  the  court  of  that  building,  which  U 
28  metres  (80  yards)  lower,  the  annual  depth  was  56*371  centunetrea 
22*21  inches). 

On  this  subject  we  are  now  able  to  add  some  precise  iofonna- 
tion  derived  from  modem  researoh.     In    1833  was  communicated 
to  the  British  Association  for  the  advancement  of  Sdence,  a '  Retort 
of   Experiments   on    the    Quantities    of  Bain   Falling   at    different 
Elevations  above  the  surface  of  the  ground  at  York,  nndertaken 
at   tiie  request  of  the   Association,'   by  William  Qray,    jun.,    and 
John  (now  Professor)  Phillips ;  to  which  remarks  on  their  results  were 
added  by  the  latter ;  and  the  whole  published  in  the  '  Third  Rep«t ' 
of  the  Association,  pp.  401-412.    These  experiments  were  made  at  three 
stations;  the  summit  of  York  Minster,  at  the  height  of  241  feet  10| 
inches  above  the  river  Ouse,  which  is  nearly  levd  with  high  water  in 
the  Humber ;  the  roof  of  the  Yorkshire  Museum,  at  the  hei^t  of  7t 
feet  8  inches,  and  at  the  distance  of  1100  feet  from  the  Min6t«r;  and 
in  the  Museum  groimds,  at  the  height  of  29  feet,  and  distance  d  136 
feet  from  the  Museum ;  the  second  and  third  stations  were  nearly 
equidistant  from  the  Minster.    These  points  embraced  in  a  remarkable 
manner  the  desired  conditions  of  gradation  of  altitude,  openings  of 
sky,  and  contiguity  of  position.      The  results  for  twdve  months, 
exdusive  of  snow,  were,  in  the  order  of  altitudes,  as  follows : — 15*715 
inches,  20*182, 28*785.    On  these  results  Mr.  Phillips  remariEs,  after 
arranging  them  in  relation  to  mean  temperature  and  the  season  of  the 
year,  that  the  diminution  of  the  quantity  of  rain  reodved  at  different 
heights  above  the  ground,  as  compared  with  that  reodved  on  the 
ground,  is  veiy  accurately  represented  by  a  simple  formula  invdvix^ 
one  constant,  namdy,  the  square  root  of  the  height  of  the  stetion 
above  the  ground,  and  one  variable  coefficient.    He  then  examines  Dr. 
Heberden's  resulte  at  Westminster^  noticed  above,  and  finds  that  it  ia 
probable  that  they  obey  the  same  constant  relation  to  height  as  thoae 
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of  York,  but  the  nluea  of  it*  rariable  co-efficient  &ro  very  diflerent,  a 
Bubject  which  he  neit  proceeds  to  investigate,  with  n^erence  also  to 
Arago's  obBervatiooi  at  Pem.  Ha  finallj  obtaini  a  remarkable  aod 
continaed  Bccordooce  between  the  ci>efficdeiit  fixed  by  oheerration 
and  those  deiived  by  two  methods  from  a  vmj  simple  view  of  the 
condition  of  the  air  an  to  heat  and  moisture,  which  appears  to  him 
decisive  of  the  queetiou  oa  to  the  genHrsl  cause  of  the  variation  of  the 
quantity  of  diminatioQ  of  rain  at  anv  one  height  above  the  ground. 
The  obeervaUouB  strictly  warrant  toe  conduejon  that  the  raUo  of 
fliininution  at  diSerent  heights  a  constant  throughout  the  whole  year. 
FrofeaBoor  Pbillipe,  therefore,  offers  Uie  hypothens,  as  a  matter  of  vary 
probable  inference,  "  That  the  whole  difference  in  the  quantity  of  tain, 
at  different  fasighta  above  tile  nirface  of  the  neighbouring  ground,  is 
caused  by  Uie  oontjninl  augmentation  of  each  drop  of  lain  from  the 
commencement  to  the  end  of  ite  descent,  as  it  tcarorses  subcenivel; 
the  humid  state  of  air  at  a  temperature  so  much  lower  than  that  of 
the  Hurrounding  medium  as  to  cause  the  depodtioa  of  moisture  upon 
its  surfsce.  lliis  hjpotheeiB,''  he  remarks,  "  takes  aocount  of  the 
length  of  descent,  be(»use  in  passing  through  more  air  more  moisture 
would  be  gathered ;  it  agrees  with  the  fact  that  the  aogmentation  for 
given  lengths  of  descent  is  greater  in  the  most  humid  aeasona  of  Uie 
jear ;  it  accounts  to  us  for  Uie  greater  absolute  aiie  ot  lun-drops  in 
the  hottest  months  and  near  tbe  ground,  as  oompaied  with  tboee  in 
the  winter  and  on  mountaizis ;  finally,  it  is  almost  an  inevitable  conse- 
quanoe  from  what  is  known  of  the  gradation  of  temperature  in  the 
atmosphere,  that  some  eCIect  of  this  kind  must  neossorily  take  place." 
Hr.  Homrd  baa  obaerved  that,  in  this  country,  when  the  moon  has 
south  declination  the»  falls  but  a  moderate  quautity  of  rain,  and  that 
tlie  quantity  inomBes  till  she  bos  attained  the  greatent  northern 
declination;  and  on  soma  such  results  of  observation  the  popular 
opinion  that  Uiero  is  a  connaotion  between  ^a  aJtemations  of  luin  and 
fair  weathar  and  the  ohangea  of  the  moon  may  be  founded.  The 
vexed  question  of  the  iafluecce  of  the  moon  upon  tits  weather  appean 
to  have  raceived  at  length  at  least  an  approximative  solution.  Hum- 
boldt, in  his  '  Fereoaal  Narrative,'  mentions  as  a  phenorzieuoa  well- 
knovm  to  UiB  pilots  and  seamen  of  Spanish  America,  the  tendency  to 
disappearance  of  clouds  under  the  full  moon.  This  meteorological  &ct 
has  also  been  independently  observed  by  Sir  John  F.  W.  Hervcfael,  who 
was  the  Grst  to  recognise  its  importance  in  relation  both  to  the  rodia- 
Uon  of  heat  from  the  moon  and  to  the  phenomena  of  the  eaitli's 
atmosphere.  The  reviser  of  the  present  article  has  oonsbUlUy 
observed,  sinae  Sir  J.  Herschel  called  attention  to  the  subject,  that 
when  the  full  moon,  or  the  moon  so  naarif  full  as  to  appear  round, 
rises  in  a  cloudy  sky,  she  soon  clears  of  cloud  a  circle  of  sky  around 
her,  which  becomes  larger  and  larger,  often  until  the  entire  sky  is 
freed  of  cloud.  Referring  to  the  induction  of  Arago,  from  a  com- 
parison of  rain  registered  as  having  fallen  during  a  long  period,  Uiat 
a,  slight  preponderance  in  respect  of  quantity  falls  near  the  new  moon 
over  that  which  falls  near  the  full  moon.  Sir  J.  Herachel  remarks, 
('  Outiines  of  Astronomy,'  ftb  edit,  432  and  note),  "  This  would  be  a 
natural  and  neoessary  consequence  of  a  preponderance  of  a  dondleea 
sky  about  the  full,  Uid  forms,  therefore,  part  and  parcel  of  the  somo 


falls  on  any  particulaT  part  of  the  earth's  surface,  the  quantity  being 
indicated  by  the  depth  of  the  predpitated  water  which  would  cover 
the  ground  about  the  spot,  supposing  the  ground  to  be  horizontal  and 
that  the  water  could  neither  Dow  ofTnor  penetrate  into  the  soiL 

In  order  to  ascertain  the  quantity  of  nin  which  has  bllen  during 
the  continuance  of  a  shower,  it  nught  suffice  to  place  a  prismatical  or 
cylindrical  vessel,  open  at  the  top,  in  a  horiiontal  position  on  the 
ground  or  on  the  top  of  a  building,  and,  when  the  shower  has  ceased, 
to  measure  the  depUi  of  the  water  in  the  vessel  by  a  scale  of  inches. 
Eut,  unless  the  depth  were  ascertained  immediately,  a  portion  of  the 
water  would  be  carried  off  from  such  a  vessel  by  evaporation,  and  the 
measure  would  be  less  than  it  ought  to  be.  The  difficult  also  of 
I  amount  of  a  small  depth  ot  water  would  render 
o  practical  use.  For  the  puiposs  therefore  ot 
«ct  estimate  of  the  quantity  ot  rain,  it  has  alwaya 
been  the  praotiee  to  receive  the  irater  in  a  secimd  veBsol,  or  in  a  tnl>B> 
the  area  ot  whose  horizontal  section  is  less  than  that  of  the  fiiat,  so 
that  the  height  of  the  column  may  be  greater.  And,  since  tiie  heights 
of  equal  quantities  of  water  in  two  prismatical  or  cylindrical  vessels 
are  inversely  proportional  to  their  bases,  it  is  easy  to  perceive  how  a 
rod  may  be  graduated  so  as  to  show,  in  inches,  the  depth  of  water  in 
the  upper  vessel,  and  oonsequenUy  the  depth  which  would  have  lain 
on  the  ground  if  no  absorption  hod  taken  putce. 

OrigmaUy  this  instrument,  which  has  been  called  indiflerBntiy 
udometer  (Dla>|>  and  litipow),  pluviometer'  (pluvia),  and  ombrometer 
(iliSpvt,  rain),  was  nothing  more  than  a  prismatical  box,  having  a 
square  base,  open  at  the  top  and  eommunicatilig  with  a  prismatical 
box,  placed  vertically  under  it,  by  means  of  a  pipe  open  at  both  ends ; 
the  area  of  a  horizontal  section  of  tbe  lower  box  being,  for  tha  reason 
above  given,  less  than  that  ot  the  upper  box.  But  it  is  evident  that  a 
prismatical  or  cylindrical  vessel  must  retain,  by  adhesion  to  its  sides 
and  bottom,  a  sensible  portion  of  the  Hater  which  enters  it ;  and 
consequently  the  depth  measured  in  such  vessel  must  indicate  a  quan- 
tity of  rain  less  than  that  which  has  really  fallen ;  it  lias  therefore 
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been  customary  of  late  to  make  the  upper  part  of  the  vessd  in  the 

form  of  a  funnel,  or  inverted  cone. 

The  most  general  oonstruction  of  a  r^-gaugs  is  shown  in  the  tub- 
joined  disgram,  which  represents  a  vertical  section  of  tlu  instrument 
The  part  c  n  ■  is  a  conical  turmel,  open  both  at 
top  and  bottom,  and  the  lower  extremity  enters  ^ 

into  the  nlinder  r  a  below,  whioh  thus  receives 
the  rain  bupi  the  funnel.  The  rod  a  b  paasee 
through  a  perforation  in  a  bar  o  d  (in  tha  direction 
of  a  diameter  ot  the  cone  at  its  up[|eT  sur^ce), 
and  is  at^ched,  at  B,  to  a  circular  piston,  which  C 
has  nearly  the  same  diameter  as  the  interior  of 
the  cylinder  ;  the  weight  of  the  piston  and  rod  is 
such  as  to  aUow  the  former  to  float  with  its  upper 
surfsce  on  a  level  with  the  surfsce  of  the  water; 
and  the  graduations,  which  are  numbered  towards 
B,  commence  from  a  pcont  a  on  a  level  with  the 
upper  siirfaca  of  the  bar  o  D,  when  the  piston  B 
touches  ths  bottom  of  the  cylinder.  A  lim,  of  a 
cylindrioJ  form,  rises  a  littis  way  above  the  uppar 
extremity  of  the  conical  port  of  the  funnel,  in 
order  to  prevent  ths  rain-water,  which  would 
strike  the  interior  of  the  latter  near  that  extremity, 
from  being  thrown  out  in  consequence  of  the 

The  diameter  of  the  tunnel  at  tha  top  m^  be 
12  inches,  and  that  i^  the  cylinder  fl  inches;  in 
which  case  the  area  ot  the  horixontal  section  on  _ 

which  the  rain  falls  will  be  to  that  of  the  cylinder 
in  the  ratio  of  four  to  one.  Hence  a  depth  of  water  equal  U>  one  inch 
at  the  horizontal  section  will  be  expressed  by  a  spaoe  equal  to  four 
inches  on  the  length  of  the  rod ;  and,  eaim  of  such  spaces  being 
divided  into  100  parts,  the  depth  of  watn'  at  the  said  eec^on  will  be 
indicated  in  hundredUis  of  an  inch.  The  faeigfat  of  the  cylindrical 
vessel  below  the  funnel  may  be  from  25  to  30  inches. 

For  ths  sake  ot  .liTintnijlimg  the  evapoiatioB  and  ot  measuring  smsU 
quantities  ot  rain  with  great^  precision,  the  diameter  of  the  cylinder 
is  sometimes  reduced  to  two  indus,  and  the  collected  water  is,  \ij 
means  of  a  small  pipe,  inserted  in  tha  bottom  of  the  cylinder,  and 
furnished  with  a  cock  made  to  peas  into  a  glass  tube  whose  interior 
diameter  is  half  an  inch.  In  this  esse,  tbe  diameter  of  the  upper 
extremi^  of  the  tunnel  being  tha  sune  as  before,  the  area  oi  the 
surface  which  recuves  the  rain  from  the  atmoaphere.will  be  to  the  area 
of  a  horisontol  section  of  the  glon  tube  as  S7S  to  1.  Consequently  a 
shower  of  loin  whose  depth  on  the  ground  might  be  one-hundredth 
pait  of  an  inch,  would  he  indicated  by  £"79  inches  in  the  tube. 

Tha  funnel  ot  the  cylinder  may  be  ot  tin  or  copper,  and,  however 
the  instrument  be  conateucted,  it  is  evidcot  that  it  ^ould  be  placed  in 
a  vertical  poaition  in  some  ^aoe  where  no  object  may  interfere  with 
the  b«e  descent  of  the  rain  into  the  funiMiL  For  the  reaaona  stated  in 
the  previous  artiole,  the  gauge  diould  be  placed  as  near  the  ground  as 
ponible,  but  the  height  ahould  always  be  stated.  At  Greenwich  thme 
are  aevoral  gaogea,  at  diflbrent  heights,  and  these  record  very  different 
quantities  of  rain :  for  example,  in  18M,  the  gauge  £0  feet  above  the 
ground  recorded  13-46  inches  of  rain;  that  at  24  feet.  22'63  indiM; 
that  at  2  feet,  2S'8S  inches.  It  is  ususl  to  observe  the  quanti^  ot 
water  in  the  vessel  every  momtng,  if  rain  has  fallen  during  the  pre. 
ceding  twenty-four  hours ;  but,  as  some  evaporation  will  take  place,  it 
would  be  advantageoua  to  make  the  observations  moro  frequenUy. 

Tha  sum  of  all  the  depths  observed  during  any  period  ^  time,  as  a 
day,  month,  or  year,  will  fpia  the  whole  qusntiw  of  i«in  whi(^  has 
fallen  in  that  time  at  tha  place.  It  is  suppoeed  that  the  rain  foils 
uniformly  over  the  tract  of  ground  lying  within  the  limits  of  the 
shower,  snd  consequently  that  the  quantity  which  posses  through  the 
circular  area  at  the  upper  soitue  of  the  oone  ia  equal  to  that  which 
falls  upon  an  equal  area  of  ground  anywhere  wiuiin  those  limita. 
During  windy  waathec  rain  may  fall  obliquely,  so  that  •  portion  ot  it 
may  not  eaUa  tlie  gauge ;  hence,  gauges  have  been  formed  wiUi 
ofMniogs  inclined  to  each  <^  ths  four  principal  quarters,  and  these  are 
said  to  i«f;lsteF  mora  rain  than  ordinary  gauges.  The  tdf-rtgiteriog 
lun-gange  is  described  under  AksmomeI'ib. 

A  rain-gauge  is  a  very  imperfect  instrument,  and  can  never  servo 
further  than  to  give  an  approximation  to  the  quantity  of  rain  which 
may  have  fallen,  since  some  of  the  water  will  always  adhere  to  the 
sides  of  the  vessel,  but  the  following  method  of  ascertaining  the  allow- 
ance to  be  mode  for  the  quantity  tiius  lost  hu  been  recommended : — 
Let  a  sponge  be  mode  damp,  yet  so  that  no  vrater  oon  be  squeezed  from 
jt,  and  with  this  collect  all  tiie  water  which  adheres  to  the  turmel  and 
cylinder  after  as  much  as  posdblei  has  been  drawn  off;  then,  if  the 
sponge  be  squeezed,  and  the  water  from  it  be  reoeiv^  in  a  vessel 
which  odmite  of  measuring  its  quantity,  a  near  estimate  may  be  made 
of  the  depth  due  to  it;  and  this  being  added  to  the  depth  pven  In- 
the  instrument  would  probably  show  very  correctly  tiie  required  depth 

The  simplest  form  of  rain-gauge  is  perl^M  that  by  FrofeSBor 
Fleming.  It  consists  ot  a  cup  or  receiver,  with  the  opening  flush  with 
tbe  sur&ce  of  ths  soiL  The  water  is  delivered  by  a  tunnel  into  a 
graduated  jar  below,  which  can  be  from  time  to  time  inspected.    A 
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small  reoeiTing  yessel  is  preferred  by  some  observers  to  a  larger  one. 
The  area  of  the  aperture  must  be  accurately  asoertaaned.  The  circular 
form  is  the  best,  amoe  it  admitsof  being  turned  in  a  lathe.  The  rim  may 
be  made  to  project,  so  as  to  retain  the  water  which  splashes  up, 
especially  in  obhque  showers.  The  divisions  of  the  measuring  jar 
should  be  tested  ^weighing  thti  water.  Some  observers jprefer  to 
estimate  the  amount  W weight. and  an  ea^ method  of  doing  soil 
given  in  Drew's  useful  little  volume  entitled 'Fracticai  Meteorology/ 
1860. 

RAINBOW,  a  circular  arch  of  variously  coloured  light  which  is 
visible  in  the  heavens  ^en  the  sun  or  moon  is  shining,  and  when,  at 
the  same  time,  a  diower  of  rain  is  falling  on  I3ie  opposite  i^de  of  the ' 
spectator.  WlLen  tbe  rain  is  abundant,  a  second  bow  is  commonly 
seen  on  the  exterior,  and  concentric  with  the  first;  their  common 
centre  being  in  a  line  drawn  from  the  luminaiy  through  the  eye  of 
the  spectator  and  produced  towards  the  opposite  part  of  the  heavens. 
Both  bows  consist  of  concentric  bands  of  the  different  prismalic  colours 
arranged  as  they  appear  in  the  solar  spectrum,  but  the  order  in  which 
they  are  disposed  in  the  first  bow  is  inverted  in  the  second.  The 
lower  edge  of  the  interior  bow  Ib  violet  and  the  upper  edge  is  red ;  on 
the  contrary,  the  lower  edge  of  the  exterior  bow  Is  red  and  the  uppw 
edge  is  violet. 

The  rainbow  is  a  phenomenon  whidi  appears  at  aU  times  to  have 
been  understood  to  depend  upon  the  light  of  the  sun  or  moon  and  the 
drops  of  falling  rain;  but  the  first  complete  explanation  of  the  drcum- 
stanees  connected  with  it  W  due  to  Newton  ('  Optics,'  book  i.,  p.  2, 
prop.  9).  In  the  beginning  of  the  16th  century  no  better  notion  was 
entertained  of  the  cause  of  the  phmomenon  than  that  the  interior  bow 
was  a  distorted  refleetion  of  the  sun's  image  from  the  surface  of  a 
elood,  and  that  the  exterior  bow  was  a  reflected  image  of  the  first 
But  the  reflection  of  U^t  Is  not  capable  of  producing  different  colours, 
aai  it  is  aid  that  Fleisoher  of  Breelau  (1071)  was  <&e  first  who  enter- 
tained  the  idea  that  the  paitioles  of  light  from  the  sun  entered  into 
the  drops  of  rahi.  His  opinion  was  that  a  ray  of  light  suffered  one 
refraction  op  entering  and  another  on  leaning  a  drop;  and  that  it 
eaterad  the  eye  of  tha  speetator  after  reflection  from  the  surface  of  a 
second  drop.  It  appears  that  Kepler,  in  a  letter  to  Harriot  (1606), 
suggested  that  the  partieies  of  light,  in  a  ray  which  is  a  tangent  to 
sone  part  of  the  surface  of  a  drop  oif  rain,  might  enter  Uie  drop  by 
refraotftott,  and  that  this  ray,  bong  subseqoratly  reflected  at  the 
interior  snrfaoe  of  the  latter,  xnigfat  enter  the  eye  of  the  iqpeotator  alter 
being  again  refracted  on  leaving  the  drop.  'Ab  hypothesis  is  worthy 
of  Kepler's  sa^aoiiy ;  and,  as  far  as  it  goes,  it  dlffiara  inm  the  fact  only 
in  the  nanner  in  which  tha  incident  ray  is  supposed  to  fiiU  on  tha 
drop,  Newton  ascribes  the  first  idea  of  the  true  sQcphtfiation  to  Antonio 
deDominis,  bishop  of  Bpaktro,  whose  work,  'De  Badiis  visfis,' was 
published  in  1611,  but  is  said  to  have  been  eompoeed  in  1690 :  the 
work  however  appears  to  have  been  so  obaeinrely  written,  and  to  betray 
so  muth  ignoraooe  of  the  laws  of  optics,  that  it  is  doubtful  whether  or 
not  the  author  had  any  moM  than  a  vague  coneeptioii  of  the  cause  of 
the  colours.    (See  IContuela, '  Hiitoire  dii  Math.,'  torn,  ii) 

Descartes  is  certainly  the  first  who  has  distinotly  explained  the 
causes  by  which  the  two  bows  are  produced,  and  he  states  ('  Meteora/ 
c^.  viiL)  that  he  detected  those  eauees  on  observing  the  phenomena 
presented  h^  a  glass  globe  filled  with  water,  whieh  ha  pkeed  in  various 
positions  with  respect  to  the  sun.  He .  shows  that  the  interior  or 
primuy  bow  is  produced  by  rays  from  the  sun  falling  upon  the  drops 
of  rain  near  theur  upper  sdliaoes,"  where,  being  refra^ed^  they  pass  to 
the  side  of  the  drop  whiohjs  farthest  from  the  sun  aod  spectator ;  from 
thence  they  are  reflected  towards  the  lower  surface,  and«  en  quitting 
the  drop,  they  sufier  a  secood  refraction.  Ha  diows  slso  that  the 
exterior  or  aeooodary  bow  is  produced  W  nys  from  th»  sun  fiUing 
upon  tha  drops  of  rain  near  thsir  lower  suroaes,  where,  being  refraeted, 
they  pass,  as  before,  to  th*  farther  ads  o|  the  drop ;  from  thenoe  they 
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Now  it  is  not  sufficient  that  the  pencils  of  li^t  which  are  incident  on 
the  drops  of  rain  should  be  so  refructed  and  reflected ;  it  is  moreover 
necessary  that  each  pencil  on  emeiging  from  the  drop  dioold  consist  at 
parallel  rays  of  light,  that,  when  it  enters  the  eye  of  the  sneetator,  it 
may  i»roduoe  in  zae  mind  the  perception  of  brjghtniws  ;  and  Deecartes 
detennined  bv  computation  the  positions  of  ths  incident  and  emei^gent 
rays  so  that  this  eflect  may  be  produced. 

Thus,  let  81  {Jig.  1)  be  a  very  slender  pencil  of  rays  of  aome  one 
colour  incident  on  a  iroharical  drop  of  water  at  the  an^  a  i  a,  and  kt 
thisang^e  be  such  that  the  rays  in  the  pencil  may,  by  the  lavs  c^ 
refraction  in  water,  conveige  at  b;  then,  though  many  rays  will  psa 
through  the  drop  at  that  point  and  be  diqpened,  vnt  many  will  hi 
reflected  fr^m  thence  as  from  a  radiant  point,  and  wi&  emerge  at  k  in 
parallel  directions,  as  they  entered  at  I,  so  that  if  k  b  be  tha  directaoe 
of  the  emeigent  pencil,  the  angle  o  k  B  wHl  be  equal  to  a  r  a :  the  angle 
mads  by  the  lines  8 1  and  EK  produced  was  fotmd  by  Beataotes  to  be 
about  42  dagrees.  If  tna  an«e  ▲  i  s  wore  varied,  the  rays  of  the  penal 
would  leave  the  dfop  in  a  divergent  state,  and  then  the  imprMsoa 
which  they  would  inake  on  the  eye  mi^j^  be  too  feeble  to  produce  t^ 
sensaticm  of  bri^^itnaBs.    Agidn^  Jet  B  i  <J^.  2)  be  a  very  olandar  peneii 


are  reflected  towards  the  upper  surface,  and  there  thay  suffer  a  second 
reflection.  After  this  they  pass  to  the  side  of  the  drop  which  is  nasiest 
to  the  aun,  and  from  thence  they  emeige  after  a  second  refraction. 


of  rays  of  soma  one  colour  incident  on  a  sphericsl  drop  of  water  at  the 
angle  ▲  I  s,  and  let  this  angle  be  such  that,  by  tha  laws  of  refractian  in 
wate^  the  raye,  after  crossing  at  x  and  being  reflected  frxxn  b,  may 
pass  irom  B  to  o  in  panllel  directions;  then*  alter  a  aoocmd  reflectioBf 
crossing  at  t  and  being  refracted  at  k,  they  will  emoge  in  panllel 
direcUons  as  they  entered  at  i,  so  that  if  k  h  be  the  directian  of  tbe 
emergent  pencil,  the  ang^e  n^E  will  be  equal  to  ▲  i  s :  the  ang^e  nude 
hv  the  lines  si  and  bk  was  found  by  Descartes  to  be  about  52  degrees 
If  the  an^e  ai8  were  varied,  tha  rays  of  the  pencil  would  leave  tiie 
dr(»  in  a  divergent  state. 
Kow  let  A,  B,  0,  J>  (Jg,  S),  be  four  globules  of  rain  in  a  dond  eovam^ 


a  oonnderable  part  of  iib»  heavens  on  one  side  of  the  horisoD.  Let  e 
be  tha  eye  of  the  spectator,  and,  on  account  of  the  remoteoeM  of  tiie 
sun,  let  the  rays  ef  11^  which  proceed  from  his  diae  be  aonodered  ai 
paraUei  to  one  another.  Let  s  B  be  a  Una  drawn  from  the  aon  throng^ 
tha  eye  of  the  spectator,  and  let  it  be  produced  towards  o;  slao  let  sa, 
8  B,  fto.,  be  very  slender  pencils  of  parallel  rays  (supposed  at  prasent  to 
be  of  one  colour)  falling  upon  the  ^obules  of  water.  Let  tha  rcfractioo 
and  reflection  of  these  pencils  in  ▲  and  b  be  similar  to  those  which  are 
shown  in  A)^.  1 ;  and  the  refractica  and  reflection  in  c  and  x>  be  omikr 
to  those  in  Jig.  2 ;  also  from  the  points  of  emergence  suppoae  lin«  to 
be  drawn  to  E.  It  is  evident,  on  acooimt  of  the  paiaOelism  cf  the  hum 
so,flA,  &a,that  if  the  angloAEO  or  beo  were  nearly  equal  to  42^ 
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and  if  the  angles  0  S  0  or  D  E  u  were  nearly  equal  to  f  2*i  tlie  eye  would 
be  affected  by  the  aenaation  of  brightneH  as  explamed  above ;  therefore^ 
if  the  lines  a  x,  B  B,  Ac.,  were  to  rerolTe  oonically  about  x  o  as  an  aids, 
all  the  globules  of  rain  upon  the  conical  Huziaces  so  described  would 
send  pencils  of  parallal  rays  to  the  eye,  and  two  concentric  arches  of 
bright  light  would  be  seen  in  the  heayens.  This  hypothesis  iAcoounts 
satiafactorily  for  the  existence  of  two  oonoentric  bows  of  bright  U^tA, 
but  it  affords  no  indication  of  the  bands  of  colours  of  w)dch  th^  con- 
sist. Descartes,  howerer,  vezy  sagaciously  refers  their  oauae  to  the 
decompoaxtion  of  light  on  entering  and  quitting  tlie  drops  of  rain, 
obaerving  that  the  convex  suifaoee  ol  the  drops  must  produce  effects 
similar  to  those  which  take  place  when  light »  nide  to  pass  through 
the  plane  faces  of  a  triangular  prism  of  water* 

But  when  Newton  had  discovered  the  diflsreni  d^gresa  ol  tefinagi- 
bility  in  the  different  coloured  rays  which  composed  a  pencil  of  whne 
or  compormded  lighL  he  was  able  to  assign  immediately  the  cause  of 
the  coloured  bands  in  the  rainbow,  the  order  of  thdr  poidtion,  and  the 
breadth  which  they  must  occupy.  Thus,  if  the  hioident  pencil  si 
(Jtgt.  1  and  2)  had  consisted  only  of  violet-oolouied  Ught  (for  example), 
the  angle  ▲  i  a  must  have  had  that  partioular  value  which  alone  would 
allow  the  rays  of  the  emergent  penoil  to  be  parallel  to  one  another ; 
but  if  the  incident  pencil  were  suppoeed  to  consist  of  lig^t  of  another 
colour,  as  red,  it  should  have  ^en  a  little  further  from  the  centre 
of  the  drop,  in  order  that  the  angle  a  I  a  might  have  tha  partioular 
value  whidi  would  allow  the  rays  of  the  emergent  penoQ  to  be 
parallel  to  one  another.  It  may  be  proved  without  difficulty  that 
the  total  deviation,  when  consecutive  emeigent  rays  of  a  |^en 
colotur  come  out  parallel  to  one  another,  is  less  for  ted  rays  than  for 
violet ;  and  if  x  s  be  the  direction  in  which  the  latter  emerge  from  a 
drop,  x  r  in  both  figures  ma^  represent  the  direction  in  which  the 
former  would  emetge,  the  variation  of  the  course  before  emergence 
being  omitted  in  the  figures  to  avoid  oonfufion  i  and  if  the  eye  were 
situated  so  as  to  receive  the  pencil  K  B,  it  would  have  the  impression 
of  a  violet  colour ;  while,  if  it  were  situated  so  as  to  receive  the  pencil 
K  F,  it  would  have  that  of  a  red  colour.  We  have  mentioned,  for  sim- 
plicity, only  the  violet  and  red  rays,  which  form  the  two  extremes  of 
the  coloured  spectrum ;  but  it  is  easy  to  concdve  that  a  like  e^lana- 
tion  might  be  given  for  rays  of  the  intermediate  colours.  And  since 
the  pencils  of  all  the  different  colours  diverge  from  one  another  on 
quitting  a  rain-drop,  it  is  evident  that  the  spectator  whose  eye  receives 
one  of  the  pencils  will  be  affected  by  ihe  colour  of  that  pencQ  only, 
the  other  pencils  passing  either  above  or  below  his  eye. 

Newton  has  determined  by  computation  that  when  the  an^e  A  xo 
{Jig.  3)  =i(flTt  the  violet  rays  alone,  after  two  refractionB  and 
one  reflection,  will  enter  the  eye  of  the  spectator  at  B,  the  other 
rays  falling  below;  and  wheU  /  bxo  =42*  2',  the  red  rays  alone 
will  enter  the  eye^  the  violet  rays  passing  abote.  Again,  when 
Z  CEO=  50*  B^,  Uie  red  rays  only  will  enter  the  eye,  after  two 
refractions  and' two  reflectionB,  the  violet  ravs  falling  below;  and 
when  /  D  £  0= 64*  9',  the  violet  rays  alone  wiU  enter,  Uie  red  passing 
above.  If  the  interval  between  the  drops  a  and  B,  uid  also  between 
the  drops  o  and  D,  were  occupied  by  other  drops,  it  may  readily  be 
imagined  that  the  pendls  of  parallel  rays  which  come  from  them  to 
the  eye  would  be  of  idl  the  prismatic  colours  between  the  red  and 
violet,  and  that  thus  there  would  appear  in  the  heavens  two  narrow 
spectra :  the  length  of  that  between  a  and  B  would  be  1*  4^,  aUd  of 
^t  between  o  and  B  would  be  8*  1(/.  Therefore,  if  all  the  lines  drawn 
to  B  from  the  drops  in  the  two  spectra  were  to  revolve  conical^  about 
E  o  as  an  axis,  the  drops  on  these  lines  would  be  in  situations  to  send 
to  the  eye  rays  of  their  own  proper  ooloun,  sod  thus  there  would  e^st 
the  appearance  in  the  heavens  of  two  ocnoentrio  bands  of  variously 
coloured  light. 

But  it  has  beon  here  supposed  that  the  pencLb  0  a,  8B,  &&,  come 
from  the  centre  only  of  the  sun's  disc,  whereas  each  poilit  of  tiie  disc 
produces  two  bows  similar  to  those  which  have  been  described] 
therefore  the  lower  extremity  of  the  interior  bow  w£Q  be  a  violet  band 
whose  breadth  ii  equal  to  huf  the  diameter  of  the  sun  (suppose  16'), 
and  which  is  situated  immediately  below  the  violet  line  formed  by  the 
centre  of  the  disc ;  and  in  like  manner  the  upper  extremity  of  the 
interior  bow  will  be  a  red  band  whose  breadth  is  also  »  15^,  and  which 
ii  situated  immediately  above  the  red  line  f  ormad  by  the  centre  of  the 
diac :  consequently  the  whole  breadth  of  the  interior  bow  ii  about 
=  2*  ly.  Similarly  SO'  (the  measure  of  the  sun's  diameter)  must  be 
added  to  the  breadth  of  the  outer  bow,  as  before  determined,  whleh 
thus  becomes  about  =  S°  40^.  In  both  bows,  the  colours  between  the 
violet  and  red  are  less  distinct  than  those  two  oolours,  because  of  the 
mixture  of  the  coloured  light  from  all  parts  of  the  dim. 

On  account  of  the  two  reflections  which  take  place  in  the  interior  of 
the  drops  which  give  rise  to  the  outer  bow,  while  there  u  but  one 
reflection  in  those  which  produce  the  Inner  bow,  there  must  be  a 
greater  quantity  of  light  lost  by  transmission  through  the  drops  in  the 
former  caae  than  in  the  latter;  and  hence  the  outer  bow  is  always 
fainter  than  the  other. 

The  effect  of  the  light  of  any  given  colour  which  oomes  out  of  the 
drop  in  a  divergent  state  has  been  neglected  in  the  preceding  inves- 
tigation, but  it  ii  by  no  means  insensible,  especially  in  the  neighbour- 
hood of  the  bow,  where  the  divergence  is  not  great.  If  a  my  which 
emerges  after  one  or  two  internal  reflections  be  first  suppoeed  to  be 


inddsnt  along  a  line  panmng  through  the  oentre  of  the  drop,  and  the 
line  of  inddenoe  be  then  conoeived  to  move  parallel  to  itself  untU 
having pasaed  through g i  in  ^.  1  or  2,  it  just  grazes  the  sux{aoe,it 
wiU  be  found  by  calculation  that  the  deviation,  at  firat  180*  or  860*, 
decreases  untU  tlie  position  is  reached  in  whidi  oonseoutive  rays  oome 
out  parallel  after  which  it  hiareasea  agam.  In  ^.  1,  the  deiriaiion 
takea  place  in  the  direction  of  the  motion  of  the  IuukIs  of  a  watch*  And 
in  A.  2  in  the^contraty  direction.  Hence  the  lays  which  emeige  with 
greater  deviation  than  kx»  are  situated  (as  to  their  direotiona)  tA(yve 
K  B  in^*  h  sod  htlow  x  b  in  j^.  2;  and  tWelore  in /^.  8  the  drops  to 
which  they  refer  would  be  situated  hdoip  a  or  b  in  the  former  case, 
and  above  o  or  D  in  the  latter.  Hence,  considering  light  of-  one  colour 
only,  and  sgain  resaiding  the  sun  as  a  mere  point,  we  ought  instead 
of  two  bright  circles  in  the  slnr,  in  the  positions  determined  above, 
to  have  two  bows,  in  each  of  which  the  br^tness  terminates  abruptly 
on  the  side  towards  the  other,  and  fades  off  on  the  other  side.  Hence, 
considering  the  joint  effect  of  all  the  colours,  we  see  that  they  must 
be  more  mixed  tether,  espedally  about  the  bhie  and  violet,  than 
would  otherwiw  have  been  the  case.  In  a  vivid  aolar  rainbow  the 
darkness  of  the  space  between  the  bows  compared  with  the  space 
immediately  within  the  primary  bow  is  readily  seen. 

There  is  one  part  of  the  phenomenon  which  cannot  be  explained 
merely  by  geometrical  optics,  namely,  the  existence  of  what  have  been 
called  n^Mmifflierafy  6mob.  In  the  upper  part  of  the  primary  solar 
rainbow  two  or  even  three  marima  of  red  may  frequentiy  be  seen  on 
the  hiside  of  the  jninoipal  maximum,  fonning  as  many  additional  or 
supenrameraiy  bows,  decreasing  in  vividness  and  in  breadth  on 
receding  from  the  principal  bow  inwards.  Bven  the  secondary  bow, 
notwithstanding  its  comparative  faintness,  shows  symptoms  of  ^ 
same  phenomenon*  The  exiBtence  of  these  bows  was  first  explained  by 
Br.  Young,  who  pointed  out  that  the  light  oonesponding  to  any  par- 
ticular direction  within  the  bow  was  double,  and  that  the  two  portions 
were  in  a  condition  to  interfere.  The  explanation,  however,  resulting 
from  the  appHcation  d  the  principle  of  interference  to  two  systems  of 
rays  whose  courses  are  determined  by  geometrical  optics  is  imperfect, 
and  would  make  the  illumination  increase  to  infini^  on  passing  from  the 
illuminated  side  to  the  place  of  the  geomietrioal  bow,  and  then  ceases 
abruptly.  Whenever  such  results  follow  from  the  calculations  of 
geometricsl  optics,  it  is  found  that  they  are  modified  in  practice  by 
the  phenomena  of  diffisoiion.  The  compete  explanation  of  the  super- 
numeraiy  bows,  according  to  the  principles  of  the  undulatoiy  theonr, 
has  been  given  by  Mr.  Airy,  in  a  p^ier  '  On  the  Intensity  of  Lij^t 
in  the  noghbourhood  of  a  Oiustic'  ('Oamb.  Fha  Trans.,'  voL  vii., 
p.  879),  anid  his  results  have  been  verified  by  the  observations  of 
Professor  Miller. 

A  rainbow  can  never  be  greater  than  a  semicircle,  If  the  spectator 
be  not  on  elevated  ground ;  mr  if  it  were,  the  centre  of  the  bow  would 
be  above  the  horiaon,  and  the  sun,  which  hi  in  a  line  drawn  through 
that  centre  and  the  eye,  would  then  be  below  the  horison ;  but,  In  tUs 
esse,  the  sun  could  not  shine  on  the  drops  of  rain,  and  consequently 
there  would  be  no  bow.  When  the  rain-doud  hi  of  small  extend  there 
is  seen  only  that  portion  of  the  bow  which  the  doud  csn  form ;  yet 
the  bow  ii  sometunes  seen  against  the  blue  sky,  which  happens  when 
the  tain  in  falling  is  seen  on  apart  of  the  sky  which  is  free  ht>m  cloud; 
ftnd  a  portion  of  a  bow  bfrequentlvseen  in  an  inverted  position  on  the 
ground  by  the  refraoUon  of  we  light  in  drops  of  rain  adhering  to  the 
grass  or  the  leaves  ot  treesL  It  may  be  added  that  a  colound  bow 
shnilar  to  that  which  is  produced  by  rain  may  be  observed  in  the 
spray  from  a  waterfall,  or  from  a  fountain,  when  the  jet  of  water  ii 
agitated  by  the  wind,  and  also  in  tlie  mists  whieh  at  times  lie  upon 
low  grounds. 

The  lunar  rainbows  ftppear  in  genenl  In  white ;  and  when  they  sre 
oolouredi  they  diflbr  from  those  jatoAuo&i  by  the  sun  only  in  the 
colours  being  much  more  fatnl  The  frdntness  of  the  colour,  or  its 
entire  absence,  ii  accounted  for  by  the  fact  that  when  light  ii  exces- 
sively faint,  aUjperception  of  colour  is  lost. 

The  drde  <ff  light  which  is  occasionally  seen  surrounding  the  sun 
or  moon  at  a  considerable  distance  from  the  disc  of  the  luminsry  is 
called  a  halo,  §tid  Ib  caused  bv  the  refractions  of  light  in  particles  of 
ice  which  float  in  the  air.  It  must  not  be  confounded  witti  a  eorma, 
which  conslrtB  in  one  or  two  oolomed  rings  immediately  surrounding 
the  luminary,  and  ii  distinguiihed  from  a  halo  by  the  variabilitv  and 
comparative  smaUness  ol  its  diameter,  and  by  the  order  of  the  colours, 
— ^red  outside,  blue  inside->-which  is  tiie  reverse  of  the  order  in  a  halo. 
The  corona  la  due  to  the  c^obules  of  water  constituting  a  thin  veil  of 
doud,  and  is  a  phenomenon  of  interference,  which  may  be  imitated  by 
viewing  a  candle  seen  against  a  daric  background  through  apiece  of  glass 
dusted  with  lycopodium.  The  two  halos  most  commonly  seen  nave 
radii  of  about  22*  and  46*.  The  phenomenon  of  halos  having  some 
reaembUnce  to  that  whiidi  has  been  just  described,  a  brief  explimation 
of  it  may  be  with  propriety  introduced  in  this  place. 

The  cause  of  the  halo  was  first  investigated  by  Des  Cartes,  who  f 
observes  ('  Meteora/  cap.  ix.)  that  this  phenomenon  differs  from  the 
ndnbow,  inasmuch  as  the  latter  hi  seen  only  while  rain  is  falling, 
whereas  halos  are  never  seen  at  such  times;  and  he  ascribes  their 
formation  to  refractions  of  light  in  star-shaped  crystals  of  ice,  which 
he  reiuaks  are  thidser  in  the  middle  than  at  the  edges,  and  are  there- 
fore proper  to  produce  refractions. 


935 


RAISING 


RAHADHAK. 


^u 


Sir  Isaac  Newton  also  ascribes  the  halo  to  refraction  in  floating  hail 
or  snow;  but  it  appears  that  Mariotte  (in  1686)  was  the  first  who^ 
oonsidered  it  to  be  produced  by  refraction  in  the  small  equilateM 
priams  of  ice  which  abound  in  tiie  air  in  a  separate  state  before  they 
unite  together  and  form  the  flakes  which  descend  during  severe  frosts ; 
and  Dr.  Toung,  without  bdmg  aware  of  Mariotte's  hypothesisj  enter- 
tained and  developed  the  same  idea. 

Aooonling  to  this  philosopher,  there  may  be  in  the  air  an  immense 
number  of  prismatic  particles  whooe  transverse  sections  are  equilateral 
triangles,  or  equiangular  hexagons,  the  planes  of  the  sections  deviating 
but  little  from  one  pasBUig  through  the  sun  or  moon  and  the  spectator. 
Now  by  the  laws  of  refraction  in  water,  when  a  pencil  consisting  of 
parallel  lays  of  light,  as  8 1  {fy»  4)  is  incident  on  a  &oe  of  such  prisms 
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and  makes  the  angle  of  incidence  s  i  F  equal  to  about  41*  50,'  the  axis 
K  X  of  the  emergent  pencil  will  make  an  equal  angle  b  k  q  on  the  other 
face,  and  the  axigle  of  deviation  b  a  r,  or  the  angle  between  the  incident 
and  emeigent  ray,  will  be  23*'  40'.  Therefore  if  the  line  r  B  produced 
to  the  spectator's  eye  were  to  revolve  oonically  about  a  line  joining 
the  sun  and  spectator  aa  an  axis  (which  line,  aince  the  sun  ia  very 
remote,  may  be  considered  as  parallel  to  s  ▲),  all  the  prisms  similarly 
situated  on  such  conical  surface  would  transmit  to  the  eye  pencils  of 
parallel  rays,  if  the  light  were  of  one  colour,  and  thus  there  would  be 
produced  the  perception  of  a  bright  circle  in  the  heavens,  having  the 
Sim  for  its  centra ;  its  radius  subtending  at  the  eye  an  angle  of  about 
23**  40^.  The  angle  S'a  r  varies  veiy  slowly,  the  variation  amounting 
only  to  about  8*,  when  the  angle  sip  varies  as  mudi  as  30%  con- 
sequently there  may  be  innumerable  prisms  in  the  air  in  such  positions 
that  the  angle  sip,  for  pencils  incident  upon  them,  does  not  vaiy 
more  than  15**  on  either  mde  of  that  which  has  been  above  supposed ; 
and  these  will  transmit  to  the  eye  light  in  such  abundance  as  to  pro- 
duce the  appearance  of  an  annulus  about  8**  broad.  This  is  the 
appearance  of  the  common  halo,  the  slight  excess  of  the  calculated 
radius  over  that  observed  being  accounted  for  by  the  fact  that  water 
is  a  little  more  refractive  than  ice. 

The  larger  halo  is  accounted  for  in  a  similar  manner,  by  refraction 
through  ice  prisms  of  90%  this  angle  being  contained  between  the 
plane  ends  and  side  faces  of  hexagonal  prisms  of  ice.  The  radius, 
calculated  with  1*310  for  the  refractive  index  of  ice,  is  about  45"  46', 
which  agrees  very  well  with  the  angle  observed. 

The  horiiEontal  parhelia  which'  are  seen  at  the  same  altitude  as 
the  sun,  a  little  outside  the  smaller  halo,  are  accounted  for  by  re- 
fraction through  prisms  of  ice  of  60*,  which,  instead  of  being  placed 
on  the  average  alU^e  in  all  directions,  have  their  axes  vertical,  in  con- 
sequence of  the  resistance  of  the  air  as  they  (all  under  the  influence 
of  gravity.  As  th»  incident  and  emeigent  ravs  make  with  the  axis 
of  the  prism  an  angle  equal  to  the  zenith  distance  of  the  sun,  the 
minimum  deviation  is  greater  than  what  corresponds  to  refraction  in 
a  plane  perpendicular  to  the  axis  of  the  prism,  which  accounts  for 
the  parhelia  being  situated  a  little  outside  the  halo.  This  is  Uie 
commonest  example  of  that  curious  class  of  halo  phenomena,  where 
the  appearance  is  no  longer  the  same  (except  as  to  interruptions  in 
the  icy  clouds)  all  round  the  line  joining  the  eye  and  the  sun,  but 
has  reference  to  the  vertical.  The  reader  who  desires  further  infor- 
mation on  this  point  is  referred  to  an  elabon^  memoir  by  M.  Bf^vais 
in  the  Slst  cahier  of  the  '  Journal  de  I'^cole  Polytechnique,'  where 
the  subject  is  almost  exhausted. 

RAISINS.  The  dried  fruits  of  several  varieties  of  the  vine  are 
called  raisins,  a  term  derived  from  the  I^Vench:  raisin  in  that  language 
beinf  a  general  name  for  grapes,  the  dried  fruit  being  dirtinguished  as 
JRaimu  tees  oupoMtit, 

Raisins  are  named  after  the  countries  where  they  are  produced,  or 
the  places  whence  they  are  im^rted ;  as  M^aga,  Valencia,  and  Smyrna. 
The  peculiar  small  and  generally  seedless  grapes,  formerly  called 
Corintht,  are  now  better  Imown  as  the  dried  or  Zante  ewnranti  of  the 
shops.  Other  denominationB  by  Which  different  kinds  of  raisins  are 
distinguished,  arise  from  the  variety  of  grape  employed,  or  from  the 
mode  of  preparation;  as  muscatcds,  blooms,  sultanas,  raisins  of  the 
sun,  andlexias. 

The  most  simple,  and,  when  circumstances  are  favourable,  the  best 
mode  of  preparation,  is  to  dry  the  grapes,  after  being  cut  when  fully 
ripe,  by  exposure  to  the  heat  of  the  sun  on  a  floor  of  hard  earth  or  of 
stone.  Another  method  is  to  cut  the  stalk  half-way  through  when 
the  grapes  are  nearly  ripe,  and  leave  them  suspended  till  the  wateiy 
part  is  evaporated ;  the  flow  of  sap  is  in  a  great  measure  prevented 
from  entering  the  fruit,  in  consequence  of  the  indsion,  and  whilst 
evaporation  continues  to  go  on  undxminiBhed,  desiccation  must  take 


place.  Some  sorts  are  prepared  by  dipping  the  grapes  in  a  ley,  aski 
afterwards  drying  them  in  the  sun.  This  ley  is  formed  of  wascr, 
wood-akhes,  and  a  -small  portion  of  olive  oiL  The  aahes  of  xinc 
branches  and  tendrils  are  preferred.  In  Valencia,  in  addition  to  tL^ 
ashes  of  rosemary  and  vine  branches,  a  little  slaked  lime  is  naed. 
Raisins  so  prepared  are  called  lexias ;  whilst  those  prepared  entirely  Ij 
sun-heat  are  denominated  raisins  of  the  sun.  A  fourth  method,  oclj 
used  for  raisins  of  inferior  quality,  is  to  diy  the  grapes  in  an  oven. 
The  currant-grapes  are  gathered  in  the  end  of  August  and  beginning 
of  September.  Rains  often  spoil  the  crop  when  they  occur  at  th^ 
time  of  gathering  or  drying.  The  fruit,  when  aufficiently  diy,  is  sepa- 
rated from  the  stalks  by  small  rakes,  and  afterwards  stored  in  magv 
sines,  teraglie,  constructed  somewhat  like  a  lime-kihi,  having  an  opea- 
ing  at  top,  where  the  fruit  is  put  in,  and  a  door  at  bottom,  o^ned 
omy  at  the  time  of  sale.  The  fruit  is  rendered  so  compact  by  its  own 
weight,  that  oonsiderabie  foroe  is  requisite  to  break  it  up  for  tiie  pur- 
pose of  being  packed  in  the  large  casks  in  which  it  is  exporiedm 

Of  all  thexnown  varieties  of  grapes,  the  white  muscat  of  AlezandrU 
is  that  which  furnishes  raisins  of  the  finest  description.  The  bexries 
are  large,  oval,  white,  rather  firm-fleshed,  with  a  rich  muscat  flavour. 

From  the  synonyms  which  it  has  obtained,  its  exteosive  cuhiviL- 
tion  and  use  as  a  raisin  grape  may  be  inferred;  for  example,  ii 
is  called  the  muscat  of  Jerusalem,  Malaga,  PasBd-Muaqa^,  Pa^a^ 
Longue  Musqu^e,  Muscat  d'Eipagne,  &c.  There  is  also  a  black  muaeat 
of  Alexandria,  and  a  red  muscatel,  both  of  which  have  a  firmnaas  of 
pulp  which  rendera  them  fit  for  dxying ;  for  grapes,  however  rich  ihej 
may  be,  and  exodlent  in  a  fresh  state,  yet  if  they  do  not  poaaesa  a 
certain  degree  of  firmness,  are  imfit  for  drying,  inasmudi  as  tfaeir  sub- 
stance would  be  too  much  dissipated  in  the  process. 

The  variety  of  grape-vine  that  bears  the  small  and  generally  seedlaas 
bunches  of  grapes,  which,  when  dried,  become  the  Vormtkt  or  ZtmU 
currcuUt  of  the  shops,  belongs  to  vUU  tinifara.  The  berries  of 
those  grown  in  this  country  have  the  same  size  and  characts  as 
those  imported,  being  small  and  seedless,  except  oorawrifmally  oba 
that  acquires  a  somewhat  larger  size  and  contains  a  seed;  such 
are  even  found  amongst  imported  fruit.  The  first  graces  of  this 
variety  that  appeared  in  the  great  marts  of  Europe  were  brougfa: 
at  the  beginnmg  of  the  17th  century  from  the  Gulf  of  Corinth, 
and  hence  were  called  Corinthian  raisins.  Latterly  however  the  culti- 
vation has  become  chiefly  confined  to  the  western  tenitoriea  of  the 
Morea  and  the  I<mian  Islands,  particularly  those  of  Zante,  CephaWiiy 
and  Ithaca.  The  fertile  island  of  Zante  is  the  place  where  thus  variety 
of  grape  is  produced  in  greatest  abundance. 

Nearly  all  the  raisins  imported  into  this  country  come  from  Spain  and 
Turkey.  A  small  supply  is  received  from  Portugal,  Italy,  and  the 
Cape  of  Qood  Hope.  Malaga  and  Valencia  are  the  two  great  Spanish 
ports  of  diipment.  Nearly  the  whole  of  the  supply  from  Turk^  a 
shipped  at  Chesm^  and  Vourla,  small  ports  near  Sitnyma,  the  only 
raisins  shipped  at  Smyrna  being  the  small  fine  species  called  soitanaa. 
Chesm^  owes  its  prosperity  entirely  to  this  trade ;  and  the  l^anks  ^ 
down  there  in  the  month  of  October  merely  to  ship  the  fruit  whkk  is 
produced  in  great  abundance  in  the  vicinity. 

Raisins  are  imported  in  drums  of  24  lb.  each,  in  boxes  of  22  lb.  and 
56  lb.,  and  in  casks  of  1  cwt.  and  2^  cwt.  The  import  duty  was 
fixed  in  1860  at  7t.  per  cwt.  In  1869  the  imports  were  658,000  cwl. 
of  currants,  and  429,000  cwt.  of  raisins.  A  sznall  per  oentage  of  th£ 
imports,  however,  is  re-exported,  with  a  drawback  of  duty. 

RAJA  is  a  Sanscrit  word,  signi^ring  king  or  ruler,  and  is  the  same 
word  as  the  Latin  rex,  reg-u.  In  the  ancient  writings  of  the  Hindus 
the  word  is  applied  to  all  the  different  kings  or  princes  of  Hindustan, 
and  the  title  is  stQl  given  to  native  princes. 

RAMA.    [Vishnu.] 

RAMADHA'N,  the  ninth  month  in  the  Arabian  calendar,  and  a  sort 
of  Lent  observed  by  the  Mohammedans,  in  obedience  to  the  express 
command  of  the  Koran.  During  this  month  every  good  Moslem  U 
bound  to  fast  from  the  first  appearance  of  day-break  until  sunset.  He 
must  abstain  from  eating,  drmking,  smoking,  smelling  perfume  and 
all  other  unnecessary  indulgences  or  pleasures  of  a  worldly  nature ; 
even  from  intentionaUy  swallowing  his  spittle.  He  is  allowed  to  bathe 
himself,  but  it  is  on  condition  that  he  is  not  to  plunge  his  head  und«r 
water,  lest  some  drops  should  enter  his  mouth  or  ears.  Some  even 
are  so  scrupulous  that  they  will  not  open  their  mouths  to  speak,  for 
fear  of  breathing  the  air  too  freely.  To  make  amends  for  this  estrane 
rigour,  Moslems  generally  feast  all  night  till  day-break,  though  the 
more  rigid  begin  the  fsst  again  at  midnight.  As  this  Rsmadbdn 
happens  at  different  seasons  of  the  year,  the  fast  is  very  severe  when 
it  fidls  in  summer ;  the  abstinence  from  drinking  being  most  pamfully 
felt.  Persons  who  are  sick,  or  on  a  journey,  and  aoldien  in  tame  of 
war,  are  not  obliged  te  observe  the  fast  during  this  month,  but  then 
the;^  should  fast  an  equal  number  of  days  at  a  future  time.  Fasting  i^ 
also  dispensed  with  in  the  case  of  nurses  and  pregnant  women.  The 
prophet  even  disapproved  of  any  persons  keeping  the  fast  of  Kamadhiin, 
if  not  perfectly  able ;  and  he  desired  no  man  to  observe  it  so  strictly 
as  to  injure  his  health  or  disqualifv  himself  for  necessary  labour, 
which  is  frequently  the  case  among  the  lower  classes  of  people.  The 
reason  given  by  the  Mohammedan  theologians  for  the  month  of 
Rnnadhdn  having  been  fixed  upon  for  this  purpose  is,  that  the  prophet 
received  his  first  revelation  in  that  month ;  others  pretend  that  it  wu 
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chosen  by  Jfohamxaed  from  its  being  generally  spent  l^  the  ancient 
Araha  in  revelry  and  mirth  and  ezoessive  drinking. 

RAMPART,  probably  £rom  Ripa,  an  embankment,  from  which  is 
derived  the  Italian  word  '^Riparoy"  and  the  French  word  "Rempait," 
is,  in  modem  fortification,  a  mass  of  earth  often  nearly  80  feet  thick, 
Btirromiding  a  town  or  a  military  position,  or  constituting  the  faces  of 
on  outwork,  and  supporting  the  parapet ;  and  its  use  is  to  protect  the 
interior  of  the  place  or  work  against  any  sudden  enterprise  of  the 
enemy,  as  weU  as  by  raising  the  parapet  to  give  the  defenders  a 
superiority  of  elevation  with  respect  to  the  works  of  the  besiegera. 

The  ramparts  of  andent  fortresses  were  walls  of  stone  or  brick, 
frequently  from  60  to  100  feet  high  and  20  feet  broad,  including  the 
gaklleries  made  in  them:  round  or  angular  towers  were  formed  at 
intervals  along  the  walls ;  and,  by  means  of  the  galleries,  tiie  defenders 
cx>uld  pass  within  the  thickness  of  the  wall  from  tower  to  tower.    The 
rampart  was  surmounted  by  a  parapet  seven  feet  high  and  two  feet 
thick,  which  was  provided  with  battlements;  the  rampart  was  loop- 
holed,  and,  in  order  that  the  exterior  foot  of  the  high  waU  mig^t  be 
defended,  machicolations  were  formed  at  the  top,  particularly  over  the 
entrances.    [BAsnoir.]    A  great  mass  of  earth  was  raised  against  the 
interior  side  of  the  waUs,  nearly  as  high  as  the  top,  in  places  where 
elevated  ground  or  the  enemy's  works  on  the  exterior  allowed  access 
to  the  top  of  the  wall  to  be  gained  in  force :  and  on  this  mass  the 
cohorts  were  drawn  up  in  ordar  of  battle.    (Yitruvius,  lib.  L,  cap  v.) 
The  modem  rampart  is  surmounted  by  a  parapet  of  earth,  on  the 
interior  side  of  which,  towards  the  town,  is  a  nearly  level  space,  vaiying 
in  breadth  from  85  to  40  feet>  called  the  terreplein  of  tbe  rampart ; 
on  this  terreplein  the  artOleiy  is  placed :  and  m  the  rear  of  the  guns 
there  is  roonmfor  the  movements  of  the  defenders  and  the  conveyance 
of  the  ammunition.    The  exterior  and  interior  sides  of  the  rampart 
are  formed  with  slopes  making  angles  of  about  45  degrees  with  the 
horizon :  or  they  are  retained  ij  revetment^,  or  walls  of  brick  or  stone, 
nearly  upright,  the  exterior  face  of  the  rampart  constituting  the  etcarp 
of  the  ditch  in  front.    The  rampart  immediately  surrounding  a  place 
is  divided,  in  the  direction  of  its  length,  into  parts  making  nlient  or 
re-entering  angles  with  one  'another ;  and  these  parts  constitute  the 
iiBMses  and  flanks  of  the  bastions,  and  the  curtains  which  connect  the 
latter  together.    Not  more  than  80  feet  are  iJlowed  for  the  breadth  of 
the  terrepleios  of  the  ramparts  of  outworks,  measured  from  the  foot  of 
the  parapets,  in  order  that  the  enemy  may  not  be  able  to  form 
hatteries  for  artillery  upon  these  terrepleins.    The  terrepleins  of  all 
ramparts  should  have  a  small  slope  down,  towards  the  interior,  in  order 
that  the  rain-water  mav  not  loago  on  them,  and  that  the  defenders 
near  the  interior  edge  of  the  rampart  may  be  effectually  covered  by  the 
parapet    The  terreplein  and  the  mterior  slope  of  a  rampart,  as  well  as 
the  surface  of  the  parapet,  are  generally  covered  with  turl    A  rampart 
whose  exterior  side  is  of  earui,  or  without  a  revetment  of  brick  or 
stone,  might  be  easily  ascended  by  an  enemy  at  the  time  of  an  assault ; 
and  the  palindes  or  fraizes  which,  in  that  case,  would  be  planted  in  it 
for  the  purpose  of  impeding  the  progress  of  the  enemy,  might  be 
easily  destroyed  by  artillery,  so  that  me  place  would  be  liable  to  be 
carried  by  a  sudden  assault.    It  is  usual  therefore  always  to  have  a 
revetment  either  supporting  the  earth  or  detadud  (see  Rkvktmxnt), 
except  in  cases  where  a  eo^p-eiMnotn  is  rendered  impossible  by  wet 
ditches. 

The  relief,  or  heij^t,  of  a  rampart  is  regulated  by  the  occasional 
necessity  of  employing  a  fire  of  artillery  from  the  rampart,  and,  at  the 
same  time,  a  firo  of  musketry  made  over  the  glacis  ij  men  stoned 
in  the  covered  way  beyond  the  ditch  in  front  of  the  rampart :  for  this 
purpose  a  Une  of  fire  from  the  rampart  should  pass  three  or  four  feet 
above  the  crest  of  the  glacis  in  its  front,  in  order  that  the  wind  of  the 
shot  may  not  injure  the  defenders.  The  relief  of  a  rampart  with  its 
parapet  may,  therefore,  be  thus  determined : — On  a  drawing  repre- 
senting a  vertical  section  of  the  works  let  a  line  be  drawn  from  the 
foot  of  the  glacis,  through  a  point  taken  at  8  or  4  feet  above  the  crest 
of  that  work,  and  let  it  be  produced  till  it  cuts  the  interior  slope  of 
the  parapet  on  the  rampart :  this  intersection  will  give  a  point  in  the 
axis  of  a  gun  placed  on  the  rampart,  or  a  point  a  few  inches  above  the 
sole  of  the  embrasure,  that  is,  about  8^  feet  above  the  terreplein  of 
the  rampart;  and,  because  the  artillexy  and  the  gunners  are  to  be 
protected  by  the  parapet,  if  7i  or  8  feet  be  added  to  the  height  of  the 
terreplein  of  the  rampart,  above  the  ground,  the  sum  will  be  the 
required  height  ef  the  crest  of  the  parapet. 
RANOE.    [GumiEBT;  PBOJEonuEBj 

RANGER  {Xangeatar),  an  ancient  officer  in  the  king's  forests  and 
parks,  appointed  by  patent,  and  enjoying  certain  fees,  perquisites,  and 
other  advantages.  His  duty  was  of  three  kinds:  1,  to  make  daily 
perambulations,  to  see,  hear,  and  inquire  concerning  any  wrong  doings 
in  the  limits  of  his  bailiwick ;  2,  to  recover  any  of  the  beasts  which 
had  strayed  beyond  the  limits  of  the  forest  or  chase ;  and,  8,  to  present 
all  transgressions  at  the  next  forest-court. 

RANSOM,  a  word  common  to  the  French  (ran^n)  and  English 
languages,  the  sense  of  which  is  a  sum  of  money  paid  for  the  redemp- 
tion of  a  captive. 

The  paying  of  ransoms  is  an  event  of  frequent  occurrence  in  the 
middle-age  hiistoxy,  and  indeed  may  be  traced  in  the  history  of  the 
older  nations.  Nothing  j&ppears  on  the  first  view  more  reasonable,  or 
would  more  naturally  arise  out  of  the  relations  of  two  parties  in  a 


state  of  hostility,  than  that  compensation  of  some  kind  should  be  made 
for  the  restoration  of  prisoners,  which  compensation  was  most  easily 
estimated  and  discharged  by  means  of  &e  coomion  medium  of 
exchange.  In  modem  warfare  we  hear  little  of  ransoms.  It  rarely 
happens  that  a  person  is  taken  captive  whom  it  is  of  importance  to 
redeem;  and  when  prisoners  are  to  be  redeemed,  it  is  usually  done  by 
way  of  exchange,  and  those  who  remain  over,  at  the  conclusion  of  a 
war,  are  usually  delivered  up  as  a  part  of  the  concession  of  the  party 
in  whoee  favour  the  difference  is  found  to  be. 

In  the  indentures  of  military  service  in  tiie  middle-age  period,  as  in 
the  wars  of  Henry  V.,  for  instance,  it  was  a  usual  stipulation  that, 
while  the  ransom  of  persons  of  inferior  condition  taken  in  the  war  was 
allowed  to  those  by  whom  they  were  captured,  the  ransom  for  persons 
of  rank  was  to  belong  to  the  king.  • 

The  ransoms  deinanded  for  persons  of  eminence  were  often  vexy 
large  sums  of  money;  so  much  beyond  ^e  power  of  any  family, 
however  great,  to  command  by  the  ordinary  resources,  that  the  persons 
who  held  lands  of  them  were  called  upon  to  contribute  in  proportion 
to  tile  extent  of  land  held.  It  was  one  of  the  three  casual  occasions 
of  expense  when  this  kind  of  extraordinary  aid  was  demanded  as  of 
prescriptive  right  by  the  sovereign,  as  in  the  case  of  Richanl  I.  of 
England,  of  David  Bruce  of  Scotiand,  and  of  John  of  fVance;  the 
other  two  being  on  occasion  of  knighting  the  eldest  son,  and  of 
manrying  the  eldest  dau^ter. 

RANuIiA  is  a  tumour  formed  beneath  the  tongu0,  and  probably 
resulting  from  an  obstmction  of  one  or  more  of  the  ducts  of  the  sub- 
lingual salivary  glands.  The  tumour  is  usually  of  a  rounded  form, 
with  a  smoothpdished  surface  similar  to  that  of  the  adjacent  mucous 
membrane.  When  small,  such  a  tumour  produces  so  little  inconveni- 
ence, that  it  is  usually  not  discovered  till  it  has  existed  for  some  time. 
As  they  increase  in  size  however,  these  growths,  though  seldom 
attended  with  pain,  produce  great  inconvenience,  by  obstructing  all  the 
movements  of  the  tongue.  Thev  usually  burst  when  they  have 
attained  the  size  of  a  wunut,  but  they  sometimes  continue  to  increase 
beyond  this  size,  and  have  been  seen  large  enough  to  contain  a  pint  of 
fluid.  Their  most  usual  contents  are  a  transpar^t  yellowish  viscid 
fluid,  resembling  in  consistence  the  white  of  an  egg ;  sometimes,  how- 
ever, the  materul  within  them  is  much  thicker,  and  sometimes  mixed 
with  portions  of  earthy  matter,  similar  to  the  larger  mamiflB  by  which 
the  salivaxy  ducts  are  occasionally  blocked  up. 

The  treatment  of  Ranula  consists  in  making  a  free  incision  into  the 
front  of  the  tumour,  so  as  to  let  out  all  its  contents.  Means  must  then 
beadopted  to  prevent  the  edges  of  the  wound  from  uniting  again;  and  the 
best  plan  for  this  purpose  is  to  rub  the  surface  of  the  cyst  with  nitrate 
of  silver  (lunar  caustic).  If  the  wound  be  not  prevented  from  unit- 
ing, the  tumour  will  form  again,  and  the  same  proceedings  must  again 
be  adopted  for  its  cure. 

RANZ  DES  VACHES  (' Kuhreihen '  in  German)  is  the  name  of 
certain  simple  melodies  which  are  great  favourites  with  the  moun- 
taineers of  the  Alps  of  Switzerland,  and  which  are  commonly  played 
upon  a  kind  of  long  trumpet  called  the  Alp-horn.  The  sounds  of 
these  tunes,  as  well  as  the  words  which  are  set  to  them,  are  expressive 
of  the  scenes  and  business  of  pestoral  life;  the  hut,  the  roaring 
torrent,  the  bellowing  of  the  cattle,  and  the  tinkling  of  the  bells  which 
are  suspended  from  their  necks;  uid  the  associations  which  they  thus 
recall  to  the  minds  of  the  natives  when  they  are  in  foreign  countries, 
often  produce  that  unconquerable  longing  for  home  which  is  said  to 
have  been  especially  remarked  among  the  Swiss  soldiers  on  foreign 
service ;  for  this  reason,  the  bands  of  the  Swiss  regiments  in  foreign  ser- 
vice were  forbidden  to  play  the  Ranz  des  Vaches.  Theodore  Zwinger, 
of  Basel,  wrote,  m  1710,  a  'Dissertation  on  Nostalgia,'  in  which  he 
gave  the  music  of  the  Kuhreihen  of  Appenzell,  which  is  one  of  the 
oldest^  and  which  was  introduced  into  England  in  the  time  of  Queen 
Anne,  who  had  it  often  played  by  her  band.  The  words  begin  thus : 
"  Wander  yha,  w&nder  yha,  wander  vha^  Lo  . . . .  ba."  Each  of  the 
various  pastoral  districts,  the  Oberland,  the  Emmenthal,  the  EnUibuch, 
the  Appenzell,  the  Gruy^,  has  its  Kuhreihen.  The  western  or 
Romand  districts  of  Switzerland  have  their  Ranz  des  Vaches  in  their 
respective  patois  or  dialects. 

A  collection  of  the  various  Ranz  des  Vaches  and  other  Swiss  airs  has 
been  published :  Sammhtng  von  Sckweiter  Kuhreihen  und  VolhUedem, 
Bern,  1818 ;  and  they  are  included  in  the  AUgemdne  Sehveker  Li^kr- 
bueh,  publiiJied  in  1851. 

RAPE  is  the  having  unlawful  carnal  knowledge  of  a  woman  against 
her  will,  and  is  a  capital  felony.  A  person  under  fourteen  years  of  age 
is  in  law  presumed  to  be  incc^ble  of  perpetrating  this  offence :  this 
presumption  however  is  based  on  physical  grounds  entirely,  so  that 
such  a  person,  by  assisting  others  of  maturer  age,  may  render  himself 
liable  to  the  full  penalty  of  the  law  as  a  principod  in  tne  second  degree. 
In  the  case  of  a  female  under  ten  years  of  age,  whether  the  act  takes 
place  with  or  without  her  consent,  it  is  equally  punishable  as  rape ;  if 
she  be  above  ten  and  under  twelve  years  of  age,  her  consent  reduces 
the  act  to  a  misdemeanor  punishable  by  imprisonment  and  hard 
labour  for  such  term  as  may  be  awarded. 

An  assault  with  intent  to  commit  a  rape  is  a  misdemeanor  punish- 
able bv  imprisonment  for  any  term  not  exceeding  two  years,  and  with 
or  without  hard  labour,  at  the  discrotion  of  the  court  before  which  the 
ofBander  is  convicted.    Upon  a  trial  for  the  capital  offence,  where  the 
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invigorated  with  rich  Hqoid  manure,  such  as  ni^t  0oil  mixed 
watoTp  or  the  draini^gB  from  dunghills,  they  become  eoctiemely  faxxa- 
riant;  and  every  trouble  or  expense  bestowed  upon  tAtcm  is  aiaplj 
repaid.  The  diHerence  between  a  crop  partially  negleoted  and 
carefully  cultivated  often  exceeds  fifty  per  cent. 

Inhere  is  not  inuch  difference  between  the  value  of  eolsa  sod. 
seed  (called  wikvdJU  in  French) ;  but  the  latter  produoea  leas. 
the  rape  is  tranylaaited  before  winter,  it  is  muoh  more 
than  when  sown  xa  luring.  In  the  latter  oaae  it  prodooea 
same  year.  It  is  sown  in  drills,  and  thinned  out  by  tlia  hoe»  and  in 
&fvourable  seasons  a  tolerable  cxop  is  obtainecU  Vt  is  gpsBflCaUy  9am^ 
on  land  which  could  not  be  brought  into  4  proper  tilth  after  harvest  aad 
which  would  require  the  frost  of  winter  to  meUow  it. 

Qreat  crops  of  cole-seed  snd  rape  have  been  produced  in  the  &sie  of 
Lincolnshire  and  the  alluvial  soils  in  Essex,  by  -iDerefy  panss  snd 
burning  the  sulfas  and  ploughing  in  the  sshes;  and  these  cn^ 
alternating  with  oats,  have  in  many  instsnoes  so  e^hanetpd  the  soil  sa 
to  cause  a  great  prejudice  against  Uiem  in  the  minde  o£  the  landkoda. 
Kany  leases  have  a  dauae  prohibiting  their  cultivaAioay  eseept  to  be 
eaten  green  by  sheep.  The  principal  oaase,however,  of  the  diminitfifle 
of  this  crop  in  England  is  the  inferior  price  obtained  lor  the  aeed  wha 
compared  with  wheat,  whioh  can  be  xsaaad  on  the  same  land,  aad  tf  a 
more  certain  crop. 

The  rape  and  colza  ripen  their  seed  very  unequally.  Tbsl^wcrpodi 
are  ready  to  burst  before  those  at  top  are  f ulL'  If  the  sesaon  Is  wet 
at  harvest,  much  of  the  seed  is  lost ;  and,  without  ijieat  attenfiim, 
some  loss  is  sustained  in  the  most  faveurable  seaeons.  It  sboold  be 
cut  when  the  dew  is  on  it,  and  moved  as  little  as  paesible  If  the 
weather  permits,  it  is  threshed  oat  on  a  cloth  in  tho  Md,  and  as 
many  threshers  sre  emj^oyed  as  can  be  conveniently  coBectrf,  that 
no  tmie  may  be  lost,  when  the  weather  is  fair.  The  seed  k  sfread 
out  on  the  floor  of  a  granazy  that  it  may  not  heat»  end  is  tazaed 
over  frequently.  It  is  then  sold  to  the  crushers,  who  e^e^eaa  the  o£L 
The  pods  and  small  branches  broken  off  in  threahipg  are  BKoch  rdiihed 
by  cattle.  This  crop  returns  little  to  the  land,  and  is  of  itsdf  vtsy 
exhausting,  l^ot  so,  however,  is  the  rape,  when  sovm  aa  food  £cr 
sheep.  It  is,  on  the  oontraiy,  a  valuable  substitute  lor  tumi^ie,  npoe 
land  which  is  too  wet  and  heavy  for  this  root.  The  Atisn'en  cCctmbs 
is  more  succulent  than  the  JBramica  ncgpui.    Its  stemia  not  eo  hard. 


evidence  is 
meaner. 

RAPE.  This  plant,  which  is  of  the  cabbage  tribe,  is  cultivated 
like  cole,  or  colza,  for  ihe  sake  of  its  seeds,  from  which  oil  is  extracted 
by  grinding  and  pressure.  It  is  also  extensively  cultivated  in  England 
for  the  succulent  food  which  its  thick  and  fleshy  stem  and  leaves 
supply  to  sheep  when  other  fodder  is  scarce. 

The  mode  of  cultivation  of  the  colsa  and  rape  for  seed  is  nearly  the 
same.  The  colza  takes  a  longer  time  to  come  to  maturity,  and 
produces  more  seed.  The  rape  grows  on  less  fertile  soUs^  and  may  be 
sown  in  spring  as  well  as  iii  autumn.  Both  are  hardy^snd  resist  the 
winter's  frost. 

The  oolza  (Brtudea  olercuea,  or  eampetiru)  is  a  plant  which  grows 
with  a  strong  branching  stem,  3  or  4  feet  highj  and  requires  room  to 
spread ;  and  as  cultivated  in  Belgium  the  pliuits  are  raised  in  a  seed- 
bed,  and  transplanted  when  they  nave  acquired  a  certain  size.  When 
rape  (Brasgiea  napua)  is  cultivated  for  the  seed,  it  is  treated  in  the 
same  manner ;  one  desoription  will  therefore  serve  lor  both. 

The  seed-bed,  where  the  cultivation  is.  on  a  small  scale,  is  usually 
prepared  by  digging  or  trenching  with  the  spa<&,  in  a  good  loamy  soil, 
neither  too  sandy  nor  too  wet.  A  large  proportion  of  rotten  dung  is 
spread  evenly  over  it,  and  dug  in  six  inches  deep,  and  the  surface  is 
raked  fine.  The  seed  is  sown  broad-cast  or  ht  dnll ;  the  latter  is  the 
best  method :  it  is  then  slightly  covered  with  the  rake ;  and  if  the 
ground  will  allow  of  it,  without  risk  of  its  being  bound  too  hard  in 
case  of  dry  weather,  it  is  well  rolled  or  trod  with  the  feet.  The  seed 
must  not  be  sown  too  thick ;  and  the  plants,  as  soon  as  they  have  six 
leaves,  must  be  thinned  to  a  distance  of  four  or Xfive  jsiehes  in  the 
rowB^  which  will  make  them  stronger  and  better  furnished  with  roots. 
One  acre  of  seed-bed  will  furmsh  plants  for  ten  acres  or  more.  The 
seed  is  sown  in  July  or  August,  that  the  plants  may  not  run  to  seed 
the  same  year,  which  they  are  apt  to  do  if  sown  early;  and  they  are 
transplanted  in  September  or  October,  on  land  which  has  already 
borne  a  profitable  crop.  As  this  crop  is  a  substitute  for  a  fallow  on 
rich  heaT7  land,  too  much  pains  cannot  be  taken  to  keep  it  free  from 
weeds.  Winter  barley,  and  rye,  which  are  reaped  early  in  July,  are 
very  proper  crops  to  be  succeeded  by  rape  or  odza.  The  stubble 
should  be  ploughed  two  or  three  times,  to  pulverise  and  dean  it.  A 
good  coat  of  rotten  dung  should  be  put  on,  and  the  land  ploughed 
in  ridges,  as  for  turnips :  the  plants  should  be  put  in  on  the  ridges  ten 
inches  apartw  It  requires  great  care  in  taking  them  up  not  to  break 
the  fibres  of  the  roots :  they  should  be  raised  with  a  fork,  and  placed 
gently,  with  the  fine  earth  adhering  to  them,  in  flat  baskets,  and  in  a 
slantmg  position,  so  that  the  tope  may  be  upwards.  In  planting,  the 
holes  d[iould  be  made  with  a  large  thick  dibble^  that  the  plants  may  be 

introduced  without  doubling  up  the  principal  roots  or  breaking  the       ^  ^  • 

fibres.    The  earth  should  he  pressed  to  the  root  by  a  short  dibble,  I  excellent  food  till^it  begins  to  be  in  flower,  when  it 
inserted  to  the  right  or  left  of  the  hole  made  by  the  first  dibble ;  or,    diatel^  be  ploughed  up.    The  ground  will  be  found  gEvstlr  rectuiied 
_vs^t-  i- t.xx__._  _^i»__.i_     »..t     1     ,,  ,  ,      ..,  ,         by  this  crop,  which  has  taken  nothing  from  it  and  has  added  raoch 


and  the  soft  pith  which  it  contains  is  much  relished  by  ei 
of  live-stock.  To  have  it^  in  perfection,  the  land  should  be  nnpared 
and  manured  as  for  turnips.  The  rape  should  be  sown  in  drills  tsa 
inches  apart,  in  June,  July,  or  August  It  will  be  fit  for  [eomsamptisa 
before  winter,  during  wint^,  or  after  winter,  according  to  the  period  of 
its  seedtime.  In  the}last  case,  in  the  end  of  March  and  beguuiing  of 
April  it  will  be  a  great  help  to  the  ewes  snd  lambs.    It  will 


which  is  better  in  stiff  soils,  a  hole  should  be  made  with  a  narrow  hoe 
of  sufficient  depth  to  allow  the  plant  to  be  placed  in  it,  and  another 
hoe  should  follow  to  draw  the  earth  to  the  plant.  Thus  two  men  with 
^oes,  and  one  woman,  will  plant  a  row  more  rapidly  than  oould  be 
done  any  other  way;  the  man  who  fills  up  the  hoks  places  his 
loot  by  the  side  of  each  plant  as  he  goes  on,  to  press  the  earth  to  the 
roots. 

An  expeditious  mode  of  planting  rape  ib  used  in  Fknderft  A  spade 
ten  inches  wide  is  pushed  vertically  into  the  ground,  and,  by  drawmg 
the  handle  towards  his  body,  the  labourer  makes  a  wedge-like  opening ; 
a  woman  inserts  a  plant  in  each  side  in  Ihis  openmg,  and  when  the 
man  removes  the  spade,  the  earth  falk  back  against  the  plants.  The 
woman  puts  her  foot  between  the  two  plants,  aad  they  are  then  fixed 
in  their  places.  In  this  operation  the  man  moves  backwards ;  and  the 
woman,  who  puts  in  the  plants,  forward.  Instead  ol  the  spade,  an 
instrument  is  also  used  called  a  pkuUoir.  It  consists  of  two  sfadurp- 
pointed  stakes  a  foot  or  more  apart,  eonnected  by  aerosfr'handle  at  top, 
and  a  bar  at  about  eig^t  or  ten  inches  from  the  pc^ts.  The  instru- 
ment k  pressed  into  the  ground  by  the  handles,  assisted  by  ihe  loot 
placed  on  the  lower  bar,  and  makes  two  holes,  a  foot  apart,  into  which 
the  plants  are  placed,  and  earthed  round  as^beEora.  This  is  d<me  when 
the  land  has  not  been  laid  up  into  high  ridges. 

When  a  laige  field  is  to  be  pbnted,  a  more  expeditious  mode  is 
adopted ;  and  this  is  the  most  usual  practice  in  Holland  and  Qermany. 
The  land  having  been  prepared,  and  the  manure  well  incorporated,  a 
deep  furrow  is  drawn  with  the  plough ;  women  follow  with  badcets  of 
plMits,  which  they  set,  a  foot  apart,  slanting  against  the  furrow  slice. 
When  the  plough  retums,  the  earth  is  th^wn  sgainst  these  plants ; 
and  a  man  or  woman  follows,  who,  with  the  foot,  presses  the  earth 
down  upon  the  roots.  Sometimes  phmts  are  put  into  each  furrow, 
which  IS  then  ten  inches  or  more  wide ;  but  the  best  cultivators  put 
them  onlyin  every  alternate  furrow.  In  this  case  also  there  are  no 
ridges.  The  season  of  the  ymr  affords  sufficient  moisture  in  the  north 
of  Europe  to  ensure  the  growth  of  the  plants ;  and  if  they  have  escaped 
the  fly  in  the  seed-bed,  they  are  now  tolerably  safe.  No  further  atten- 
tion is  requisite  tin  spring.  The  weeds  are  then  carefully  extirpated 
by  hand  and  hoe ;  and  where  the  distance  of  the  plants  admits  of  it, 
the  light  plough  stirs  the  ground  between  the  rows,  tiirowing  the  earth 
towards  the  stems,  yet  so  as  to  leave  each  plant  in  a  litUe  badn  to 
catch  the  water  and  conduct  it  to  the  roots*    When  the  plants  are 


by  the  dung  and  urine  of  the  sheep.  Whatever  be  the  awiwwfing 
crop,it  cannot  fail  to  be  productive;  and  if  the  land  is  not  ^ssOyibe 
farmer  must  not  have  n^ected  the  doubke  opportunity  of  deatic^fing 
weeds  in  the  preceding  summer  and  in  the  early  part  of  sfiris^  If 
the  rape  is  fed  off  in  time,  it  may  be  suoceeded  hy  barley  or  oats  with 
clover  or  grass  seeds,  or  potatoes^  if  the  soil  is  not  too  wet.  fFfans,  no 
crop  will  be  lost,  and  the  rape  will  have  been  a  dear  additimi  to  the 
;at)duce  of  the  land.  Any  crop  which  is  taken  off.  the  land  in  a  men 
state,  especially  if  it  be  fed  off  with  sheep,  mav  be  repeated,  wiSioii& 
risk  of  niilure,  provided  the  land  be  properly  tilled;  bat  whore  cole  cr 
rape  have  produced  seed,  they  cannot  be  profitably  sown  in  less  than 
are  or  mx  years  after  on  the  same  land. 

When  the  oil  has  been  pressed  out  from  the  seed,  the  residue  (which 
oontains  a  portion  of  stuch  and  mucilage  not  changed  into  ml)  and 
the  husk  of  the  seed  form  a  hard  cake  known  by  the  name  of  n^tenoake. 
This  has  been  long  used  on  the  Continent,  and  has  late^  in  this 
country  been  used,  to  feed  cows  and  pigs  witii,  as  we  use  the  linaeed- 
cakes :  but  it  is  also  much  used  as  a  rich  manure,  and  for  this  puipoee 
it  is  imported  in  large  quantities.  When  xuie-cake  is  pooJid  to  a 
powder  and  drilled  with  the  seed  on  poor  hg^it  lands,  it  mapp&BB 
nourishment  to  the  young  plants,  and  greatly  accelerates  thor  gprowth ; 
but  if  it  be  added  in  a  large  proportion  m  immediate  oontaot  with  the 
seed,  on  heavy  impervious  soils,  it  often  undergoes  the  pntiid  fer- 
mentation, which  it  communicates  to  the  seed  sown,  snd,  instead  of 
nourishing,  destroys  it.  In  this  case  it  is  useful  to  mix  it  with  sonae 
dry  porous  earth  or  with  ashes,  which  will  prevent  the  too  tmgid 
decomposition.  Dissolved  in  wKfcer  snd  mixed  with  urina,  it  forms 
one  of  the  mofit  efficacious  of  artificial  licniid  manures.  Hoioe  it  is 
probable  that  4he  most  advantageous  mode^  of  using  it  on  the  land, 
after  it  has  becm  dissolved  in  the  urine-tank,  is  to  apphr  it  by  means  of 
a  water-cart  to  the  rows  where  the  seed  has  been  aheady  diilled»  or 
some  time  be:'core  it  is  put  in.  Where  flax  is  to  be  sown,  uis  mixtore 
applied  a  few  days  before  the  seed  is  sown,  so  as  to  allow  it  to  sank 
into  the  soil„  is  considered  in  Flanders  as  next  in  value  to  the  empty- 
ings of  privies,  which  with  them  hold  the  first  rank,  for  producing 
fine  crops  of  flax.  When  a  crop  appears  sickly,  and  not  grovring  as 
it  diould  do,  owing  to  poverty  in  the  soil,  a  top-dressing  of  rape-cakd 
dissolved  in,  water,  if  no  urine  is  at  hand,  will  in  genenl  esdte  the 
powers  of  r^getation;  and  it  is  highly  probable  that  it  may  gmt^ 
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aasist  the  effects  of  aU^Mtro  or  of  xufcnite  of  soda,  where  theee  ialts  are 
{■pp)ied.  The  cultivatMii  ol  npe  or  cole  for  spring  food  cannot  be  too 
strongly  recommended  to  the  farmers  of  heavy  day  8oi]s. 

RAPE-SEED.  The  Brottka  iMymt,  the  phnt  whkA  praduces  the 
T&peeeed,  and  which  k  of  the  cabbage  tribe,  is  ecdtivaited  like  Cole,  or 
Colsa  {Bramca  napiia  woMva),  for  the  eilca  ol  its  seeds,  from  which  oil 
ia  extracted  by  gnidkog  and  pressure.  It  isalso  extsBstvely  cultivated 
in  England  for  the  snocoient  food  wfakh  its  tildek  and  ieefay  stem  and 
leoiTcs  supply  to  sheep  when  other  fodder  is  scarce.  The  mode  of 
oultivation  of  the  cow  and  npe  lor  seed  is  neariy  the  same.  The 
eolaa  takes  a  longer  time  to  come  to  maturity,  and  produces  more  seed. 
The  mpe  grows  on  less  fertile  boUs,  and  may  be  sown  in  spring  as  well 
as  in  autumn.    Both  are  hardy,  and  resist  the  winter's  frost. 

The  rape  seed  imported  in  the  yesr^  1857-8-9  averaged  288,000  qre. 
per  annum:  it  is  admitted  free  of  duty. 

R AREFACfFEON  is  aa  aogmentatioo  of  the  intervals  between  the 
IMurtddes  ol  aeriform  Ainds,  so  that  the  same  number  of  parUclee  are 
made  to  occupy  a  vohmie  greater  than  that  imder  ^vhich  they  were 
previously  contained.  The  term  is  used  in  opposition  to  cottdensd- 
Hon,  and  in  the  ssme  sense  as  dUataiion,  whi<^  last  is  applied  both 
to  fluids  and  solids.  Barefaetion  or  dilatation  is  caused  by  a  repulsive 
power  eziBting  either  in  the  particles  of  bodies  or  in  those  of  the 
caloric  between  them,  by  which  power  the  particles  are  made  to 
recede  from  one  another  when  not  prevented  by  some  external  resist- 
anoe.    [AvTBAonoK.] 

The  experiments  of  I^Tolaier  and  Laplace  have  shown  that,  between 
the  temperstures  of  freering  and  of  boiling  water,  ihe  dilatations  of 
all  metals  and  of  the  fluids  called  non-elastSc  are  constantly  propor* 
tional  to  the  increments  of  temperature ;  but  1>eyond  the  temperature 
of  boiling  water  the  experiments  of  Dulong  and  Petit  indicate  that 
tiie  dilatations  increase  in  a  higher  ratio.  A  remarkable  circumstaace  is 
observed  in  the  state  of  water  when  near  congelation.  On  being 
cooled  to  a  temperature  of  about  88°*8  of  ¥Uir.,  its  volume  remaiiiB 
Btatiooaiy  through  a  small  range,  and  in  this  state  water  seems  to  have 
attained  its  maximwmof  dmtUy  ;  for,  on  continuing  the  cooISnff  pro- 
cess, the  water  begins  to  expand,  and  it  continues  to  do  so  unw  it  is 
converted  into  ice.  In  fact,  just  be^ne  water  freeases  it  occupies  a 
space  as  great  as  it  did  at  48°.  If  water  at89*'-2  be  taken  as  1,  at  82° 
its  den8ity=0*99988. 

From  the  experiments  of  M«  Oay-Lussac  and  Dr.  Dalton  it  has 
been  ascertained  that»  under  equal  external  pressures,  the  rarefactions 
of  all  dry  gases  and  of  the  aeriform  substances  produced  by  the  evapo- 
ration  of  Squids  are  equal  at  equal  temperatures,  between  the  points 
of  freesEJng  and  boiling  water,  and  that  they  vary  in  volume  propor- 
tionally to  the  increments  of  heat  ^pressed  by  the  expansions  of 
mercury  in  the  thermometer.    [Ajb  ;  ak^r ;  Gas  ;  PirEnMATios.]t 

The  density  or  dosenees  of  the  aerial  partidee  in  any  given  portion 
of  the  atmosphere  depends  on  the  pressure  or  wddlit  of  the  column 
of  air  above  the  given  point ;  and  by  the  law  of  Soyle  or  Mariotte, 
wiiatever  be  the  temperature,  |»ovided  it  be  constant,  the  density  is 
proportional  to  the  pressure;  or,  conversely,  the  rarefaction  is 
isTerselT  iroportionai  to  the  pressure.  It  has  been  proved  irPNXU- 
MATicsJ  that  the  densities  of  the  strata  of  air  decrease  upwards  in  a 
geometncal  progression  when  the  altitudes  of  the  strata  increase  by 
eqoal  increments;  and  this  is  equivalent  to  saying  that  the  rare- 
factions of  the  air  at  such  altitudes  increase  in  a  geometrical  progres- 
flion.    Now  if  A  be  any  point  on  the  surface  of  the  earth,  and  c  any 

pomt  above  it,  the  formuU  Ai>{)n  fathoms):^  10670  x  log.  ^^^yji± 

detmtjf  Ql  Q 
[Pksuxatics],  will  afibrd  the  means  iA  computing  thejraiefaotion  of 
the  air  at  any  point  c,  when  its  height  above  a  is  given.  But  il  ths 
density  at  a  be  considered  as  unity  (the  temperatura  being=^*')  thft 
equation  may  be  transformed  into 
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log.    3^. P=l^ ra«/aclw» at c. 


in  whichf  substituting  for  a  0  any  given  value  in  MN^mff^  the  lara- 
faction  may  be  found.  For  example,  let  a  o»3212  Cathoms  (8^6 
miliBB);  then  the  second  member  of  the  oquatioo  wiU  become  '80108 
(=log.  2),  which  shows'that  at  the  height  of  about «| miles  the  rare- 
faction of  the  atmosphere  is  twice  as  great  as  at  the  surface  of  the 
earth ;  and  by  forming  the  progression  of  heights^ 

0    ,    8-65    ,    7-8    ,    U-6,  &c.  in  miles, 

we  have  for  the  corresponding  rarefactions — 

1,2,4,    8,*e. 

For  the  rarefaction  of  the  air.  in  an  air-pump,  after  any  number  of 
sta-okes  of  the  piston,  see  Aib-Pump. 

The  limits  to  which  rarefaction  may  be  carried  are  unknown,  but 
the  experiments  of  Mr.  Boyle  and  others  haye  proved  that,  by  simply 
removmg  the  external  pressure,  air  may  be  so  rarified  that  a  given 
Tolnme  of  the  same  density  as  at  the  surface  of  the  earth  will  occupy 
a  volume  more  than  18,000  thnes  as  great  It  has  been  however  dis- 
covered that  atTcry  high  degrees  of  rarefaction  the  elastidty  of  the 
air  decreases  in  a  higher  ratio  than  the  density ;  and  this  may 
serve  to  prr/ve  that  rarefaction  cannot  take  place  to  an  infinite 
extent.   [Atmorph»<k.] 


RASP.    fFiLE  Manufacture.] 

RASPBH^RY.  The  species  from  which  the  cultivated  varieties  of 
this  fruit  have  been  'derived  is  the  Mubtu  IdcBua,  a  native  of  Britain 
and  also  of  various  other  parts  of  Europe.  The  wide  dispwsion  of 
the  q>edes  is  easily  accounted  for  from  tne  fact  of  its  seeds  resisting 
the  powers  of  digestion  in  an  eminent  degree. 

For  a  selection,  the  following  varieties  may  be  enumerated  : — ^Red 
Antwerp,  Ydlow  Antwerp,  Bamet,  Double  Bearing,  and  Wilmot's  early 
Red. 

Hie  best  soil  for  raspberries  is  a  light  rich  loam.*  They  will  thrive  wdl 
in  sandy  jpeat,  provided  it  is  not  too  dry.  In  all  cases  the  ground  for 
aplantation  diould  be  wdl  trenched  and  manured  previous  to  planting. 
The  plants  from  suckers,  of  which  there  are  generally  abundance, 
should  be  planted  in  rows  five  or  six  feet  apart,  and  four  feet  from 
plant  to  plant  in  the  row.  When  planted  they  should  be  cut  to  within 
six  inches  of  the  ground ;  for  although  this  is  not  absolutdy  essen- 
tial, yet  by  so  doing  the  shoots  for  tiie  following  season  are  greatly 
strengthened. 

Pruning  should  be  performed  in  autumn.  It  consists  in  first 
clearing  off  all  dead  portions,  and  retaining  only  from  four  to  six 
of  the  strongest  summer  shoots  of  each  plant,  whidi  should  be 
riiortened  according  to  their  strength,  generally  at  a  bend,  which 
indicates  where  the  shoot  becomes  weak,  near  the  extremity.  In  the 
following  summer  the  rAioots  just  menticmed  bear  the  fruit,  whilst 
others  spring  up  at  thdr  base  for  a  succession ;  and  in  all  cases  succes- 
sion shoots  should  be  disposed  so  as  ndther  to  crowd  the  fruiting 
portion  nor  each  other.  Stakes  should  be  driven  for  the  support  of  the 
plants,  to  which  they  should  be  loosdy  bound. 

The  ground  of  a  raspberry  plantation  should  be  kept  loose  and  sup- 
plied with  well-rotted  manure,  but  in  so  doing  a  fork  should  be  used 
m  preference  to  a  spade,  in  order  to  preserve  the  roots  as  much  as 
possible,  and  the  roots  should  not  be  at  all  disturbed  after  active  vege- 
tation takes  place  in  spring.  KDtwithstanding  the  best  management 
in  these  respects,  it  becomes  adviseable  to  nu^e  a  new  plantation  in 
fresh  soil  after  four  or  five  years ;  for  the  roots  dififuse  themsdves  so 
thorouf^y  in  every  portion  of  the  soil  near  the  stools,  that  it  soon 
becomes  exhausted. 

The  fruit  of  the  raspberry  is  extensively  used  in  a  variety  of  ways, 
both  by  the  cook  and  the  confectioner,  and  also  in  the  preparation  of 
cordial  spirituous  liquors. 

RATAFIA  is  a  liqueur  prepared  by  flavouring  sweetened  spirit 
with  various  kinds  of  fruit.  There  are  many  varieties,  generally 
named  after  the  fruit  which  is  employed :  JicUaJla  de  Camo  has 
cherries;  Raiafia  de  Curofoa  has  the  peels  of  Portugal  oranges; 
Ratafia  cT  Angdique  has  Angelica  seeds ;  JRatafia  d^Anit  has  aniseed; 
and  so  on.  There  are  ratafias  not  only  of  fruits  but  of  seeds,  berries, 
flowers,  balsams,  and  other  vegetable  products.  There  are  raUfias,  for 
instance,  of  cherries,  quinces,  raspberrr,  juniper,  vralnuts,  peach  and 
apricot  kernels,  cofiee,  cocoa,  clovepinxs,  Seville  orange  ped,  orange 
flowers,  violets,  Tolu  balsam,  &c.  All  these  ratafias  have  spioe  and 
sugar  added  to  them.  The  French  liqueurists  are  skilled  in  this  as  in 
most  other  branches  of  delicate  distillation  and  making  of  essences. 
Many  English  processes  of  this  kind  come  under  the  name  of  rectifying, 
ss  described  under  Distilleby. 

RATE,  an  assessment  levied  upon  property.  Bates  are  of  various 
kinds,  and  are  denominated  with  reference  to  the  objects  to  which 
they  are  applied. 

OEurch-rates  are  payable  by  the  parishioners  and  occupiers  of  the 
land  within  a  parish,  for  the  purpose  of  repairing,  maintaining,  and 
restoring  the  body  of  the  church  and  the  belfry,  the  churchyard  fence, 
the  bdls,  seats,  and  ornaments,  and  of  defraying  the  expenses  attend- 
ing the  service  of  the  church.  The  dul^  of  repairing  and  rebuilding 
the  chancel  devolves  on  the  rector,  or  vicar,  or  both  together,  in  pro> 
portion  to  their  benefice,  where  there  are  both  in  the  same  church. 
But  by  custom  the  parishioneES  may  be  Uable  to  repair  the  chancel ; 
and  in  London  there  is  a  general  custom  to  that  efieii^  Church-rate 
exists  in  England  by  virtue  of  the  common  law ;  nothing  is  known  as 
to  its  commencement  or  introduction. 

In  ihe  early  church  there  appears  to  have  been  a  division  of  the 
tithes — dther  tripartite,  one  portion  to  the  deigy,  one  to  repairs  of 
the  church,  and  one  to  the  poor;  or  quadripartite,  one  to  the  bishop, 
the  other  wree  to  the  dergy,  the  church,  and  the  poor.  At  that  time 
the  biishop  redded  at  the  cathedral  church,  together  with  his  dergy, 
and  on  bim  devolved  the  duty  of  repairing  the  church,  caring  for  the 
poor,  and  supplying  ecdesiastical  ministiy.  It  was  then  the  duty  of 
every  Christian  man  to  pay  to  the  bishop  not  only  the  decime,  or 
tithes,  but  also  the  eccleaisa  census,  church-scot,  and  the  nummus 
eleemosynarius  (alms  money).  The  object  to  which  church-scot  was 
devoted  is  not  known;  but  church-rates,  or  something  equivalent, 
certainly  appear  to  have  been  in  existence  as  a  payment  by  the  laity, 
independent  of  tithes,  in  the  time  of  Canute,  whose  6drd  law,  **  de  fano 
reficiendo,^  states  that  all  persons  ought  of  right  to  contribute  to  tho 
repair  of  churches. 

Church-rates  are  imposed  by  the  parishioners  themsdves  at  a  meet- 
ing summoned  by  the  diurchwardens  for  that  purpose,  and  a  man- 
damus  is  grantable  to  compel  such  meeting  to  be  held.  If  the  parish 
fan  to  meet,  the  churchwardens  may  impose  a  rate,  but  if  the  meeting 
should  assemble,  it  rests  with  the  parishioners  themsdves  to  determine 
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the  amount  of  the  rate ;  and  they  have  authority  to  negative  the 
imposition  of  a  rate  altogether ;  the  only  mode  of  compelling  them  to 
impose  a  rate  being  by  ecdesiiiBtical  censures  and  laying  ti^e  pariah 
under  interdict.  The  existing  poor-rate  of  the  parish  is  gexierally 
taken  as  the  criterion  for  the  imposition  of  the  chiurch-rate.  All  pro- 
perty in  the  parish  is  liable  except  the  glebe-land  of  that  pa^;ish  and 
the  possessions  of  the  crown.  The  ecclesiastical  courts  have  the  exdu- 
sive  authority  of  deciding  on  the  validity  of  a  rate,  and  tiie  liability  of 
a  party  to  pay  it;  but  a  rate-payer  cannot  by  an  original  proceeding  in 
those  courts  raise  objections  to  a  rate  for  the  purpose  of  quashing  it 
altogether.  If  he  widies  to  dispute  it,  he  oug^t  to  attend  at  the  vestry, 
and  there  state  his  objections;  if  they  are  not  removed,  he  may  enter 
a  caveat  against  the  confirmation  of  the  rate,  or  refuse  to  pay  his 
assessment.  In  the  latter  case,  if  proceeded  agunst  in  the  eodeaastical 
court,  he  may  in  his  defence  show  either  that  the  rate  is  generally 
invalid,  or  that  he  ia  unfairly  assessed.  The  consequence  of  entering  a 
caveat  is  an  appeal  to  the  ecclesiastical  judge,  Vho  will  see  that  right 
is  done.  Previously  to  53  Geo.  III.,  c  127,  tiie  only  mode  of  recover- 
ing church-rates  from  parties  refunng  to  pay  was  by  suit  in  the  eccle- 
siastical court  for  subtnction  of  rate.  By  that  statute,  where  the  sum 
to  be  recovered  is  under  10Z.,and  there  is  no  question  as  to  the  validity 
of  the  rate,  or  the  liability  of  the  party  assessed,  any  jiutice  of  the 
county  where  the  church  is  situated  may,  on  conmlaint  of  the  church- 
warden, inquire  into  the  merits  of  the  case,  and  order  the  payment. 
Against  his  decision  there  is  an  appeal  to  the  quarter-sessions.  As  to 
other  rates,  see  Sewebs  ;  Shibe  ;  Wat. 

(Lyndwood;  John  de  Athon:  Selden's  ffutory  of  TUhet;  Gibson's 
Codex ;  Bum*s  EedetiaaUeeU Law;  Rogers's  SccUaaitieal  Law,  1840.) 

RATIO.  One  of  the  most  frequent  mathematical  terms  has  no 
other  name  in  oiu-  language  than  a  Latin  word  which  is  but  a  bad 
translation  from  the  Greek  of  Euclid.  The  older  "Rngliuli  writers 
introduced  the  word  reoion,  as  a  translation  of  ratio,  which  comjdeted 
the  confusion ;  for  it  is  easier  to  attach  any  meaning  we  please  to 
a  word  in  a  dead  language  than  to  the  literal  tranmtion  of  it  in 
our  own. 

The  word  ratio  is  the  translation  of  \Syos,  as  used  in  the  third 
definition  of  the  fifth  book  of  Euclid,  which  is  Aiyos  iwrl  8^  /iryctfdy 
biuytvmv  71  Ktera  vri\uc&nrra  wp^s  (UAifAa  Jtoih  (rx*^»»  This  has  been 
translated  by  English  writen,  "  Ratio  is  a  mutual  habitude  of  two 
magnitudes  of  the  same  kind  with  respect  to  quantity."  By  Gregory, 
in  his  translation  which  accompanies  the  Greek, "Ratio  est  duarum 
magnitudinum  ejusdem  generis  secundum  guantupUcitatem  mutua 
quffidam  habitude." 

The  common  translation  is  immeaning;  and  it  will  be  worth  while 
to  offer  some  remarks  on  the  probable  meaning  of  Euclid.  In  the  first 
place,  let  it  be  observed  that  he  never  attempts  this  vague  sort  of 
definition  except  when,  dealing  with  a  well-known  term  of  common  life, 
he  wishes  to  bring  it  into  geometry  with  something  like  an  expressed 
meaning,  which  may  aid  the  conception  of  the  thing,  even  though  it 
does  not  furnish  a  perfect  criterion.  Thus,  when  in  speaking  of  a 
straigh  ine,  he  says  that  it  is  the  line  which  lies  evenly  \4^Urw  kmoi) 
between  its  extreme  points,  he  merely  calls  the  readers  attention  to 
the  weU  known  term  ffM«7a  ypof^xfi,  tries  how  far  he  can  present  the 
conception  which  accompanies  it  in  other  words,  and  trusts  for  the 
correct  use  of  the  term  to  the  axioms  whidi  the  universal  conception 
of  a  straight  line  makes  self-evident.  Let  us  suppose  him  doing  the 
same  thing  here,  and  we  shall  find  that  the  definition  before  us,  con- 
sidered with  reference  to  the  place  it  is  in,  and  the  subsequent  purpose 
which  it  serves,  is  as  dear  as  Uie  translation  of  it  is  confused. 

The  term  Xirfos  contains  (Ac7,  A07),  a  root  the  original  meaning  of 
which  seems  to  have  contained  the  idea  of  collection  or  bringing  togetiier. 
It  is  certain  however  that  the  seoondazy  sense  which  it  Stained  in 
common  usage  was  that  of  spealdng;  so  that  the  first  sense  in  which  A^t 
appeara  in  writings  is  that  of  speech.  Subsequentiy,  speech  being  the  dis- 
tmctive  character  of  reasoning  beings,  and  their  mode  of  communication, 
the  word  was  applied  to  every  sort  of  communication,  not  only  with 
reference  to  the  mode  of  communication,  but  also  to  its  subject;  thus 
explanation,  defence^  apology,  teaching,  assignment  of  cause  or  reason, 
&c,  are  among  the  reco^pused  uses  of  tibe  word.  The  Latin  tnnslaton 
have  taken  the  geometrical  word  as  being  properly  translated  by  raJtio, 
a  word  which  may  veiy  well  signify  the  technics^  meaning  of  A^f , 
but  has  no  reference  to  its  primary  meaning.  For  ratio,  in  its 
primitive  sense,  means  rather  computation  or  reckoning  than  reason. 

But  what  has  speech  to  do  with  the  sense  of  ratio  in  geometry  ?  Robert 
Recorde  answen  this  question  [Numeration],  when  he  reduces  his 
pupil  to  silence  by  forbidding  him  the  use  of  number,  and  asking  him 
questions.  Numben  are  but  certain  ratios,  and  ratio  is  a  generalised 
idea  of  number.  Our  gift  of  speech  with  reference  to  magnitudes 
would  be  altogether  annihilated  if  we  did  not  eonsider  a  certain  habi- 
tude or  mode  of  existence  which  they  have,  or  more  correotiy  a  certain 
conception  of  our  own,  which  always  accompanies  the  presence  of 
two  magnitudes,  and  prompts  us  to  inquire  how  many  times  one  is 
contained  in  the  other.  A  foot  being  Imown,  speech  can  carry  a 
correct  knowledge  of  other  lengths  all  over  the  world ;  but  let  it  be 
attempted  to  describe  a  foot  in  words  without  reference  itark  ini\iK6- 
rrrra  to  some  other  magnitude,  and  aU  the  powen  of  hmguage  utterly 
faiL  We  conceive  then  that  in  this  definition  Euclid  simply  conveys 
the  fact  that  the  mode  of  expressing  quantity  in  terms  of  quantity, 


is  entirely  based  upon  the  notion  of  guantupUcUff,  or  that  relation  of 
which  we  take  cognizance  when  we  find  how  many  times  one  is  ooc- 
tained  in  the  other. 

The  word  irqAiit^f  has  been  translated  "  quanti^,"  by  many  editon, 
which  makes  nonsense  of  the  whole;  for  magnitude  baa  hardly  a 
different  meaning  from  quantity,  and  a  relation  of  magnitudes  vith 
respect  to  quantity  majr  give  dear  ideas  to  those  who  want  a  word  to 
convey  a  notion  of  ardiitecture  with  respect  to  building,  or  of  batUa 
with  respect  to  fighting ;  and  to  no  others.  Wallia,  we  believe,  restored 
the  true  meaning  of  the  word,  and  was  followed  by  Qregorj,  as  seen 
above :  and  Eudid  himadf  ,  or  some  very  old  commentator,  in  another 
place,  shows  in  what  sense  he  used  it.  In  the  fifth  definitian  of  the 
sixth  book  (omitted  by  many  editon),he  says  that  a  ratio  is  com- 
pounded of  two  other  ratios  when  the  irqAuc^nyrc  of  the  latter 
muUipUed  (iroAAavAo^uur^uroi)  together,  make  the  former.  Now,  thii 
would  be  unmeaning  if  the  Greek  word  meant  simply  quantities, 
unless  they  were  quantities  represented  by  numbera  (though  Greg^ 
has  here  foigotten  his  own  previous  corxection,  and  -writea  quaotitas 
instead  of  quantuplidtas).  The  lexioographen  generally  give  **qxaa- 
titas ; "  but  they  are  not  adepts  in  tiie  mathematical  use  of  tana 
imj^yiug  rations  of  magnitude. 

The  first  and  rough  notion  of  ratio  being  thus  given,  we  may  find  » 
synonyme  for  the  word  in  the  more  intelligible  tenn  relative  nugmtude. 
Six  feet,  though  greater  than  three  feet,  is,  relatively  to  four  fe^^ 
less  magnitude  than  three  feet  is,  relatively  to  one  foot :  the  number 
of  times  which  six  feet  contains  four  feet  is  less  than  the  number  of 
times  which  three  feet  contains  one  foot.  The  relative  Tnagnftiwip  of 
six  to  four  IS  less  than  the  relative  magnitude  of  three  to  one;  or  the 
ratio  of  six  to  four  is  less  than  the  ratio  of  three  to  one. 

Given  two  magnitudes,  how  are  we  to  find  the  meana  of  ei^pMiii^g 
the  first  in  terms  of  the  second  ?  Euclid  answers  this  qneation,  vhen 
it  can  be  answered,  in  the  tenth  book,  by  giving  the  xiile  for  finding 
the  greatest  common  measure  of  two  magnitudes,  in  which  he  emploji 
a  process  exactiy  the  same  as  that  of  the  arithmetical  role  in  oommca 
use.  Of  two  magnitudes  which  are  multiples  of  the  same  thad 
magnitude,  each  is  a  definite  arithmetical  fraction  of  the  other. 

But  it  may  happen  that  thcr  magnitudes  have  no  conmion  measoxe 
[Ikcgmicxicsuiublb],  in  which  case  the  means  of  ezprenon  woold 
fail.  We  can  describe  the  diagonal  of  a  square  as  a  part  of  a  certain 
figure,  and  the  description  is  peif  eot ;  but  if  we  attempted  a  deecripticai 
§eeu/ndmn  quamivplieUaUm,  we  should  never  succeed ;  for  no  poasil^ 
line  exists  of  which  it  can  be  said  that  the  diagonal  of  a  square  and  i!i 
side  both  contain  that  line  exactiy.  Such  quantities  are  called  bj 
Euclid  ftAoya,  irrational,  or  having  no  ratio;  and  in  the  primitivv 
meaning  of  the  term  this  is  correct,  for  there  is  no  quantupIicitatiTe 
mode  of  expressing  one  by  the  other.  But  the  term  ratio,  both  m 
Eudid  and  idl» other  writers,  immediately  acquires  another  sense;  aad 
it  is  this  new  sense  in  which  we  proceed  to  speak  of  ratiow  Since  tto 
relative  magnitude  of  two  qtiantities  is  always  shown  by  the  qoaotn- 
pliciiative  mode  of  expression,  when  that  is  possible,  and  since  propor- 
tional quantities  (pain  which  have  the  same  relative  noagnitok)  are 
pain  whidi  have  tne  same  mode  (if  possible)  of  expression  by  means  cf 
eadh  other;  in  idl  such  cases  sameness  of  relative  magnitode  leads  to 
sameness  of  mode  of  expresaion ;  or  proportion  is  sameness  of  ratios 
(in  the  primitive  sense).  But  aameness  of  relative  magnitude  nay 
exist  where  quantuplicitative  expression  is  impossible ;  thus  the  diagonal 
of  a  larger  square  is  the  same  compared  with  its  side  as  the  diagonal  of 
a  smaller  square  compared  with  it9  side.  It  is  an  easy  transitioa  to 
speak  of  ■»»"^'^  of  ratio  even  in  this  case ;  that  is,  to  use  the  term 
ratio  in  the  sense  of  relative  magnitude,  that  word  having  originally 
oxdv  a  reference  to  the  mode  of  expressing  relative  magnitude,  in  cases 
which  aUow  of  a  particular  mode  of  expression.  The  word  inatiooal 
does  not  make  any  corresponding  chanige,  but  continnes  to  have  its 
primitive  meaning,  namely,  incapable  of  quantuplicitative  expiession. 
And  it  is  worth  noting  that  tbis  of  itself  shows  that  the  original 
meaning  of  A^t  refexred  to  expression,  not  to  the  thiqg  exprased; 
for  ftAoya  (not  having  a  ratio)  would  have  been  absurd  as  applied  us 
incommensurable  quantities,  if  the  primitive  mathematical  mwming  of 
tiie  first  wend  had  coincided  with  its  modem  one. 

The  idea  of  rdative  magnitude  is  one  which  strikes  ns  in  aU  eases  in 
which  we  compare  the  pai^  of  an  original  with  the  ooriespondiiiy 
parts  of  any  model  or  imitation.  It  does  not  closdy  connect  iietU 
with  any  mode  of  expression  or  measiuement :  if  a  part  of  the  model 
were  only  in  a  slight  degree  too  large  or  too  small,  the  detection  of  the 
error  might  require  a  formal  measurement,  but  anything  which  is  ver>- 
much  out  would  be  rejected  by  one  glance  of  the  eye.  Let  us  soppoee 
now  that  the  formal  measurement  is  attempted.  The  first  and  sunplest 
notions  of  relative  magnitude  are  gained  from  repetition ;  and  the  ideas 
of  two,  three,  four,  Ac,  originaSy  used  in  their  sinxple  cxmiulative 
sense,  soon  become  the  representatives  of  those  simple  relative  magni* 
tudes  which  are  suggested  by  pain  in  which  one  is  qnantuple  of  the 
other.  The  next  step  is  to  those  magnitudes  in  which  neither  is 
quantuple  of  the  other,  but  both  are  quantuple  of  a  third:  from 
which  we  learn  how,  admitting  aliquot  parts,  to  extend  the  mode  of 
expression.  Thus,  of  the  magnitudes  10  R  and  7  R,  we  see  that  every 
relation  of  quantuplicity  can  be  derived  from  the  simple  numbers  10 
snd  7 :  the  fint  number  is  If  of  the  second,  a  mode  of  tuffresam 
which  equally  applies  to  the  magnitudes  10  B  and  7  B. 
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Let  D  and  s  be  two  incommensurable  magnitudes :  how  are  we  to 
describe  their  relative  magnitudes  ?  That  they  have  a  definite  relation 
is  certain ;  suppose,  for  preciBipn,  that  a  is  the  side  of  a  square,  and  D 
its  diagonal ;  any  alteration  of  D,  or  any  error  in  D,  8  being  given,  would 
xaake  the  figure  cease  to  be  a  square.  There  are  many  mathematical 
notions  in  which  accuracy  is  not  attainable  in  finite  terms,  but  is  the 
limit  towards  which  we  approach  when  number  or  magnitude,  as  the 
case  may  be,  is  increased  or  diminished  without  limit.  In  the  present 
case  the  expression  of  ratio  or  relative  magnitude,  which  is  not  aoou- 
rately  attainable  by  one  or  more  relations,  can  be  continually  amended 
by  adding  one  or  more  relations,  tmtil  the  inaocuracv  of  the  mode  of 
expression  is  rendered  as  small  as  we  please ;  in  such  a  case,  accuracy 
must  be  imagined  to  reside  in  the  supposition  of  an  infinite  number  of 
given,  or  at  least  of  attainable,  relations. 

To  explain  our  meaning,  suppose  that  the  person  whom  we  address 
is  altogether  ignorant  of  the  relative  magnitude  of  the  diagonal  D  and 
the  side  a.  He  asks  for  a  relation,  and  knowing  the  mode  of  dealing 
with  the  ratios  of  commensurables,  xiaturally  desires  to  know  how  many 
diagonals  make  an  exact  number  of  sides.  If  we  could  answer  this 
question,  if  for  instance  we  could  say  that  100  diagonals  make  142  sides 
exactly,  the  question  would  be  settled :  for  an  arithmetical  rule  would 
always  deduce  the  diagonal  when  the  side  is  given.  But  we  ore  obliged 
to  reply,  that  no  number  of  diagonals  whatsoever  will  make  an  exact 
number  of  sides.  He  then  asks  how  he  is  to  form  a  perfect  conception 
of  the  diagonal ;  we  answer  by  placing  two  equal  sides  at  right  aiigLes 
to  one  another,  and  joining  uie  extremities.  This,  he  replies,  and 
properly,  is  not  a  mode  of  finding  the  relative  magnitude,  which  is 
sometiung  conhected  with  magnitudes  only,  and  that  the  permission 
given  by  Euclid  to  join  two  given  or  determined  points  is  not  any  real 
determination  of  the  included  length.  We  then  tell  him  that  it  is  at 
his  pleasure  to  name  a  fraction  of  the  side,  and  we  can  express  the 
diagonal  with  an  error  not  so  great  as  that  fraction ;  he  names,  say  one- 
millionth  of  the  aide,  and  we  give  him  the  promised  information  in 
telling  him  that  1,000,000  of  diagonals  exceed  1,414>218  aides,  but  fall 
short  of  1,414,214  sides.  The  consequence  is,  that  the  diagonal  lies 
between  1*414213  and  1 '41 421 4  of  the  side:  these  differ  from  one 
another  by  one-millionth  of  the  side,  and  the  error  of  the  diagonal  is 
of  course  leiss.  If  he  should  ask  how  he  is  to  carry  this  process  yet 
further  for  himself,  we  give  him  the  arithmetical  symbol  V^*  ^^^ 
instruct  >iiTn  how  to  perform  the  arithmetical  operation  of  approxima- 
ting to  its  value.  In  this  we  show  him  how  to  find  between  what 
number  of  sides  any  number  of  diagonals  lies ;  and  in  so  doing  we  give 
the  ratio  of  the  diagonal  to  the  side,  so  &r  as  the  nature  of  the  case 
will  admit  of  its  expression. 

The  relative  magnitude,  then,  of  two  magnitudes  is  given,  when  the 
place  of  any  multiple  whatsoever  of  the  one  among  the  multiples  of 
the  other  cau  be  found  from  the  data.  For  example,  we  carry  on  the 
mvUiple  scale  of  the  side  and  diagonal  of  a  square,  in  the  power  of 
extending  which  ad  infinitum  lies  that  of  expressing  the  ratio,  so  far 
as  expression  is  possible,  and  of  absolutely  comparing  the  ratio  with 
others,  in  as  accurate  a  manner  as  if  expression  had  been  perfect. 

s,  s,  2s,  2o,  8s,  48^  3d,  58,  4d,  6s,  7b,  5d,  8b,  6d,  98,  7d,  lOs,  lis, 
8o,  128,  9d,  138,  14s,  lOo,  158,  llD,  168,  12d,  178,  18s,  13d, 
19s,  14d,  20b,  2l8,  15d,  &c. 

In  this  table  we  see,  for  instance,  that  10  diagonals  are  more  than 
1 4  and  leas  than  15  sides,  and  so  on.  The  only  doubt  that  can  possibly 
remain  may  be  thus  expressed : — Is  the  preceding  scale  a  property  of 
the  diagonal  and  of  nothing  else  ?  May  tiiere  not  be  a  length  so  near 
to  the  diagonal  that  its  multiples  shall  never  fall  out  of  the  same 
intervals  as  those  of  the  diagonal  ?  Let  K  be  a  given  quantity,  no 
matter  how  small ;  we  say  that  it  is  imjxMsible  that  all  the  multiples 
of  D  +  K  can  lie  in  the  same  places  among  the  multiples  of  s  as  the 
multiples  of  D.  Take  m  times  both ;  then  m  (d  +  k)  and  mv  differ  by 
mK.  Now  however  small  K  may  be,  it  is  possible  to  take  m  so  great 
that  mK  shall  exceed  8,  or  any  multiple  of  8  previously  named :  whence 
the  thing  asserted  is  erident.  The  definition  of  the  ratio  of  8  to  D 
lies,  then,  in  this  scale ;  or  rather,  whatever  the  definition  may  be,  the 
mode  of  finding  all  relations  between  s  and  D  lies  in  the  formation  of 
this  scale  so  fu*  as  may  be  necessary  for  the  purpose  in  hand.  The 
definition  of  proportion  is  then  contained  in  sameness  of  multiple 
scales ;  that  is,  DistosasAtoB,  when  any  multiple  whatever  of  D  is 
contained  between  the  same  two  multiples  of  s,  that  the  same  multiple 
of  A  is  contained  between  those  of  b.  We  here  come  to  the  subject  of 
Proportioit,  which  the  reader  should  now  consult  as  a  continuation 
of  the  pres  mt  one. 

It  is  well  known  that  the  word  XiKos  came  to  mean  fraction,  the 
expression  of  conuuensurable  ratio.  Fractional  arithmetic  was  called 
logistic  arithmetic  even  down  to  the  17th  century.  It  la  not  so  well 
known  that  this  use  of  the  word  is  as  old  as  the  time  of  Euclid. 
Aristotle  ^pves,  as  his  instances  of  discontinuous  quantity,  itptBfx6s  jcal 
x6yos,  nui  aber  and  fraction.  The  logicians  have  always  taken  this  to 
mean  nun  iber  and  speech,  some  transcriber  having  interpolated  a  sub- 
sequent passage  to  this  effect  in  the  text  of  Aristotle.  Plato  tells  us 
that  tiie  Egyptian  Theuth  invented  itpt$fi6tTt  icol  Xoyurfi6s,  meaning, 
no  doubt,  integer  and  fractional  reckoning.  The  idea  implied  in  com- 
position of  ratio  is  very  imperfectiy  treated  in  Euclid :  and  yet  upon 
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the  correct  understanding  of  it  depends  whether  the  boasted  victory 
over  the  difficulties  of  incommensurables  whidi  the  fifth  book  gives  ia 
real  or  imaginary. 

In  every  matter  connected 'with  elementary  geometiT,  confusion 
may  and  often  does  arise  from  mixing  together  criticisms  of  two 
difllerent  kinds ;  on  Euclid  as  a  writer,  and  on  the  subject  as  a  matter 
of  thought.  To  avmd  such  confusion  in  reference  to  composition  of 
ratio,  we  shall  begin  with  the  consideration  of  what  we  find  in  Euclid, 
— ^not  in  Simson's  Euclid,  nor  Playfair's  Euclid — ^but  in  Euclid  of 
Alexandria. 

There  is  nothing  on  ratio  compounded  {avyKtiudvos)  of  ratios  in  the 
fifth  book;  the  word  translated  composition  (<rMc(rif)  refers  to  such 
a  process  as  the  formation  of  the  ratio  of  a  +  B  to  B  from  that  of  a  to  b. 
But  the  definitions  of  duplicate,  triplicate,  ^bc  ratio,  are  laid  down ;  which, 
as  we  shall  aee,  are  particular  cases  of  compound  ratio.  These  de&ii- 
tions  are  as  follows : — ^if  A,  B,  c,  D,  &c.,  be  in  continued  proportion,  so 
that  as  A  to  B,  so  B  to  0,  o  to  D,  and  so  on,  then  the  ratio  of  a  to  o  is 
called  the  duplicate  ratio  of  that  of  a  to  B,  the  ratio  of  a  to  D  ia  called 
the  triplicate  ratio  of  a  to  B,  and  so  on. 

In  one  proposition,  and  in  one  only,  is  the  phrase  composition  of 
ratios  iised :  m  the  23rd  of  the  sixth  book,  where  it  is  said  *'  Equi- 
angular parallelograma  have  to  one  another  tiie  ratio  compounded  of  the 
tides,**  There  is  no  definition  (at  least,  it  is  now  so  supposed ;  here 
however  we  must  refer  to  our  next  paragraph)  given  of  the  words  in 
italics,  and  on  looking  into  the  demonstration  of  the  proposition,  we 
find  we  must  assume,  as  a  matter  of  phraseology  merely,  that  of  any 
three  quantities  of  the  same  kind,  K,  l,  k,  we  are  to  say  the  ratio  of  k 
to  M  is  compounded  of  the  ratios  of  k  to  l  and  of  l  to  k.  And  further 
that  if  A  be  to  B*as  k  to  L,  and  v  to  w  as  l  to  M,  then  the  ratio  k  to  ii 
is  said  to  be  the  ratio  compounded  of  the  ratios  of  a  to  b  and  of 
V  to  w.  If  there  be  anything  more  than  mere  phraseology  in  this,  it 
must  be  because  Euclid  makes  a  tadt  reference  to  some  arithmetical 
system  current  in  his  time. 

It  is  true  that  there  is  found  in  a  great  preponderance  of  manu- 
scripts (in  all,  we  believe)  a  definition  of  compound  ratio.  It  is 
among  the  definitions  of  the  sixth  book,  and  literally  translated*  ia 
as  follows: — "A  ratio  is  said  to  be  compounded  of  ratios,  when  the 
inf\uc6Trrrts  of  the  ratios  multiplied  togeUier  make  a  certain  [ratio]." 
On  the  word  left  untranslated  (which,  we  believe,  muat  be  translated  by 
quantupUcities),  we  refer  to  what  precedes  and  to  what  follows.  This  de- 
finition is  admitted  into  the  editions  of  Basel  and  Oxford,  and  into 
Briggs's  edition  of  the  six  books.  Peyrard  has  omitted  it  in  the  Paris 
edition,  because,  in  lus  celebrated  Vatican  manuscript,  it  is  not  in  the 
text/but  has  been  added  at  the  side.  The  Berlin  editor  admits  it  in 
parentheses  as  a  disputable  passaga  Set  a  scholar  to  make  tiie  text  of 
Euclid  from  the  ordinary  mode  of  weighing  the  evidence  of  manu- 
scripts,  and  there  is  no  doubt  this  definition  must  appear  as  a  part  of 
the  elements.  Set  a  geometrical  reasoner  to  settle  the  question  by 
the  intemid  evidence  of  the  passage  and  its  keeping  with  the  rest  of 
the  book,  and  there  is  as  little  doubt  that  it  would  be  rejected.  The 
meaning  of  the  passage  is,  apparentiy,  that  i£  two  ratios  be  expressed 
numerically,  as  those  of  7  to  4  and  6  to  11,  the  ratio  compounded  of 
those  ratios  is  to  be  the  ratio  of  7  x  6  to  4x11;  or  possibly,  that, 
expressing  the  above  ratios  as  those  of  }  to  1,  and  ^  to  1,  the  com- 
poimded  ratio  is  that  of  }  x  A  to  1. 

In  the  early  translations  from  the  Arabic,  the  definition  is  omitted, 
and  reference  i»  made,  in  demonstrating  vi.  28,  to  a  note  inserted  among 
the  definitions  of  the  fifth  book,  which  is  vezy  insufficient.  But  the 
phrase  there  is  that  the  ratio  of  /  to  &  Ib  produced  from  those 
of  /  to  jf  and  g  to  h:  and  to  the  definitions  of  the  seventh  book 
several  are  added,  one  of  which  is,  that  in  a  series  of  numbers  the 
ratio  of  the  first  to  the  last  is  produced  from  the  successive  ratios  of 
each  to  the  one  following. 

In  many  manuscripts  there  is  a  scholium  preceding  the  sixth  book, 
which  August,  the  Berlin  editor,  though  not  admitting  it  into  Euclid, 
thinks  must  be  of  high  antiquity;  in  which  we  fully  agree  with  him. 
It  is  to  be  found  in  the  Basel  edition,  and  in  the  notes  to  the  Berlin. 
This  scholium,  while  it  gives  confirmation  to  the  preceding  view 
(which  hardly  wants  it),  takes  the  same  side  on  the  meaning  of  the 
word  injAuc^r  as  we  have  done.  And  we  find  that  Wallis  was  the 
person  who  suggested  to  Gregory  quantuplicitas  instead  of  quantita* 
as  the  translation.  See  his  discussion  of  this  point  at  length  in  his 
English  Algebra  (1684),  ch.  19  and  20 ;  revised  in  his  Latin  Algebra 
(Woi^,  VOL  iL  ch.  19,  20)«  and  again  at  p.  665  of  the  same  volume^ 
where  there  is  a  defence  of  this  definition  against  Henry  Savile, 
who  (Pnelect.  in  Eucl.)  had  considered  it  as  a  great  defect.  To  the 
text  of  Euclid  we  have  only  further  to  say  that  this  consent  of  Savile, 
Wallis,  and  Gregory,  as  to  the  genuineness  of  the  definition  in  question, 
is  of  great  wei^t.  But  with  regard  to  the  matter  of  the  definition  we 
agree  entirely  with  Savile.  The  word  tn^Xix^njf  needs  definition  quite 
as  much  as  the  phrase  composition  of  ratios  itself.  This  definition,  it 
will  be  observed,  either  restricts  the  composition  to  ratios  which  are 
of  commensurable  magnitudes,  or  implies  and  assumes  the  multiplica- 
tion of  two  intemunable  decimal  fractions.     An  old  scholiast  on 

*  AiSyos  ^K  h^yw  avykSiff^  X^ycrcu  ^^ar  of  rwr  hirptw  inyXuc^niTCf  #r 
iw/t^t  ToAAovAxuTMirOfia-eu  'WovStvi  rtva.  The  Seholiom  pretantly  dted  gives 
it  with  A^Tor  for  rira  in  one  plaoe,  and  ini\u(6nfTa  \6yov  in  another, 
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Euclid  (dted  from  Basypodiua  by  Meibomiug  and  Wallis)  is  of 
opinion  tiiat  mjXxKtJnff  is  used  rather  than  th^  more  natural  word 
XQfr^s,  precifiely  that  it  may  be  understood  in  a  wider  sense,  so  as  to 
include  fractional  and  incommensurable  ratios.  That  is,  as  WalUs 
expresses  it,  how-much-fold  is  used  instead  of  kovy-many-fold,  that  fauck 
may  suggest  the  idea  of  a  part  of  a  time  (commensurable  or  not)  where 
numy  would  only  suggest  that  of  an  integer.  We  cannot  much  admire 
this  rofinement;  nor  does  it  give  any  help :  for  the  introduction  of 
the  idea  of  incommenntrabiUty  niuuerically  expressed,  so  as  to  be  fit  for 
arithmetical  multiplication,  would  yitiate^  or  at  least  would  transmute, 
Euclid's  whole  system  of  proportion. 

But'  the  oldest  testimony,  both  to  the  existence  of  the  definition, 
and  the  meaning  of  the  disputed  word,  is  Eutocius,  in  his  commentary 
on  book  iL  prop.  5  (of  Toz^,  4  of  preceding  editors).  He  here  cites, 
expressly  from  the  elements,  the  definition  as  given ;  and  adds,  as  the 
explanation  of  wriKuc^nis,  that  it  is  the  number  which,  by  multiplica- 
tion, turns  the  consequent  into  the  antecedent.  This  number,  he  says, 
gives  name  to  the  ratio,  and  he  cites  Nicomachus  and  Heron  as  under- 
standing it  in  the  same  way.  But,  he  goes  on  to  say,  the  word  is  more 
properly  taken  when  this  number  is  an  integer. 

Leaving  now  out  of  view  what  Euclid  really  did  write,  we  shall 
pIXMieed  to  consider  the  subject  of  composition  of  ratios,  so  as  to  supply 
what,  on  any  supposition,  must  be  acknowledged  to  be  wanted  in  the 
elements.  The  notion  of  a  ratio  is  easily  and  almost  necessarily  con- 
nected with  the  idea  of  alteration  in  that  ratio.  We  cannot  express  a 
ratio  without  two  magnitudes,  the  first  of  which,  altered  m  the 
ratio  given,  becomes  the  second.  If  we  want  to  alter  in  the  ratio  of 
i*  to  Q,  this  is  easily  done  whei^  the  quantity  to  be  altered  is  p ;  for 
then  the  process  is  only  writing  (^  instead  of  p.  But  if  the  quantity  be 
A,  then  B  must  be  found,  so  that  ▲  and  b  shall  have  the  same  ratio  as 
pand  Q. 

If  it  be  a  niunencal  ratio  which  we  consider,  say  that  of  8  to  5, 
alteration  of  any  number  in  that  ratio  implies  that  we  change  all  its 
threes  into  Jives,  and  any  remaining'  fraction  of  three  into  the  same 
fraction  of  five.  Alteration  of  any  magnitude,  say  a  length,  in  that 
ratio  implies  that,  choosing  any  length  as  admeasure,  we  alter  every 
three  such  lengths  which  the  given  magnitude  contains  into  five,  and 
every  fraction  of  three  into  the  same  fraction  of  five.  This  amounts 
to  changing  the  number  or  magnitude  into  five-thirds  of  what  it  was ; 
and  generally,alteration  in  the  ratio  of  a  to  6  (numbers)  is  nothing  but 
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Take  a  magnitude  a,  alter  it  in  the  ratio  of  p  to  Q  :  say  that  it  then 
becomes  B ;  that  is,  AistosasptoQ.  Take  the  magnitude  we  left 
off  with,  B,  alter  it  in  the  ratio  of  b  to  s,  making  it  a  Take  o,  alter  it 
in  the  ratio  of  v  to  w,  making  it  D.  Then  at  three  processes,  by  three 
successive  alterations  dictated  by  given  ratios,  we  have  changed  A  into 
D,  or  have  altered  a  in  the  ratio  of  a  to  D.  Bay  that  the  ratio  of  a  to 
D  is  more  simply  expreftsed  by  that  of  M  to  N.  Then,  if  we  begin  with 
A,  and  alter  it  at  once  in  the  ratio  of  M  to  N,  we  change  it  into  D,  pro- 
ducing the  same  effect  as' if  we  had  successively  altered  in  the  ratios 
of  p  to  Q,  R  to  8,  and  v  to  w.  Hence  the  ratio  of  k  to  N  is  properly 
said  to  be  compounded  of  the  ratios  of  p  to  Q,  B  to  a,  and  v  to  W|: 
it  dictates  the  alteration  which  will  produce  at  once  the  effect  of  the 
three  alterations  prescribed  by  the  three  other  ratios.  In  like  manner, 
we  say  as  to  addition,  that  lOas  compounded  of  6  and  4 ;  for  addition 
of  10  is  equivalent  to  the  addition  of  6  and  of  4.  In  multiplication 
we  say  that  24  is  compounded  of  6  and  4.  And  generally,  the  com- 
pound should  be  defined  as  that  which  produces  the  united  effect  of  all 
the  components,  when  both  components  and  compound  are  used  in  the 
same  way.  Euclid,  vi  23,  is  now  more  than  a  mere  addition  ^to  the 
phraseology  of  geometry.  The  parallelograms  a  B  o  D  and  E  F  6  H  [the 
reader  may  draw  the  figure  for  himself  ]  being  mutually  equiangular, 
it  tells  us  that  if  we  take  any  magnitude  and  idter  it  in  the  ratio  of 
AO  to  EG,  and  then  alter  the  result  in  the  ratio  of  ab  to  £p, 
the  change  thus  made  at  two  steps  might  be  made  in  one  by 
altering  the  original  magnitude  in  tiie  ratio  of  the  area  a  B  o  d  to 
the  area  E  F  a  H. 

This  process  applies  equally  to  commensurable  and  incommensur- 
able ratios ;  but  in  the  former  case  of  course  the  arithmetical  substitute 
for  composition  of  ratios  is  easy.  We  want  to  compound  the  ratios  of 
mion  and  of  a  to  6,  all  four  bdng  integer  numbers :  it  being  known 
that  every  commensurable  ratio  is  expressible  by  the  ratio  of  two 
integer  numbers.  Take  anv  magnitude  p,  and  alter  it  in  the  ratio  of 
mion:  it  becomes  m-mthsoi  p.  Alter  this  in  the  ratio  of  ato  6.*  we  have 
then  6-athB  of  n-mths  of  p,  or  &»-amths  of  p,  which  would  also  be  obtained 
by  altering  p  in  the  ratio  of  a  x  m  to  &  x  n.  Hence  composition  of  nume- 
rical ratios  is  performed  by  multiplication  of  the  antecedents  for  an 
antecedent  and  of  the  consequents  for  a  consequent.  The  process  then  is 

merely  equivalent  to  that  of  the  multiplication  of  fractions.    If  — 
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and  — were  called  the  quantuplicitiee  {wiiKuc6nyr€s)  of  the  xatios,  t^ 

a 
the  quantuplicity  of  the  compound  ratio  is  the  prodaci  of  the  qcasn 
plicities  of  the  components,  as  in  the  definition  (be  it  ESudid  s  cr  i::  < 
which  is  found  in  the  manuscripts  of  the  elements. 

Duplicate  ratio  (^irXaffltay  X^s)  has  been  defined  by  £uclid  in  tiir 
manner  hereinbefore  given.  But  it  is  in  fact  the  ratio  arising  tr^ 
the  composition  of  two  equal  ratios.  Suppose  we  want  to  oompcKs^ 
the  ratio  of  p  to  Q  with  the  ratio  of  p  to  Q.  Take  a  nugnitude  t 
begin  with,  which  may  as  well  be  p  itself :  alter  it  in  the  ratio  otfi> 
g;  it  then  becomes  Q.  Alter  Q  ix^to  b  in  the  ratio  of  f  to  q  ;  thas  U, 
let  B  be  a  third  proportional  to  p  and  q.  Then  p  is  ^^^^c*^  into  k  ^ 
these  two  steps,  each  involving  an  alteration  in  the  ratio  ol  p  ^  q  : 
hence  Euclid's  duplicate  ratio  is  the  ratio  compounded  of  two  eqiuJ 
ratios ;  and,  similariy,  triplicate  ratio  {rpcwkuriatv)  is  that  caBapiwioded 
of  three  equal  ratios,  and  so  on. 

The  subduplicate,  subtriplicate,  sesquipllcate,  &c.  zatioBy  whk^  bter 
geometers  used,  completed  that  limguage  of  multiplication  and  dirisiEa 
applied  to  operations  of  powers  and  roots  which  finally  suggested  d^ 
idea  of  logarithms.    [See  also  ADDirioir  of  Ratios.] 

The  propositions  requisite  for  the  establishment  of  the  direct  uje  d 
compound  ratio  are  contained  in  the  fifth  book.  But  in  the  inva^ 
use  there  is  a  manifest  hiatus  in  the  converse  part  of  vL  22.  It  'j 
supplied  by  a  lemma  added  at  the  end  of  the  piopoaition ;  viatk  U 
found  in  dmost  all  the  manuscripts  (even  in  the  Yaticaa  manuscnpt, 
and  Peyrard  admits  it  accordingly).  This  is  a  pretty  aixre  aga  Uo: 
Euclid  did  not  give  the  lemma ;  for  he  never  refers  to  aziytiumg  whkk 
is  to  come  after  what  he  has  in  hand*  Robert  Sixneon  omiti  this 
lemma,  and  so  leaves  the  proposition  undemonstrated.  Wbsc  b 
wanted  is  the  following : — It  is  impossible  that  the  same  iat»  ebouki 
have  two  sub-duplicate  ratios,  or  should  be  the  duplicate  ratio  of  two 
different  ratios ;  or,  if  a  be  to  B  in  the  duplicate  ratio  of  a  to  x^aod 
also  in  the  duplicate  ratio  of  a  to  t,  then  x  and  t  must  be  equal  U 
possible,  let  them  be  unequal ;  say  that  x  is  the  greater : 

A      X      B 
A      T     B 

Then  because  x  is  greater  than  t,  the  ratio  of  a  to  x  is  less  than  tb: 
of  A  to  T.  But  the  ratio  of  a  to  x  is  that  of  x  to  B ;  and  Iheiatio  uf  au^t 
is  that  of  T  to  B  ;  therefore  the  ratio  of  x  to  b  is  less  than  that  of  1 1) 
B.  Therefore  x  is  less  than  y;  but  it  is  also  greater,  which  is  ibeari 
Consequently  x  and  Y  cannot  be  unequal,  &c  By  a  continnstion  ol  ti>> 
process  it  may  easily-be  established  that  a  given  ratio  ean  only  be  }ie 
triplicate  of  one  ratio,  only  the  quadruplicate  of  one,  and  so  on. 

It  is  unnecessary  to  say  anything  on  the^  decomponHom  of  latks. 
dear  as  it  becomes  in  arithmetic,  after  a  while,  that  eveiy  moidf^a- 
tion  is  a  division  and  every  division  a  multiplicatiaa,  it  is  mudi 
clearer  from  the  beginning,  in  this  subject,  that  every  compoaftioa  is  & 
decomposition,  and  every  decomposition  a  oompoeitiaa.  Snppoee  that 
p  to  Q  is  the  ratio  compounded  of  a  to  b  and  o  to  d,  and  we  wish  to 
return  back  again  to  the  ratio  of  a  to  b.  We  must  compound  the 
ratio  of  p  to  Q  with  that  of  n  to  o;  for  it  is  easily  made  bbvioua  that 
the  ratios  of  o  to  D  and  d  to  o  compounded  give  the  ratio  of  a  nu^ 
tude  to  itself,  the  ratio  of  equality,  the  use  of  idudh  effects  no 
alteration. 

It  is  now  easy  to  see  that  all  the  operations  of  algefaia  vhieh  ^ricg 
from  multiplication  inclusive,  must  be  lepresoited  in  geometiy  I? 
operations  of  composition,  &e.  Robert  Simson,  who,  as  we  have  sett, 
has  left  a  demonstration  of  the  mxth^book  absolutely  unfiiniBiied, 
though  "  Theon  or  some  unskilful  commentator  **  had  provided  i 
lemma  which  supplied  what  was  wanting,  has  thought  it  naoeaaaij  to 
add  some  very  complicated  propositions  on  compound  ratio  at  the 
end  of  the  fifth  book.  If  they  were  intended  as  iUustratioos  of  tk 
great  difficulty  of  rendering  the  most  common  propositions  of  algebra 
into  geometrical  language  (and  what  else  could  have  been  meant  it  is 
hud  to  imagine)  the  algebraical  equivalents  should  have  been  intio- 
duoed.  Take  the  proposition  k,  for  instance,  which  it  may  safely  U 
asserted  no  beginner  ever  fihthomed.  The  following  is  an  arithmetkal 
caseofitb    If 
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RATIONAL.  A  quantify,  algebraic  or  arithmetfcut  Sb  nikml 
when  it  can  be  expre»ed  wi&out  the  use  of  the  signs  of  enrcdntiim, 
such  as- those  of  the  square  roibt,  cube  root,  &e.    [Ibratioi  cai..] 

RATION ALISK  is  a  system  of  theology,  which  system  I  egan  to  he 
developed  in  Germany  during  the  latter  half  of  the  last  centory.  It 
arose  in  a  great  degree  as  a  re-action  against  the  prin<a|dcs  and  ib^ 
method  of  biblical  criticism  promulgated  by  Voltaire,  Volney,  and  tl^e 
French  Encydopsedists.  Kant  led  the  way,  and  Ids  system  endea- 
voured to  preserve  a  medium  between  infidelity  and  snpenxataralism. 
He  was  followed,  more  or  less  adopting  his  systemf  by  Sender,  J.  IX 
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Michaelis,  and  J.  G.  Eichhorn.  They  directed  their  attacks  againat  the 
deists  as  well  as  against  the  orthodox  divines,  but  they  confined  the 
application  of  the  rationalistio  principle  chiefly  to  the  booka  of  the 
Old  Testament  Bemler's  principal  works  in  this  department  are, 
*  Apparatus  ad  liberalem  Veteris  Testament!  Interpretationem/  Halle, 
1773 ;  '  Abhandlung  yon  der  Untersuohunff  des  Eimons/  4  toIs.,  Halle, 
1771-75,  compare  Semler's  '  Lebcoi,  yon  mm  selbst  yerfasst,'  2  vols., 
Halle,  1781-82.  The  principal  works  of  Michaelis  are  '  Einleitung  in 
die  gottlichen  Schriften  dea  alten  Bundes,'  2  vols.,  Oottingen,  1750; 
'  Mosaisohes  Recht,'  6  vols.,  Frankfurt,  1770-75.  Eichhom  waa  by  far 
the  most  important  writer  of  the  school ;  he  laid  down  and  carried 
out  the  new  principles  in  his  '  AUgemeine  Bibliothek  der  biblischen 
Literatur,'  10  vols.,  Leipzig,  1788-1801;  '  EiMeitung  in  das  Alte 
Testament/  of  which  there  appeared,  in  1824,  at  Gottingen,  the  fourth 
edition,  in  5  vols. ;  '  Einleitung  in  das  Neue  Testament,'  in  2  vols.,  and 
several  other  works. 

Eichhom,  whom  we  may  consider  as  the  representative  of  the  new 
school,  previous  to  the  time  when  Dr.  Paulus  began  to  occupy  a  pro- 
minent position  in  it,  sets  out  from  the  principle  that  the  early  history 
of  the  Jews  should  be  considered  in  the  same  light  and  treated  in  the 
same  manner  aa  the  early  history  of  every,  other  nation ;  and  that  a 
direct  interference  of  the  deity  in  the  early  affairs  of  all  nations  mu^ 
either  be  admitted  or  denied.  The  reasons  which  led  him  to  con- 
sider the  fact  of  such  a  direct  interference  inadmissible  in  the  case 
of  other  nations,  led  him  to  deny  it  in  the  case  of  the  Jews  also. 
Hejecting  the  views  of  the  deists  as  unphilosophical  and,  iacompatible 
with  the  character  of  early  history  in  general,  he  proceeds  to  state  that 
it  is  natural  to  all  nations  in  their  primitive  ages  to  speak  of  a  divine 
interference  in  their  affairs,  wherever  their  ignorance  conceals  from 
them  the  real  causes  of  the  things  which  fall  within  their  experience. 

It  is  this  belief,  according  to  Eichhom,  which  gives  a  form  to  all 
Uieir  ideas  and  expressions.  But  we,  who  live  in  a  far  more  advanced 
and  enlightened  age,  have  neither  reason  to  suppose  that  any  miracles 
actually  took  place,  nor  that  any  kind  of  imposition  was  practised :  we 
We  only  to  translate  the  expression  of  those  early  ages  into  the  lan- 
guage of  our  own  time.  In  the  infancy  of  mankind  everything  of 
which  no  direct  cause  appeared  was  re&red  to  the  intervention  of 
supernatural  powers;  and  accordingly  all  elevated  thoughts,  great 
detenninationB,  useful  inventions  and  institutions,  and  particiuarly 
dreams,  were  considered  as  the  effects  of  a  direct  interposition  of  the 
deity;  extraordinary  knowledge  and  skill  were  looked  upon  by  the 
people  as  proofs  of  supernatural  power  and  of  an  intercourse  with 
beings  of  a  14gher  order.  Moreover,  not  only  the  people,  but  the  wise 
aiid  great,  were  themselves  fully  convinced  that  they  were  acting  imdcr 
the  immediate  influence  and  were  enjoying  the  especial  favour  of  the 
Deity.  Taking  these  premises  for  granted,  and  at  the  same  time 
admitting  that  the  biblical  books  were  written  by  contemporaries, 
Eichhom  thought  that  all  the  facts  of  the  I^osaic  history  might  be 
explained  as  natural  occurrences,  without  supposing,  with  the  deists, 
taat  the  writer  was  an  impostor.  The  temptation  and  the  eating  of 
the  forbidden  fruit,  the  histories  of  Koah,  Abraham,  and  Moses,  are 
thus  stripped  of  their  supposed  allegorical  dress  and  of  those  features 
which  it  is  supposed  that  they  have  received  from  the  imagination  of 
the  writer,  and  are  explained  as  natural  events.  According  to  Eich- 
hom, Moses  was  nothing  but  a  great  and  benevolent  patriot,  who,  after 
having  long  entertained  the  idea  of  delivering  his  countrymen  from 
foreign  slavery,  was  suddenly  reminded  of  his  scheme  in  a  dream,  and 
believing  this  dream  to  be  from  the  deity,  he  represented  it  as  a  sum- 
mons from  Jehovah.  The  burning  and  smoking  of  Mount  Sinai, 
according  to  this  system  of  exposition,  were  only  the  effect  of  a  fire 
which  Moses  kindled  on  the  Mount  for  the  purpose  of  keeping  up  the 
excitement  of  his  people ;  and  a  storm  with  lightning,  which  fortunately 
happened  at  the  same  time,  was  a  useful  aid  to  him.  The  shining  of 
his  face  was  nothing  but  the  consequence  of  great  heat  and  excitement, 
which  the  lawgiver  as  well  as  his  people,  not  knowing  the  real  cause  of 
it,  believed  to  be  the  effect  of  a  du«ct  interference  of  the  deity. 

This  system  of  interpretation  was,  as  we  have  observed,  principally 
applied  to  the  Old  Testament,  but  the  New  Testament  also  contains 
passages  whioh  we^  too  tempting  to  be  passed  over  by  the  rationalists. 
It  was  at  first  chiefly  the  appearance  of  angels  in  the  New  Testament 
on  which  Eichhom  tried  the  nationalistic  interpretation,  and  all  pas- 
sages of  this  kind  ought,  according  to  this  critic,  to  be  considered  as 
figurative  expressions  or  allegories :  thu&  a  happy  chance  is  represented 
as  a  saving  angel ;  an  internal  joy,  as  the  salutation  of  an  angel ;  and 
great  calmness  and  peace  of  mind,  as  a  comforting  angel,  kc. 

The  way  being  thus  prepared,  the  number  of  rationalistio  divines 
increased,  and  their  influence  became  apparent  in  many  other  depart- 
ments of  knowledge.  A  Utilitarian  school  had  at  the  same  time 
acquired  considerable  power ;  and  so  far  as  it  endeavoured  to  instruct 
the  people  in  the  so-called  useful  sciences,  and  to  do  away  with  every- 
thing which  was  deemed  superstitious,  it  went  hand  in  hand  with  and 
supported  rationaliam,  whicli  now  began  to  be  carried  out  in  its  whole 
extent  with  regard  to  the  New  as  well  as  the  Old  Testament. 

Among  the  works  which  gaiiied  the  greatest  popularity,  we  may 
mention  K.  F.  Bahrdt,  '  Briefe  uber  die  Bibel  im  Volkston,'  1782 ; 
£^k, '  Versuch  iiber  die  Wundergeschichten  des  Neuen  Testaments,' 
1795 ;  '  Die  Wonder  des  Neuen  Testaments  in  ihrer  wahren  Gestalt 
fur    achte    Christusverehrer,'    1799 ;    '  Natilrliche    Geschichte    des 


grossen  Propheten  von  Nazaret,'  1800.  The  two  last  works,  which 
were  published  anonymously,  were  written  by  Venturini.  Most  of 
these,  and  the  numerous  other  works  of  the  same  tendency,  were 
written  in  a  popular  style ;  and  those  of  Bahnlt  had  often  a  coarse 
and  vulgar  tone.  The  philosophical  systems  of  Hegel  and  Schelling 
had  the  same  realistic  tendency,  thou^  in  a  less  popular  form.  But 
none  of  these  writers  equalled  Dr.  Paulus  of  Heidelberg,  either  in 
learning  or  ingenuity ;  and  he, it  was  who  most  completely  developed 
the  whole  system  of  Rationalism.  His  principal  works  are — *  Philolo- 
gisch-kritiseher  und  historischer  Commentar  iiber  das  Neue  Testament,' 
4  vols.,  Lubeck,  1800-1804  (this  work  was  republished  in  1830-33,  in 
3  vols.,  with  numerous  alterations  and  corrections,  under  the  altered 
titla  of  '  Exegetisches  Handbuch  Uber  die  drei  ersten  Evangelien ') ; 
'  Das  Leben  J«su,  als  Grundlage  zu  einer  reinen  Geschichte  des 
Urchristenthums,'  2  vola,  Heidelberg,  1828.  Paulus  first  insists  upon 
the^  necessity  of  distinguishing  between  ihose  passages  of  the  Bible  in 
which  the  writers  simply  state  facts  and  those  in  whioh  they  give  tiieir 
own  opinions  of  them.  A  fact,  according  to  him,  is  that  which  the 
writers  describe  as  having  taken  place  withm  their  own  experience ;  an 
opinion,  on  the  other  hand,  is  the  manner  in  which  they  interpret  an 
occurrence  and  trace  it  to  what  they  conceive  to  be  its  cause.  But  as 
these  two  elements  are  in  most  cases  interwoven  and  mixed  up  with 
each  other  in  the  biblical  writings,  Paulus  conceives  it  to  be  the  chief 
object  of  the  biblical  critic  to  separate  them,  and  to  discover  the 
genuine  historic  truth  in  the  various  disguises  with  which  the  opinions 
of  the  age  and  of  the  writer  have  surrounded  it ;  and  he  thinks  with 
Eichhom,  that  this  object  may  be  accomplished  if  the  critic  transports 
himself  as  much  as  possible  to  the 'scene  of  the  events,  and  supplies 
such  accessonr  and  explanatory  circumstances  as  may  have  been  neg- 
lected or  overlook^  by  the  reporter  or  eye-witness.  Thus  the  New  as 
well  as  the  Old  Testament  is  deprived  of  its  divjne  character,  and  all 
supernatural  interference  in  the  affiiirs  of  the  Hebrews  and  in  the 
introduction  and  establishment  of  Christianity  is  denied.  Christ  is  no 
longer  tiie  son  of  God,  but  a  wise  and  virtuous  man ;  his  miracles  are 
either  acts  of  friendship  and  humanity,  and  manifestations  of  his  skill 
in  the  healing  art,  or  the  effects  of  a  happy  chance.  In  short,  the 
whole  history  of  the  Bible  assumes  an  aspect  totally  different  from  that 
of  the  origmal  records,  and  from  that  which  their  authors  manifestly 
intended ;  in  fact  it  becomes  a  romance  without  any  foundation  except 
the  assertion  of  the  Bationalist  that  things  did  actually  happen  thus 
and  thus. 

A  reaction  against  the  spirit  of , this  school  manifested  itself  during 
the  first  ten  years  of  the  present  century.  The  dreadf id  ravages  caused 
by  the  French  Revolution  created  a  general  desire  to  restore  or  rqaintain 
the  good  old  times  by  returning  to  the  religious  and  political  institutions 
of  past  times.  But  although  tins  reaction  was  successful  in  other  depart- 
ments, it  had  very  little  effect  in  theolo^,  as  it  manifested  itself  rather 
in  passive  and  retired  mysticism  than  m  enei^getio  efforts  against  the 
system  of  the  Rationalists.  A  vigorous  opposition  however  began  in 
1810,  which  waa  called  forth  by  the  publication  of  Reinhard's '  Gea- 
tandniase,'  in  which  Rationalism  and  Supematuralism  were  declared  to 
be  diametrically  opposed  and  utterly  irreconcilable  with  each  other. 
This  assertion  was  denied  by  other  theologians,  who  endeavoured  to 
reconcile  the  two  schools.  The  contest  which  then  commenced  was 
carried  on  in  a  calm  and  philosophic  spirit  till  1817,  when  the  cente- 
nary anniversary  of  the  Reformation  was  celebrated  in  Germany,  and 
the  Supematuralistio  party,  headed  by  Dr.  Harms,  of  Kiel,  endeavoured 
to  make  the  question  a  practical  one,  and  to  draw  to  it  the  attention  of 
the  governments  and  of  the  whole  German  natioiL  The  Rationalists 
were  now  universally  decried  aa  infidels,  and  as  men  who  had  forfeited 
all  right  to  be  called  Christians ;  and  innumerable  works  were  written 
by  the  theologians  of  both  parties  to  defend  their  opinions.  The 
principal  champions  on  the  Supematuralistio  side,  besides  Harms,  were 
Hengstenbeiig  and  Tholuck ;  on  the  side  of  the  Rationalists,  Gesenius, 
W^gscheider,  Paulus,  and  Rdhr.'  In  these  controversies,  the  rational- 
istic theory  itself  almost  disappeared,  and  the  question  assumed  the 
more  genmal  character,  whether  the  Protestant  church  should  allow 
freedom  of  thought  or  not.  This  turn  of  the  question  induced  many 
of  the  moderate  Supematuralists,  who  could  not  sacrifice  their  liberty 
of  conscience,  to  side  with  the  RationalistB.  Their  wish,  however^  was 
merely  to  bring  about  some  kind  of  a  reconciliation,  and  not  to  allow 
the  question  to  become  a  national  one.  Their  opinion  was  that  it 
should  be  kept  strictly  within  scientifio  limits,  and  confined  to  the 
learned.  Although  willing  to  make  concessions  to  the  Rationalists  on 
many  points,  they  were  anxious  to  prevent  any  practical  innovations. 

Each  party,  however,  continued  to  maintain  its  tenets.  One  of  the 
more  importfmt  rationaUstic  works  which  appeared  duri&g  this  period 
was '  Was  heisst  glauben,  imd  wer  sibd  die  Unglaiibigen  ? '  by  David 
Schulz,  1880 ;  while  Neander  and  Schleiermacher  took  the  opposite 
side  with  much  learning  and  success. 

Up  to  the  year  1885  this  second  form  of  Rationalism  had  been 
applied  only  partially,  and  chiefly  to  portions  of  the  Old  Testament ; 
but  it  was  then  carried  out  in  its  full  extent  with  reference  to 
the  books  of  the  New  Testament,  by  Dr.  David  Frederick  Strauss,  in 
his '  Das  Leben  Jesu  kritiM^h  bearbeitet,'  in  2  vols.  The  first  edition 
appeared  in  1835-36  ;  a  second  was  published  in  1837,  and  a  third  in 
1838.  This  work,  the  production  of  a  man  of  great  learning,  profound 
reflection,  and  critical  skill,  called  forth  a  host  of  polemical  works. 
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but  the  best  efforts  against  it  were  made  by  tbe  SupemafcurAllstic 
school.  RationaliBzn  in  its  first  form  seems  to  have  received  its  death- 
blow from  this  work  and  the  yarious  controyersial  writings  of  Strauss 
and  others,,  while  the  new  school  made  rapid  progress.  The  eon- 
test  between  it  and  the  Supematuralists  was  however,  with  fow  ex- 
ceptions, conducted  in  a  calm  and  purely  philosophic  manner.^  Both 
parties  were  honest  enough  to  give  way  whenever  any  of  their  disputed 
points  were  proved  to  be  untenable.  This  is  manifest  from  the 
•  Life  of  Christ  *  published  by  Neander,  and  from  the  different  editions 
of  the  work  of  Strauss. 

Notwithstanding  the  wide  breach  between  the  two  partieB,  approxi- 
mations were  made  on  both  sides,  so  that  the  Supematuralists  as  well 
as  the  RationaJiBts  mi^t  each  be  divided  into  two  parties.  Some  of  the 
latter,  such  as  Paulus,  Wegscheider,  Gesenius,  Schulthess,  Schulz,  and 
others,  continued  to  consider  reason  as  their  only  guide  in  matters  of 
religion,  and  rejected  every  supernatural  revelation :  others,  the  so- 
called  SupematuraUstic  Rationalists,  admitted  indeed  a  supeimtural 
revelation,  but  considered  reason  as  the  only  means  of  recognising  and 
acknowledging  it ;  they  thus  still  allowed  reason  to  be  the  supreme 
judge  in  matters  of  religion.  To  this  class  of  RationaUsts  belong 
Bretschndder,  Von  Ammon,  Bohme,  Hase,  Koster,  and  others.  A 
similar  division  exists  among  the  Supematuralists. 

The  view  which  the  Rationalists  had  taken  of  the  Scriptures  con- 
tained some  elements  which  led  to  a  new  crisis  in  German  theology. 
Some  parts  of  the  Scriptures,  from  which  the  Rationalists,  with  sdl 
their  ingenuity,  saw  no  h6pe  of  eliciting  a  genuine  history,  they 
had  ventured  to  declare  to  be  a  mere  legend,  tradition,  or  mythus. 
This  view  was  gradually  applied  to  a  great  portion  of  the  Old  Testa- 
ment, as  in  Bauer's  '  Hebraische  My&ologie,'  Leipzig,  1802.  The 
various  and  profound  investigations  into  ancient  profane  history  had 
led  to  similar  results  in  other  departments,  and  the  hollowness  of  the 
Rationalist  interpretation  was  either  loudly  proclaimed  or  tacitly 
acknowledged  by  all  parties.  The  consequence  was  either  a  return  to 
the  SupematuraUstic  view,  or  further  progress  in  the  path  which  had 
been  opened  by  the  Rationalists  themselves.  Those  Rationalists  who 
could  not  do  the  former  now  applied  the  principle,  to  which  they  had 
formerly  recourse  only  in  cases  of  extreme  difficulty,  to  the  whole  body 
of  the  early  and  miraculous  portions  of  the  Scriptures,  wfaich^  they 
placed  on  the  same  footing  with  the  early  and  fabulous  stories  of 
ancient  Greece  and  Rome,  and  considered  as  a  m3rthical  history  not 
written  by  eye-witnesses  or  contemporaries,  and  only  recorded  after  it 
had  been  handed  down  by  tradition  tlm>ugh  many  generations. 
According  to  this  view,  all  the  events  in  the  Bible  are  either  natural 
events,  such  as  occur  in  the  history  of  other  nations,  and  which  must 
be  examined  according  to  the  general  principles  of  historical  criticism, 
or  they  are  of  a  miraculous  and  supernatural  character,  and  must  for 
this  reason  be  rejected  as  not  historical,  like  the  fabulous  accounts 
of  ancient  mythologjr.  As  the  RationaHiBtio  school  directed  its  first 
attacks  against  the  deists,  so  the  mythical  school,  though  diametrically 
opposed  to  the  Supematuralists,  directed  its  main  efforts  against 
lU^onalism.  We  must  nevertheless  consider  this  last  school  as  essen- 
tially Rationalistic,  or  as  a  second  form  of  Rationalism,  in  as  far  as, 
like  Rationalism  in  its  first  form,  it  takes  reason  for  its  sole  guide,  and 
denies  all  supernatural  revelation.  The  only  difference  is  that  it  denies 
the  Biblical  records  to  be  the  works  of  eye-witnesses  and  contempo- 
xaries,  and  hence  draws  the  conclusion  that  it  is  utterly  impossible  to 
elicit  from  those  portions  which  are  supposed  to  consist  of  mythical 
stories  anything  like  a  true  and  coimected  history. 

Rationalism  m  the  German  sense  never  made  mneh  way  in  England, 
beinft  chiefly  confined  to  a  portion  of  the  Unitarian  sect  But  of  late 
years  more  recent  principles  of  historical  and  philological  evidences, 
with  the  incontestable  facts  established  by  geological  and  palseonto- 
log^eal  investigationSfhave  led  to  closer  though  more  reverent  approaches 
to  it  from  various  quarters.  The  most  remarkable  is  what  is  known 
as  the  new  school  of  divines  at  Oxford,  of  whose  views  the  fullest 
development  is  afforded  by  the  works  of  the  late  Baden  Powell  and  the 
Rev.  B.  Jowett ;  and  the '  Essays  and  Reviews '  issued  by  these  gentle- 
men and  the  Rey.  J.  Temple,  Dr.  Williams,  Rev.  Mr.  Wilson,  Mr. 
Goodwin,  and  Rev.  Mr.  Pattison,  in  1860.  The  more  orthodox  view  of 
the  qu(»tion  has  not  been  wanting  of  numerous  supporters. 

Details  of  the  various  opinions  of  many  of  the  writers  mentioned*  in 
this  article  will  be  found  under  their  respective  names  in  the  Bioo.  Div., 
and  under  Miracles  there  is  given  a  list  of  foreign  writers,  nearly  all 
of  whom  are  purely  rationalistic. 

RATIOS,  PRIME  AND  ULTIMATE.  These  terms  were  first 
introduced,  at  least  in  a  system,  hv  Newton,  who  preferred  them  to 
the  terms  suggested  by  his  own  method  of  fluxions.  The  first  section 
of  the  Principia  contains  the  development  of  their  meaning,  with 
vanous  propositions  enunciated  in  their  language.  In  the  articles 
Limit  and  Infinite  we  have  already  had  the  same  notions  to  consider, 
couched  in  different  words ;  but  when  we  remember  that  the  only  sure 
foundation  of  the  differential  calculus,  that  is,  of  all  the  higher  part  of 
mathematics,  must  rest  upon  these  notions,  it  will  be  worth  while  to 
dwell  a  httle  upon  Newton's  form  of  expression,  and  his  method  of 
employing  it.  The  notions  in  question  actually  form  part  of  the 
knowledge  of  many  persons  who  are  not  mathematicians,  and  all  whose 
occupations  lead  them  to  any  considerations  connected  with  measure- 
ment, must  in  some  degree  possess  and  aK>peal  to  th^m. 


All  who  understand  the  term  ratio  must  see  that  the  ratio  of  two 
quantities  does  not  depend  on  their  actual  magnitudes.  If  one  line  Ve 
to  another  in  the  ratio  of  3  to  7,  the  halves,  thirds,  f  ourthB,  &c.  of  the 
two  lines  will  have  the  same  ratio ;  and  the  subdiyision  into  thqwA 
parts  iDAy  bo  continued  without  limit ;  thus  the  hundred-mi  Jtiffnth 
part  of  one  lino  will  be  to  the  himdred-millionth  part  of  the  otho'  as  Z 
to  7.  Ratio  then  always  exists,  so  long  as  there  is  magnitude ;  but  i* 
magnitude  should  cease  to  exist,  and  if  both  lines  should  vaniih,  no 
idea  of  ratio  can  be  f  ormed^  If  however  the  diminutioii  take  place  br 
continual  subdivision,  this  evanescence  of  magnitude  nerer  takes  pbce ; 
for  into  how  many  parts  soever  a  line  may  be  divided,  eadi  part  is  a 
length,  stiU  subdivisible  for  ever. 

The  consideration  here  introduced  is  not  on  easy  one  at  first  for  then 
is  a  degree  of  snudlness  which  evades  the  senses,  and  reason  must  ooiiie 
to  their  assistance.  This  makes  a  great  difficult,  for  many  who  think 
themselves  rational  geometers  are  not  aware  how  mudi  of  Uidr 
ordinary  perception  of  geometrical  truth  is  the  oonBequenoe  of  what 
they  see,  not  of  what  they  deduce.  All  magnitude  is  relative,  so  at 
as  the  notion  of  great  or  small  is  connected  with  it ;  we  know  ths 
when  we  stop  to  think,  but  we  do  not  easily  take  it  along  with  us  m 
our  thoughts ;  there  is  nothing  absolutely  great  or  small,  but  we  an 
continually  making  an  absolute  greatness  out  of  magnitude  whkb  ii 
great  compared  with  our  own  bodies,  and  an  absolute  smallness  of 
that  which  is  in  the  same  sense  comparatively  smalL 
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Take  a  o,  an  arc  of  a  circle,  a,o  its  half,  AjO  its  third  part,  l^o  its 
fourth  part,  and  so  on ;  let  the  chords  a  o,  a,o,  a^o,  Ac.  be  Smu. 
The  points  Aj,  a^,  a^  a^,  &c,  constitute  a  series  continually  approacb- 
ing  to  o  in  position,  but  never  reaching  it,  for  no  aliquot  part  of  a  o 
is  absolutely  nothing.  Now  it  can  be  shown  that  a«  o,  the  diord  (4 
(a  •  o)  the  xth  part  of  the  arc,  will  be  nearer  to  a  ratio  of  equality  with 
(a  m  o)  the  greater  x  is  taken,  so  that  any  approach  to  equality  may  be 
attained  and  passed  by  making  x  suffidentiy  great.  The  b^oner'a 
notion  is,  almost  invariably,  that  two  small  quantities  must  be  jieaiij 
equal,  because  they  are  small;  and  the  f^acy  under  which  ihej 
proceed  is  the  following : — quantities  which  are  nearly  equal  to  ihs 
same  are  nearly  equal  to  one  another ;  small  quantities  are  all  neariy 
equal  to  nothing,  therefore  small  quantities  are  nearly  equal  to  coe 
another.  The  mistake  here  lies  partly  in  the  use  of  nathimg  a«  if  it 
were  a  quantity,  having  aU  the  properties  of  quantity,  partiy  in  tbt 
supposition  that  quantities  which  differ  little  must  be  neu^y  equal.  If 
by  differing  littie  be  meant  that  the  difference  is  trifling  when  com- 
pared with  the  quantities  themselves,  the  notion  is  a  good  one :  two 
microscopic  animalcules  ar^  nearly  equal  when  they  differ  by  a  small 
portion  of  an  animalcule;  but  if  they  differ  by  the  size  of  a  gnat, 
though  their  absolute  difference  is  still  small,  compared  with  our  usn^ 
standards,  the  laiger  is  immensely  greater  than  the  other.  Bat  if  the 
just  notion  of  nearly  equal  be  adopted,  it  is  wrong  to  say  that  the 
chord  and  arc  are  nearly  equal  on  account  of  their  sinallneas,  since  thesr 
BToaXL  difference  may  possibly  itself  be  larger  than  one  of  tiiem.  Aad 
as  to  using  nothing  as  a  quantity  in  the  fallacious  syllogism  aboTv 
given,  it  must  be  remembered  that,  with  reference  to  possibtlitj  of 
subdiyision,  any  quantity,  however  smaU,  is  as  distant  from  nothing  a5 
any  other  quantity,  however  great,  is  from  infinity. 

Neyertiidess,  as  may  be  rationally  shown,  the  chord  and  arc  are  the 
more  nearly  equal  the  smaller  they  are.  The  conception  of  tliis  pny 
position  may  be  aided  as  follows : — ^however  small  a  line  may  be,  w 
may  represent  it  by  as  great  a  number  as  we  please,  if  we  take  tbf> 
unit  of  measurement  still  smaller,  and  sufficiently  smaller ;  noyr  let  tb« 
arc  taken  be  the  nth  part  of  the  radius ;  then  if  a  unit  be  taken  f<i 
small  that  the  arc  shall  be  represented  by  24n*,  the  chord  wall  be  a 
fractional  number  extremely  near  to  24n*  —  1.  Thus  if  the  arc  be 
one-thousandth  of  the  radius,  and  a  imit  be  taken  to  measure  it  which 
Ib  its  24-thousandth  part,  so  that  the  arc  is  24,000,  the  chord  will 
contain  that  imit  a  very  small  fraction  more  than  23,999  times.  An«1 
if  ft  be  made  still  greater,  the  inequality  will  be  made  still  less,  being 
capable  of  being  mnde  less  than  a  unit  out  of  any  number  we  may 
name,  however  great. 

In  the  article  Limit  we  should  say  that  the  limiting  ratio  of  the  arc 
and  chord  is  unity ;  in  Infinite,  that  an  infinitely  smidl  arc  is  equal  t^ 
its  chord.  Newton's  phrase  was  that  the  arc  and  chord  are  ultrmately 
equal,  or  that  their  ultimate  ratio  is  one  of  equality.  He  strives  i> 
guard  this  language  as  much  as  possible  in  the  Scholium  which  termi- 
nates the  first  section,  and  from  which  we  now  quote. 

"  I  have  premised  these  lemmas,  that  I  might  avoid  the  tedium  of 
long  demonstration,  with  reductions  ad  absHrdumj  after  the  manner  of 
the  ancients.  Demonstrations  are  shortened  ind^d  by  the  method  cif 
indivisibles."  [Cavalieri,  in  Bioo.  Drv.]  *'  But  since  this  hypothe^^is 
is  somewhat  ditficult,  and  the  method  is  not  thought  very  geometrical, 
I  have  preferred  to  make  what  follows  depend  upon  the  ultimate  sami 
and  ratios  of  vanishing  quantities I  do  not  wish  to  be  under- 
stood as  ufiing  indivisibles^  but  divisible  vanishing  quantities;  not 
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sums  and  ratios  of  determinate  ports,  but  limits  of  sums  aod  ratios.  .  . 
"  It  is  objected  that  there  is  no  ultimate  proportion  of  ranishing 
quantitiesi  because,  before  they  have  vanished  the  proportion  is  not 
ultimate,  and  after  they  hare  vanished  there  is  no  proportion.  But  by 
the  same  argument  it  could  equally  be  contended,  that  there  is  no  last 
velocity  with  which  a  body  reaches  the  place  where  its  motion  stops ; 
for  before  the  body  reaches  its  final  position,  it  has  not  its  last  velocity, 
and  when  it  reaches  it,  it  has  no  velocity.  And  the  answer  is  easy : 
by  the  last  velocity  i  understand  that  which  the  body  has,  not  before 
it  reaches  its  last  point  and  the  motion  stops,  nor  afterwards,  but  at 
the  moment  when  it  reaches,  namely,  that  very  velocity  with  which 
the  body  reaches  its  last  position,  and  with  which  the  motion  ceases. 
And  similarly,  by  the  ultimate  ratio  of  vanishing  quantities,  is  to  be 
understood  the  ratio  of  the  quantities  not  before  they  vanish,  nor  after 
they  vanish,  but  with  which  they  vanish.  Similarly  the  prime  ratio  of 
nascent  quantities  is  the  ratio  with  which  they  begin  their  existence 
(ratio  quacum  nascuntur).  And  the  prime  and  ultimate  sum  is  that 
with  which  (whether  increasing  or  diminishing)  they  begin  and  cease. . . . 
It  may  also  be  contended,  that  if  the  ultimate  ratios  of  vanishing 
quantities  be  given,  the  ultimate  magniiudes  will  be  given;  and  thus 
that  every  magnitude  will  consist  of  indivisible  parts.  ....  But 
this  objection  proceed^  on  a  false  hypothesis.  The  ultimate  ratios 
with  which  quantities  vanish  are  not  really  the  ratios  of  ultimate 
quantities,  but  the  limits  to  which  the  ratios  of  qiumtities  diminishing 
without  limit  perpetually  approach,  and  which  limits  may  be  attained 
within  any  given  difference,  but  can  never  be  passed,  nor  even 
actually  attained,  before  the  quantities  are  diVninished  in  infinitum. 
The  thing  will  be  more  clearly  understood  by  speaking  of  infinitely 
great  quantities.  If  two  quantities  with  a  given  difference  be  increased 
in  infinitum,  the  ultimate  ratio  will  be  given,  that  is  to  say,  a  ratio  of 
equality,  but  the  ultimate  or  greatest  quantities  of  which  this  is  the 
ratio  will  not  therefore  be  given.  In  what  foUows  therefore,  if  ever, 
thinking  of  making  things  more  easily  conceivable,  I  should  talk  of 
the  last  possible  quantities,  or  of  vanishing  or  ultimate  quantities,  do 
not  understand  thereby  quantities  of  determinate  magnitude,  but  think 
always  of  quantities  diminishing  without  limit." 

This  notion,  whether  of  limiting  ratios,  of  ultimate  ratios,  or  of  the 
ratios  of  infinitely  small  quantities,  is  a  real  and  positive  conception  of 
our  minds,  but  one  of  which,  put  it  into  what  language  we  may,  the 
mode  of  expression  is  liable  to  some  objection.  The  ultimate  magni- 
tudes of  the  senses  are  not  those  of  the  understanding,  but  all  our 
terms  connected  with  the  latter  are  derived  from  habits  of  thought 
matured  by  aid  of  the  former.  The  ultimate  arc  of  a  curve  which  the 
eyes  perceive  is,  to  those  eyes,  really  straight,  all  curvature  being 
imperceptible.  Indeed  sensible  straightness  begins  long  before  length 
vanishes.  Continued  reflection  only  will  dear  away  the  approximate 
truths  of  the  senses,  and  enable  the  student  to  see  how  the  ultimate 
truths  of  the  theory  of  limits  are  to  be  established. 

The  study  of  the  theory  of  ultimate  ratios,  as  given  by  Newton,  is 
desirable  on  several  grounds.  The  mere  acquisition  of  the  language  is 
a  benefit;  for  subject  as  all  terms  in  which  the  propositions  can  be 
expre^ed  are  to  misapprehension,  it  frequently  happens  that  the 
associations  which  one  kind  of  language  suggests  are  corrective  of 
errors  which  another  lang^uage  has  allowed,  or  even  favoured.  No 
student  can  be  sure  that  his  ideas  on  the  subject  are  sound  until, 
comparing  together  any  proposition  (as  in  Divferential  Calculus) 
exi>reased  by  means  of  infinitesimals,  limits,  and  ultimate  ratios,  the 
same  proposition  in  the  three  different  ways,  he  feels  a  perfect  coinci- 
dence of  meaning  between  the  three  sta^ments,  and  that  each 
expresses  as  much  as,  and  no  more  than,  the  others.  Again,  the 
consideration  of  ultimate  ratios  puts  vividly  before  the  mind  of  the 
student  who  is  used  to  the- algebraical  methods,  a  picture  of  the  truth 
which  is  meant  to  be  stated,  and  prevents  his  resting  upon  the  abstract 
symbols  of  the  Differential  Calculus.  For  want  of  such  an  accom- 
paniment to  the  latter  study,  many  have  foimd  it  repulsive,  more, 
unintelligible,  at  least  for  a  long  time,  and  some  have  even  never 
arrived  at  any  rational  comprehension  of  its  meaning. 

RATTANS,  or  CANES,  though  comparatively  unimportant,  form  a 
considerable  article  of  commerce  in  the  East.  They  consist  of  a  kind 
of  palm-reed,  which  climb  over  and  around  the  trees  in  many  large 
saiA  denize  forests  of  the  Malayan  peninsula  and  the  Eastern  Archi- 
pelago. They  are  separated  from  the  trees  by  a  kind  of  cleaver,  and 
are  close,  long,  well  glazed,  bright  yellow,  slender,  and  supple.  They 
are  split  into  strips  and  bound  into  bundles  of  100  each.  Chinese 
merchants  buy  them  in  Borneo  at  the  extremely  low  price  of  about 
4d.  per  bundle,  and  sell  them  laigely  for  use  in  China.  English  mer- 
chants can  obtsdn  about  20d.  per  bundle  for  them  at  Calcutta. 
England  alone  imiwrts  as  many  as  10,000,000  rattans  in  a  year,  chiefly 
for  use  in  chair-bottoms  and  umbrella-frames. 

RAVELIN,  a  work  constructed  beyond  the  nudn  ditch  of  a  fortress, 
and  in  front  of  the  curtain  between  two  bastions.  It  usually  consists 
of  two  lines  of  rampart,  which  meet  in  a  salient  angle  on  a  line  drawn 
perpendicular  to  and  bisecting  the  curtain ;  and  its  form  on  the 
groimd-plan  may  be  seen  at  Q,  Fig,  1,  Bastion,  and  at  q  q.  Fortifica- 
tion. Its  profile,  or  the  figure  of  a  vertical  section  of  its  rampart,  is 
similar  to  that  of  the  enceinte.    [Bastion,  Fig,  2.] 

The  ravelin  was  probably  first  constructed  in  the  place  of  the  more 
ancient  barbacan  by  the  Italian  engineers  of  the  16th  century,  when. 


on  account  of  the  general  employment  of  cannon  in  sieges,  the  ancient 
towers  and  walls  of  masonry  were  either  replaced  or  covered  by 
ramparts  of  earth.  Its  original  name,  rivellino,  indicates  a  derivation 
from  ve^Mure, "  to  watch ; "  and  both  by  iCaggi  (1584)  and  Errard  (1594), 
rivellino,  or  raveUn,  and  bastion,  are  used  as  the  names  of  a  work 
beyond  the  walls  of  a  fortified  place.  In  some  cases  the  rivellino 
appears  to  have  been  merely  a  parapet  of  earth  covering  a  small  place 
of  arms  in  which  were  stationed  the  men  appointed  to  guard  the  head 
of  the  bridge  leading  from  a  postern  to  the  counterscarp  of  the  ditch ; 
and  a  work  of  this  kind,  of  a  semicircular  form,  still  exists  on 
the  exterior  of  the  ditch  on  one  side  of  Carisbrooke  Castle.  It  can 
scarcely  be  doubted  that  a  semicircular  form  was  very  frequently 
adopted  for  such  parapets,  and  this  circumstance  may  have  given  xise 
to  the  name  of  demi-lune,  or  half-moon,  by  which^  even  now,  the 
ravelin  is  often  designated.  It  ought  to  be  observed  however  that 
Errard  and  other  writers  of  that  age  apply  the  word  ravelin  to  a 
work  placed  immediately  in  front  of  the  salient  angle  of  a  bastion, 
where  the  counterscarp  of  the  ditch  (which  is  there  in  the  form  of 
a  segment  of  a  circle)  constitutes  the  goi^ge  of  the  work,  and  that 
the  name  of  hal|-moon  may,  on  this  account  have  been  applied  to  the 
work,  though  its  &ces  were  retilinear.  A  work  thus  situated  is  now 
invariably  called  a  counteiguard ;  and  the  term  ravelin,  or  demi-lune, 
is  confined  to  the  principal  outwork  in  front  of  the  curtain. 

When  the  necessity  of  increasing  the  strengUi  of  fortresses  by  means 
of  works  beyond  the  enceinte,  in  consequence  of  the  superior  means 
employed  in  the  attack,  was  strongly  felt,  the  ravelin  was  made  more 
capacious,  and  ¥ras  provided  with  artillery ;  and,  in  order  to  prevent  it 
from  being  taken  by  surprise,  its  ditch  was  enlarged,  and  the  covered- 
way  was  continued  on  the  exterior  of  the  latter  along  both  the  fiioes  of 
the  work.  Before  the  middle  of  the  17th  century  the  ravelins  were 
so  small,  that  the  exterior  lines  (the  cordons)  of  their  faces,  if  pro- 
duced towards  the  rear,  fell  upon  the  curtain  of  the  enceinte,  and  the 
lengths  of  the  ftees  did  not  exceed  30  yards.  Count  Pagan  then 
enlarged  the  works  so  that  the  produced  iicea  fell  at  the  shoulders  of 
the  bistions ;  but  Yauban  apparently,  in  what  has  since  been  denomi- 
nated his  first  system,  made  the  faees  of  the  ravelins  about  110  yarda 
long,  and  directed  them  towards  points  on  the  faces  of  the  bastions  at 
10  yards  from  the  shoulders  [q.  Fig.  1,  Bastion].  The  magnitude  of 
the  work  was  then  such  as  to  render  it  capable  of  making  a  good 
defence :  it  covered  the  curtain  and  flanks  of  the  enceinte,  so  that  the 
enemy  could  not  demolish  their  parapets  by  means  of  artilleiy  in  his 
distant  batteries ;  and  one  being  placed  on  each  front  of  the  fortress, 
every  two  afforded  not  only  a  crossing  fire  on  the  approaches  of  the 
enemy  towards  the  intermediate  bastion,  but  they  seriously  impeded 
the  formation  of  the  counter-batteries  on  the  crest  of  the  glacis. 

It  was  subsequently  perceived  that  great  advantages  would  arise  if 
the  faces  of  the  ravelins  were  made  still  longer,  and  if  they  were 
directed  to  points  at  a  greater  distance  from  the  shoulders  of  the 
bastions:  by  the  first,  as  a  reverse  fire,  as  it  is  called,  might  be 
directed  from  the  angle  of  the  work  upon  the  enemy's  lodgments  on 
the  glacis  before  the  bastions,  he  was  compelled  to  take  and  make 
lodgments  in  two  contiguous  ravelins  before  he  could  proceed  to  attack 
the  bastion ;  and  by  the  other,  the  power  of  breaching  the  shoulders 
of  the  bastions,  that  is,  in  rear  of  the  moot  advantageous  position  for  a 
retrenchment,  by  means  of  a  battery  on  the  glacis,  before  the  salient 
angle  of  the  ravelin,  would  be  taken  away  from  him.  At  Landau  and 
other  places,  Yauban,  witho^it  increasing  the  leng^ths  of  the  faces  of 
the  ravelins,  directed  their  exterior  lines  to  points  at  20  yards  from  the 
shoulders  of  the  bastions;  while  at  Neuf  Brisac  he  not  only  made  the 
lengths  of  the  faces  about  120  yards,  but  he  directed  them  to  points  at 
30  yards  from  the  shoulders.  It  should  be  observed  however  that  at 
about  20  yards  from  the  counterscarp  of  the  main  ditch  he  changed 
the  directions  of  the  faces,  and  made  the  portion  between  this  point 
and  the  ditch  nearly  perpendicular  to  a  line  joining  the  salient  angles 
of  the  collateral  bastions,  as  in  the  work  t.  Fortification  ;  by  which 
means  the  second  advantage,  above  mentioned,  was  lost  The  inten- 
tion of  Yauban  in  thus  giving  flanks  to  the  ravelin  was  that  he  might 
obtain  a  fire  from  thence  on  any  breach  formed  in  the  face  of  the 
bastion,  and  that  the  difficulty  of  forming  a  lodgment  on  the  glads  in 
front  of  the  bastion  might  be  increased  so  much  as  to  oblige  the  enemy 
to  take  the  ravelin  before  he  could  execute  such  lodgment :  but  ex- 
perience has  shown  that  this  is  not  the  fact;  for  the  flanks,  as  he  has 
formed  them  at  Neuf  Brisac,  having  no  work  to  cover  their  pro- 
longations, are  enfiladed,  and  their  guns  dismounted,  at  an  early  penod 
of  Uie  siege. 

Cormontaingne  (1736)  greatly  improved  the  ravelin  by  giving  it  the 
figure  represented  at  Q  Q,  Fortification,  making  tiie  length  of  each 
face  about  130  yards,  and  directing  that  line  to  a  point  between  20 
and  30  yards  from  the  shoulders  of  the  bastions.  He  reduced  the 
terreplein,  or  space  between  its  parapet  and  the  counterscarp  of  the 
redout  T,  to  27  feet,  in  order  that  the  enemy  might  not  find  room  on  it 
to  form  battories  for  the  purpose  of  breaching  the  redout  of  the 
ravelin;  and  the  faces  being  unbroken  in  direction,  not  only  are 
the  shoulders  of  the  bastions  covered,  but  the  enemy  is  prevented  from 
breaching  any  part  between  the  shoulder  and  the  retrenchment  x*  The 
gorge,  or  rear  line,  of  the  ravelin,  instead  of  coinciding  with  the 
general  direction  of  the  counterscarp  of  the  main  ditch,  is  made  parellel 
to  the  curtain  of  the  place,  in  order  to  take  away  a  part  of  the  teire- 
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plein  which  would  have  been  seen  by  the  enemy  from  hifl  counter- 
batteries  on  the  glacis  of  the  bastion.  It  appears  that  CJormontain^e 
wished  to  give  the  ravelins  a  greater  length  of  face  than  that  which 
has  been  mentioned,  and  that  he  was  prevented  from  doing  so  through 
the  opposition  of  his  contemporaries.  For  the  advantages  to  be  derived 
fro^i  very  salient  ravelins,  see  Fortification. 

The  only  change  which  has  since  been  made  in  the  position  of  the 
ravelin  is  that  which  was  proposed  by  Bousmard  (1808),  and  followed 
in  the  works  executed  by  order  of  Napoleon  about  Alessandria  (1807) 
by  Chasseloup  de  Laubat.  It  consists  in  placing  the  work  beyond  the 
glacis  of  the  enceinte,  at  the  foot  of  which  glads  its  ditches  terminate ; 
the  covered-way  and  glads  before  the  bastions  being  continued  unin- 
terruptedly  along  the  exterior  of  the  main  ditch.  It  thus  becomes 
impossible  to  br^ch  the  endente  by  artillery  placed  anywhere  on  the 
glacis  of  the  ravelin ;  and,  when  the  direction  of  each  face  is  broken,  as 
that  engineer  recommended,  the  probability  of  the  rampart  being 
enfiladed  is  much  diminished.  It  might  perhaps  be  objected  that  the 
ravelin  so  detached  is  liable  to  be  attacked  at  the  goi^ ;  but  if  the 
covered-way  of  the  ravelin  be  made  to  join  that  of  the  collateral 
bastions,  and  if  its  flanks  or  those  of  the  redout,  are  disposed  so  as 
to  allow  a  fire  of  musketry  to  be  kept  up  in  the  direction  by  which 
the  enemy  must  approach  the  gorge,  this  danger  may  be  obviated. 

The  relief  of  the  ravelin,  or  its  elevation  above  the  level  of  the 
ground,  should  be  two  or  three  feet  less  than  that  of  the  enceinte,  in 
order  that  the  defenders  of  the  curtain  may  be  able  to  direct  a 
plunging  fire  into  the  work  when  it  is  occupied  by  the  enemy.  But 
if  in  the  interior  of  the  ravelin  there  should  be  a  redout,  this  last 
oughty  for  the  same  reason,  to  have  less  relief  by  two  or  three  feet 
than  the  curtun ;  and  then,  in  order  to  afford  a  plunging  fire  from  the 
redout  into  the  ravelin,  the  latter  should  be  two  or  three  feet  lower 
than  the  former.  It  ought  however  to  have  a  command  of  six  o^ 
seven  feet  over  the  glacis  in  its  front,  that  the  fire  of  its  artilleiy  may 
not  annoy  the  defenders  on  the  banquette  of  its  covered-way.  There- 
fore, if  the  command  of  the  enceinte  over  the  ground  is  18  feet,  and 
that  of  the  glads  is  7  feet,  the  differences  between  the  hdghts  of  the 
enceinte  and  redout,  and  of  the  redout  and  ravelin,  may  be  2  feet 
successively. 

RAY.    fLioHT.] 

RE,  in  Music,  the  name  given  by  the  Italians  and  French  to  the  second 
Qote  of  the  diatonic  scale,  and  generally  throughout  Surope  to  the 
second  of  the  syllables  used  in  Solmization. 

REAL  ESTATE.    [Proebbtt.] 

REALGAR.    [ Arsenic,  Compownda  ofwtphur  and  anenic,'\ 

REALISTS.    [Nominalists.] 

REAPINQ  (or  cutting  com  when  it  is  ripe)  is  one  of  the  most 
important  operations  of  harvest.  It  requires  many  hands  to;  accom- 
plish it  in  proper  time,  so  that  the  com  which  is  ready  for  the  sickle 
may  not  be  too  ripe  and  shed,  nor  the  fair  weather  be  allowed  to  pass 
before  all  the  com  is  secured  in  bams  or  stacks.  The  labourers  who 
are  required  all  the  year  for  the  common  purposes  of  husbandly 
seldom  suffice  for  the  harvesd,  especially  on  extensive  farmsi  and  re- 
couise  is  usually  had  to  the  assistance  of  mechanics  and  artisans  from 
the  neighbouring  towns  and  villages  where  the  population  is  consider' 
able,  or  labourers  are  induced  by  good  wages  to  come  from  a  distance. 
As  tiie  harvest  is  later  in  those  parts  of  every  country  which  have  a 
more  northern  situation,  or  are  higher  above  the  level  of  the  sea,  bonds 
of  reapers  from  these  come  to  assist  in  the  harvest  of  those  tracts 
whose  produce  is  earlier.  To  encourage  the  annual  return  of  so 
desirable  assistants,  every  encouragement  is  given  them,  not  only  by 
wages,  but  also  by  food  and  drink,  and  amusements  after  the  toil  of  the 
day.  Thus  the  time  of  harvest  is  a  time  of  rejddng  both  to  the 
labourers  and  the  master. 

The  common  reaping-hook,  or  dckle,  with  which  the  com  is  usually 
cut,  is  one  of  the  oldest  Instruments  of  hnsbuidry ;  and  the  goddess 
Ceres  was  generally  represented  by  the  andents  with  a  sheaf  of  oom 
and  sickle  in  her  hand.  In  reapmg  with  the  sickle,  a  portion  of  the 
stems  is  collected  with  the  left  himd,  and  held  fast ;  while  the  sickle  in 
the  right  hand  is  inserted  below  the  left,  taking  the  stems  in  its  semi- 
circular blade,  and  cutting  them  through  by  drawing  the  sickle  so  as  to 
act  as  a  saw,  for  which  purpose  the  edge  is  finelv  serrated  in  a  direction 
from  the  point  to  the  handl&  The  heads  of  the  com,  with  the  upper 
part  of  the  straw,  are  then  laid  on  the  grotmd  in  quantities  which  may 
readily  be  collected  into  a  sheaf.  Practice  soon  gives  dexterity  to  the 
reaper ;  and  he  finds  it  more  expeditious  to  cut  small  quantities  in 
succedon  until  he  has  filled  his  lumd,  than  to  attempt  to  cut  through 
a  large  handful  at  once.  Severe  wounds  ore  often  inflicted  on  the 
fingers  of  the  left  hand  by  beginners,  even  to  the  loss  of  a  finger;  but 
this  soon  makes  them  cautious  and  expert  The  dividon  of  labour  is 
introduced  with  advantage  amongst  a  band  of  reapers.  A  certain 
number  cut  the  com,  while  others  follow  to  gather  the  sheaves;  some 
only  preparing  the  bands,  and  others  tying  them  and  setting  up  the 
sheaves  into  stocks  or  shocks,  which  usually  consist  of  ten  or  twelve 
sheaves.  The  smaller  the  sheaves  are,  the  less  injury  the  com  sustains 
in  a  wet  harvest ;  as  the  moisture  in  a  thick  sheaf  does  not  so  readily 
evaporate.  Hence  it  is  the  interest  of  the  farmer  to  see  that  the 
reapers  do  not  make  the  sheaves  too  large.  In  many  places  there  is  a 
regular  measm^  for  the  circumference  of  a  sheaf,  which  should  never 
exceed  thirty  inches.    The  bands  are  made  by  taking  two  small  hand 


f  uls  of  the  cut  oonii  and  crossing  them  just  below  the  ears  into  a  knot 
The  sheaf  is  then  pressed  with  the  knee,  and  the  band  drawn  tightlr 
around  it.    The  end^  are  twisted  together  like  a  rope,  and  insert4>il 
under  the  band,  which  effectually  fastens  it.    This  operation  is  soon 
learnt,  and  is  done  veiy  rapidlv.    The  sheaves  should  be  so  tied  that 
there  may  be  no  danger  of  then*  idling  looiie  when  pitched  into  the 
cart  or  stacked,  without  being  so  tight  as  to  prevent  the  moisture  in 
the  straw  from  evaporating.    They  should  not  be  tied  too  near  tb« 
ears,  but  rather  nearer  to  the  butt.    The  sheaves,  •  when  tied,  are 
placed  two  and  two  on  the  butt-ends,  with  the  ears  leaning  agaiB:4 
each  other :  sometimes  they  are  placed  in  a  circle,  all  the  ears  beio^ 
together,  and  the  buts  slanting  outwards ;  a  sheaf  ia  then  opened,  by 
inserting  the  hand  into  the  middle  of  the  eaiB,  and  reversed  ovirr  the 
tops  of  the  preceding,  forming  a  cone,  and  covering  all  the  other  ears, 
while  it  hangs  down  around  them.    In  this  position  they  will  bear 
much  rain  without  injury.    It  is  a  good  practice  to  place  the  vhoc^t 
across  the  furrows  between  the  stitches  or  lands,  so  aa  to  allow  the  air 
to  circulate  more  freely  around  them.    In  this  case  four  or  five  sheay^ 
are  placed  in  a  row,  leaning  against  as  many  in  a  i^arallcl  row ;  and  tvo 
sheaves,  bdng  opened,  are  reversed  over  them  to  protect  the  eais. 
Whatever  be  the  mode  adopted  in  reaping  the  com,  the  same  kind  'A 
sheaves  are  formed,  and  set  up  in  shocksi 

Wherever  the  dckle  is  used  for  reaping,  the  straw  is  cut  at  a  certsun 
height  from  the  ground,  and  the  remainder  forms  a  long  etubUf, 
which  is  usually  mown  at  leisure  after  harvest,  and  oarried  into  tbe 
yard  for  litter  ;  but  in  the  neighbourhood  of  largo  towns,  where  straw 
IS  sold  at  a  good  price,  or  exchanged  for  stable  dung,  it  is  iroporlaDt 
that  as  much  as  posdble  of  it  should  be  cut  with  the  com.  This  las 
introduced  tiie  practice  aiUed  fogging,  and  sometimes  bagging,  th'; 
origin  of  which  provincial  expresdon  is  not  well  known.  The  in<tra- 
ment  used  for  this  pii^ose  partakes  Of  the  nature  of  a  scythe,  as  v«fl 
as  of  a  reaping-hook.  It  is  shaped  like  a  dckle,  but  is  much  larger  sA 
broader ;  and  instead  of  being  indented  like  a  saw,  it  has  a  sharp  ed^ 
like  a  scythe,  which  is  renewed  when  blunt  by  means  of  a  skiue  <^ 
bat  The  fagging-hook  cuts  tiie  straw  close  to  the  ground  by  a  strike 
of  the  hand ;  and  its  ctured  form  is  only  useful  in  oollectim?  «tnj 
stems,  and  holding  a  certain  quantity  of  them  between  it  and  the  left 
hand  of  the  reaper  when  he  makes  up  a  sheaf.  A  certain  quantity  i^ 
out  towards  the  standing  oom,  the  left  hand  pressing  it  down  at  tbe 
same  time.  When  as  much  is  thus  cut  as  would  make  half  a  small  aheaf, 
the  reaper  comep  backwards,  cutting  in  a  direction  at  right  angles  to 
the  first,  and  rolling  together  the  two  parts,  which  he  <n\rries  in  tbe 
bend  of  his  hook  and  places  on  the  band  which  ht\A  been  prepared  for 
him.  A  full-sized  sheaf  is  usually  composed  of  two  cr.ttings.  Twu 
men  will  fully  employ  a  third  to  make  bands  for  thei  i,  tie  up  tba 
sheaves,  and  set  them  up.  This  method  of  reaping  ia  laborioa^  ob 
account  of  the  stooping  required  to  out  near  the  ground.  The  Haio- 
ault  scythe,  which  has  been  described  in  most  agi-icultural  wortfl,  doef 
the  work  better,  and  with  less  Migue.  It  is  in  fact  a  faggio^bonk, 
not  quite  so  curved,  of  whieh  the  handle  is  longer,  and  placed  at  aa 
angle  with  the  plane  of  the  blade.  It  requires  souie  practice  to  giTc 
the  proper  swing  to  it  by  a  peculiar  motion  of  the  wriat;  but  When 
this  is  once  acquired,  a  condderable  saving  of  labour  and  time  is 
effected.  Many  attempts  have  been  made  to  bring  it  into  use  in 
England ;  but,  from  the  obstinacy  of  the  labourers,  or  the  want  of 
perseverance  in  the  masters,  without  much  success.  A  better  iffi^trti- 
ment,  however,  on  extendve  farms,  is  the  cradlo^cythe,  which,  in  tbe 
hands  of  an  expert  mower,  will  do  more  work  and  more  efiiactuallj 
secure  all  the  straw  than  any  other  instrument 

The  objection  to  the  great  barn-room  required  for  so  much  straw  ia 
obviated  by  the  practice  of  stacking  the  com  in  the  open  air,  on  proper 
stands  to  keep  it  dry  and  out  of  the  reach  of  vermin.  The  additiooal 
trouble  in  threshing  is  not  so  great  as  that  of  mowing  or  rakiog  the 
stubble,  which  is  generally  defeired  tiU  half  of  it  is  lost  by  decomposi- 
tion l^  ^e  air  Imd  moistura  When  the  saving  of  time  is  considered 
as  well  as  tiie  saving  of  expense,  there  seems  to  be  no  doubt  that  on 
an  extendve  farm  the  scythe  is  isx  preferable  to  the  dckle  for  cutting 
every  kind  of  grain.  Barley  and  oats  are  usually  mown  and  carried 
without  tving  them  into  sheaves,  but  this  is  a  dovenly  and  wasteful 
practice :  by  means  of  the  cradle-scythe  they  may  be  mown  so  regu- 
larly as  to  be  readily  tied  into  sheaves;  and  the  additional  expend 
will  be  f  uUy  compensated  by  tiie  saving  of  all  the  com  which,  beipg 
on  tiM  outdde  of  the  stack,  is  lost  by  the  depredations  of  small  bircU. 

Beans  are  usually  reaped  by  the  dcUe,  the  stems  bdng  too  stroag 
and  too  wide  apart  to  admit  of  the  scythe.  Where  it  can  be  done 
conveniently,  without  the  sdl  adhering  too  much  to  the  rootR,  it  is 
better  to  pull  them  np,  and  tie  them  in  bundles  with  straw  bands, 
or  tar-twine,  which  will  be  found  both  a  convenient  and  economical 
method. 

Peas  are  generaDy  reaped  by  means  of  two  large  hooks  similar  to 
the  fagging-hooks,  one  of  which  is  hdd  in  each  himd ;  and  the  stems. 
which  are  generally  much  interwoven,  are  partly  cut  and  partly  t(vn 
from  the  roots,  and  so  rolled  up  into  a  small  bundle  laid  loose  in  order 
that  it  may  dry.    Tares  are  reaped  in  the  same  way. 

The  expense  of  reaping  com  is  condderable,  especially  t  ^t-  th^t 
population  is  scanty.  In  the  eastem  counties  men  are  engag^^l  ion-  tbe 
whole  harvest,  which,  in  favourable  weather,  is  supposed  to  Ixj  c«'»m- 
pleted  in  a  month.    During  this  time  they  have  their  ufxtal  c\d]y 
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wages,  with  or  without  food,  and  a  certain  sum  besides,  aa  harvest 
money.  In  other  districts  the  labourers  reap  the  com  by  the  acre, 
with  a  certain  allowance  of  beer,  or  money  instead  of  it.  The  price 
of  fagging  in  Middlesex  and  within  80  miles  abound  London  varies 
from  nine  to  twelve  shillings  per  acre,  according  to  the  crop,  and  if  it 
la  lodged,  as  much  as  fifteen  shillings  is  often  paid,  including  beer. 
The  use  of  the  scythe  considerably  diminishes  the  expense,  as  fewer 
labourers  are  required. 

There  have  been  many  attempts  to  introduce  machinery  for  reaping 
com ;  and  within  the  past  ten  years  the  principle  of  the  reaping- 
machine,  invented  by  the  Kev.  Mr.  Bell,  of  For£Ekrahire,  a  quarter  of  a 
century  ago,  and  since  successfully  carried  out  in  the  United  States  of 
Anxerica,  has  been  largely  applied  by  many  makers  on  both  sides  of  the 
Atlai.dc,  and  we  have  now  ten  or  twelve  different  reaping-machines, 
znoTn  or  Ilss  differing  from  Bell's  reaper,  in  successful  operation.  Many 
thousands  of  such  machines  are  now  at  work  in  this  country,  and  effect 
a  great  saving  both  of  time  and  money  at  harvest  time.  Crosskill,  of 
Beverley,  manufactures  Bell's  reaper;  Bui^gess  &  Key,  of  Newgate- 
street,  manufacture  M'Cormick's  reaper,  in  which  a  serrated  edge,  oscil- 
latiug  in  front  of  the  com,  cuts  it  and  lays  it  on  a  traversing  screwjplat- 
fom^,  by  which,  as  in  Bell's,  it  is  carried  aside  and  laid  in  swathes 
on  \.^Q  ground.  Cuthbert,  of  Bedal,  and  many  others,  manufacture  a 
smaller  machine,  in  which  the  com  is  delivered  from  the  platform  on 
which  it  falls  by  a  nuin  who  rides  on  the  machine.  AH  these  machines 
ore  in  extensive  and  successful  use. 

REASON,  according  to  the  common  notion,  is  the  highest  faculty 
of  the  human  mind,  by  which  man  is  distinguished  from  brutes, 
and  which  enables  Mm  to  contemplate  things  spiritual  as  well  as 
material,  to  weigh  all  that  can  be  said  or  thought  for  and  against  them, 
and  hence  to  draw  conclusions,  and  to  act  accordingly.  A  man  may 
therefore  be  said  to  possess  reason  in  proportion  as  he  actually  exer- 
cises ttiat  power,  that  is,  reasons  and  acts  according  to  the  conclusions 
or  results  at  which  he  has  arrived.  In  such  expressions  as  *'  We  have 
reason  to  believe  such  an  account,"  or  "  He  has  no  reason  to  be  dis- 
satisfied," the  word  "  reason  "  does  not  signify  the  mental  power  itself, 
but  the  conclusion  or  result  of  the  process  of  reasoning,  in  contra- 
distinction to  motives,  which  are  never  the  results  of  mental  opera- 
tions, but  merely  outward  circumstances  by  which  our  actions  are 
influenced. 

Thus  far  reason  is  of  a  purely  practical  nature,  and  Kant  therefore 
divided  reason  (if  we  may  venture  to  translate  his  word  Vemunft  by 
tho  English  word  reason)  into  practical  and  theoretical.    The  latter, 
which  is  also  called  pure,  ideal,  or  transcendental   reason,  is,  accord- 
ing to  him,  the  mind's  power  of  producing  ideas  d  priori  from  its  own 
resources,  or  the  power  of  conceiving  things  and  their  attributes  which 
lie  beyond  the  sphere  of  our  experience,  such  as  infinity,  the  absolute, 
Qod,  the  supreme  good,  &c.    How  far  our  knowledge  of  these  things 
can  extend  is  shown  in  the  work  of  Kant,  entitled  '  Eoitik  der  reinen 
Vemimft,'  or  'Criticism  of  Pure  Reason.'     Reason,  in  its  practical 
acceptation,  forms  ideas  A  poeUriori,  in  as  far  as  it  derives  them  from  a^ 
consideration  and  comparison  of  the  phenomena  of  the  external  world, 
endeavours  to  discover  imity  in  variety,  and  traces  all  phenomena  to 
one  source,  a  supreme  reason,  of  which  human  reason  is  only  a  reflex. 
Schelling  defines  reason  to  be  the  identity  of  the  subjective  and  the 
objective,  that  is,  the  identity  of  the  power  which  knows  and  that 
-which  it  knows,  which  includes  the  knowledge  of  this  identity.    As 
the  original  identity,  says  he,  exists  in  Gk>d,  or  is  Qod,  reason  is  a 
direct  knowledge  or  an  intellectual  perception  of  Qod,  of  whom  no 
indirect  knowledge  is  possible.    Hence  Qod  and  reason  are  essentially 
o£  the  same  nature ;  they  are  identical :  Qod  is  in  reason,  and  reason 
is  in  God. 

(G.  M.  Klein,  Beitrdge  zum  Siudien  der  Philoiophie  als  WiateMehafi 
des  All.    There  are  some  good  remarks  on  this  subject  in  S.  T.  Cole- 
ridge's Aidi  to  RefiecLvM,) 
ItEBATE.    [Discount.] 

liEBEC  (Bthec,  Fr.),  a  musical  instrument  of  the  violin  kind,  which 
had  three  strings  tuned  in  fifths,  played  on  by  a  bow.  This,  which 
ha-s  lou, :  been  in  disuse,  was  small  in  size,  something  between  the 
modem  violin  and  the  dancing-master's  lot,  or  pocket-fiddle,  and  seems 
to  have  been  the  primitive  violin.  Laborde  says  that  it  was  the 
fa\ourite  instrument  of  the  minstrels;  and  the  ribible,  of  which 
Cliaucer  and  Qower  speak,  is  supposed  to  have  been  the  rebec  It 
was  much  used  at  festive  enterttunments.  MUton,  in  VAUegro^  men- 
tions it  as  the  "  jocimd  rebec." 

X;j:i3ELLI0N.      [SOVERKIGNTY.I 

KEBUTTEB.     [PLKADiNQ.i 

RECAPTION.    [REPLBViNr] 

RECAPTURE.    [Pbisus.] 

RECEIPT,  a  written  discharge  of  a  debtor  on  the  payment  of 
money  due.  When  given  for  sums  greater  than  two  pounds,  it  must 
be  stamped.  Though  evidence  of  payment,  it  \b  not  absolute  proof, 
and  may  accordingly  be  rebutted  by  showing  that  it  has  been  given 
under  mistake,  or  obtained  by  fraud. 

RECEIVER.  A  receiver  is  a  person  appointed  by  the  Court  of 
Clumoery  to  receive  the  rents  and  profits  of  land,  or  the  produce 
of  other  property,  ^which  is  in  dispute  in  a  cause  in  that  court.  He 
is  an  officer  or  agent  of  the  court,  and  as  sooh  under  its  general 
GontrpL 


A  receiver  is  never  appointed  unless  a  suit  is  pending  concerning  the 
property  in  question;  and  he  is  usually  appointed  upon  motion  in 
court,  aiter  notice  has  been  given  to  the  proper  parties.  The  motion 
is  generally  made  after  answer ;  tmder  special  circumstances  it  may  be 
made  before  answer,  but  the  motion  must  be  supported  by  sufficient 
affidavits.  The  cases  in  which  a  receiver  is  appointed  are  those  in 
which  there  is  great  danger  of  property  being  wasted  or  lost,  owing  to 
the  want  of  a  proper  person  to  look  after  it.  The  following  are  some 
instances  in  which  a  receiver  will  be  appointed :  when  an  infant  is 
entitled  to  real  estate,  especially  if  it  be  of  considerable  magnitude :  in 
suits  between  partners  in  trade  for  the  purpose  of  winding  up  the 
concern,  when  a  partner  is  grossly  misconducting  himself,  disposing  of 
the  partnership  property,  or  excluding  his  copartners  from  the  manage- 
ment of  the  partnership  afi^irs  :  when  there  is  danger  of  the  assets  of 
a  testator  being  lost  or  wasted  through  the  misconduct  of  an  executor. 
A  manager  of  West  India  estates  has  power  to  set  and  let  them,  and  to 
expend  money  in  repairs ;  but  a  receiver  has  not  such  power,  except  aa 
hereafter  mentioned. 

Certain  persons  are  disqualified  from  being  receivers,  such  as  a 
solicitor  in  the  cause,  the  next  friend  of  the  infant  plaintiff,  a  peer  of 
the  realm,  and  a  receiver-general  of  a  coimty.  The  receiver  must  give 
security,  according  to  the  value  of  the  property  of  ^hich  he  is  appointed 
receiver. 

It  is  the  duty  of  the  receiver,  when  his  appointment  is  completed,  to 
inform  the  tenants  of  the  estate  in  question  of  his  appointment,  that 
they  may  pay  the  rents  to  him. 

A  receiver  is  paid  by  a  per  centage  on  the  sum  which  he  receives, 
usually  a  shilling  in  the  pound;  and  sometimes,  in  the  case  of  huge 
estates,  by  a  fixed  salary.  He  must  annually  pass  his  accounts  of 
receipts  and  payments.  It  is  usually  directed  in  the  order  or  decree 
for  the  appointment  of  a  receiver,  that  the  receiver  shall  from  time  to 
time  pay  the  balances  which  shall  be  due  from  hirn  into  the  Bank, 
with  Ae  privity  of  the  Accountant-Qeneial,  to  the  credit  of  the  cause. 
A  receiver  who  does  not  pass  his  accounts  and  pay  in  the  balances  may 
be  deprived  of  his  salary.  (15  Ve.  273.)  If  ho  make  default  in 
payment  of  his  balances,  the  recognizances  may  be  put  in  suit.  A 
receiver  of  rents  and  profits  has  to  pass  yearly  or  half-yearly  accounts, 
as  the  rents  and  profits  are  received,  and  he  is  chargeable  with  interest 
at  5  per  cent,  on  balances  in  his  hands  which  he  neglects  to  pay  at  the 
times  fixed  for  that  purpose. 

When  the  receiver  has  passed  his  final  account,  and  paid  the  balance 
hito  the  Bank,  or  to  the  person  entitled  to  receive  the  money,  to  whom 
the  order  directs  him  to  pay  it,  he  may  apply  by  petition  to  the  court 
for  the  vacating  of  the  recognizances  and  his  own  discharge,  and  an 
order  wiU  be  miade  accordingly,  upon  all  the  facts  being  proved  to  the 
court,  which  are  the  foimdation  of  the  receiver's  right  to  his  dis- 
charge.   A  receiver  is  not  liable  to  make  good  unavoidable  losseSL 

RECEIVER.    [Distillation;  Retort.] 

RECIPROCAL,  a  mathematical  term  mostly  applied  to  the  fraction 
made  by  inverting  another  fraction;  thus  f  is  the  reciprocal  of  |,'and 
}  of  7  or  \.  ^  The  term  arises  from  the  common  meaning  of  the 
adjective  reciprocal,  and  would  be  properly  applied  in  every  case  in 
which  A  has  to  b  the  same  sort  of  relation  that  b  has  to  a.  Custom 
however  confines  the  absolute  use  of  the  term  to  that  above-mentioned. 
A  reciprocal  property  is  one  which  each  of  two  things  has  with 
reference  to  the  other;  thus  if  a  and  B  be  what  are  called  conjugate 
diameters  of  a  conic  section,  the  tangent  at  either  extremity  of  a  is 
parallel  to  B,  and  that  at  either  extremity  of  b  is  parallel  to  a.  Hence 
these  lines  are  reciprocally  connected  with  each  other,  and  are  there- 
fore called  conjugate ;  for  the  word  conjugate,  which  denotes  joined, 
generally  means  joined  by  a  reciprocal  property. 

RECITATIVE  {RecitaUvo,  It.),  language  deUvered  in  musical  tones, 
that  is,  in  the  sounds  of  the  musical  scale.  It  differs  from  the  air  in 
having  no  fixed  time  or  measure,  the  lengths  of  the  notes  depending 
on  the  singer,  who  regulates  them  according  to  his  own  notion  of  the 
emphasis  and  expression  required ;  and  it  is  not  governed  by  any  prin- 
cipal or  predominant  key,  though  its  final  cadence  or  close  must  be  in 
some  cognate  key  of  the  air  which  f  oUowa,  or,  at  least,  in  no  very  remote 
key.  Recitative  is  of  two  kinds — Unaccompanied  and  Accompanied, 
The  first  is  when  a  few  occasional  chords  are  struck  by  the  piano-forte, 
or  by  a  violoncello,  to  give  the  singer  the  pitch,  and  intimate  to  him 
the  harmony.  The  second  is  when  all,  or  a  considerable  portion,  of 
the  instruments  in  the  orchestra  accompany  the  singer,  either  in  sus- 
tained chords  or  in  florid  passages,  as  the  composer  may  deem  expe- 
dient, in  order  to  give  the  true  -expression  or  colouring  to  the  passion 
or  sentiment  to  be  expressed.  Perhaps  the  Itsdian  definition  of  recita- 
tive, munca  parlante — speaking  music — is  the  best,  as  it  certainly  is 
the  most  concise,  that  can  be  offered. 

There  can  be  no  doubt  that  the  language  of  the  ancient  drama,  both 
Greek  and  Roman,  was  delivered  in  a  kind  of  recitative.  [Music; 
Ofeba.] 

RECKONING  AT  SEA  is  the  process  of  computing  the  several 
elements  which  relate  to  the  determination  of  the  ship's  place  at  any 
time.  The  term  may  include  the  operations  which  are  performed  in 
finding  the  latitude  and  longitude  of  the  ship,  the  variation  of  the 
the  needle,  &&,  fr^m  celestial  observations ;  and  the  part  which  is  in< 
dependent  of  these  is  called  the  dead-reckoning.  It  is  this  last  only 
which  we  purpose  here  to  explain. 
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When  a  ship  crosses  the  seas  towards  the  place  of  its  destination,  its 
path,  on  account  of  the  various  winds,  currents,  kc,  by  which  it  is 
impelled,  is  always  indirect,  and  generally  consists  of  numerous  zig-zags, 
whose  portions  are  lines  of  a  lew  miles  in  length.  The  length  of  each  of 
these  lines,  and  the  angle  which  it  makes  wiUi  the  terrestrial  meridian 
passing  through  one  of  its  extremities  (all  necessary  corrections  having 
been  made)  are  the  data  obtained  by  the  log-line  and  compatt;  and  the 
earth  being  supposed  to  be  a  sphere,  those  lines  might  be  considered 
as  arcs  of  great  circles.  Hence  the  rules  of  spherical  trigonometry 
might  be  employed  to  find  the  length  of  an  arc  joining  the  two  ex- 
tremities of  the  series  of  indirect  lines,  and  the  angle  which  it 
makes  with  the  fneridian  passing  through  either  of  those  extremities ; 
and,  from  these,  the  gei^graphiau  position  of  the  ship.  But,  because 
this  process  is  considered  laborious,  others  possessing  greater  &cilities 
are,  according  to  circumstances,  employed,  and  these  will  be  described 
after  it  has  been  shown  what  are  the  corrections  which  the  observed 
elements  require  before  they  can  be  luwd  in  the  computations. 

The  reckoning  may  be  said  to  commence  when  the  ship  is  on  the 
point  of  quitting  a  harbour  or  road ;  and  the  first  circumstances  to  be 
recorded  are  the  observed  bearing  and  the  estimated  distance  of  some 
remarkable  object  on  the  coast  whose  geographical  position  is  known, 
together  with  the  bearing  of  the  ship's  line  of  motion  at  the  time, 
and  her  velocity  on  that  Ime. 

Let  it  be  here  observed  that  the  said  object  on  the  coast  is  called  the 
point  of  d^Hirture,  and  that  the  angle  which  the  line  of  a  ship's  motion 
at  any  time  makes  with  the  meridian  passing  through  the  actual 
position  of  the  ship  is  called^er  courje.  Now,  while  the  angle  indicated 
by  the  compass  remains  the  same,  tile  ship's  path,  except  when  it 
coincides  with  the  meridian,  or  with  a  line  tending  due  east  and  west, 
is  a  portion  of  that  which  is  called  the  loxodromic  curve  [Rhumb- 
lhvb]  ;  ^et,  to  the  extent  of  a  few  miles,  it  is  the  custom  to  consider 
it  as  a  right  line,  and,  therefore,  as  making  a  constant  angle  with  the 
meridian  passing  through  one  of  its  extremities.  The  deviation  of  the 
magnetic  m>m  the  true  meridian  (the  declination  or  variation  of  the 
needle)  dififering  in  different  places,  the  amount  of  that  variation 
(ascertained  by  celestial  observations  as  often  as  possible)  must  be 
added  to  or  subtracted  from  the  angles  observed  with  the  compass,  in 
order  to  have  the  bearing,  or  course,  from  the  true  meridian.  But 
while  a  ship  is  sailing  with  the  wind  in  a  direction  oblique  to  the  line 
of  her  keel,  she  is  compelled,  by  the  force  of  the  wind  and  the  resist- 
ance of  the  water  against  her  side,  to  move  in  the  dirootion  ol  a  line 
which  makes  some  angle  with  her  keel  on  the  side  opposite  to  that 
from  which  the  wind  is  blowing ;  this  angle  is  called  the  lee-way,  and 
as  it  differs  for  different  ships,  it  must  always  be  determined  by  trial 
in  some  one  of  the  ways  proposed  in  treatises  on  navigation.  The  esti- 
mated amount  of  the  lee-way  is  a  second  correction,  which  must  be 
applied  to  the  course  observed  with  the  compass,  in  order  to  obtain 
the  correct  angle  with  the  meridian. 


The  velooify  of  the  ship  is  ascertained  by  means  of  the  log  lice 
[Log-line],  whidi  at  once  indicates  the  number  of  geographical  mile. 
(equatorial  minutes)  she  has  passed  over  in  an  hour ;  and  consequently, 
supposing  her  motion  to  be  imiform,  the  space  through  which  the  ^hv- 
has  sailed  on  a  particular  course  in  a  given  number  of  hours  is  knonu 
This  is  technically  called  the  dittance. 

Again,  when  a  ship  is  sailing  either  in  a  current  of  the  ocean,  or  io  & 
tide  near  a  shore,  her  velocity  and  the  direction  of  her  motion  will  U- 
affected  by  those  of  the  current  or  tide.    First,  if  the  ship  id  impelkd 
by  the  wind  in  the  same  direction  as  the  current  Is  moviD;?,  it  ii 
evident  that  the  velocity  given  by  the  log  will  be  only  the  di^erenctf 
between  the  ship's  real  velocity  and  that  of  the  current,  and  ccr^ 
quently  the  latter  must  be  added  to  the  velocity  given  by  the  log  in 
order  to  have  the  true  velocity.    On  the  other  hand,  if  the  &inp  is 
impelled  by  the  wind  in  a  direction  contraiy  to  that  of  the  carreDt,  the 
velocity  of  the  latter  must  be  subtracted  from  that  given  by  the  Ing,  in 
order  to  obtain  tne  true  velocity  of  the  ship.    Again,  if  the  direction 
of  the  current  is  oblique  to  the  line  of  the  ship's  motion  according  to 
the  compass,  the  true  path  and  velocity  of  the  ship  .wiU,  by  the  rr<a* 
poeitwn  of  motiotu,  be  the  diagonal  of  a  parallelognuu  formed  on  llne^ 
representing  the  observed  directions  and  velocitiea  of  the  [ship  luid 
current ;  consequently,  since  this  rule  is  the  same  as  that  Ly  wk..-h  i« 
found  a  path  of  the  ship  which  shall  be  equivalent  in  length  and  direc> 
tiou  to  any  two  successive  paths  whose  lengths  and  directions  are 
given,  it  is  evident  that  among  the  registered  courses  and  velocities  uf 
a  ship  it  will  be  only  necessary  to  insert  the  observed  direction  asd 
velocity  of  the  current,  as  if  the  ship  had  actually  moved  in  tha: 
direction,  and  with  that  velocity  during  the  time  that  she  continued  to 
sail  in  the  current.    The  like  remark  mav  be  made  respecting  the 
deviation  of  a  ship  from  the  course  on  whicn  she  appears  by  the  com* 
pa£s  to  have  sailed,  in  consequence  of  a  swell  of  the  sea,  by  which  fhe 
may  be  driven  in  some  ouier  direction.     This  direction  must  be 
observed,  and  the  velocity  estimated  according  to  the  judgment  of  tl^.- 
seaman. 

Now,  in  order  to  show  how  all  the  corrections  may  be  applied  t<)  the 
observed  elements,  let  it  be  supposed  that  at  the  noon  of  some  day  a 
remarkable  object  A  on  the  eliore  was  observed  by  the  compass  t) 
bear  W.  by  N.,  and  that  its  estimated  distance  from  the  ship  vrsa  JU 
miles.  At  the  same  moment  let  the  ship  begin  to  sail  on  a  coxu-^ 
which  is  S.W.  by  the  compass ;  and  let  the  velocity  by  the  log  be  v 
knots,  or  8  miles  per  hour.  Also  let  the  following  table  express  thf 
several  memoranda  in  the  order  in  which  they  may  be  supposed  t^ 
have  been  made  in  the  course  of  one  day ;  that  is,  according  to  thi- 
practice  of  seamen,  between  the  noon  of  one  day  and  the  noon  of  the 
next. 

The  bearing  of  the  ship  from  the  point  of  departure  being  correcte>l 
for  the  variation  of  the  needle  becomes  N.  78*  15'  £. ;  the  distance  u 
20  miles. 


Day  of 
Month. 

Hoar. 

Knots. 

Wind. 

Course. 

Lee-vay. 

Bemarks. 

Noon« 

2  P.K. 

8 
10 
12 

G  A.X. 

8 
10 

3 

6 

4 
6 

W.N.W. 
W.  by  N. 

-w. 

S.W. 
(or  8.  45*  W.) 

S.E.  by  8. 
(or  8.  33'  45'  E.) 

(or  8.  22''  30'  W.) 

0. 

J  E.,  or 
2^  40'  E. 

1  E.,  or 
ll*15'E. 

The  point  A  of  departure  bore  W. 

by  K,  distant  SO  mUea ;  its  lat. , 

and  long, , 

A  swell  setting  towards  E.N.E. 
ttoim  2  p.]f.  to  8  pji. :  velocity  6  miles 
perhonr. 

A  earreat  setting  towards  S.S.E. 
from  10  A.X.  to  10  P.JK.:  velocity  2 
miles  per  boor.    Variation  N.  24**  W. 

The  first  course  corrected  in  like  manner  becomes  S.  21''  W. ;  and 
the  distance  run  between  noon  and  10  p.m.  is  43*5  miles. 

The  third  course  corrected  for  lee-way  and  variation  becomes  S.  60° 
84'  E. ;  and  the  distance  run  between  10  p.k.  and  8  a.11.  is  50*5  miles. 

The  fourth  course  corrected  in  like  manner  becomes  S.  12**  45'  £.; 
and  the  distance  run  between  8  A.K.  and  noon  is  25  miles. 


The  direction  of  the  swell  corrected  for  the  variation  of  the  needle 
becomes  N.  48°  80'  £.;  and  the  distance  is  86  miles.  Lastly,  the 
direction  of  the  current  corrected  also  for  the  variation  beoomes  S.  46' 
80'  E. ;  and  the  distance  is  24  miles. 

These  corrected  courses  and  distances  are  then  inserted  in  order,  aj 
in  the  first  and  second  columns  of  the  following  table : — 


Courses. 

Distances. 

N. 

8. 

E. 

W. 

N.  78'  15'  E. 

20 

4-07  (=A«i) 

.        •        • 

19*58  {  =  hm) 

•        •        . 

8.  21*        W. 

43-5 

•        •        • 

40-7    (=6») 

•        •        . 

15*50  (sell) 

8.  60'*  34'  E. 

50-5 

•        •        . 

24-82  (=r^) 

43-98  (=dg) 

•         •         • 

8.    12'45'E. 

25 

•        .     ■  . 

24-88  (=<rr) 

5-52  {=re) 

•         •         • 

N.  43*  80'  E. 

36 

26*11  (=:m) 

... 

24-78  (=^) 

•         •        • 

8.  46'  SO'  £. 

24 

•             •             • 

16-52  {=ft) 

17*41  (=1^0 

•         •         • 

Now,  if  the  navigation  is  comprehended  within  about  ten  degrees  on 
each  side  of  the  equator,  such  a  zone  of  the  earth  may  be  supposed  to 
be  projected  on  the  interior  sur&ce  of  a  circumscribing  cylmder,  and 
then  developed  on  a  plane;  in  which  state  the  meridians  and  the 
parallels  of  latitude  become  ri^t  lines  parallel  to  themselves'  respec- 
tively, and  the  length  of  a  degree  of  longitude  on  every  parallel  equal 
to  that  of  a  degree  on  the  ecjuator  or  on  the  meridians.  This  is  csadled 
the  plane  chart,  and  the  projection  of  a  ship's  path  on  it  is  called  pUmc 
milingm 

Let  the  several  directions  in  which  the  ship  has  moved,  and  the 


distances  passed  over  in  each  direction,  be  represented  in  the  sobji^*'  1 
diagram,  the  construction  of  Whidi,  agreeably  to  the  nature  of  tLo 
plane  chart,  is  as  follows : — 

Draw  the  lines  a  1,  a  2,  a  3,  ftc,  making  with  a/>,  the  meridian  of 
the  point  of  departure,  angles  equal  to  the  several  courses  as  they 
occur  successively  in  the  preceding  table  (col.  1),  and  draw  the  liue^ 
he,  cd,  Ac.,  parallel  to  a  2,  a  8,  &c:,  respectively ;  the  distances  a&,  f^^ 
cd,  &C.,  being  laid  down  according  to  the  successive  numbers  in  coL  '2 
by  a  scale  of  equal  parts  representing  geographical  miles  (or  equatorial 
minutes).    At  the  end  of  the  day  the  ship  is  anived  at  the  point  ^ ; 
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therefore  if  ▲  and  g  be  joined,  and  gp  be  drawn  perpendicularly  to  Ap, 
the  angle  phg  is  the  resulting  ooursei  Ag  the  resulting  distance,  Ap  the 


difference  of  latitude  between  a  and  g,  and  pg  is  what  is  called  the 
departure,  which,  in  plane  sailing,  is  identiad  with  the  difference  of 
lon^tade  between  the  same  points  a  and  g. 

By  drawing  lines  peix)endicular  and  piinillel  to  Ap,  as  in  the  above 
diag^ram,  there  will  be  formed  the  seveial  right«ngled  plane  triangles 
Abm,  ben,  &c.,in  each  of  which  there  are  given  the  hypothenuse  and  the 
angles;  and  consequentiy  by  the  rules  of  plane  trigonometiy  the 
several  sides  Am,  Im,  en,  hn,  &&,  may  be  computed.  Now,  let  these 
computed  values  bc^  placed  in  the  third  and  succeeding  columns  of  the 
Above  table  in  the  following  order : — ^those  which  are  parallel  to  a^  in 
the  column  N.  or  S.,  according  as  the  lines  which  represent  them  lie 
towards  the  north  or  towards  the  south  of  that  extremity  which  is 
first,  in  order  of  sailing,  on  the  odtesponding  hypothenuse ;  end  those 
which  are  perpendicular  to  Ap  in  the  column  a.  or  W.,  according  as 
the  lines  whicdi  represent  them  lie  towards  the  east  or  west  of  that 
same  extremity.  Then  the  sum  of  the  numbers  in  the  column  N. 
being  subtracted  from  the  'sum  of  those  in  S.  will  be  found  to  leave 
76'24,  and  this  will  be  the  value  of  Ap  in  geographical  miles  (or  equa- 
torial minutes) ;  consequently  V  16'  14"  will  express  the  extent  in 
latitude  to  which,  on  the  whole,  the  ship  has  ■aUed  southwards  during 
the  day.  Again  ^e  nimiber  in  W.  being  subtracted  from  the  sum  of 
those  in  E.  will  leave  95-68  (=1"  85'  41*),  and  this  will  bethevalue  of  p^, 
or  the  extent  in  longitude  which,  on  the  whole,  the  ship  has  sailed  east- 
ward during  the  day.  Thus  the  position  of  a  being  known,  we  have 
that  of  g.  In  the  right-angled  i>lane  triangle  Ap^,  having  Ap  andp^ 
in  miles,  as  above,  we  may  compute  Ag  and  the  angle  pAg,  that  is,  the 
resulting  distance  and  course.  The  former  will  be  found  to  be  =  122*35 
miles,  and  tiie  latter  S.  51*  27'  K  The  series  of  zig-zag  lines  which  a 
ship  may  describe  is  called  a  travene  ;  the  preceding  table  is  called  a 
travene  tcMe,  and  the  whole  operation  of  finding  the  resulting  course 
and  distance  is  called  travene  taiUng, 

In  practice,  both  the  construction  and  calculation  above  indicated 
are  superseded  by  the  use  of  the  table  of  difference  of  kUitude  and 
departure,  which  is  given  in  treatises  on  navigation,  and  is  called  a 
traverse  table.  The  numbers  in  the  table  are  nothing  more  than  the 
computed  values  of  the  sides  of  right-angled  triangles ;  tiie  hypothenuse, 
or  the  distance,  and  the  adjacent  angle,  or  the  course,  being  given. 
Thus,  by  referring  to  such  a  table,  the  courses  snd  distances  being 
used  as  arguments,  the  numbers  in  the  columns  N.  S.  E.  Wv  above, 
might  have  been  found  sufficientiy  near  the  truth.  And,  conversely, 
seeking  in  the  table  the  difference  of  latitude  (=^76)  and  the  departure 
(=96),  the  corresponding  distance  (sl22)  would  be  seen  in  its  proper 
column,  and  the  angle  or  courae  (=51*)  at  the  bottom  of  the  page. 

The  logarithmic  or  Gunter's  scale  TSoalb]  was  formerly,  for  the  sake 
of  expedition,  much  used  in  the  resolution  both  of  plain  and  spherical 
triangles  for  the  purposes  of  navigation.  If,  for  example,  it  were  re- 
quired by  that  instrument  to  find  the  values  of  o;  and  qd  in  the  triangle 
cqd,  the  following  proportions 

Bad.  :  sm.  qed  (60*  84')  : :  ed  (50*5)     qd  (=44) 
Bad.  :  sin.  edq  (29*  26')  : :  oi  :  c^  (=25) 

might  be  worked  by  taking  in  the  compasses  the  distance  from  90*  to 
60*  34'  on  the  line  of  sines,  and  applying  that  distance  on  the  line  of 
numbers  from  50*5  towards  zero;  the  other  foot  of  the  compasses 
would  &11  on  44,  which  is  the  value  of  ^;  again  by  taking  the  dis- 
tance from  90°  to  29^  26'  on  the  line  of  smes,  and  applying  it  on  the 
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line  of  numbers,  from  50*5,  as  before,  the  other  foot  of  the  compasses 
would  fall  on  25,  which  is  the  value  of  oq.  But  it  is  evident  that  when 
the  angle  is  small,  or  nearly  a  right  angle,  the  instrument  must  be 
very  inaccurate. 

uiouM  a  ship,  on  any  part  of  the  earth's  surface,  sul  for  a  short  time 
in  a  direction  either  due  east  or  due  west,  so  that  during  that  time  it 
might  be  considered,  without  sensible  error,  as  sailing  on  the  circum- 
ference of  a  paralld  of  latitude,  the  determination  of  its  place  is 
obtained  bv  a  different  process.  Thus,  the  earth  bcdng  supposed  to  be 
a  sphere,  the  length,  in  miles,  of  any  arc  of  the  equator  between  the 
meridian  circles  passing  through  its  extremities  is  to  the  length,  in 
miles,  of  the  arc  between  the  same  meridians  on  any  given  parallel  of 
latitude  as  radius  is  to  the  cosine  of  tilie  latitude  of  the  parallel. 
Therefore,  when  the  number  of  geographical  miles  passed  over  on  any 
parallel  of  latitude  is  known  by.  the  log  (all  due  corrections  being 
supposed  to  be  made),  the  difference  of  longitude  corresponding  to 
that  distance  may  be  found  at  once  by  the  above  proportion.  Evidentiy 
also,  if  any  three  whatever  of  the  terms  are  given,  tiie  fourth  can  be 
found ;  and  thus  every  variation  of  the  case  may  be  resolved.  This  is 
called  paraUd  rniling. 

But  the  tables  of  difference  of  latitude  and  departure  may  be  ren- 
dered available  for  finding  the  required  term  if  we  consider  the 
latitude  of  the  parallel  on  which  the  ship  is  sailing  to  represent  what  is 
called  the  eourae  m  those  tables ;  the  distance  in  miles  on  ti^e  parallel 
as  the  difference  of  laHtudef  aiid  the  difference  of  longitude  in  geo- 
graphical miles  as  the  distance  in  the  tables;  and  then,  by  inspection 
as  before,  the  required  term  may  be  found. 

The  third  method  of  operating,  which  is  called  middle  laJtUvtde  tailing, 
has  been  defined  under  LovarruDB  Ain>LATiTUDX,METH0D8  or  Fehdimo, 
and  yth  have  here  only  to  point  out  its  application.    Let  ab  be  a 


portion  of  the  rhumb-line  which  a  ship  describes  while  her  motion 
continues  to  coincide  with  the  direction  of  one  point  of  the  compass, 
that  is  to  say,  while  it  makes  a  constant  angle  with  the  meridians  of 
her  successive  places.  Let  this  curve  be  divided  into  any  parts,  ab, 
B  c,  &c.,  of  small  extent,  so  that  each  part  may,  without  sensible  error, 
be  considered  as  a  straight  line;  and  imagine  both  meridians  and 
parallels  of  latitude  to  be  drawn  through  a,  b,  c,  ftc.  Then  the  several 
triangles  B  a  6,  c  b  e,  &c.,  being  considered  as  plane  triangles,  if  the  con- 
stant angle  B  a  6,  c  b  e,  &c.,  be  represented  by  a,  we  shall  have— 

ABCOS.  A=A&  ,BOCOS.  A=B«,&C.  ;  slso 

AB  sin.  A=B  6  ,  B  0  sin.  a=C6  ,  &c. ;  whence,  by  addition, — 
(AB-f-Bo-h&c.)  COS.  A=A&-f-Be+&c,  and 
(AB+BG  +  &c.)sin.  A=B6  +  oe+&c. 

It  is  evident  therefore  that  the  sum  of  all  the  distances  multiplied 
by  the  cosine  of  the  course  will  be  equal  to  B  M,  the  difference  between 
the  latitudes  of  a  and  E  as  in  plane  sailing ;  but  the  sum  of  all  the 
distances  multiplied  by  the  sine  of  the  course  (that  is,  the  sum  of  all 
the  departures,  B  6,  c  c,  &c.)  will  be  less  than  A  M  and  greater  than  N  B. 
Therefore,  as  an  approximation  to  the  truth,  we  may  consider  the  sum 
of  all  these  departures  as  the  length,  in  miles,  of  the  arc  x  t  (between 
A  N  and  Mx)  of  a  podrallel  of  latitude  equiJly  distant  from  a k  and  N  x; 
that  is,  of  a  parallel  whose  latitude  is  an  arithmetical  mean  between 
the  latitudes  of  a  and  e.  Consequentiy,  as  in  the  theorem  for  parallel 
sailing,  the  difference  between  the  longitudes  of  a  and  s  wiU  be 
obtained  from  the  proportion 

Cos.  mid,  lot,  (=lat.of  XT)  :Bad. : :  (ab  +  bo+&c)  sb.  a  :  diff.  of  long.; 

and,  instead  of  working  the  proportion,  the  tables  of  difference  of 
latitude  and  departure  may  be  used  as  before. 

If  we  inlagine  the  earth  s  surhoe  to  be  developed  on  a  plane  so  that 
the  meridians  and  paraUels  of  latitude  may  be  respectively  parallel  to 
themselves  as  in  the  plane  chart ;  and  if  the  lengths  of  infinitely  small 
portions  of  the  drcumf erenoe  of  the  equator  have  to  the  lengths  of 
corresponding  portions  of  a  meridian,  in  any  latitude^  the  ratio  that 
the  radius  beus  to  the  secant  of  that  latitude  [Mxbcatob'b  Pbojbotion  ; 
Bhumb-linx],  there  may  be  formed  a  species  of  chart  which  will  afford 
a  general  and  at  the  same  time  a  sufficientiy  easy  method  of  deter- 
mining the  elements  relating  to  a  ship's  place.  This  method  is  colled 
Jtferc€Uor*s  taiUng,  In  the  dbart  just  alluded  to,  the  length  of  a  degree, 
nunute,  fto.,  of  longitude,  on  any  parallel  of  latitude,  is  constant^  being 
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the  nme  as  the  length  on  the  equator,  on  account  of  the  paral- 
lelUm  of  the  meridians ;  but,  in  any  latitude,  the  length  of  a  amaU 
meridional  are  (which,  without  sensible  error,  may  be  of  one  minute) 
varying  with  the  secant  of  the  latitude  of  the  arc,  the  distance,  on  the 
map,  of  any  parallel  of  latitude  from  the  equator  will  be  equal  to  the 
sum  of  the  secants  of  aJl  the  minutes  in  the  d^grtaee,  Ac,  exprsssing 
the  latitude  of  the  parallel  Now,  in  the  tables  of  meridiomL  |»artt 
which  are  giyen  in  treattses  on  navigatioiiy  the  numbeis  under  th« 
arguments  1  min.,  2  min.,  3  mln.,  fta,  express  the  values  of  such  sums 
.  of  secants,  the  length  of  an  equatorial  minute  (or  geographical  mile) 
being  \mity.  Hence  the  diflference  between  tha  numben,  ki  the  table, 
corresponding  to  the  latitudes  of  two  given  points,  will  express  the 
number  of  such  minutes  or  miles  on  the  map  between  these  points. 

By  the  help  of  this  taUe  a  triangle  may  be  always  oonstruCted  with 
the  data  of  the  problem ;  and  the  terms  required  may  be  obtained  by 
measurement.    In  the  subjoined  figure>  let  ▲  d  be  the  direoUoii  of  the 
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meridian  passing  through  the  ship  at  A,  and  BAO  be  her  ooone;  then, 
if  ▲  c  be  xnade  equal  to  the  distanoe  in  miles  by  a  scale  of  equal  parts, 
and  B o  be  drawn  perpendicular  to  ad,  a b  and  B o  measured  on  the 
same  scale  will  be  the  difference  of  latitude  and  departure  as  in  plane 
suling.  Now,  if  A  D  be  made,  by  the  same  scale,  eqiml  to  the  difference 
between  the  meridional  parts  which,  in  the  table,  correspond  to  the 
latitudes  of  the  point  a  and  o,  and  d  e  be  drawn  parallel  to  b  c,  D  B  on 
the  same  scale  will  etpress,  in  miles  or  minutes,  the  true  difference 
between  the  longitudes  of  a  and  o. 

What  has  been  said  may  serve  as  an  example  of  the  manner  of  con- 
structing the  triangle,  when  the  course,  the  distance,  and  the  latitudes 
of  the  two  extremities  of  the  distance-line  are  given,  and  it  is  required 
to  find  the  difference  between  the  longitudes  of  those  extremities. 
Again,  let  the  ship's  course  and  distance  from  any  pomt  a,  and  also  the 
latitude  of  that  point,  be  given,  to  find  the  differences  both  of  longitude 
and  latitude.  The  formaUon  of  the  triangle  a  B  o  is  the  same  as  that 
just  mentioned,  and  ab  bemg  measured  on  the  scale  of  equal  parts  is 
the  true  difference  of  latitude  (in  miles  or  minutes) ;  this  being  added 
to  or  subtracted  from  the  latitude  of  a,  gives  the  latitude  of  o.  Then, 
with  these  latitudes,  find  frbm  the  table  the  difference  between  the 
meridional  parts,  and  proceed  as  before  to  find  the  diffarence  of  longi- 
tude. If  the  latitudes  of  the  ship  at  two  places  were  given,  and  also 
the  distance  between  those  places,  and  it  were  required  to  find  the 
course  and  the  difference  of  longitude  ; — on  the  meridian  line  passing 
through  one  of  the  places  a,  make  ab  equal  to  the  difference  of  lati- 
tude in  miles  by  the  scale  of  equal  parts,  and  make  a  D  by  ^e  same 
scale  equal  to  the  difference  between  the  meridional  parts,  in  the  table, 
corresponding  to  the  latitudes;  then  draw  the  indefinite  perpendicttlan 
b  c  and  j>  b,  and  from  a  as  a  centre  with  a  radiuf  equal  to  the  given 
distance  describe  an  arc  intersecting  B  c  in  a  Join  a  and  o,  and  pro- 
duce the  line  to  £ ;  then  Z  B  a  o  wfll  be  the  course,  and  Di,  measured 
as  before,  the  difference  of  longitude. 

It  i^  easy  to  perceive  that  the  table  of  differences  of  latitude  and 
departures  may  be  used  in  Mercator^s  sailing  in  the  same  way  as  it 
would  be  employed  in  plane  sailing,  if  the  meridional  difference  of  the 
latitudes,  from  the  table  of  meridional  parts,  be  made  to  hold  the  plaoe 
of  the  simple  difference  of  latitude.  Thus,  in  the  second  of  the  above 
examples,  with  the  given  course  and  distance,  find  by  inspection  in  the 
first-mentioned  table  the  difference  of  latitude ;  then,  naving  got  by 
addition  or  subtraction  the  latitude  of  the  place  at  which  the  ship  is 
arrived,  find  in  the  table  of  meridional  parts  the  numbers  oorrespondiAg 
to  those  latitudes,  and  take  their  difference.  Lsatlv,  with  this  differ- 
ence, as  a  simple  difference  of  latitude,  and  with  the  course,  find  the 
departure  by  mspection  in  the  first  table;  this  departure  is  the  required 
difference  of  longitude. 

^  When  a  ship  is  in  a  high  latitude,  it  is  necessaxy  to  determine  the 
difference  of  longitude,  either  by  middle  latitude  or  by  Mercator's 
sailing,  for  every  particular  course  on  which  the  ship  may  have  sailed. 

The  daily  differences  of  latitude  and  longitude  being  thus  obtained, 
the  seaman  knows,  within  the  degree  of  accuracy  of  which  his  data 
admit,  the  latitude  and  longitude  of  Uie  ship  on  any  day ;  but  it  is 
easy  to  perceive  that  the  uncortaintiee  respecting  the  estimates  of  the 
distances  run,  the  variations  of  the  needle,  the  efi^ete  produced  by 
currents,  ftc,  must,  in  time,  render  the  results  of  the  reckoning  very 
erroneous;  and  therefore  it  is  of  the  utmost  importance  to  correct 
them  frequently  by  celestial  obsenrations.  The  determination  of  the 
latitude  by  meridional  or  other  altitudes  is  easy ;  and  that  of  the  longi- 
tude  by  lunar  distances  or  by  chronometers  should  be  made  as  often 
as  possible.  Every  geographical  position  thus  determined  with  pre- 
cision serves,  bv  comparison  with  the  results  of  the  dead-reckoning,  to 
lead  to  a  knowledge  of  the  causes  of  the  enors  which  exist  in  the 
iatta-,and  beoomesapoint  of  departure  for  the  next  suooeeding  portion 
of  the  voyage. 


BECOQNISANCE  is  an  obUgation  of  record,  entered  inki  beim 
some  court  of  record,  or  asagistrate  duly  authorised,  by  whidi  tk 
party  entering  into  it  (the  cognisor),  whose  signature  la  not  neoessarr, 
acknowledges  (recognises)  that  he  owes  a  sum  of  znoncj  to  the  quees, 
or  to  some  private  individual,  who  is  called  the  cogniseeL  This  sum  ii 
named  the  amount  of  tiie  recognisance.  The  acknowledgment  is  go^ 
rally  followed  by  an  undertaking  on  the  part  of  the  eogniaor  to  ao 
some  act,  such  as  to  keep  the  peace,  to  pay  a  sum  of  nioney,  to  atteai 
to  give  evidence,  &c.  On  the  performance  of  this  act,  the  oogmfior  ii 
discharged  from  his  recognisance.  On  his  default,  the  reoogniaanoe  ia 
forfeited.,  and  he  becomes  indebted  absolutely  to  the  Amount  of  th£ 
recognisance.  A  debt  on  recognisance  takes  precedenoe  at  other  debte, 
and  binds  the  lands  of  the  cognisor  from  the  time  of  its  enztihneiit. 
If  the  recognisance  is  made  to  a  private  individual  in  the  nature  of  a 
statute  staple,  &c.,  he  may  on  its  forfeiture,  by  virtue  of  prooeas 
directed  to  the  sheriff,  obtain  delivery  of  the  landis  and  goods  of  the 
cognisor  till  the  debt  is  satisfied,  or  proceed  against  the  oognisor  in  an 
action  of  debt,  or  by  sdre  facias.  If  the  recogniaanoe  is  made  to  the 
crown,  it  was  formerly,  in  aU  cases  of  forfeiture^  estreated  into  the 
Nccbequer,  and  afterwards  recovered  by  process  from  that  court  to  the 
use  of  the  treasury.  But  now  forfeited  recognisanoes  taJten  b^ore  tbe 
court  of  quarter-sessions,  or  justices  of  the  peace,  are  enrolled  aaoa^ 
the  sessions  records,  and  recovered  by  the  sheriff;  a  list  of  t^ 
amounts  being  yeariy  returned  by  the  derks  of  the  peace  and  tows- 
clerks  for  their  districts  req>ectively,  to  the  lords  of  the  treaaczy. 
Where  a  recognisance  has  been  estreated  into  the  exchequer,  tba: 
court  may  discharge  or  compound  it  according  to  the  justice  c^  tiie 
case. 

RECONNOISSANCE  is  an  examination  of  a  tract  of  coaaizy  or  of 
the  sea-coast ;  the  latter  previously  to  a  disembarkation  of  troops,  and 
the  former  preparatoiy  to  the  march  of  an  army  in  order  cisbo  to 
meet  that  of  Uie  enemy  or  to  take  up  quarters  for  ttie  aeasoo. 

The  vUUtarv  recomnoismnee  of  a  country  is  a  du^  appiitiiiilTH 
primarilv  to  the  officers  on  the  staff  of  tiie  qaartennasier-geBBsl, 
though  in  many  cases,  such  as  sieges,  &e.,  it  is  nopesearity  osnied  oet 
by  the  engineers ;  and  if  the  enemy  ia  in  the  neighbourhood,  H  ii^  ps*- 
formed  under  the  proteotion  of  an  armed  force.  It  ieeonsideredai 
one  of  the  most  essential  operations  connected  with  the  taetica  of  ike 
field,  and  serves  as  the  basis  of  eveiy  movemeot  or  romMnetioB  wkick 
it  may  be  proposed  to  make. 

A  general  knowledge  of  a  country  which  is  or  may  beeonw  tiie  toA 
of  wal^— that  is  to  say,  a  knowledge  of  the  pooitioDB  of  ite  fcrtified 
places,  the  directions  of  its  mountains,  rivers,  and  great  roedbi^ — mav  be 
obtained  from  mans  or  f^m  geographicsl  descriptions ;  hut  that  "wwA 
is  necessary  for  tne  immediate  purposes  of  a  campaign  ean  only  be 
acquired  by  an  actual  survey  of  tne  ground  in  detau,  and  by  inquiriee 
made  on  the  spot  respectinff  the  means  which  the  oonntiy  assy  aflbtd 
for  supplying  the  wants  of  we  army. 

The  Marshal  Puysegur  (1690)  appears  to  have  been  the  first  in 
modem  warfare  who  regularly  performed  this  duty  by  eraniiTiing 
personally  the  tract  through  wmch  the  armv  was  to  mardi,  or  in  which 
it  was  to  encamp,  and  of  deddinc  beforehand  on  the  beat  rootes  sad 
positions.  He  observes  ('  Art  de  la  Guerre ')  that  before  his  time  it 
had  been  customary  to  trust  for  a  knowledge  of  theee  points  to  the 
reports  of  the  country-people,  or  of  officera  who  might  acddestalk 
have  been  on  the  ground.  He  adds  that  disasters  frequently  oetmiwl 
by  the  lines  of  march  being  improperly  chosen,  and  that  aometimes, 
after  fatiguing  marches,  and  after  all  the  labour  of  encamping  had 
been  un^rgone,  the  troops  had  been  compelled  to  abandon  the 
positions  on  account  of  their  unfitness.  Since  that  tune,  armicB  being 
more  numerous  and  more  widdy  disseminated,  consequently  raqutriag 
more  vigilance  in  the  communication  of  one  part  with  another,  and  a 
greater  extent  of  country  for  their  support,  the  recannotoftanees  have 
been  made  on  a  greater  scale,  and  in  the  military  establiahxnentB  d. 
every  nation  officers  are  now  particularly  isstruetad  in  aU  the  detaSs 
of  that  branch  of  service. 

Those  who  are  charged  with  this  duhr  should  be  habituated  to  the 
performance  of  topographical  surveys :  in  the  first  place  by  the  moii 
accurate  methods  and  with  the  best  instruments;  and  seoondly, bjr 
such  methods  as  admit  of  being  practised  rapidly  on  foot  or  on  facm- 
back.  In  these  caseer,  an  azimuth  compass  held  in  the  hand  most  be 
used  for  observing  the  angles,  and  the  distancea  must  be  obtained  by 
padng,  or  be  merely  estimated  by  the  eye*  A  micrometer  scale, 
divided  to  200ths  of  an  inch,  fixed  in  the  eye-piece  of  a  tekacope,  will 
give  distances  with  comparatively  great  accuracy  and  great  ease,  as  it 
IS  only  necessary  to  see  how  manv  mviaions  an  object  sabtente,  and  on 
arriving  at  it  to  measure  it,  the  focal  length  of  teleeoope  having  been 
previously  determined  by  experiment.  A  fadlitT  in  lepissfiiUn^  oa 
the  plan  the  inequalitiea  of  the  ground  is  also  highly 


In  makinr  the  raconnoissancea  praviously  to  the  march  eC  an  annj, 
the  whole  of  the  ground  between  the  actual  poaitian  of  the  hitter  and 
that  which  is  intended  to  be  occupied  should  be  surveyed  if  the  enemy 
is  near  and  there  ia  danger  of  his  attacking  the  columna  by  anrpriie; 
otherwise  it  may  be  sufficient  to  survey  the  ground  withm  a  tev 
hundred  paces  on  each  side  of  the  xoads  by  whicfa  the  eohunna  sre  to 
march.  A  complete  plan  of  the  tract  of  country  in  which  the  reeoB< 
noisssnce  is  made  may  therefore  be  required;  or  it  may  anfficete 
represent  on  paper  the  line  or  lines  of  march    In  either  ease  the 
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officer  may  be  proyided  with  a  general  map,  or  an  iUneraiy  of  the 
intended  routes  as  an  outline  for  his  guidance ;  and  his  survey,  when 
completed,  should  be  accompanied  by  a  report  or  memoir,  stating  in 
detail  what  cannot  be  convenientlT  represented  on  the  plan.  In  this 
report  should  be  ezpreesod,  with  all  necessary  references  to  the  plan  of 
the  ground,  the  distances,  by  the  different  routes,  between  the  two 
X>oaition8,  and  tiie  places  where  troops  may  halt  for  repose  or  to  form 
in  order  of  battle,  distinguishing  particularly  the  plains  where  cavahy 
may  act,  and  the  heights  on  which  artillery  may  be  placed.  The 
nature  of  th^  roads  should  be  described,  with  indications  denoting 
that  they  are  paissable  for  arttUerv,  for  cavalry,  or  merely  for  infantoy ; 
and  if  defective,  estimates  should  be  made  of  the  materials  and  time 
requisite  for  repairing  them.  It  is  particularly  necessary  to  state 
whether  the  ascents  and  descents  are  gentle  or  abrupt;  and,  when  the 
road  is  on  the  side  of  a  hill,  whether  it  is  sufficiently  level  to  allow 
artillery  or  carriages  to  pass  safely.  It  should  also  be  noticed  whether 
or  not,  at  places  where  roads  run  through  towns,  they  are  reduced  to 
narrow  and  winding  streets.  The  breadths  and  velocities  of  rivers, 
streams,  and  eanala  whidi  orosi  the  lines  of  march  should  be  ascer- 
tained, and  a  statement  made  whether  the  beds  are  rocky,  gravelly,  or 
muddy ;  also  whether  the  banks  are  high  or  low.  Mention  should  also 
be  made  of  the  means  whidi  exist  for  passing  ibem ;  of  the  places 
where  they  are  f<Nrdabie,  where  there  are  ferries  or  bridges,  or  where 
boats  may  be  procured:  descriptions  should  also  be  given  of  the 
bridgea  or  boats,  ujud  the  tna«nAr  of  working  the  latter.  The  situations 
and  extent  of  marshes  should  also  be  shown,  and  it  should  be  stated 
whether  they  are  passable  or  can  be  made  so.  In  contemplating  rivers 
and  manhes  as  means  of  retarding  an  advance  of  the  enemy,  it  should 
be  aaoertained  and  reported  whether,  by  being  dry  in  summer  or  frozen 
in  winter,  they  mi^  not  at  times  cease  to  be  obstacles.  It  should  also 
be  stated  how,  on  a  retreat,  the  roads  may  be  blocked  up,  the  fords 
rendered  impassable,  or  the  bridges  destroyed. 

Should  a  sufficient  number  of  roads  for  the  different  oolnmna  not 
exists  the  officer  is  to  ascertain  whether  or  not  others  may  be  made  by 
cutting  through  hedges,  wiJls,  or  woods,  by  forming  causeways  over 
marBheSfOr  by  oonstructing  or  repairing  bridges  over  nvers  or  streams; 
and  also  whether  the  country  affords  the  materials  necessary  for  these 
jHurposes.  The  rates  at  whidx  it  is  possible  for  troops  to  march  in  the 
sevend  roads,  defiles,  Ac,  must  be  estimated  aonording  to  the  breadth 
of  the  latter  or  the  degree  of  their  practicability ;  for  on  a  right  esti- 
mate of  such  rate,  tog^er  with  the  known  length  of  the  road,  depend 
tho  number  of  battaUons  and  the  class  of  troops  which  ou^t  to  be 
i^ipointed  to  follow  each  particular  route,  when  it  is  required  that  the 
ditfnent  oolumns  should  arrive  at  the  same  time  in  some  given 
p^ti4*n.  The  plan  should  show  the  situaticms  of  farms,  mills,  houses, 
Ac.,  which  may  be  capable  of  being  defended  or  of  affording  quarters 
for  the  troops;  and  on  it  should  be  indicated,  by  some  scale  of  numbers 
or  otherwise,  the  relative  heights  of  tiie  ^und,  that  it  may  be  ascer- 
tained what  positions  can  be  occupied  with  advantage  for  offensive  or 
defensive  operationa.  The  representation  of  a  simple  line  of  march 
should  also  mdicate  the  places  where  roads  diverse  from  or  cross  the 
route,  with  the  ^^ipt^n^^—  of  the  nearest  towns  or  vulsges  from  thence ; 
and  any  particular  survey  of  the  ground  for  an  encampment  should 
extend  to  at  least  a  mile  every  vray  beyond  the  supposed  chain  of  out- 
poets.  [MiLiTABT  PoBiTiONB ;  PiQUBT.]  The  report  must  state  what 
ai«  the  resources  of  the  country  in  oom,  cattle,  and  forage ;  and  the 
number  of  carriages,  horses,  and  other  draught  animato  that  it  mav* 
furnish  for  the  conveyance  of  artilleiy  and  stores.  If  the  line  of  march 
is  in  the  direction  of  a  navigable  river  which  may  be  available  for  the 
last-mentioned  purpose,  it  will  be  necessary  to  ascertain  its  breadth 
and  rapidity,  and  also  the  obstructions  which  may  be  met  with  from 
shallows,  weirs,  &c.  Marshal  Suchet  caused  his  artillery  to  be  con- 
veyed by  the  Ebro  frotn  Mequinenjsa  to  Xerta,  in  1810,  preparatory  to 
forming  the  siege  of  TortosiL 

An  open  country  presents  the  greatest  facilitieB  for  reconnoitring, 
since  the  positions  of  its  towns  or  village^  and  the  directions  of  its 
roads  and  rivers,  can  then  be  easily  distinguished  and  represented  on 
paper.  A  tract  covoed  with  wood  is  not  only  surv^ed  with  difficulty, 
but  it  imposes  on  the  officer,  in  addition,  the  necessity  of  ascertaining 
aU  the  dvections  in  which  it  is  capable  of  being  penetrated  by  the 
enemy,  and  in  what  manner  tiie  passes  may  be  blocxed  up  or  defended. 
Open  plains  intermingled  with  wood,  fields  surrounded  by  hedges, 
ground  intersected  by  streams  of  water,  ravines,  and  holtow  vrays, 
demand  great  exactness  in  the  survey,  since  such  tracts  afford  the  most 
important  advantages,  both  in  the  higher  and  in  the  secondary  opera- 
tions of  warfiare,  to  the  army  whi^  is  bert  acquainted  with  their 
details.  They  allow  tnx^  to  pass  unseen  from  one  point  to  another 
when  a  sarprise  is  attempted  or  a  rapid  retreat  is  to  be  made ;  they 
also  aflbrd  oover  from  whence  the  enemy  may  be  azmoyed  with  little 
look  In  mountainous  districts  it  isinqwrtant  to  ascertain  the  forms 
and  directiolis  of  the  chains  of  heights,  with  their  acclivities 
on  both  sides ;  and,  if  the  line  ol  march  is  between  them,  the 
collateral  ravines  should  be  examined  to  a  considerable  distance : 
the  oommencsmants  sml  directions  of  the  ravines  should  also  be 
ehovm,  and  all  the  defiles  by  which  the  valleys  communicate  with  each 
other.  Through  these  defiles  troops  detached  from  the  army  are 
enabled  to  fall  suddenly  on  the  enemy  during  his  march,  to  sepa- 
rate his  ooltimiw,  and  intercept  his  supplies  or  out  off  his  retreat; 


and,  on  the  other  hand,  since  the  enemy  may  attempt  the  like 
measures,  it  beoomes  necessary  that  the  officer  employed  to  recon- 
noitre should  ascertain  by  what  means  the  passes  may  be  barricaded, 
either  to  impede  the  enemy  or  enable  the  troops  to  defend  themselves. 

In  reconnoitring  a  country,  when  it  is  intended  to  act  on  the  defen- 
sive, it  should  be  well  known  by  what  roads  the  enemy  can  penetrate, 
and  where  are  the  best  situations  for  forming  intrenched  camps  or 
establishing  posts  in  order  to  be  enabled  to  keep  the  field  and  cover 
the  magasines.  Again,  if  it  be  intended  to  cany  the  war  into  an 
enemy's  country,  it  is  necessary  to  discover  the  position  occupied  by 
his  army ;  to  find  the  tract  of  country  most  proper  for  the  march,  and 
the  spots  where  the  localities  permit  encampments  to  be  formed  with 
due  support  on  the  flanks  and  security  in  the  rear.  If  it  be  intended 
to  besiege  a  fortress  or  to  attack  the  enemy's  position,  the  roconnois- 
sanoe  may  be  made  quite  up  to  the  glacis  of  the  place,  or  to  the  works 
which  protect  tiie  position.  In  the  former  case  it  is  necessary  to 
ascertain  the  naiure  of  the  fortifications,  and  the  fitness  of  the  ground 
about  them  for  the  operations  of  the  siege ;  and  in  the  latter,  to  find 
out  the  strength  end  dispositions  of  the  enemy's  troops.  An  armed 
force  is  generally  required  on  these  occasions,  as,  in  order  to  approach 
near  enough  for  the  purpose,  it  may  be  necessary  to  drive  in  some  of 
the  outposts.  During  the  war  which  ended  in  1814,  the  English  and 
French  out-sentries  appear  to  have  entertained  a  mutual  understand- 
ing not  to  molest  each  other,  and  to  retire  to  their  supports  before 
they  oommenoed  firing  when  either  army  was  i^Krat  to  make  a  move- 
ment  Colonel  Napier  relates  that  Lord  Wellington,  being  cmce 
desirous  of  reconnoitring  the  enemy's  position  at  Bayonne,  ordered  his 
escort  to  fire  upon  some  of  the  enemy  who  occupied  the  top  of  a  hill 
which  he  wished  to  ascend;  but  one  of  the  men  going  up  to  the 
French- soldiers  snd  tapping  his  mudcet  in  a  particular  way,  the  latter, 
who  understood  the  signal,  quietly  withdrew. 

In  a  maniimer€C(mnoimimoe  the  circumstances  which  it  is  of  most 
importance  to  ascertain  are :  whether  the  coast  is  rocky  or  bordered 
by  downs,  and  what  is  the  state  of  the  bays  or  roads  with  respect  to 
shelter  from  the  prevailing  winds)  the  seasons  in  which  winds  blow  off 
and  on  the  shore,  and  whether  the  anchorage  is  aecore  or  otherwise; 
the  nature  of  the  tides,  the  hours  of  high  and  low  water,  and  the 
depth  at  either  of  those  times.  Precise  information  should  also  be 
obtained  ofHhe  places  at  which  troops  might  land,  and  where  there 
exist  lismg  grounds  on  which  artiueiy  may  be  disposed  to  protect 
them.  Bivem  should  be  sscended  to  a  considerable  distance  if  possible, 
in  order  to  asoertsin  their  depths  snd  the  nature  of  the  vessels 
employed  on  them 'by  the  people  of  the  country.  On  the  other  hand, 
if  it  were  required  to  examine  the  coast  preparatory  to  putting  it  in  a 
state  of  defence,  it  would  be  necessary  to  find  out  what  points  of  land 
are  convenient  for  the  situations  of  forts  or  batteries  by  which  the 
enemy  sost  be  prevented  from  landing,  and  where  beacons  may  be 
established  for  toe  purpose  of  giving  timelT  akrm.  If  there  are 
islands  on  the  coast,  it  would  be  proper  to  include  them  in  the  survey, 
since  th^  might  be  fortified  and  made  to  serve  as  advanced  works ; 
and  all  plaoes  should  he  indicated  which  are  c^M^ide  of  being  converted 
into  military  posts  to  prevent  the  enemy  from  penetrating  into  the 
interior  of  tiie  country. 

RECORD,  a  memorial  in  rolls  of  parchment  of  the  proceedings  and 
acts  of  a  oourt  of  la%,  upon  whose  proceedings  error  will  lie.  An  act 
of  a  party  which  is  put  on  record  caimot  be  varied  even  in  the  same 
term,  but  a  judicial  act  of  the  oourt  may  be  altered  during  the  same 
termu  If  a  record  is  lost,  the  court  may  order  a  new  entry  to  be  made 
at  any  time.  In  order  to  prove  a  record  the  existence  of  which  has 
not  been  denied  on  the  pleadings,  an  examined  copy  is  sufficient.  But 
if  the  existence  is  denied  on  the  pleadings,  it  can  only  be  proved  upon 
inspection  by  the  oourt  of  the  record  itMlf ;  and  that  is  conclusive  not 
only  as  to  the  existence  of  the  record,  but  as  to  all  matters  stated  in 
it^  For  the  record  of  a  oourt  of  competent  f  urisdiction  is  legally  con- 
sidered as  the  indisputable  proof  of  aU  those  proceedings  having  taken 
place  which  the  record  sets  .forth ;  and  no  averment  to  the  contrary  in 
pleading  can  be  made.  A  record  found  in  the  proper  office  is  legally 
assumed  to  have  been  always  in  the  same  plight  in  which  it  is  found. 
The  effect  of  a  reversal  of  a  judgment  in  error  is  to  annul  the  previous 
record  from  the  commencement.  ('  Co.  Litt.,'  117  b.,  260  a. ;  Com. 
'  Dig.,'  tit. '  Record.')  As  to  what  constitutes  a  Court  of.  Record,  see 
CouBTS,  and  Riogbdsb. 

RECORDER  {Beeordatcr),  a  judicial  officer,  described  by  Cowell  as 
"  he  whom  the  mayor  or  other  magistrate  of  any  city  or  town  corpo- 
rate having  jurisdiction,  or  a  court  of  record,  within  their  precincts  by 
the  king's  ^pimt,  doth  associate  unto  him  f6r  his  better  direction  in 
matters  of  justice  and  proceedings  according  to  law."  The  Norman 
term,  recordeuw,  appears  to  have  originally  been  applied  to  every  person 
who  was  present  at  a  judicial  proceeding,  and  to  whose  remembrance, 
or  record,  of  what  had  taken  place  the  law  gave  credit  in  respect  of 
lus  penonal  or  official  weight  and  dignity.  Of  this  we  perceive  a  trace 
in  the  ordinary  writ  of  Accedas  ad  Curiam,  by  which  the  dieriff  is 
commanded  to  go  to  some  inferior  court  (which,  not  being  the  king's 
court,  is  not  a  oourt  of  record),  taking  with  him  four  Imights,  and 
there  to  record  the  plaint,  which  is  in  tj^t  court ;  the  remembrance  of 
the  four  knightly  rMordeurs  of  what  they  saw  existing  in  the  inferior 
oourt^  in  obedience  to  the  king's  writ,  being  treated  as  equivalent  to 
their  «Btnal  pressnoe  at  the  proceeding  to  b«  recorded.    So  if  the 
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proceedings  are  in  the  aherifTB  court,  he  is  ordered  by  the  writ  of 
Beoordari  faciaa  loquelam  to  caiualb  the  plaint  to  be  recorded  by  four 
knights.  And  by  a  record  of  the  8th  year  of  King  John,  we  find  that 
a  judgment  of  little  in  the  coiurt  of  the  archbishop  of  Canterbury 
being  vouched  in  the  king's  courts,  four  knights  were  sent  to  inspect 
the  proceedings,  who  returned  "  quod  recordati  sunt.'  (' Placitorum 
Abbreviatio,'  64.)  The  practice  of  certifying  and  recording  the  cus- 
toms of  London  by  the  nunUh  of  the  recorder,  which  is  antecedent  to 
the  charters  grantinig  or  recognising  the  practice,  appears  to  be  refer- 
rible  to  the  same  source.  Where  criminal  or  ciyll  jurisdiction  was 
oxerciaed  by  citizens  or  burgesses,  it  would  add  to  the  importance  of 
the  court  if  its  proceedings  took  place  in  the  presence  of  an  ofiEioer  to 
whose  r^ord  the  superior  courts  would  gire  a«dit,  either  in  respect 
of  his  personal  rank,  as  a  peer  or  knight,  or  on  account  of  his  con- 
nection with  those  courts,  as  a  serjeant  or  barrister-at-law.  [Sebjeant.] 
Since  1835  the  duties  of  recorders  in  the  cities  and  boroughs  cominc; 
within  the  operation  of  the  Municipal  Corporations  Act  (6  &  6  Will 
IV.,  c.  70),  haye  been  regulated  by  the  provisions  of  that  and  of  sub- 
sequent statutes.  The  jurisdiction  of  the  recorder  in  places  of  minor 
importance  will  not  require  to  be  noticed.  Nor  do  these  acts  affect 
the  city  of  London. 

I.  The  recorder  of  London  is  a  judge  having  criminal  and  dvil 
jurisdiction.  He  is  also  the  adviser  and  the  advocate  of  the  corporation. 
In  respect  of  the  duties  performed  by  the  recorder  in  the  assemblies 
of  the  corporation,  in  the  courts  of  mayor  and  aldermen,  of  common 
council,  and  of  common  hall,  lus  office  may  be  said  to  be  mimsteriaL 
He  is  by  charter  a  justice  of  the  peace  within  the  city  of  London,  and 
a  justice  of  oyer  and  terminer,  and  a  justice  of  the  peace,  in  the 
borough  of  Southwaik. 

The  first  charter  of  Edward  IV.  to  the  city  of  London  grants  that 
the  customs  of  the  city  be  certified  and  recorded  by  word  of  mouth, 
and  that  the  mayor  and  aldermen  of  the  city  and  their  successors  do 
declare  by  the  recorder  whether  the  thing  under  dispute  be  a  custom 
or  not. 

The  busineBs  of  the  mayor's  court,  in  which  the  recorder  ordinarily 
presides  alone,  comprehends  a  court  of  equity^  In  the  mayor's  court 
the  recorder  tries  civU  causes,  both  according  to  the  ordinaiy  course  of 
common  law  and  the  peculiar  customs  of  the  city.  The  amount  for 
which  such  actions  may  be  brought  is  MnlinnitflH. 

All  the  duties  of  a  justice  of  &e  peace,  including  those  of  chairman, 
devolve  upon  the  recorder  at  the  quarter  and  other  sessions  held  at 
Guildhall  for  the  city  of  London.  At  the  twelve  sessions  which  are 
held  yearly  at  the  Old  Bailey,  the  recorder  acts  as  one  of  the  judges 
under  her  majesty's  commission  of  oyer  and  terminer,  and  general 
jail  delivery. 

The  annual  salary  of  the  recorder  of  London  is  30002.  Besides  this, 
he  has  fees  on  all  cases  and  briefs  which  come  to  ^im  from  the  cor- 
poration, and  he  is  also  allowed  to  continue  his  private  practice. 

The  recorder  is  elected  by  the  court  of  aldermen,  most  commonly  at 
a  special  court  held  for  tne  purpose.  Any  alderman  may  put  any 
freeman  of  the  dty  in  nomination  as  a  candidate  for  the  office,  but  an 
actual  contest  seldom  takes  place.  The  recorder  elect  is  admitted  and 
sworn  in  before  the  court  of  aldermen.  The  appointment  is  during 
good  behaviour,  that  is,  in  contemplation  of  law,  for  life.  The  re- 
corder has  always  been  a  seijeantrat-law  or  a  banister.  The  office  has 
been  held  l^  men  of  considerable  eminence :  of  eleven  persons  who 
filled  the  situation  during  the  last  century,  one  became  lord  chancellor ; 
another,  master  of  the  rolls ;  another,  <^ef  justice  of  the  Common 
Pleas ;  and  two,  barons  of  tiie  Exchequer. 

By  an  order  made  by  the  court  of  aldermen  in  the  reign  of  PhHip 
and  Mary,  the  recorder,  common-serjeant,  and  judge  of  the  sheriff^ 
court,  were  directed  to  be  chosen  "  from  old  and  learned  officers  of  the 
city  or  out  of  the  number  of  the  six  learned  counsellors,"  that  number 
comprehending,  in  addition  to  the  ordinary  cify  counsel,  the  attorney 
and  solicitor-general,  who  were  Always  retained  for  the  city.  Four 
persons  by  whom  the  recorderahip  of  London  has  been  hcud  during 
the  present  century,  have  previou^y  filled  the  office  of  common- 
serjeant.  [SEBJBAifT.]  But  no  similar  instance  occurred  during  the 
IStii  centuxy. 

The  recorder  of  London  deriving  his  authorify  from  charters,  and 
not  being  appointed  by  commission  (except  temporarily  as  included 
with  other  judges  in  the  commission  of  oyer  and  tenmner,  &c,  at  the 
Old  Bailey),  he  is  not,  like  the  judges  of  the  superior  couxts,  liable  to 
diKmissal  by  the  crown  upon  an  address  by  both  Houses  of  Parliament. 
But  all  recorders  may  be  removed  for  incapacity  or  misconduct  by  a 
proceeding  at  common  law. 

Deputy  recorders  have,  in  some  instances,  been  appointed  by  the 
court  of  aldermen  on  the  nomination  of  the  recorder.  ('  Report  on 
Mimicipal  Corporations.') 

II.  In  cities  and  boroughs  withm  the  Municipal  Corporations  Act, 
the  recorder  (who  must  be  a  barrister  of  not  less  than  five  years'  stand- 
ing) is  a  judicial  officer  appointed  under  the  sign  manual  by  the  crown 
during  good  behaviour,  having  criminal  and  civil  jurisdiction  within 
the  dty  or  borou^,  with  prerodence  next  to  the  mayor.  He  holds 
once  in  every  quarter  of  a  year,  or  at  such  other  and  more  frequent 
times  aa  he  shall  in  his  discretion  think  fit,  or  as  the  crown  wliftll  tKinV 
fit  to  direct,  a  court  of  quarter-session  of  ^e  peace,  at  which  he  sits  as 
the  sole  judge,  such  court  being  a  court  of  record,  and  having  cogni- 


sance of  all  crimes,  offences,  and  matters  whatever  cognisaUe  by  mj 
court  of  quarter-session  of  the  peace  for  counties  in  England.  So 
recorder  has  power  to  make  or  levy  any  rate  in  the  oatoTe  of  a  coimtj- 
rate,  or  to  grant  licence  to  keep  an  alehouse  or  victualling-hoose,  to 
seU  exciseable  liquors,  or  to  exercise  any  of  the  poweza  by  that  ad 
specially  vested  in  the  town  council. 

The  civU  jurisdiction  of  the  recorders  of  borou£^  is  ezerciBed  in  ik 
borough  court,  according  to  the  charters  or  acts  of  parliament^  if  s&j, 
which  regulate  them.  He  may,  however,  delegate  this  dutj  to  a  judge 
of  the  court. 

RECORDER,  a  musical  instrument  formerly  in  use  ;  "  a  flageolet  cr 
small  English  flute,  the  mouthpiece  of  which,  at  the  Upper  eztremitr 
of  the  instrument,  resembled  the  beak  of  a  bird;  hence  the  larser 
flutes  so  formed  were  called  Jlutet  d  bee.  The  recorder  was  soft  ia 
tone,  and  an  octave  higher  than  the  flute.  Milton  epoakm  ('  Fk,  Lost,' 
I  650)  of 

'*  The  Dorian  xnood 
Of  flates  and  $oft  reoorden,** 

It  would  appear,  from  Bacon's  '  Sylva  Sylvanim,'  cenii  SL,  221,  thrt 
this  instrument  was  larger  in  the  lower  than  in  the  upp|er  part ;  aadt 
wood-cut  of  the  flageolet  in  Mersenne's  '  Harmonic  Univeraelle/  Iwb 
to  the  same  conclusion.  On  the  etymology  of  the  word  mxuh.  iBg^ 
nuity  has  been  bestowed,  but  without  any  satisfactory  results"  (NoU 
in  '  Pict.  ^baksp.,'  Hamlet,  Act  iii..  So.  2.) 

RECORDS,  PUBLIC.  Authentic  memotiak  of  all  kinds,  as  vdl 
public  as  private,  may  be  considered  in  one  sense  as  reoorda.  Than 
the  Metopes  of  the  Parthenon  are  indisputable  records  of  Orecan  ark; 
the  journal  stamp  on  a  letter  is  a  record  that  it  has  passed  timmgh 
the  post-office;  a  merchant's  letter  is  a  record  of  his  boaiueat;  aod 
every  lord  of  a  manor  may  keep  written  records  of  his  oouits,  at  tlie 
chancery,  the  exchequer,  and  other  courts  do  of  their  proceodii]^ 
But  our  present  purpose  is  to  give  some  general  account  ol  the  pQl& 
records,  properly  so  called,  understanding  by  the  term  the  codtests  of 
our  PubUc  Record  Office. 

Records,  in  the  legal  sense  of  the  term,  are  oontemporaneou 
satements  of  the  proceedings  in  those  higher  courts  of  law  which  are 
distinguished  as  courts  of  record,  writt^  upon  rolls  of  p»«*Kntfwi 
(Britton,  c.  27<)  Matters  enrolled  amongst  the  proceedings  of  a  court, 
but  not  connected  with  those  proceedings,  as  deeds  enrolled,  Ac^  are 
not  records,  though  they  are  sometimes  in  a  loose  sense  said  to  be 
"things  recorded.'  In  a  popular  sense  the  term  is  applied  to  all 
public  documents  preserved  m  a  recognised  repository;  and  as  sodi 
documents  cannot  convenientiy  be  removed,  or  may  be  wanted  is 
several  places  at  the  same  time,  the  courts  of  law  receive  in  endeaot 
examined  copies  of  the  contents  of  public  documents  so  pneerral, 
as  well  as  of  real  records.    [Coubts  ;  Record  ;  Recobdkb.] 

The  course  we  propose  to  take,  ia  to  treat  that  as  a  record  whidi  k 
thus  received  in  the  courts  of  justice.  The  act,  for  instanoe,  which 
abolished  Heniy  YIIL's  court  of  augmentation  (of  the  rereanm 
obtained  from  the  suppression  of  the  religious  houses),  dedved  that 
its  records,  rolls,  books,  papers,  and  documents,  should  theooefotth  be 
held  to  be  records  of  the  court  of  exchequer;  and  accordingily  we  have 
"been  many  a  document,  originaUy  a  mere  private  memaFmdinn, 
elevated  to  tiie  dignity  of  a  public  record,  on  the  sole  ground  of  iti 
official  custody,  and  received  in  evidence  as  a  record  of  the  j^agmenta- 
tion-office.  On  the  other  hand,  numbers  of  documents  which  woe 
origixially  compiled  as  public  records,  having  strayed  from  their  legal 
repositoiy  to  the  British  Museum,  have  thereby  lost  their  charscto'  oi 
authenticity.  ('  Proceedings  of  the  Privy  Council,'  voL  ▼.,  p.  4,  edited 
by  Sir  Harris  Nicolaa) 

"Our  stores  of  public  records,"  says  Bishop  Nicdsoin,  and,  we 
believe,  with  perfect- accuracy,  "are  jtuBtiy  reckoned  to  excel  in  age, 
beauty,  correctness,  and  authority,  whatever  the  choicest  archivaB 
abroad  can  boast  of  the  like  sort"  (Preface  to  the '  Rngtish  Historical 
Library.') 

By  far  the  greater  part  of  records  are  kept  as  rolls  written  on  skini 
of  parchment  and  vellum,  averaging  from  nine  to  fourteen  indies  wide,* 
and  about  three  feet  in  length.  Two  modes  of  fastening  the  skins  or 
membranes  were  employed, — one,  that  of  attaching  all  the  tops  of  the 
membranes  together  bookvrise,  which  is  employed  in  the  ex<diequer  and 
courts  of  common  law;  the  other,  that  of  sewing  each  memhnoe 
oonseoutivdy,  which  was  adopted  in  the  chancery  and  wardrobe. 

The  solution  of  the  reasons  for  employing  two  diiTereat  ukoda  has 
been  thought  difficult  by  writers  on  the  subject.  It  appean  to  have 
been  simply  a  matter  of  convenience  in  both  cases.  The  difbrenoe  in 
the  circumstances  under  which  these  rolls  were  formed,  aoooonts  for 
the  variation  of  make.  In  the  first  case,  each  inrolment  was  often 
bsgun  at  one  time  and  completed  at  another.  SnM)e  for  the  completioa 
of  the  entiy  must  have  been  left  at  hazard.  Besides,  several  seribes  were 
certainly  engaged  in  inrolling  the  proceedings  of  the  courts,  aoad  the 
roll  was  liable  to  be  unbound,  and  to  receive  additional  membranes 
after  it  had  once  been  made  up.  In  the  other  case,  the  baainess  of 
the  chancery  being  simply  r^fistration,  the  scribe  'could  register  the 
documents  before  him,  with  certainty  that  nothing  in  future  would 
afieet  their  length,  and  he  was  enabled  to  fill  every  men^ssne^aiid 
perfect  the  roll  as  he  proceeded. 

*  The  rolls  of  the  Great  Wardrobe  exceed  eii^lNB  Sachwiii  vitfttu 
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Ulb  width  of 


leapt,  of  I 
tha  p»gei 

the  membnoe. 


he  ancients,  the  writing  wu  carried  in 
of  a  buok,  along  the  length  of  the 

th  Borta  of  our  rolls  is  written  icron 
The  rolls  of  the  common  law,  after 


the  time  of  Henry  VIIL,  contun  so  naay  skiiia  thst  they  cease, 
to  be  rolls,  but  baoome  simptjr  obtoog  books,  and,  unlike  the  earl; 
rolls  of  the  nme  series,  are  eiceedinglj  ill-adsptad  for  preservatioD 
and  inconvemeDt  for  use.  There  are  nuay  of  Iheoa  misolled  rolls  of 
the  reign  of  Charles  II,,  which  in  shape,  size,  and  weight  rewmble  the 
largest  Cheshire  cheese,  often  requiring  two  loen  to  lift  them  from 
the  rack.  MembraooB  may  be  faetezied  together  after  the  chanoeir 
fashion  in  aoj  numbera,  and  yet  remain  a  legitimate  roU,  thou^ 
-  imposing  mncn  bodily  labour  in  tbe  consultatiou.  The  land-^x  oom- 
misaioneTB'  Act  of  1  Geo.  IV.  extends,  it  is  said,  SOO  feet  when 
unrolled.  Other  records  have  the  abape  of  books,  Doomsday  Book, 
called  both  '  Batulus  '  and '  liber,'  the  oldeot  and  most  precious  of  our 
records,  counting  eigbt  caituiiea  as  i(e  age,  and  still  in  the  finest  order, 
is  a  book  ;  and  as  occasiona  presented  themaelTes  for  sdopting  this 
shape  without  infringing  on  ancient  precedent,  Oie  far  more  acceseible 
shape  which  we  now  call  a  "  book  "  seems  to  have  been  employed. 
A  consideiable  port  of  the  records  of  the  courts  of  the  surreyor- 
general  and  augmentations,  in  the  reign  of  Henry  VIII.,  of  wards  and 
liveries,  and  r«que*ts,  are  made  up  as  books.  Other  documents,  those 
relating  to  finee,  the  '  Pedes  Finium  or  Finales  ConcordiEB,'  the  wrila 
of  'Dedimua  Fotestatem,'  and  acknowledgmenta  and  certificates, 
writs  of  tlie  seieral  oourts  and  returns,  writs  of  summons  and 
retunu  to  parliament,  inquisitiDnes  post  mortem,  &c,  As,,  hj  tens 
and  hundrsds  of  tliousands  are  filed,  that  is,  each  document  ia 
pierced  through  with  a  sbing  or  gut,  and  thus  fastened  together  in  a 
bundle. 

The  material  on  which  the  reoord  is  written  is  generslly  parchment, 
which,  until  the  rejgn  of  filisabeth,  is  extremely  clear  uid  well  pre. 
pared.  From  that  period  until  the  present,  the  parchment  gradually 
deteriorates,  and  the  wont  specimens  are  furnished  in  the  rajgns  of 
Oeorge  IV.  and  William  IV.  Tha  earliest  record  written  on  paper, 
known  to  the  writer,  is  of  the  tjme  of  Edward  II.  It  is  one  of  a  series 
eDtJtled, '  Papinii  magistri  Johannia  Guicardi  contra.rotulatorie  MagnaQ 
Costiunia  in  Castro  Burdegalis,  anno  domini  M*.  ccc*.  viii°.'  These 
records  are  in  the  office  of  Uie  queen's  remembrancer  ot  the  exchequer, 

Tallies  woe  records  of  wood.     [Tallt.} 

The  handwriting  of  the  eourts,  commoiUy  sailed  oourt-hand,  which 
had  readied  its  perfection  about  the  reign  of  our  second  Edward, 
diflen  materially  from  that  employed  in  chartulariea  and  monastic 
writings.  Aa  printing  extended,  it  relaxed  into  all  the  oppositeB  of 
uniformity,  cleamefls,  legibility,  and  beauty  which  it  once  posssesed. 
The  ink  too  lost  its  ancient  indelibility ;  and,  like  the  pan:hment,  botli 
handwriting  and  ink  are  tbe  lowest  in  character  in  the  later  timea ; 
witli  eqoal  care,  venerable  Domesday  wilt  outUve  its  degenerate 
deacendanta. 

All  the  great  series  of  our  records,  except  those  of  parliament,  are 
written  in  Latin,  the  apelling  of  which  u  much  abbreviated.  The 
re«der  who  desires  to  be  further  informed  on  the  subject  may  consult 
the  coUectiona  ot  contractions  which  Wx.  Hardv  has  inserted  in  the 
preface  to  his  '  Close  Rolls  ot  King  John,'  and  lir.  Hunter,  in  his 
pre&c«ta  the'Elnea  of  Richard  I.  and  John,'    During  the  Commou- 
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wealth,  English  was  aubstitutedi  but  soon  aft«r  the  Restoration,  Latin 
was  restored,  and  the  reoorda  of  the  courts  continued  to  be  kepi  in 
Latin  until  the  reign  of  Qeorge  IL  In  certain  branches  of  the  exche- 
quer, Latin  continued  in  use  until  the'  abohtion  ot  the  offices  in  very 
recent  times.  Many  of  our  statutes  from  Edward  I.  to  Henry  T.,  and 
the  principal  port  of  the  rolls  ot  parliament,  ara  written  in  Norman 
French.  Petitions  to  |Mrliament  continued  to  be  presented  in  Nor- 
man Fcmch  until  the  reign  ot  Richard  IL,  whose  renunciation  of  the 
crown  is  said  to  have  bean  read  before  the  eetates  of  the  iwlm  at 
Westminster  first  in  Latjn  and  then  in  English.  After  t>'it  period 
we  Ind  English  often  used  in  transsctions  between  the  psopte  and 
govemment,  a  sure  sign  that  the  distinctions  of  Nonoan  origin  vrere 
nearly  absoriwd  among  the  people  at  large. 

Sir  PWida  Palgrave'a  edition  of  the  '  Calendars  sad  Inventories  of 
the  Trsasnry  ot  the  Exchequer/  some  of  which  were  compiled  as 
sariy  as  the  14th  century,  ara  extremely  intereiting  in  exhibiting  the 
ancient  modes  in  which  records  were  preserved.  No  uniform  system 
of  BiTangement  seems  to  have  been  employed,  but  a  different  expedient 
WIS  used  tor  the  preservation  of  near^  every  separate  document. 
Great  numbers,  judging  from  the  quantity  found  in  arranging  the 
misoellaneouB  records  of  the  queen's  remembrancer  of  the  exchequer, 
were  kept  in  pouches  or  bags  ot  leather,  oanvaa,  cordovan,  and  buck* 


ram,  a  mode  which  is  still  used  in  this  department  ot  the  exchequer. 
These  pouchee,  which  fasten  like  modem  reticules,  axe  desorib^  by 
Agarde,  who  was  keeper  ot  the  Tressury  ot  tbe  Exchequer, "  as  hang- 
ing against  the  walls."    Tlie  following  drawing  repeeoents  a  leathern 


When  they  have  . 


tne  oi  ana  oo  oi  ouwaiu  ill. 

caped  damp,  they  have  preserved  their  psrah* 

uiies  in  all  their  pristine  freahness  and  dean- 


•  Ths  BoBums  kept  lielr  resordi  la  '  Boilnls,'  reipectiTaly  dWtagnliheJ  ai 
BcrlaikVialoria;  Scrlala  Statsilsj   Ssrlnis  PstsUil   Bstlnls  Bsua  i  Bstilli 


»TI  BECOBDS,  PUBLIO 

'turnad  bova,  and  hMoupta,  or  'hampvn  of  twyggn'  mr*  *Im 
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Inwriptiani  on  Inbelt,  kttan,  uid  "  ligm  '  luiiiiilwd  tlie  meKa  <d 
reterenee.  We  owe  the  fnUawiiig  apaalnieiii  of  thsM  "  ligni "  to  tits 
kindtieea  ot  Sir  FiancU  Pol^raYa,  who  lua  obliged  ui  with  tha  loan  of 
tiie  blocks,  cut  for  hia  calendim  of  the  exohequer  before  mentioned. 
Theae  Bignq  in  moat  cases  bear  analog;  to  the  aubject  of  tlie  docu- 
ineiita  whicli  they  are  intended  to  mark. 


The  rolla  ot  the  jurtioea  of  Um  forort  were  marked  by  the  apling 
oak  (No.  I).  Papal  bulla  bj  the  tripb  crown  (3).  Four  canvas  pouchea 
holding  rotla  and  talUea  of  certain  pajruenta  made  for  the  church  of 
■WeBtminatei- were  marked  by  the  church  laj.  Theheadin  a  oowl  (*) 
marked  an  indenture  raapeoting  the  jemb  found  in  the  houae  of  the 
Fratres  Hiaorea  in  Salop.  The  actdes  (S),  tlie  ass^  of  the  mint  in 
Dublin.  The  Briton  harisg  one  foot  ahod  and  the  other  bare,  with 
the  lance  and  iwohl  (S),  mnked  the  wooden  "coffin"  holding  the 
acquittance  of  reoalpt*  from  LlewaDln,  Prince  of  Wal^.  Three 
herringa  (7),  the  "  fonw  *  at  Iwlbtr  bound  with  iron,  containing 
documents  relatinit  to  Tannouih,  Ac.  The  lancer  (8),  documents 
relating  to  Aiagoo.  The  united  handa  (9),  the  mamage  between 
Henry,  Prince  of  Walea,  and  Philippe,  daughter  of  Henry  IV.  The 
"alley  (10),  the  recogninnce  of  merchants  of  the  three  galleys  of 
'— ~  The  hand  and  book  (11),  fealty  to  kings  John  and  Henry. 
^„„  w^arter  or  crromph  (12),  treatJM  aad  tnicea  between  England 
and  Scotland.  The  hooded  monk  (IS),  advowaona  ol  Itiah  ohurchM.  : 
And  the  caatle  with  a  banner  of  the  Clare  arma  (H),  raeorda  relating 
to  the  poasesaiona  of  the  earl  of  Qlouooater  In  Walea. 
■         befor     ■■     - 


railey 


Our 

public     _  -.„,„.„„ 

kings  and  deed*  between  private  IndivldaalB  still  exlating  :'ds  mlumea 
of  these  wen  edited  by  the  late  most  able  acholary  John  HitoheU 
Eemble,  nnder  the  title  of '  Codex  Diplotnatioua  levi  Saionld,  but  eren 


xns  ""■"*■■* I  reguuauons  iiviiiuu  *^vmt  uk  omujj/  t.,  m 
p  the  (HliMt  example  la  found— the  twoorda  ot  tba  judidd 
la  o^tlie  -OuiiaBej^'whkli  bdgin with Bkhard I— and 
1  acta  el  the  nioaaran  himaaU  aittaUed  on  th«  "cleat,* 


of  the  folk-moota  were  not  regiatered  or  rteorded,  and  ii 
ttation  of  justice  no  retetmce  was  made  to  written  preoedrata. 
such  a  state  of  society,  though  the  actual  posaeMba  of  bud  ocostit 
one  of  the  best  titlea  to  real  property,  still  the  "bnd-boo'  fumiihed 
evidence  of  it  also.  And  ao  importatit  were  these  laod-books  coo- 
aidered,  that  whaa  tha  monks  of  Ely  purchased  aevan  hydea  and  a  half 
of  land,  thqy  go*  three  hyde^  bendea  thirty  "aurai,"  to  reooTer  the 
charter  or  "  eyrogt^  "  M  the  title.  Daplioata  and  triplicates  of  theae 
land-booka  wore  made,  and  ob*  "part"  was  dslivcrad  into  the  costolj 
of  tha  BwthHOi  w  shaaihariais,  to  be  pMserred  in  tha  "  hade,'  cr 
royal  taaauiy. 

When  a  written  aooount  is  mad*  «f  any  act,  it  is  oleu-  thai  It  >a  made 
not  for  tiw  exclusive  benefit  of  one  party  (ally.  In  the  Domsadaj  Bunk 
of  the  Herman  conqueror,  we  see  evidenoe  that  hla  power  ma  t*t  fnm 
absolute.    The  *ln«n-i>1  regiatratiana  (RotoU  Pipa)  ol  Hsnry  L,  in 

whose  reign  tl     """"" "^ 1.  i- •_      ■     ■■  •       - ■ 

proceedinga  o' 

the   special  a ..   _, „_  _ ... 

"patent,"  aad  "ohaiter*  roUa  anmnianning  In  tha  rrign  ol  John-  ait 
alt  BO  many  imaiBtible  proota  how  larger  intemta  wata  gradully 
trenching  on  the  vrill  of  the  Ung.  The  judicial  raocrda  ol  the  Sia^ 
Bench  and  Common  Fleaa,  and  U*  parbamentaij  raeorda  begimiing 

with  Edward  I.,  are  further  avidensa  ol  tha  in ~^~ 

noblee  and  oommonalty  of  the  reahn. 

The  king  waa  legally  oouldarad  aa  i   .  „  „    . 

Hia  peace  waa  fatoken  whan  tha  tnbjatt  fall  liv  the  hand  of  the  ma^ 
derer ;  hia  paHiatnent  wa*  ta  be  aununonad ;  hil  hoMnir  to  be  finli' 
cated ;  and  hia  axmy  to  be  leviad.  It  waa  the  king's  oxohequa.  the 
king's  wBidrobe,  the  king's  court,  »mA  aeaentially  tha  king'a  ohaaceiy ; 
for  the  chancdlor's  functions  wan  niifinallj  thoaa  ol  a  ^v*tc  seen- 
tary,  combining  duties  both  spiritual  and  teoiporaL  BoUng  tbt 
keeperahip  of  the  king's  couscience,  the  chancellor  was  neeesBarily  d 
the  cleric^  body,  and  tiie  chief  of  (he  king's  chapeL  The  great  seal 
waa  in  hia  custody,  and  the  aoope  of  hi*  •eeietariaf  dntiea  embraced  iS 
those  ef  modem  timea  performed  by  OUT  seontuiaa  of  stale  fiK- the  lidM 
and  forngn  depsrtmMita ;  and  of  all  the  buaineaa  toanaaoted  a  sjstona- 
tic  and  orderly  rwiatratim  was  preaerrsd  in  tha  sevtaral  inndmails  caUai 
"  patent,' "doae,"  charter,"  Jhi.  All  records  of  thaaa  ae*«nl  depait- 
ments  formed  jnrt  of  the  king's  baaaurai  and,  in  aooocdanoa  with  Ht 
pnetioe  of  the  sndant  Paraiana  five  hundred  years  bcfora  the  ChriBJM 
en,  when  Dariua  caused  a  ataroh  for  tha  deorae  of  Cyrua  to  be  "  made 
in  tha  hooaa  of  the  rolls,  vbare  the  tnaaurea  wen  laid  np  in  Bahjkn' 
(Eita,ri.  I),  wiiredapadtadil)theking'b"bmBUTlas."*  Tbamntaal 
intereat  of  lil  parties  naturally  made  the  pressmtioa  of  the  tveonii  n 
object  of  ganatal  sohcitijds ;  to  the  king,  as  they  fumiahed  iadiqiBtsbla 
preaedsnts  for  hia  calls  of  militaiy  aorrioa  and  taxation ;  t«  the  nobhs; 
inprolertitigtheia  in  their  feudal  li^ts  and  varioua  privilegia;  aadk> 
the  oommooa  moat  of  all,  in  limiting  the  i^wtn  both  ci  king  and 
nobles,  sheltering  them  frcon  capricious  extortion,  and  oecoring  to  than 
a  certain  amount  of  oonaistcocy  in  the  administiation  of  JDatace^ 

In  Henry  Ill.'a  reign  there  were  royal  treasnriea  of  reconls  in  the 
Tower  of  London  and  the  Kew  Temple.  From  the  Uttor  plac^  in  th* 
30th  of  Edward  I,,  out  of  a  cheat  aacured  by  nine  keys,  certain  reooedi 
ot  tha  Chancery  were  takm  by  the  king'a  orders.  ('  Rot.  Qaua.,'  10 
Edward  I.,  m.  13  d.)  The  Tower  had  certainly  baoome  k  ptnoantot 
taeasury  for  reoords  in  the  SSrd  of  Edward  L,  whan  a  tcuate  to  it 
waa  diraotad  to  be  made  of  all  the  papal  prtrilagea  toochiiiK  the  ennra 
or  kingdom,  from  the  treasury  of  tha  axeheqnar  al  Tfiwllaiiwln 
('  Rot  ClauB.,'  S3  Edward  I.,  m.  3.)  AQother  "  treasury  "  is  described 
by  certain  "  memoranda,"  mode  IS  Edwaid  III.,  W  wiUiin  tha  oloisUT 
of  WeetminstflT  Abbey,  new  the  ChapterHouas  (Ihesamaiia  Ba^ 
iofn  Claustnim  Abhatin  Wwtmonasterii  juita  Capitohim}.    tHu 


In  his  '  Compandinm  of  the  Raoarda  in  ^  Tnuurj^  ""t*^  '''^> 
heaysthat"theraeordaaofth*kinge'a  majaatiaa  threanwy  at  Wist- 
minater,  under  the  ouatodie  of  tha  lord-threaaorer  and  tha  two  chaadcr- 
Talnf.  war*  lay'd  op  for  thalr  bettar  praaarracicn  in  fbwv  asmll 
threaaanriaa  under  thi«e  aeverall  kayaa,  leapt  tiy  three  aondiy  tdeBSi 
distinet  tha  one  k^  bon  aaothir,  and  uf^on  each  dan  thne  kicka. 
lliaarBtln^aCourtofRaedpt;  th*  aeaoond  la  tha  News  Fallaae  at 
Westuinatsr,  orsr  ths  Idttla  Qatehouae  thve;  th*  third  b  (ha  tate 
diasolved  abbsy  ot  Wsatminster,  in  the  Old  Cb^^er^Hooae  ;  the  foorlh 
in  the  (Mater  of  the  sayd  abbey." 

The  oontcDts  of  several  "  tteasuries  "  at  various  peitoda  aaam  to  havs 
bean  consolidated  in  the  Chapter-House  of  Westmmster  Abbey,  wkieli 
waa  fitted  up  tor  the  reception  of  tecordi  by  Sir  Ouietophai  Wnn. 

•  CsrtalB  rssorda  ot  the  OliaaMry  IUIowhI  ths  Us«  b  Us  atcnUoBS  em 
Uw  kiafdom  as  lata  as  Eiahard  II,  Kell^ions  houas  were  sailed  apon  ts 
proTld*  hones  tor  the  aenTa^uot  ot  tham.  Edaard  t.,  ij  writ,  teMad  the  ilk 
JbIt,  U  the  tweatj-slgbth  yaar  ot  U>  nlfa,  aommsniled  tba  abbot  of  Fsnea 
ta  proTlde  a  itnng  bona  to  taxrj  the  Ch>u«ry  Soils  to  Tork, 
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The  demolition  of  the  old  "  treasuriee  *  adjoining  WeBtminrter  HaU 
Boattered  their  contents  in  all  quarten  of  the  metropoliB.  Thus  the 
records  of  the  king's  remembnEtncer,of  the  Exchequer,  and  the  Common 
Pleae,  migrated  from  Weatminster  HaU  to  the  late  Mew*  at  Charing 
Cross ;  and  thence,  to  make  room  for  the  National  Gkdlery,  to  Cailton 
Biding-School.  The  records  of  the  Iftte  lord-troaauirBr's  remembrancer 
and  Pipe-Office  were  entombed  two  stories  deep  in  the  vaults  of 
Somerset  House.  Those  of  the  King's  Bench  for  a  time  rested  opposite 
St.  Margaret's  Church,  but  were  shifted  to  the  RoUVHouse  in  ChuMseiy 
Lane  to  make  room  for  the  present  BoUs  Court  at  Westminster. 

Thus  from  time  to  time  had  rqx)8itoriee,  as  well  undignified  with 
the  ancient  title  of  "king's  treasury"  as  deficient  in  Uiat  careful 
superintendence  which  originallj  aocompanied  the  title,  arisen  in  all 
jwrta  of  London ;  and  in  18S7  a  Committee  of  the  House  of  Commons 
reported  that  it  had  seen  the  Public  Records,  the  moot  predous  port  of 
the  king's  **  treasure,"  deposited  at  the  Tower  over  a  gunpowder^ 
magazine,  and  contiKUous  to  a  steam-engine  in  daily  opera^on ;  at  the 
Bolls,  in  a  ohapel  where  divine  service  is  perf orxned ;  in  vaults  two 
stories  underground  at  Somerset  House ;  in  dark  and  humid  oellars  at 
Westminster  Hall;  in  the  sUbles  of  the  late  Carlton  Ride|  in  the 
Chapter-House  of  Westminster  Abbey. 

It  would  seem  that  as  early  as  the  oommenoement  of  the  14th  century 
the  officers  ohotged  with  the  custody  of  the  records  were  found  to  Im 
either  insufficient  or  neglectful  of  the  performonoe  of  their  duties. 
Since  the  time  of  Edward  IL  scarcely  a  reign  hoa  poosed  without  a 
special  temporary  agency  being  appointed  to  restore  the  public  reooids 
to  good  order.  The  necessity  probably  arose  from  the  functions  of  the 
officer  ohaiged  with  the  care  of  the  records  being  altogether  changed, 
OB  in  ^e  instance  of  the  master  of  the  BoUs,  who  was  the  ftond  fidi 
"  gardein  dee  roules  "  in  early  times. 

Li  the  14th  Ed.  XL,  the  barons  of  the  Exchequer  were  directed  to 
employ  competent  clerks  to  methodise  the  records,  which  were  **  not 
then  so  properly  arranged  for  the  king's  and  the  public's  weal  as  they 
ought  to  be."  Again  in  the  19th  year  of  Ed.  II.»  certain  commissioners 
were  appointed  for  a  similar  purpose.  In  Edward  IIL's  reign,  at  least 
three  like  commissians  were  issued  ('  Bot^  Claus./  Anms  84  and  86 ; 
and  '  Bot  Pari/  Amio  46).  Statutes  for  the  protection  of  records  from 
falsification,  erasure^  and  embexolement  were  passed  8  Bieh.  IL  c  4, 
and  11  Hen.  lY.  c.  8.  Other  measures'  were  taken  by  Hen.  VI., 
Hen.  VIL,  and  Hen.  VIIL  Inquiries  into  the  state  of  the  Parlia- 
mentaiT,  the  Chancery,  and  Exchequer  Becords  were  prosecuted  bv 

2ueen  Elizabeth,  who  also  established  the  State  Paper  Office,  in  which 
le  prooeedings  of  the  secretaries  of  state  from  her  days  to  the  present 
are  preserved.  Committees  of  both  Houses  of  ParUunent  from  time 
to  time  visited  the  several  repositories,  and  the  fire  of  the  Cottonian 
Library  in  1781  produced  a  report  which  describes  the  condition  of 
most  of  the  publfc  repositories  at  that  period.  But  the  fullest  exand* 
nation  into  tne  state  of  the  public  records  which  has  been  made  in 
recent  times  was  effected  by  a  Conmiittee  of  the  House  of  Commons, 
in  1800,  conducted  by  Lord  Colchester,  then  Mr.  Abbot,  and  the 
report  of  that  Committee  preeents  by  far  tiie  most  perfect  and  oompre- 
hensive  aocoimt  which  has  yet  appewed  of  our  public  records^  to  which 
m  period  of  sixty  years  has  added  very  littie.  This  Report  originated  a 
<ionmusBion  for  cianrying  on  the  work  which  its  autnors  had  begun* 
The  Becord  Commission  was  renewed  six  several  times  between  the 
^ears  1800  and  1881,  and  was  altogether  suspended  at  the  accession  of 
Her  Majesty  Queen  Victoria.  All  the  several  record  conmuasions 
recited,  one  after  another,  that  "  the  public  records  of  the  kingdom 
'were  in  many  offices  unarranged,  undescribed,  and  unascertained;" 
that  they  were  exposed  "  to  erasure,  alteration,  and  embezslemenV* 
said  "were  lodged  in  buUdings  incommodious  and  insecure."  The 
GommiBsioners  were  directed  to  cause  the  records  to  be  "  methodised, 
T^olated,  and  digested,"  bound  and  secured ;  to  cause  "  calendars  and 
indexes"  to  be  made  and  "oriKiual  papers"  to  be  printed;  but  the 
record  commissioners  expended  the  funds  entrusted  to  them  rather  in 
printing  records  than  in  arranging  or  calendaring  them.  ^  A  very  full 
uvesti^ition  into  the  proceedings  of  the  record  commission  was  made 
hj  a  Committee  of  the  House  of  Commons  in  1835,  and  the  reader 
Wno  IB  curious  to  know  more  than  our  space  allows  us  to  state,  may 
consult  its  Benort,  and  the  series  of  Beports  since  made  by  the  Dei>u1y 
Keeper  of  PnUic  Becords,  which  are  published  annually.  Certainly 
during  the  present  century  there  has  been  no  niggard  expenditure  in 
one  shape  or  another  in  respect  of  the  public  records.  It  is  not  veiy 
«ai(y  to  ascertain  its  total  amount,  but  tne  following  may  be  received 
M  an  approximation  up  to  the  year  1839 : — 

Jtelisineiitarv  Tmpvn  show  that  grants  were  made  on 
behslf  of  the  Becord  Conmussion  between  1800  and 
1831,  to  the  amount  of        «..«••    £362,400 
Between  1881  and  1839  inclusive         •       •        •       •       125,700 
Salaries,  &a,  for  the  custody  of  Becords  •       ....      120,000 
Fees,  estimated  on  an  average  of  the  years  1829, 1880^ 

and  1881,  at  least 120,000 

BemoToli  of  Becords,  estimated  at  •       •       •       •    •        80,000 

758,100 
buhBeoQidCommiHio&ieitimatedat  •       •      •      •    120,000 

^78,1Q0 


A  vezy  important  step  was  taken  by  the  legislature  at  the  com- 
mencement of  her  Majesty's  reign  to  provide  for  tl^e  better  custody 
and  preservation  and  more  convenient  use  of  the  public  records,  and 
an  act  was  passed  (1  ft  2  Vict.,  c.  49)  calculated  to  remedy  effectually 
what  preceding  efforts  had  in  vain  attempted,  by  constituting  a  special 
agency  for  the  custody  of  the  records  |  to  the  want  of  which  and  a 
sufficient  responsibility,  all  the  defects  of  the  old  system  are  attributable. 
By  this  act  the  Master  of  the  Bolls  is  made  tiie  guardian  of  the  public 
records,  having  powers  to  appoint  a  deputy,  and,  in  conjunction  yith 
the  treasury,  to  do  all  that  may  be  necessary  in  tiie  execution  of  this 
service.  The  act  contemplates  the  oonsolidation  of  all  the  records,' 
from  their  several  tmfit  repositories,  into  one  appropriate  receptacle; 
thdr  proper  arrangement  and  repair ;  the  preparation  of  calendars  and 
indexes,  which  are  more  or  less  wanting  to  every  class  of  records ;  and 
giving  to  the  public  more  easy  access  to  them.  Lord  Langdale,  the 
late  master  of  the  rolls,  to  whose  influence  the  change  of  systcon  is 
greatly  due,  brought  the  above  act  into  as  full  operation  as  droum^ 
stances  allowed  while  he  lived ;  and  his  successor,  the  Bight  Hon, 
Sir  John  Bomilly,  hss,  with  untiring  patience,  watched  and  fostered 
the  collection  of  the  Public  Beco^  into  the  costiy  building  now 
erected  near  Fetter  Lane,  where  almost  any  document  of  public  interest 
may  be  consulted  gratis  by  the  literaiy  inquirer,  and  by  the  leg^  pro- 
feasion  for  legal  purposes  under  the  foUowing  regi^lations  and  fMS. 

Bxiraet  ^-om  the  BeffulaHons  made  by  the  lUghi  ffonourahle  tkeJUaOer 
of  the  RoOm,  eoneeming  the  graiiatout  odmimon  cf  literary  ifigutren 
to  ih€  PubUc  JReeorde,  including  the  StaU  Papen,-Vuiy  S,  1858. 

That  the  individuals  seeking  to  avail  themsdves  of  the  permission, 
shall  address  a  letter  to  the  deputy  keeper,  stating  generally  their 
objects  of  research,  and  that  the  applioant  shall  also,  if  needful,  attend 
the  deputy  keeper  personally  thereon,  and  give  such  further  explana- 
tion as  mav  be  required;  and  that  thereupon  the  deputy  keeper  shall, 
if  satisfied  with  the  statement  and  explanation,  issue  a  permission 
empowering  the  applicant  or  any  trustworthy  agent  or  transcriber  on 
his  behalf,  to  inspect  all  indexes  of  records,  and  original  records,  and 
also  to  make  copies  or  extracts,  without  payment  of  fees.  It  will  be 
necessary  also  to  explain  to  applicants  thi^  the  literary  inquirer  will 
have  free  access  to  the  documents ;  but^  this  being  done,  he  will  have 
to  conduct  the  inquiry  in  such  manner  as  his  own  knowledge  and 
experience  may  best  enable  him  to  do. 

JPeet. 

£  s,  d, 

L  For  searching  calendars.  Indexes,  or  other  books  of 

refsrenoe,  each  day •        t    0    1    0 

IL  For  inspection  of  any  document,  each  day       .        •    ,    if    1    0 
„  of  any  number  of  documents  above  five, 

oackday 0    6    0 

Any  roll,  book,  portfolio,  file,  or  bundle^  to  be 

considered  as  one  inspection. 
The  inspection  fee  will  be  remitted  when  a  copy 
is  ordered  at  the  time  of  inepedion- 

III.  For  copies,  at  72  wOTds  each  fouo  ;-^ 

Under  three  folios 0    2    0 

Three  folios  and  upwards,  each  folio  •       •        .009 

All  copies  are  to  be  authenticated. 

IV.  For  attendance  at  either  house  of  parliament,  to  be 

sworn 110 

TtST  attendance  at  either  house  of  parliament,  or  elM- 
where,  to  give-  evidence ;  or  with  ten  records  or  less 
number:  each  day  .        .        ...        .        •    2    2    0 

Ditto,    ditto,    for  each  additional  record,  each  day .    .    0    2    0 
Fbr  attendance  on  the  Master  of  the  Bolls  on  a  vacatur     110 

We  can  only  find  space  to  glance  at  the  particular  claases  of  the 
puUic  records,  noticing  in  the  fewest  words  the  more  ancient  and 
valuable.  No  enumeration  we  could  give  would  enable  the  reader  to 
dispense  with  reference  to  the  inventories,  repositories,  calendars, 
catalogues,  and  indexes  which  are  printed,  or  those  existing  in  mann- 
script  in  the  various  branches  of  the  record  office.  The  best  work  of 
general  reference  is  the '  Beport  of  the  Select  Committee  in  1800/  from 
which  we  have  taken  a  brief  analytical  list  of  the  subjects  to  which  the 
public  records  relate.  Though  this  list  is  not  altogether  what  is  to  be 
dedred,  it  is  the  best  within  moderate  liinits  that  we  know  of,  and  is 
sufficient  to  prove  that  there  is  perhaps  no  branch  of  the  public  adminis- 
tration of  our  country  which  is  destitute  of  its  authentic  memorials. 
It  was  compiled  by  Mr.  Luders,  and  is  printed  in  the  above  Beport* 

EKQIAim* 

L  The  ItiiHff  ^lOjfQi  JPkmiljf,emd  ff<m»dML 

1.  The  King.  2.  The  Queen.  8.  The  Prince  of  Wales.  HousC' 
hold.  Privy  Seals  and  Correspondence.  Principality  of  Wales. 
Duchy  of  Cornwall.  4.  Custos  Begni,  Lieutenant,  Proteotori  B^gent, 
Lord  Justices.    5.  Household.    8,  The  King's  Chamber,   . 

IL  The  Royal  C&uncih* 

1.  Parliament.  The  House  of  Lords.  The  Houae  of  Oommans* 
2.  Privy  CoundL 
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III.  The  Rcyal  PrerogaUve. 

1.  In  Eodeeiastical  Affairs.  Before  and  after  the  Reformation. 
Proceedings  of  the  Commonwealth.  2.  In  Civil  Afiairs.  Qeneral 
Administration  of  the  Reahn.  Honours  and  Offices.  Trade  and  Coin. 
8.  In  Militaiy  and  Kaval  Affiurs.    4.  In  Foreign  AiBuxB. 

IV •  The  lUyai  Bevemiee. 
1«  Ordinaiy*   Land  Revenues.   Casual  Revenues.  2.  Extraoxdinary. 

y.  CofwrU  of  Juxtiee, 

1.  Of  Abolished  or  Obsolete  Jurisdiction.  Curia  Regis.  Placita  de 
Asdsis.  Placita  Itineraria.  Pladta  Forested.  Pladta  Coronse. 
Pladta  Aulso.  Placita  de  Quo  Warranto.  Star  Chamber  Proceedings. 
Court  of  Requests.  Court  of  Wards  and  Liveries.  Court  of  Augmen- 
tations. '  Surveyor-General's  Court  Court  of  Chivalry:  namely, 
Constable  and  Marshal.  2.  Of  OccasionalJurisdiction.  Special  Com- 
missions. Court  of  Judicature  for  determining  Differences  after  the 
Fire  of  London.  Hkh  Court  of  Justice.  3.  Of  Established  Juris- 
diction. Chancery.  Its  ordinary  and  Eztraordinaiy  Jurisdiction. 
Ehog's  Bench.  Pleas  of  the  Crown  and  in  Civil  Suits.  Common  Pleas. 
Exchequer  oi  Account — ^The  Queen's  Remembrancex^s  Office.  The 
Lord  Treasurer's  Remembrancer's  Office.  Exchequer  of  Receipt — 
Tellers,  Tally  Court,  Auditor  or  Tally  Writer,  Pell  Office,  Auditors  of 
Imprest,  Commissioners  for  auditing  the  Public  Accounts.  Exchequer 
of  Pleas  and  of  Error.  Marshalsea  and  Pklace  Courts.  Session  of 
Oyer  and  Terminer  and  Gaol  Delivery  for  London,  and  Gaol  Delivery 
for  Middlesex.  Great  Sessions  of  Wales.  Duchy  of  Lancaster. 
Counties  Palatine.  Stannary  Courts.  Cinque  Ports.  Commissioners 
of  Sewers.  Quarter-Sessions  and  Clerks  of  the  Peace.  Maritime 
Courts. — ^Admiralty  Instance  Court,  Admiralty  Prize  Court,  Court  of 
ApMal  in  Priae  cSiuses.  Ecclesiastical  Jurisdiction — ^Archiepiscopal, 
Episcopal,  Appellate  Jurisdiction,  Deans  and  Chapten.  Courts  for 
offences  in  India. 

yi.  UfUvertUiet  and  CfoUiffei,  Schools,  die, 

I.  Universities  and  Colleges.  2.  Royal  Schools,  Chauntries,  Hos- 
pitals, Colleges,  Free  Chapels,  Fraternities,  and  Guilds. 

yiL  AUenaUon  of  Private  Property* 

SCOTLAKD. 

1.  The  King. 

Title,  Great  Seal,  Privy  Seal,  Signet,  Chancery,  Revenues,  and 
Expenses.  .  Acts  of  Civil  Government.  Ecclesiastical  Government. 
2.  Parliament.  S.  Privy  CoirndL  4.  General  Registers.  5.  Courts 
of  Justice.  Court  of  Session.  Justiciary  Court.  Court  of  Exchequer. 
Admiralty  Court  Commissary  Courts.  Court  of  Teind«  Sheriff 
Court    6.  Universities. 

Ibxland. 

The  Principal  Record  Repositories  in  Dublin  are  the  Bermingham 
Tower,  which  contains  Plea  Rolls,  Pipe  Rolls,  Summonisters'  Rolls, 
SherifBi'  Tot  ]Elolls,ftc.;  the  ParUam/eniwry  Record  Qfiee;  the  RoUt 
Qfice ;  the  Statute  Rolls  from  Hen.  y.  to  the  Union ;  Patent  and 
Close  Rolls  from  81  Ed.  I.  to  the  present  time;  Inquisitions  post 
Mortem ;'  Fiants  from  21  Hen.  yill.  to  the  present  tune :  Decree 
RoUs ;  Recognisance  Rolls  from  21  Hen.  yill. ;  the  Chirf  Reman- 
hrancet^s  Qfiee,  Memoranda  Rolls  from  6  Ed.  I.  to  the  present  tune; 
the  AudUor^eneraTs  Qfiee,  Rolls  of  Public  Accounts  from  Hen.  yill.; 
the  Receiver-General,  yice-Treasurer's,  Pell's,  and  Chamberlain's 
Books,  the  Debenturo  Exchequer  BiUs,  and  other  Loan  Books,  the 
youchers  of  Public  Accounts,  tiie  Collector's  Aocoimts  from  eveiy 
district  in  Ireland;  the  Quit-Rent  Receipt  Books,  the  Sheri£b' 
Accounts,  with  some  Ancient  Accounts  of  the  Hanaper,  First  Fruits, 
Farmers  of  Revenue,  Subsidies,  Poll  Tax,  &c.  The  Probative  Qfiee  ; 
the  Pint  Pruiie  Office  ;  Surveyor-Oenerate  Qfice,  {Reportt  of  the  Com- 
miasionere  on  the  Public  ReconU  of  Ireland,) 

The  moti  important  PuhUc  Reeordt  may  he  enumerated  asfoUom  .*— 

Great  Roll  of  the  Exchequer,  from  Hen.  II.,  1164 — 1883. 

Exchequer — Lord  Treasiiror^s,  and  Pipe  Office,  2  Hen.  IL — 1838 ;  with 

Memoranda  Rolls,  originalia  RoUs,  and  various  other  enrolments, 

1  Hen.  III.— 1838. 
Exchequer — King's  Remembrancer — ^Memoranda  Rolls,  and   various 

classes  of  the  Exchequer  equity  business,  1  Hen.  IIL — 1841,  when 

the  business  was  transferred  to  the  Court  of  Chancery. 
Exchequer — First  Fruits  and  Tenths,  certificates  of  Institutions  to 

Livings,  1558 — ^present  time;  and, various  other  classes.  Hen.  yill. 

to  present  tima 
Exchequer—  Court  of  Augmentations,  Ministers*  account  of    Crown 

lands,  and  lands  in  the  hands  of  the  Crown,  27  Hen.  yill., — 

1  Mary,  when  the  Court  was  abolished. 
Exchequer— Ministers'  Accounts,  1  ICaiy — Chas.  IL ;  and  various  other 

classes.  Hen.  yilL— 1649. 
Exchequer— Pleas  or  Judgment  Rolls,  and  various  classes  of  Records  of 
.  the  Court,  1298  to  present  time;  from  1880,  including  the  buAnesi 

of  the  abolished  Welsh  Courts. 


Comptroller's  or  Chancellor's  Roll,  11  Hen.  II — ^1838  (now  deposited  ia 

the  British  Museum). 
Rotuli  Curiffi  Regis,  Ric  L,  1194— Hen.  IIL,  1216. 
Fines,  Concords,  Writs  of  Covenant,  Feet  of  Fines,  &C.,  25  Hen.  IL, 

1179— WuLiy.,  1883. 
Charter  Rolls,  John,  1199— Hen.  yilL,  1509. 
Norman  Rolls,  John,  1200— Hen.  y.,  1412. 
Patent  Rolls,  John,  1201 — ^present  time, 
aose  Rolls,  John,  1204— Geo.  IL,  1727. 
Liberate  Rolls,  John,  1200— Edw.  ly.,  1460-L 
Fine  Rolls,  John,  1204— Chas.  L,  1625. 
French  Rolls,  Hen.  IIL,  1232— Edw.  TV.,  1460-1. 
Gascon  Rolls,  Hen.  IIL,  1242— Hen.  yL,  1422. 
Scotch  Rolls,  Edw.  L,  1291— Edw.  TV.,  1460-1. 
Roman  Rolls,  Edw.  L,  1305~Edw.  ly.,  1460-1. 
Statute  Rolls  (afterward  the  Parliament  RoUs),  Edw.  I.,  1277— Edw. 

ly.,  1460-1. 
Rolls  of  Parliament,  Edw.  L,  1272— RJc  IIL,  1483;  Stfttates,  Hem 

yiL,  1485  to  present  time. 
Petitions  in  Parliament,  Edw.  L,  1272— Edw.  ly.,  1460. 
Journals  of  the  House  of  Lords,  Hen.  yilL,  1509  to  piusimt  ttme^ 
Journals  of  the  House  of  ^Commons,  Hen.  yilL,  1509. 
Summons  and  Returns  to  Parliament,  Edw.  L,  1288— Hen.  yX,  1423; 

83  Hen.  yilL— present  tima 
Original  Acts  of  Parliament,  12  Hen.  yiL-— present  time. 
Inquisitiones  post  Mortem,  or  Esdieats,  Hen.  III..  1216— GfaaOi  L, 

1625. 
Inquisitiones  ad  quod  damnum,  Edw.  IL,  1807— Hen.  yi.,  1422. 
Coronation  Rolls,  Edw.  IL,  1307— (aeries  imperfect)— Geo.  IL,  1727. 
Treaty  Rolls  (irregular  series),  Edw.  y.,  1483— James  IL,  1684-5. 
Confirmation  Rolls,  Ri&  IIL,  1483 — Commonwealth,  1649. 
Dispensation  RoUs,  37  Eliz.— Geo.  IL,  1727. 
Rolls  of  Pardons,  Ric.  IIL,  1483— Eliz.,  1558. 
Judgment  or  Decree  Rolls   of  Chanoexy,  25  Hen.  yilL — pieieot 

time. 
Court  of  Chancery,  various  classes,  from  John  to  the  present  time. 
Surrender  and  Specification  Rolls,  Chas.  IL,  1648-9 — present  tisM. 
Privy  Seals  and  Signet  Bundles,  Bills,  and  Writs,  Edw.  L^  1272- 

present  time. 
Siped  Bill  Bundles,  Hen.  yiL,  1485— present  time. 
King's  Bench  Judgments,  &c.  inrolled,  Edw.  L,  1272— jweoent  timSL 
King's  Bench — Crown  side,  Curia  Regis  and  Coram  R^e,  or  Craini 

Rolls,  5  Ric.  L,  to  present  time ;  Controlment  Rolls,  1  Edw.  IIL— 

1844 ;  various  other  classes  from  James  L  to  present  tima. 
King's  Bench — ^Plea  side;  before  1702,  see  Coram  Rege;  Tariooi 

classes  of  Records  of  the  Court,  from  1700  to  present  time. 
Common  Pleas — Plea  or  Judgment  Rolls,  and  Placita  terroe,  and  wiou 

classes  of  Records  of  the  Court,  Hen.  III.  to  present  time ;  for  prior 

k«cords  sec  Curia  Regis. 
Pleas  of  the  Forest,  Hen.  IIL,  1216-James  iL,  1684-5. 
Miscellaneous  Records  of  the  King's  Remembrancer,  Ria  L,1189— 

Geo.  IIL,  1760. 
Placita  de  Assisis,  6  Ric  L— Edw.  y.,  1488. 
Court  of  Wards  and  Liveries,  Hen.  yill. — Chas.  IL,  when  the  Conri 

was  abolished. 
Star  Chamber  Courf^S  Hen.  yiL— 16  Chas.  L,  when  it  was  abolished. 
Wales — ^various  Courts,  abolished  1830;  various  classes.  Hen.  IIL— 

1880. 

The  preceding  list  exhibits  generally,  with  a  few  exceptions  here* 
after  noticed,  the  commencement  of  the  chief  and  most  valuable  of 
our  national  records,  and  the  periods  over  which  they  extend,  from  the 
time  of  Richard  L,  the  boimdary  of  "  legal  memory. 

In  the  above  list  we  have  not  included  Domesday  Book,  the  chcncest 
of  aU  our  record  treasures,  and  the  comer-stone  of  our  topographicil 
histoiy.  The  record  itself  has  been  most  faithfully  printed,  and 
copiouialy  described  by  Sir  Henry  Ellis.  [Douesdat  Book.]  Tliere 
are  two  abridgments  of  Domesday  Book  among  the  exchequer  records, 
made  probably  about  the  time  of  Henry  III.  Subsequent  territorial 
surveys,  the  Hundred  Rolls,  Extenta  Manerii,  Testa  de  Kevill,  Pope 
NichoW  Taxation  temp.  Edw.  I.,  the  Domesday  of  Wales,  and  Nona 
Rolls  temp.  Edw.  IIL,  King  Henry  yilL's  Surveys,  and  Pariiamentaiy 
Surveys  of  the  Commonwealtti,  are  excluded,  because  they  foftn  no 
consecutive  series  like  the  above. 

The  Great  Roll  of  the  Exchequer,  or  Pipe  Rolls,  or  RotuH  Amulet, 
being  yearly  accounts  of  the  king's  revenue,  are  conjectured  to  hure 
begun  with  the  Conqueror.  Some  evidence  exists  to  estaUuli  that 
they  probably  extended  over  the  whole  reign  of  Henry  I.,  though  we 
know  at  present  but  of  a  single  roll,  the  Unrty-first  year  of  that  rsign, 
which  the  Record  Commission  published  under  the  editorship  of  Kr. 
Hunter.  Excepting  the  rolls  for  the  1st  of  Henry  IIL  and  7  Henxy 
ly.,  the  series  from  the  2ud  of  Henty  IL  is  complete.  Miadox  speaks 
of  them  as  '^Recorda  omnium  qu89  in  Arehivis  Regis  usquamme 
memini,  splendidissima,  post  Rotulum  censualem  quern  Ubmm  Domea- 
dayvocant ;  quin ei sdquiparanda.** 

The  series  of  Fines,  being  records  of  the  transfer  of  lands,  ftc, 
extends  unbrokeni  and  almost  unchanged  in  form,  from  the  2S  Henzy 
IL  to  the  end  of  the  year  1833,  when  this  species  of  conveyance  was 
abolished.    [FiKSS.]    Since  the  16  Edward  L  they  have  been  deMvsred 
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from  time  to  time  into  the' treasiiry' of  the  exdieqtier.  Those  in  the 
Chapter-house  and  those  lately  kept  by  the  Custos  Brerium  of  the 
Common  Pleas  will  shortly  be  united,  and  will  present  a  series  of 
records,  like  the  Pipe  Rolls  and  Rolls  of  the  Cuiia  Regis,  unrivalled  in 
all  Europe.  The  Carts  Antiques,  formerly  in  the  Tower,  are  tran- 
scripts  of  charters  descending  from  the  Saxon  times  to  Heniy  III. 
They  are  hardly  to  be  considered  as  part  of  the  splendid  series  of 
chancery  rolls  commencing  in  King  John's  reign.  In  noticing  the 
chancery  rolls  it  is  quite  superfluous  to  do  more  than  refer  the  reader 
to  the  prefaces  whidi  Mr.  Thomas  Duffus  Hardy  has  attached  to  his 
editions  of  the  earliest  close  and  patent  rolls.  If  we  were  to  continue 
to  particularise  documents  of  age  and  interest,  such  as  the  Norman 
pipe-roll  of  Henry  I.,  the '  Rotulus  de  Dominabus,  temp.  Henry  IL' 
(which  was  printed  by  Mr.  Stacey  Grimaldi,  in  1830),  the  Red  Book 
of  the  Exchequer,  containing  the  laws  of  the  Conqueror  and  those 
ascribed  to  Henry  I.  (which  has  been  fully  catalogued  by  Mr.  Hunter, 
in  the '  General  Report  of  Commissioners  on  Public  Records/  1837» 
p.  165),  the  Misee  and  PrsBstita  rolls  of  King  John,  or  the  Magnsa 
Chart®  of  our  kings,  which  were  not  uirolled  in  a  systematio  series 
until  1278,  we  should  never  conclude  the  subject.  We  therefore 
refrain  ^m  further  specifications,  and  conclude  this  article  with  list^ 
of  the  various  publications  lately  issued  by  the  Record  Commissioners, 
and  at  present  proceeding  under  the  direction  of  the  Rig^t  Honourable 
Sir  John  Romllly. 

1.  Domesday  Book :  seu  Liber  censualis'  Willielmi  Primi,  R^gis 
Angliae. 

Domesday  Book,  2  vols,  folio,  1783. 

Additamenttv,  consisting  of  ^e  Ezon  Domesday,  Inquisitio  EUen- 

sis,  the  Winton  Domesday  and  ^e  Boldon  Book,  and  Indices, 

2  vols,  folio,  1816. 

2.  Statutes  of  the  Realm,  9  vols.  fol. ;  Alphabetical  Index,  1  vol ; 
Chronological  Index,  1  voL  :  in  all  eleven  volumes. 

3.  Fcedera,  Conventiones,  Litteno,  et  cujuscunque  generis  Acta 
Publica,  later  reges  Anglise,  et  alios  quosvis  Imperatores,  R^ges,  Ponti- 
fioes,  Frincipes  vel  Communitates  (being  a  new  edition  of  Rymer's 
Foedera). 

4.  Calendarium  Rotulorum  Patentium  in  Turn  Londinensi  (from 
John  to  Edward  IV.),  1  voL  fol. 

5.  Calendarium  BrOtulorum  Chartanmi  et  Inquisitionum  ad  quod 
damnum  (from  John  to  Henry  VI.),  1  voL  foL 

6.  Calendarium  Inquisitlonimi  ad  quod  damnum  (from  1  Edward  IL 
to  88  Heniy  VI.). 

7.  Placitorum  in  domo  Capitulari  Westmonasteriensi  asservatorum 
abbreviatio,  temporibus  regum  Ria  L,  Johannis,  Hen.  III«,  Edw.  I.  et 
Edw.  II.,  1  vol.  fol. 

8.  Testa  de  Nevill ;  sive  liber  Feodorum  in  Cuiia  Scaocarii,  temp. 
Hen.  IIL  et  Edw.  I.,  1  voL  foL 

9.  Rotulorum  Originalium  in  curia  Scaocarii  abbreviatio  temporibus 
regum  Hen.  III.,  Edw.  L,  II. ,  et  III.,  1  voL  foL 

10.  The  Parliamentary  Writs,  and  Writs  of  Military  Summons; 
together  vrith  the  Records  and  Muniments  relating  to  the  suit  and 
service  due  and  performed  to  the  King's  High  Court  of  Parliament 
and  the  Councils  of  the  Realm,  or  affording  evidence  of  attendance 
given  at  Parliaments  and  Councils,  voL  L ;  voL  ii.  divisions  1  and  2  and 
3,  f  oL 

11.  Rotuli  Hundredorum,  temp.  Hen.  III.  etEdw.  I.  in  Turri  Lond., 
et  in  Curia  Reoepteo  Scaocarii  Westm.  asservati,  2  vols.  foL,  1812. 

12.  Placita  de  Quo  Warranto,  temporibus  Edward  I.,  IL,  et  III.^  in 
Curia  Scaocarii  Westm.  asservata,  1  vol.  foL,  1818. 

13.  Calendarium  Inquisitionum  post  Mortem,  sive  Escaetarum,  4 
vola,  fol.  (from  Heniy  IIL  to  Edward  IV.). 

14.  Konarum  Inquisitiones  in  Curia  Scaocarii  temp.  Regis  Edward! 
IIL,  1  voL  foL 

15.  Taxatio  Eoclesiastica  Anglise  et  Wallieo,  Auctoritate  P. 
Nicholai  IV.,  circa  a.d.  1291, 1  voL  folio. 

16.  Valor  Ecclesiasticus,  temp.  Henry  VIII.,  Auctoritate  Regia 
institutus,  6  vols.,  folio. 

17.  CMendars  of  the  Proceedings  in  Chancery  in  the  Reign  of  Queen 
Elizabeth;  to  which  are  prefixed  Examples  of  earlier  Proceedings 
in  that  Court,  namely,  from  the  Reign  of  Richard  IL  to  that  of 
Queen  Elizabeth  indusive,  from  the  originaU  in  the  Tower,  3  vols., 

folio. 

18.  Ducatus  Lancastris  Pars  Prima : — Calendarium  inquisitionum 
T>ost  Mortem,  &c,  temporibus  Regum  Edw.  I.,  Edw.  IIL,  Ric  II., 
Hen.  v.,  Hen.  VL,  Edw.  IV.,  Hen.  VIL,  Hen.  VIIL,  Edw.  VI.,  Regin. 
Mar.,  PhiL  et  Mar.,  Eliz.,  Jac.  I.,  Car.  I. 

Para  Secunda : — A  (Calendar  to  the  Pleadings,  kc,  in  the  reigns  of 
Henry  VIL,  Henry  VIIL,  Edward  VL,  Queen  Mary,  Philip  and  Mary, 
and  Elizabeth,  3  vols.,  fol. 

19.  A  Catalogue  of  the  Manuscripts  in  the  Cottonian  Library  depo- 
sited in  the  British  Museum,  I  vol.,  folio,  1802. 

20.  A  Catalogue  of  the  Harleian  Manuscripts  in  the  British  Museum, 
4  vols.,  foL,  1808-1812. 

21.  A  Catalogue  of  the  Lansdowne  Manuscripts,  1  voL,  foL 

22.  The  Acts  of  the  Parliament  of  Scotland,  11  vols. ;  from  1424  to 

1707- 

23.  Begirtrum  Magni  Sigilli  Regum  Scotorum,  in  Archivis  Publicis 
aa8ervatum,A.D.  1306-1424, 1  vol  foL,  1814. 
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24.  Rotuli  ScotisB  in  Turn  Londinensi,  et  in  Domo  Capitulari  West- 
monasteriensi asservati,  2  vols.,  fol. 

26.  Inquisitionum  ad  CapeUam  Domini  Regis  retomatartun 
qusB  in  Publicis  Archivis  Scotiss  adhuo  servantur  AbbreviatiO|  8 
vols.,  foL 

26.  A  Qeneral  Introduction  to  Doomsday  Book,  2  vols.,  8vo. 

27.  Rotulus  Litterarum  Patentium  7  John :  Transcripta  Litt.  Pat. 
HibemisD,  temp.  Hen.  V.  and  VI.    Placita  62  Hen.  IIL,  8vo. 

28.  Rotuli  Litterarum  Clausarum  ab  anno  1204  ad  annum  1224. 
IvoL 

29.  Rotuli  Litterarum  Patentium  a.d.  1201-1216,  fol. 

30.  The  Chancellor's  Roll,  or  Antigraph  of  the  Great  Roll  of  the 
Pipe,  8  John,  8vo. 

81.  Rotulus  Magnus  Pipeo  de  anno  81  Henrici  L,  commonly  called 
the  Roll  of  Stephen,  8vo. 

32.  Proceedings  and  Ordinanoes  of  the  Privy  Council  in  the  reigns 
of  Richard  IL,  Henry  IV.,  V.,  VL,  7  vols.,  8vo. 

33.  Rotuli  Normannia :  John  and  Hemy  V.,  8vo. 

34.  Excerpta  e  Rotidis  Finium ;  Henrici  IIL,  2  vols.,  8vo. 
36.  Rotuli  de  Oblatis  et  Finibus;  John,  1  voL,  8vo. 

36.  Fines  sive  Pedes  Finium,  sive  finales  Concordie  in  ChiriA 
Domini  RQgii,A.D.  1196-1214,  8vo. 

37.  Rotuli  CurisB  Regis  Ric.  I.  et  Johan,  2  vols.,  8vo. 

38.  An  Account  of  the  most  important  Records  of  Great  Britain,  by 
C.  P.  Cooper,  2  vols.,  8vo. 

39.  Selections  from  the  Miscellaneous  Records  of  the  King's 
Remembrancer  of  the  Exchequer,  8vo. 

40.  Ancient  Inventories  and  Calendars  of  the  Treasury  of  the 
Exchequer,  from  Edward  III.  to  Henry  VIIL,  8  vols.,  8vo. 

41.  Documents  elucidating  the  Ancient  History  of  Scotland,  Alex- 
ander III.  to  Robert  I.,  1  vol.,  8vo. 

42.  The  Charter  Rolls  of  John,  1  voL,  fol. 

43.  Ancient  Laws  and  Institutes  of  England,  comprising  laws 
enacted  imdet  the  Anglo-Saxon  kings  from  u£thelbert  to  Canute,  with 
an  English  translation  of  the  Saxon ;  the  laws  called  Edward  the 
Confessor's ;  the  laws  of  William  the  Conqueror ;  and  those  ascribed 
to  Henry  I.  Also  Monumenta  Eoclesiastica  Anglicana,  from  the  7th 
to  the  11th  century;  and  the  ancient  Latin  version  of  the  Anglo-Saxon 
Laws,  1  voL,  foL,  1840,  and 

44.  Monumenta  Historica  Britsnnioa,  1  vol.,  foL,  1848. 

The  printing  of  other  works  was  in  progress  when  the  Record 
Commission  dropped.  See  'Report  on  the  Record  Comnussion, 
App.,'  p.  782. 

State  Papen  preserved  in  the  State  Paper  DepartmeiU  of  the  PulUic 
JUeard  Office,  publiehed  in  imp,  Svo,  price  15s,  each  voUmte, 

Calendar  of  State  Papers,  Domestic  series,  of  the  Reigns  of  Edward 
VL,  Mary,  Elizabeth,  1647-1680.  Edited  by  Robert  Lemon,  &q,, 
F.S.A.    1856. 

Calendar  of  State  Papers,  Domestic  Series,  of  the  Reign  of  James  I. 
Edited  by  Mary  Anne  Everett  Green.  1867-1869.  In  4  vols.,  from 
1603  to  1626. 

Calendar  of  State  Papers,  Domestic  Series,  of  the  Reign  of  Charles 
II.  Edited  by  Mary  Anne  Everett  Green.  1860.  A  second  volume 
is  in  the  press. 

Calendar  of  State  Papers,  Domestic  Series,  of  the  Reign  of  Charles 
I.  Edited  by  John  Bruce,  Esq.,  V.P.S.A.  1868-1859.  Three  vols. ; 
a  fourth  volume  is  in  the  press. 

Calendar  of  State  Papers  relating  to  Scotland.  Edited  by  Mark- 
ham  John  Thorpe,  Esq.,  Oxford.  1868.  In  2  vok.,  from  1609  to 
1687. 

Calendar  of  State  Papers  relating  to  Ireland,  1509-1673.  Edited  by 
H.  C.  Hamilton,  Esq.,  F.S.A.    1860.    VoL  IL  is  in  the  press. 

Calendar  of  State  Papers,  Colonial  Series.  Edited  by  W.  Noel  Sains- 
bury,  Esq.    1860.    A  second  volume  is  in  thepress ;  as  also  are — 

Calendar  of  State  Papers  of  the  Reign  of  Henry  VIIL  Edited  by 
the  Rev.  J.  S.  Brewer,  M.A. 

Calendar  of  State  Papers,  Foreign  Series,  of  the  Reign  of  Edward 
VI.    Edited  by  W.  B.  Tumbull,  Esq. 

There  have  been  aleo  pvbUthed,  in  royal  8«o,  price  Ss.  6d.  per  volume,  the 
Chronidee  and  MemoriaU  of  Qreal  Britain  and  Ireland  dvaring  the 
Middle  Ages, 

1.  The  Chronicle  of  England,  by  John  Capgiave.  Edited  by  the 
Rev.  F.  C.  Hingeston,  M.A. 

2.  Chronicon  Monasterii  de  Abingdon.  Vols.  I.  and  IL  Edited  by 
the  Rev.  J.  Stevenson,  M.A. 

8.  Lives  of  Edward  the  Confessor.  L — La  Estoire  de  Seint  Aedward 
le  ReL  IL— Vito  Beati  Edvardi  Regis  et  Confessoiis.  IIL— Vita 
^Eduuardi  Regis  qui  apud  Westmonasterium  requiescit^  Edited!^ 
H.  R.  Luard,  M.A. 

4.  Monumenta  Franciscana;  scilicet,  I. — ^Thomas  de  Eccleston  de 
Adventu  Fratrum  Minoruth  in  Angliam.  IL — AHy>  de  Marisoo  Epistolae. 
III. — Registrum  Fratrum  Minorum  Londoniffi.  Edited  by  the  Rev.  J. 
S.  Brewer,  M.A. 

6.  Fasciculi  Zizanionun  Magistri  Johannis  Wyclif  cum  Tritico. 
Ascribed  to  Thomas  Ketter,  ofWalden,  Provincil  of  the  Carmelite 
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Qrdef  in  EoglABd,  and  Coufeasor  to  Kin^  Peniy  Hhe  Fi^    Edited 
by  the  Rev.  W.  W.  Shirley,  M.A. 

Q,  Tho  3uik  of  the  Crooiclis  ol  Scotland ;  or,  A  Metrical  Yersion 
of  the  Histoiy  of  Qector  Bq^ce ;  by  Wpam  Stewart.  Edited  by  W- 
B.  Tumbull,  Esq.    In  3  volumes. 

7.  Johaonia  C>kpgrave  Xiber  da  lUuatribvia  Heqii(4^  Bdite4  by 
tbe  Bev.  F.  C.  Hingeaton,  M.  A. 

8.  Hiatoria  Monaaterii  S.  Auguatini  Omtuvienaia,  by  Tho^iaa  ol 
Elmbam,  formerly  Monk  and  Treasurer  of  that  {Toundation*  Edited 
by  C.  Hardwick,  M.A. 

9.  Euloginm  (Hi^toriarw^  aiva  Temparia),  Qmouppn  ab  Qrbe  oon- 
ditp  ^aque  ad  Annum  Don^ini  1366 ',  9^  Honacho  cmodam  Halmesbiriensi 
ezaratum.  Vol.  I.  Edited  by  F.  S.  Haydon,  Esq.,  &A,  Twp  other 
volumea  are  in  the  preaiL 

10.  Memorials  of  King  Henry  the  Seventh  :  Bernard  ^dregi 
Thaloaatis  de  Vita  Regia  Henrioi  Septimi  Uistoria  i  necnon  alia  quae- 
dam  ad  eundem  Begem  Spectantia.    Edited  by  J.  Gt^rdner,  Eaq. 

11.  Memoriala  of  Henry  the  Fifth.  I. — Vita  Henrioi  Quinti, 
Roberto  Rednsanno  auctor&  |L — Varsus  Rhythmici  in  laudem  Regis 
Henrid  QuintL  III. — Elrnhftmi  I4ber  Metricua  de  ^enrico  V. 
Iklitod  ^  C.  A.  Cole,  Eaq. 

12.  Munimenta  Gildhallse  Londoniensia ;  Liber  Albua,  Liber  Cus- 
tumarum,  et  Liber  Qbrn,  in  archivip  QiIdhaU»  awervatL  Vol.  I., 
Liber  Albus.  Vol  II.  (in  Two  Parta),  Liber  Custuniarum.  Edited 
by  H.  T.  Riley,  Esq.,  M.A. 

13.  Chronica  Jphannia  de  Qxenedea.    Edited  by  Sir  ^.  ^Uia,  KH. 

14.  A  Collection  of  Political  Poems  from  the  Aocaaaion  of  Ed?rord 
HI.  to  the  Reign  of  ^ewry  VIIJ.  Vol  J.  Edited  by  T.  Wright,  Esq., 
M.A.  A  Collection  of  Political  Prosp  for  the  aao^e  period  is  also  in 
the  press. 

15.  The  'Opus  Tertium'  and  'Opus  Minus'  pf  Roger  BiKX>n- 
Edited  by  the  Rev.  J.  S.  Broweri  MA. 

16.  Bartholonisei  d^  Cotton,  Monachi  Korwicensisi  PistoriA  Angli- 
^afi^  (a-D.  449-1298).    Edit^  by  H.  R.  Luard,  M.A. 

17 f  The  Brut  y  Tywysogion,  or,  The  Chronicle  of  the  Prinpes  of 
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RECOVERY,  OOMMON.  A  common  recovery  was  a  judgment  in 
a  fictitious  suit,  in  which  the  tenant  of  the  freehold  was  the  defendant; 
and  the  judgment  wai  given  in  consequence  of  default  made  by  the 
person  wfeo  wts  last  vouched,  that  is,  summoned  to  warranty  in  such 


suit.    It  was  used  for  the  purppao  of  baniiv  eit^itw  tail  and  all  it> 
mainders  and  reversions  expectant  thereop. 

A  common  recovery  was  in  the  form  ol  a  judgment  obtained  in  a 
real  action,  tind  accordingly  the  mode  of  propeeding  waa  the  same  as  in 
an  action  not  fictitious.  The  plaintiff  in  the  action,  or  demandant,  wk^ 
sought  to  recover  the  lands,  sued  out  1^  writ  or  praecipe^  as  it  was 
called,  from  the  words  of  the  writ  (PrsBcipe  A,  the  tenant,  quod  juste, 
9ui,  reddat  B,  the  lands  in  questiofi)  against  the  persoii  wno  had  the 
freehold  of  the  estate,  and  who  was  caUed  the  tenant  to  the  praecipe. 
He  appeared  to  the  writ ;  but  instead  of  defending  hia  titl^  he  vouched 
(vocavit)  some  other  person  who  was  suppofied  to  be  bound  to  warrant 
the  tenant's  title,  and  he  payed  that  the  person  ao  vouched  (the 
vouchee)  might  defend  the  title  so  warranted,  or  that,  if  he  couid  not, 
he  might  give  the  tenant  lands  of  equal  value  with,  those  which  he 
might  lose  by  failnre  of  the  warranty.  The  vouchee,  having  scpeared, 
undertook  the  defence  of  the  tenant's  title,  but  he  purpoaely  uoled  to 
do  so,  and  on  his  default  the  court  gave  judgment,  whic|i  was  that  the 
demandant  or  recoverer  should  recover  the  lands  against  the  tenant, 
and  that  the  tenant  should  recover  against  the  vouchee  lands  of  equal 
value.  Buch  lands  were  called  the  recompense  or  recovery  in  value. 
By  the  first  judgment  the  demandant  obtained  the  lee  simple  of  tha 
estate.  The  whole  proceeding  being  a  fiction,  it  waa  usual  to  nukd 
the  common  crier  of  the  Court  of  Common  Pleas  the  vouchee,  who 
was  hence  called  the  conunon  vouchee.  This  proceeding  was  called 
recovery  with  single  voucher;  but  there  might  be  recovery  with 
double  or  treble  voucher,  in  which  case  judgment  was  given  against 
the  several  vouchees.  Where  an  estate  tail  was  to  be  bane4»  there 
was  double  voucher,  the  tenant  in  tail  conveying  an  frtate  of  freehold 
to  some  person,  against  whom,  the  demandant  brought  tlie  prxdpe, 
who  then  vouched  the  tenuit  in  tail,  who  vouched  over  the  eomni<ai 
vouphee,  who  of  course  made  default,  and  judgment  waa  acoordii^y 
given  for  the  demandant  against  the  tenant  to  the  pradcipe,  its  tks 
tenant  to  the  praecipe  against  thp  tenant  in  tail,  and  for  him  agucst 
the  common  vouchee. 

On  judgment  being  given,  a  writ  of  hahere  /adoM  teisinam  was  sued 
out,  which,  though  not  executed,  was  returned  as  if  it  had  been,  acd 
the  recovery  was  then  complete. 

A  defect  in  any  one  of  the  proceedinga  mig^t  vitiate  the  reoovay. 
One  of  these  circumstances  of  the  greatest  practicad  importance  m 
the  making  a  good  tenant  to  the  prsecipe ;  for  unless  the  person  agains; 
whom  the  writ  was  brought  wae  actual  tenant  of  the  freehold,  there 
could  be  no  good  recovery.  It  was  however  sufficient  if  he  apquir«d 
the  freehold  at  any  time  before  judgment  ww  given  in  the  suit;  a&d 
by  14  Qqo.  II.,  c.  20,  §  6,  it  was  sufficient  if  he  acquired  the  fieaheU 
after  judgment  and  the  award  of  the  writ  of  execution. 

It  was  usual  for  the  tenant  in  tail  to  be  vouched  in  reooveiy  to  bar 
estates  tail,  because  the  validity  of  the  recovery  waa  founded  on  the 
doctrine  that  the  estate  which  the  tenant  in  tail  obtained  bj  virtue  ol 
the  warranty  in  lieu  of  that  which  he  lost  by  the  voucheelf  default, 
would  descend  to  the  heirs  in  tail,  just  as  the  estate  would  have  done 
which  the  tenant  in  tail  had  lost  It  is  true  that,  the  leoompenae  oou^ 
not  extend  to  the  person  entitled  to  the  reversion,  nor  to  contingent 
interests ;  but  this  defect,  which  would  have  been  fatal  if  the  trans- 
action had  been  r^,  was  nev^  considered  to  impair  the  efilcacy  of  the 
fictitious  proceeding.  And  it  was  a  settled  principle  that  the  eitaU 
obtained  by  way  of  recompense  would  only  follow  the  comae  of  ddsot-nt 
of  that  estate  of  which  the  tenant  in  tail  was  seised  at  the  time  of  the 
recovery ;  and  therefore  if  the  tenant  in  tail  at  the  time  of  the  repovcry 
was  not  seised  of  an  estate  tail  according  to  the  iorm  of  the  original 
gift,  the  recompense  in  value  would  descend  accordiii^  to  the  estate 
which  he  had  at  the  time  of  the  recovery,  and  not  aooording  to  thc- 
original  gift ;  and  consequently  those  who  claimed  under  the  original 
gift  would  not  be  barred  because  they  obtained  no  recompense  in  value. 
It  might  happen  in  various  ways  that  the  estate  which  the  tenant  io 
tail  had  at  the  time  of  the  recovery  was  not  the  estate  tail  aooording  to 
the  original  gift.  To  prevent  tlus  inconvenience,  the  tenant  in  tail 
gave  an  estate  of  freehold  to  some  person  in  order  to  make  him  a  g<fod 
tenant  to  the  pnecipe.  This  was  done  in  various  ways,  but  generally 
by  bargain  and  sale  enrolled,  or  by  lease  and  release.  The  instrument 
which  transferred  the  estate  of  freehold  generally  contain^  the  decla- 
ration of  the  uses  of  the  recovery,  as  hereinafter  mentioned.  The 
action  being  brought  against  the  tenant  to  the  praecipe,  he  vouched 
the  tenant  in  tail,  who  vouched  over  the  common  voudiee^  As  the 
tenant  in  tail  confessed  the  warranty,  and  undertook  the  defence  of  the 
action,  he  was  considered  to  submit  all  his  rights  in  the  laoi  to  the 
eflect  of  the  recovery,  which  was  called  a  recovery  with  double  vonch«7. 

A  common  recovery  was  generally  suffered  in  the  Conrt  of  Common 
Pleas;  but  common  recoveries  of  lands  in  the  counties  palatine  of 
Durham  and  Lancaster  were  suffered  in  the  respective  conrts  ol  thaw 
counties.  A  recovery  of  lands  held  in  ancient  demesne  was  Buffered  ir 
the  courts  of  the  manors  of  which  such  lands  were  held ;  and  in  nuny 
manors  a  recovery  might  be  suffered  in  the  customary  courts  ct  such 
manors  of  which  the  copyholds  were  parcel. 

The  effect  of  a  common  recovery  differed  in  several  respects  frum 
that  of  a  fine.  A  fine  was  originally  introduced  as  a  mode  of  alienatica 
by  record,  and  its  effect  in  buring  entails  Was  owing  to  the  statutes 
4  Hen.  VII.,  o.  24,  and  87  Hen.  VIIL,  0. 19,  which  were  not  nude  till 
several  centiuies  after  the  introduction  of  fines.    A  common  reooTCtj 
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Had  no  absolute  efibet  after  a  fised  number  of  years,  as  a  fine  bad ;  but 
inasmuch  as  the  recoveror  acquired  an  estate  in  fee  simple,  it  bad 
effects  very  difi'erent  from  those  of  a  fine.  A  common  recovery  duly 
suffered  defeated  all  the  remainders  and  jrerersions  expectant  on  the 
estate  tail,  and  also  all  shifting  uses  and  executory  devises  expectant 
upon  it,  provided  the  recovery  was  suffered  before  the  contingency 
happened  on  which  the  executory  devise  was  to  take  effect.  A  fine 
had  the  efibet  of  destroying  the  estate  tail  by  cdhverting  it  into  a 
deteirminable  fise.  Accoidingly  if  the  tenant  in  tail  who  had  the 
immediate  remainder  or  reversion  in  fee  barred  his  estate  tail  by  a 
fine,  he  acquired  a  base  fee,  which  was  meiged  in  the  remainder  or 
reversion,  which  thus  became  an  estate  in  possession,  and  subject  to  all 
the  chaiges  and  estates  made  and  created  by  the  person  from  whom 
tbe  tenant  in  tail  derived  bis  remainder  or  reversion.  Besides  this,  it 
would  be  necessary  for  such  person  on  any  occasion  of  selling  his  land, 
to  make  out  his  Utle,  to  the  remainder  or  reversion.  A  common 
recovery  operated  by  enlarging  the  estate  tail  into  a  fee,  and  thus 
absolutely  destroying  all  temainders  and  reversions,  but  it  confirmed 
all  prior  esigtes  or  charges  made  by  the  tenant  in  tail  who  suffered  the 
recovery.  Thus  ii  a  tenant  in  taU  made  a  lease  not  permitted  by  the 
stat.  32  Itenry  VlII.,  or  acknowledge^  a  judgment,  and  then  suffered  a 
common  recovery,  this  would  be  a  confirmation  of  those  charges,  which. 
If  there  had  been  no  recovery.  Would  have  liad  no  effect  ag^st  the 
isBue  in  taiL 

The  origin  of  recoveries  is  referred  to  the  decision  in  Taltarum's 
case  12  Edw.  IT.,  in  which,  though  it  was  declared  that  the  estate  tail 
in  question  was  not  barred  by  t£e  recovery  suffered,  the  reason  that 
mm  given  f  of  the  decision  admitted  that  it  might  have  beiien  bamsd  by 
a  recovery.  In  Taltarum's  case,  tbe  tenant  who  suffered  ihe  recovery 
was  not  seised  of  the  estate  taU  under  which  the  issue  in  tail  claimed, 
but  he  was  seis^  o!  a  different  estate  at  the  time  of  the  recovery  being 
sufifered. 

Becoveries  were  impeichabie  for  various  reasons,  such  as  defect  of 
jurisdiction  in  the  court  in  which  they  were  lauffered,  informality  in 
the  proceedings,  and  the  w^t  of  ft  good  tenant  to  the  precipe. 

The  immediate  object  of  the  i-eCoveiy,  as  above  observed)  i^as  to 
^ve  an  estate  in  fee  simple  to  the  recoveror;  but  the  Ultimate  object 
was  to  eommonlv  settie  tiie  estate  to  new  uses,  whieh  were  geneix^y 
declared  by  the  instrument  wbich  gave  the  estate  Of  fre^dd  to  the 
tenant  to  the  prsecipe. 

By  3  ft  4  WUl.  lY.,  c  74,  fines  and  recoveries  were  abolished,  formal 
defects  in  thOse  already  levied  or  su^red  were  ciu^,  and  a  simple 
mode  of  assurance  substituted  for  the  barring  of  an  estate  tail  by  deed 
enrolled  in  the  co\irt  of  chancery  vrithin  six  calendar  months  after  its 
execution. 

KECRUITIK'G  is  the  act  of  raising  men  for  the  military  or  naval 
service,  either  to  augment  the  numerical  strength  of  an  army  or  fleet 
by  new  levies,  or  to  make  good  the  complement  of  any  regiment  or 
ship.  The  term  may  be  usied  when  men  are  obtained  in  any  of  the 
ways  which  the  customs  of  nations  have  sanctioned,  or  the  necessities 
of  certain  times  may  have  required ;  but  among  military  men  it  is 
employed  when  officers,  especially  appointed  for. the  purpose,  engage 
men  by  the  offet  of  bounties  to  enter  as  private  soldiers  into  particular 
regiments.  The  officers,  commissioned  and  non-commissioned,  while 
so  employed,  are  said  to  be  on  the  recruiting  service ;  but  the  actual 
engaging  of  meki  as  recruits  is  called  enlistment ;  and  the  laws  rdating 
to  this  subject  have  been  already  notieed.    [EnlibtUSMT.] 

Formerly  private  persons  were  allowed  to  enlist  men  for  the  army  in 
any  way  diat  they  might  think  befet;  but  titese  having  sometimes 
adopted,  in  order  to  procure  recruits,  violent  and  illegal  means  bv 
which  the  public  indignation  was  excited,  the  government  in  1802  took 
the  nnanagement  of  the  recruiting  department  into  its  own  hands ;  and 
now,  by  a  clause  in  the  Mutiny  Act,  any  person  advertising  or  opening 
an  ofl&ce  for  recruits  without  authority  in  writing  from  the  adjutant- 
general  is  liable  to  the  penalty  of  twenty  pounds. 

In  order  to  produce  imiformity  ih  the  system  ot  recruiting,  and  to 
endure  the  employdient  of  legal  means  only  in  obtaining  men,  the 
supreme  control  of  this  branch  of  the  military  service  was  vested  in 
the  adjutant-general  of  the  army,  and  both  Great  Britsun  and  Ireland 
were  divided  into  several  recruiting  districts.  To  each  of  these  was 
appointed  an  inspecting  field-officer ;  an  adjutant,  whoso  duty  it  is  to 
ascertain,  in  respect  of  stature  and  bodily  strength,  the  fitness  of  any 
recruit  for  the  service ;  a  paymaster,  and  a  surgeon,  the  latter  of  whom 
Mi  to  report  concerning  the  health  of  the  recruit.  tJhder  the  inspecting 
field-officer  there  are  several  regimental  officers,  who  are  stationed  in 
the  principal  towns  of  the  different  districts  in  order  to  superintend 
the  non-commissioned  officers  appointed  to  receive  the  applications  of 
the  persons  who  may  be  desirous  of  entering  the  service. 

England  and  Scotland  are  divided  into  six  recruiting  districts,  t)ie 
head-quarters  of  which  are  reroectively  at  York,  Liverpool,  Bristol, 
London,  Glasgow,  Edinburgh.  Ireland  is  divided  into  three  recruiting 
districts,  of  which  the  head-quarters  are  Belfast,  Dublin,  and  Cork. 
Superintending  officers  are  stationed  at  the  various  important  towns  in 
the  district  according  to  the  exigences  of  the  service. 

In  order  to  procure  recruits,  a  serseant  or  other  non-commissioned 
officer  mixes,  in  country  places,  ■*dth  the  peasantry  at  their  times  of 
recreation;  and,  in  towns,  with  artisans  who  happen  to  be  unemployed, 
or  who  are  dissatisfied  ^ith  their  condition ;  and,  by  address  in  repre- 


senting whatever  may  seem  agreeable  in  the  life  of  a  soldier,  or  by 
the  idlure  of  a  bounty>  occasionally  induces  such  persons  to  enter  the 
service. 

The  reports  concerning  the  fitness  of  a  recruit  for  military  setvice 
are  finally  submitted  for  approval  to  the  inspecting  field-officer  of  the 
district,  except  when  the  distance  of  the  head-quarters  from  the  place 
where  tiie  recruit  is  enlisted  is  such  that  it  would  be  more  convtsnient 
to  send  the  latter  to  the  depdt  of  the  regiment  to  which  he  is  to 
belong :  m  that  case  the  officer  commanding  at  the  depdt  is  eBt)eciaily 
authorised  to  sanction  them. 

Officers  employed  on  the  reCtuiting  service  are  not  allowed  to 
interfere  with  one  another  In  the  performance  of  their  duties ;  par- 
ticularly, no  one  is  permitted  to  use  any  means  In  order  to  obtain  for 
his  own  party  a  man  who  has  already  taken  steps  by  which  he  hiay 
become  en^ged  to  another. 

REOTAl^GLE  {ot  right  Angled),  the  name  given  to  any  figm'e  of 
which  all  the  angles  are  right  angles.  Hence  the  figure  having  as 
many  right  an^es  as  sides  in  the  sum  of  its  angles,  must  be  fouisided; 
fot  hone  but  a  fbunided  figu)^  has  the  sum  of  its  angled  equal  to 
fonr  right  angles.  It  is  unnecessary  to  give  d  diagram  of  the  most 
common  of  all  the  f  ormn  of  art ;  the  page  of  t^  book  may  serve  as  an 
instance. 

The  properties  of  the  rectangle,  to  whicb  it  owes  its  importance  in  a 
mathematical  point  of  view,  consist  of  one  which  it  shares  in  common 
with  all  parallelograms,  and  one  which  marks  it  as  the  most  simple 
of  parallelogt'ams.  £)very  parallelogram,  and  the  rectangle  amou/ 
the  rest,  may  be  divided  in  an  infinite  number  of  ways  into  parallelo 
grams  having  the  same  angles  as  the  origmal  parallelogram ;  and  if  any 
parallelogram  be  divided  into  others  by  unes  drawn  piu^el  to  one  only 
of  the  sides,  the  smaller  parallelograms  bear  to  the  whole  the  same  ratios 
which  their,several  bases  bear  to  the  whole  base.  Also  the  area  of  a  rec- 
tangle may  be  immediately  deduced  from  nothing  but  the  length  of  its 
two  sides.  If  as  a  superficial  unit  we  choose  a  rOcUngle  having  the  sides 
A  and  B,  it  may  immediately  be  told  how  many  times  and  parts  of 
times  any  other  rectangle  contains  the  unit.  Measure  one  8ide>  and 
see  how  many  times  it  contains  a  (sdy  2}) ;  measure  the  other  side, 
and  see  how  many  times  it  contains  d  (say  3|) ;  then  the  product  of 
2}  and  91f,  at 
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is  the  number  of  times  which  the  rectangle  to  be  messured  dontftina 
the  unit  rectangle.    This  may  be  shown  as  f^ows  «-* 
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Let  pqsB  be  the  ractangle  td  b«  tteasdMd,  tM  PVtrTibft  wAt 
rectangle,  pit  being  A,  and  t  u  being  »;  The  tecttogle  A ^  is  so  drawn 
that  p  R  oontains  2|  of  a,  and  P  Q  'contains  Sf  ol ».  The  whole  rectangle 
is  obviously  divided  into  six  ree^gles  of  the  size  of  Pv:  six  at  the 
top,  each  cS  which  is  one-third  of  P  v ;  four  on  the  right,  each  of  whidx 
is  one-seventh  of  p  v ;  and  four  hi^er  up  on  the  ripit,  each  of  >lrhi»h 
is  the  tweB<7-fi»t  part  of  PVi  We  hav«  then,  on  the  wbole»  »V 
repeated 


6 


6 


7  + 


2V 


or 


V  **"  s)  r  ***  7/  *^®** 


In  practice  it  is  most  convenient  to  znake  P  T  and  P  u  equal  to  one 
another,  and  equal  to  the  unit  used  in  measuring  lengths.  Hence  the 
rule  for  finding  the  area  of  a  rectangle  is  :  multiply  together  the 
number  of  linear  units  in  the  two  sides,  and  the  result  is  the  number 
of  square  units  (or  squares  on  the  linear  unit)  in  the  rectangle.  This 
rule  is  abbreviated  as  follows :  the  product  of  the.  sides  of  a  rectangle 
is  the  area;  an  abbreviation  wbich  often  confuses  the  mind  of  a 
beginner,  who  imagines  that  two  lines  can  be  multiplied  together 
[MnLTtPLlOATiONJ,  and  that  the  rectangle,  that  is,  the  vezy  shape  of 
the  rectangle,  is  the  product;  a  mistake  precisely  tiiat  of  a  persoii  who 
should  imagine  that  the  very  sUver  of  ten  ahiUings  could  be  multiplied 
by  seven  yards  of  stufi^  and  that  the  product  could  be  seventy 
shillings.  Kow  seven  yards  of  stuff  at  ten  shillings  a  yard  certainly 
cost  as  many  shillings  as  there  are  units  in  7  x  10 ;  and  a  rectangle 
whose  sides  are  seven  and  ten  feet  certainly  contains  as  many  square 
feet  as  there  are  units  in  7  x  10;  but  seven  feet  can  no  more  be 
multiplied  by  ten  feet  than  seven  shiUings  by  ten  yards  of  silk. 

When  however  given  words  imply  a  fake  proposition,  there  are  two 
modes  of  proceeding,  either  to  alter  the  words  or  to  iJter  the  meaning 
of  the  words.  If  a  person  should  be  so  accustomed  to  talk  of 
multiplying  concrete  quantities  together  tiiat  he  cannot  avoid  it,  he 
must  learn  tb  define  mtdtiplication  as  the  finding  of  a  fourth  pro- 
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portional  to  three  concrete  quantities,  the  first  o£  which  is  a  concrete 
unit.  If  thifl  be  the  meaning  of  multiplication^  then  six  yards  and 
three  yuxls  can  be  multiplied  together ;  for  as  one  yard  is  to  three 
yards  so  is  siz  yards  to  eighteen  yards,  and  eighteen  yards  is  the 
product.    But  this  product  is  a  line,  not  an  area. 

The  pertinacity  with  which  some  writers  still  pendst  in  calling  the 
product  of  two  lines  the  area  of  a  rectangle  (not  only  as  a  practical 
rule  of  mensuration,  in  which  it  Ib  a  desirable  mode  of  expression,  but 
in  matters  of  reasoning)  is  the  result  of  a  long-continued  habit  formed 
in  the  first  instance  by  the  study  of  the  Greek  writers.  For  though 
these  do  not  confound  the  product  with  the  area ;  yet,  on  account  of 
the  deficiencies  of  their  arithmetical  system,  they  used  the  area 
instead  of  the  product,  and  gave  the  names  of  spaces  to  the  results  of 
numbers.  Thus  the  product  of  two  numbers  was  called  plane,  that  of 
three  equal  numbers  solid,  that  of  two  equal  numbers  a  square,  that 
of  three  equal  numbers  a  cube,  and  the  difference  of  two  square 
numbers  a  gnomon.  To  these  we  may  add  the  titles  of  polygonal, 
pyramidal,  ic.  numbers  [Numbers,  Appellations  op],  and  others 
which  it  is  needless  to  mention.  All  arithmetical  propositionB  were 
made  to  take  the  form  of  geometrical  ones ;  thus  to  multiply  two 
numbers  was  to  form  the  rectangle  of  two  given  lines ;  to  divide  one 
number  by  another  was,  given  the  area  of  a  rectangle  and  one  of  its 
sides,  to  find  the  other  side.  We  have  seen  it  stated  that  the  word 
mpeifiokii  (parabola)  was  sometimes  used  for  quotient,  and,  it  was  said, 
in  Diophantus.  We  cannot  find  it  there,  though  it  may  be  used  by  the 
scholiaiat,  whom  we  have  not  examined.  Adrianus  Romanus,  in  his 
'Apologia  pro  Archimede/  says  that .  the  Greeks  use  irapafio\fi  for 
division  as  well  aaiupurfi6s.  But  most  certainly  the  explanation  of  the 
meaning  of  a  parabola,  as  applied  to  the  well-known  curve,  comes  from 
some  suph  signification.  The  term  parabola  means  a  thing  laid  near 
to  or  by  the  side  of  another;  for  comparison,  for  instance,  as  in  the 
common  word  parable,  or  for  any  other  purpose.  Now  in  the  conic 
section  in  question  the  square  on  the  ordinate  being  converted  into  a 
rectangle  one  of  whose  sides  is  the  abscissa,  the  remsdning  side  (being 
that  which  must  be  laid  by  the  first  side  before  the  figure  can  be  drawn, 
or  the  TrapafioXii)  ia  always  of  the  same  length.  If  modem  writers  had 
applied  the  term  parabola  to  this  remaining  side>  they  would  probably 
have  called  the  curve  an  isoparabolic  section ;  but  the  Greeks,  who 
called  the  curve  in  which  a  certain  defect  is  always  in  the  same  pro- 
portion to  the  whole  by  the  simple  name  of  defect  (ellipse),  and  one 
having  the  same  sort  of  excess  by  Uie  simple  name  of  excess  (hyperbola), 
called  the  isoparabolic  curve  simply  a  parabola. 

Of  the  geometrical  system  which  pervad^  the  Greek  arithmetic,  we 
have  permanently  retained  only  the  words  square  and  cube ;  rectui^e 
was  frequently  used  for  product,  but.  rarely  at  present.  These 
words  are  the  causes  of  much  confusion  to  students  who  begin  to 
apply  arithmetic  to  geometry.  Thus  in  algebra  the  square  of  a  sum  is 
equal  to  the'  sum  of  the  squares  of  the  two  numbers,  together  with 
twice  their  product.  In  geometry'the  square  or  the  sum  of  two  lines 
Is  equal  to  the  sum  of  the  squares  on  the  lines,  together  with  twice 
their  rectangle.  Those  who  are  not  made  to  see  clearly  the  distinction 
of  these  propositions  confound  them  together.  A  sufficient  distinc- 
tion might  be  made  by  a  little  variation  in  phraseology :  speak  of  the 
square  on  a  line,  and  the  square  of  a  number.  Thus  49  is  the  square 
of  7 :  erect  two  perpendiculars  each  equal  to  a  b  at  the  two  extremi- 
ties  of  A  B,  and  joining  their  other  extremities  completes  the  square  on 
AB.  It  is  already  customary  to  speak  of  the  rectangle  whose  con- 
tiguous sides  are  A B  and  ao,  as  the  rectangle  tmder  ab  and  a  o. 

The  second  book  of  Euclid  is  devoted  to  the  properties  of  the 
rectangle,  as  they  arise  from  subdivision  into  other  rectangles.  Some 
persons  advocate  what  is  called  the  arithmetical  proof  of  these 
propositions,  namely,  the  substitution  of  the  analogous  properties  of 
numbers  for  those  of  rectangular  spaces.  This  question  must  be 
settled  in  the  same  manner  as  that  of  Pbopobtiok,  and  the  remarks 
in  that  article  apply.  If  all  pairs  of  lines  were  commensurable,  no 
objection  could  betaken  against  the  rigour  of  the  substitution;  but 
unless^  a  theory  of  incommensurables,  and  a  modification  of  the 
definition  of  multiplication  to  suit  them,  be  formally  introduced,  the 
method  of  Euclid  is  sound,  and  the  substitute  for  it  unsound ;  though 
proper  enough  for  the  adoption  of  those  who,  as  explained  in  the  article 
dtcd,  only  wish  to  become  "mathematicians  to  a  certain  number  of 
decimal  places. 

RECTIFICATION.    [Distillation.] 

RECTIFICATION  means  the  findmg  of  a  straight  line  equal  in 
length  to  an  arc  of  a  curve  [Arc],  and  is  analogous  to  the  term  quad- 
rature, as  applied  to  finding  its  area ;  for  in  like  manner  aa  an  area  is 
considered  to  be  known  when  a  square  equal  to  it  is  exhibited,  so 
the  length  of  an  arc  is  known  when  a  straight  line  equal  to  it  is 
exhibited. 

Of  the  celebrated  problem  of  the  rectification  of  the  circle  we  have 
said  enough  under  Quadrature  op  the  Circle,  in  which  article  it 
appears  that  the  rectification  gives  the  quadrature;  so  that  the  latter 
problem  was  generally  attempted  throueh  the  former. 

RECTIFYING.    [DisTiLLiNa.] 

RECTOR,  RECTORY.    [Benefice.] 

RECURRING  SERIEa  By  a  recurring  series  is  meant  one  of  the 
xorm 


ad  infinitum,  in  which  the  coefficients  a^,  a^  fto.  can  eaeh  be  ezprned 
by  meuis  of  certain  preceding  coefficients  and  constants  in  one  unifona 
manner ;  and  it  is  usual  to  consider  only  such  series  aa  will  admit  of  t 
linear  relation  (or  one  in  which  only  first  powers  of  ooeffidesits  tsxta) : 
thus  the  series 

1  +  X  +  i3?  +  ISa?  +  43«*  -h  li2a^  +  • . . . 

follows  the  linear  law  a,=  Sa»-.i  +  a»-j  (4  =  8.1  +  1, 13  =  8 .4  + 1» 
48  =  8 .  13  +  4,  &c.)",  and  is  what  is  commonly  called  a  recmii^ 
series,  though  the  following — 

l+a:  +  2a*  +  6x»  +  29aJ*  +  86C«*  +  &&» 

in  which  a»  =  (4-i  +  aV>9i  is  equally  recurring,  according  to  the  de- 
finition. The  recurrence  alluded  to  is  not  that  of  terms,  btxt  <^ 
method  of  determining  terms;  and  it  would  be  desirable  thai  iht 
series  which  are  usually  called  recurring  should  be  Unearfy  recrmii^ 
series,  while  all  in  which  there  is  really  recurrence  (of  law)  afaould  U 
called  recurring. 

Etery  linearly  recurring  series  is  the  development  of  an  algebras 
function  with  a  rational  and  integral  numerator  and  denominator,  sad 
every  such  function  can  be  developed  into  a  linearly  recuning  aast- 
Thus,  taking  the  first  series  mentioned,  in  which  a*  =  Som-i  -f  ^mSt  ve 
have 

a^  X*  =  Sa^  afl  +  Of^afl 

a,  as*  =  3a,  ac*  +  a^Jfi 

a^  X*  =  3a,  a:*  +  a,  a:*,  &c» 

Let  8  be  the  sum  of  a^  +  Oj^x  +,  &e.,  ad  infanUyaau  Thai  tibe  pre- 
ceding obviously  gives 

B  —  Oo  —  »i«  =  3a;(8  —  ab)  +  ^*» 
_  do  +  (g^  — 8ao)a; 
^'*"*       l  —  8a:-a!^ 

We  have  here  the  value  of  any  series  in  which  this  law  of  reeor- 
rence  prevails  for  all  terms  after  the  second ;  and  it  cannot  prenil 
before,  since  two  terms  must  exist  before  a  third  can  be  ea^pres&ed. 
In  the  case  we  chose,  o^  =  1,  a.  =  1,  whence  the  function  of  wiitch 
the  series  was  the  devdopment  is  (1  —  2ap)  -i-  (1  —  3x  +  **). 

Generally,  a  linear  recurring  series  having  the  law  of  recurrence 


+  a^x 


+  aia*  +  a,a>  +  c^a^  +  .... 


•  •  • 


+  Pt 


an  =  Pi  a»-x  +  p^  a»^  + 
is  the  development  of  the  function 

1  —  jjj  a:  —  j>j  ac*  —  ..• . .  —  pt  x* 

where  a^  =  o^,  a^  ■=  «i  —  jPi  <^  a,  =  <*•  ~  i^x  *i  — 1>«  «t»  •  •  •  • 
A*-i  =  Of-i  —  Pi  o#-a  —  i>,  a  i-a  —  . .  -  •Pt^  ^ 

from  which  the  inverse  theorem  may  easily  be  derived,  namdy,  that 

Ao4-Atag  +  A,a;*  +  ....  +  A«^i  a*-"^ 
Bq  +  B^  a;  +  Bg  a;»  +  . . . .  +  B^-i  a:  *-'  +  b  a^ 

can  be  developed  into  Oq  +  a^x  -f  a^  +  &c»  in  which  the  law  of 
recurrence  (n  not  being  <  t)  is  as  follows : — 

-0, 


Bq  flhi+  Bj  a».i  +  B,  Oii-a  +  •  •  •  •  +  B 

and  the  terms  up  to  a«.i  are  determined  by 

Ao  =  Bfl  a<^  Aj  =  Bo  a^  +  B,  Co,  A,  =  1^  Og  +  Bj  Oj  +  B,  Ott 


•  •  • 


Af-1  =  Bo  Of-x   +  B^  Of^s  + 


+  Bf^iOo. 


Those  who  understand  the  theory  of  generating  functions  will  see 
that  the  generating  function  can  thus  be  found  to  the  solution  of  anj 
linear  equation  of  difierences.  Some  use  may  thus  be  made  of  recur- 
ring series  in  various  questions  of  the  theory  of  probabilities;  bo^ 
generally  speaking,  this  species  of  series  is  not  of  the  most  useful  hnd, 
connected  as  it  is  with  the  rational  and  integral  function  of  a]gebn» 
which  is  of  little  application  compared  with  the  irrational  and  tma- 
cendental  function.    [Series.] 

The  most  simple  mode  of  finding  the  law  of  the  terms  of  a  recui^ 
ring  series  is  by  the  solution  of  the  equation  of  diSersioeSr  which 
expresses  the  relation  of  the  coefficients.  This  may  be  verified  by 
decomposing  the  ftmction  which  is  developed  into  tiw  series  into 
fractions  with  denominators  of  the  first  degree,  according  to  the  com- 
mon method  used  in  the  integnl  calculus,  and  expanding  ^ch 
fraction  separately. 

RECUSANTS  are  persons  who  refuse  or  neglect  to  attend  dirioe 
service  on  Sundays  and  holidays,  according  to  the  forms  of  the 
Established  .Churclu  Before  the  Reformation,  eoeleeiastical  censuKf 
were  directed  at  difierent  times  by  provincial  cotmoils  against  those  wbo 
absented  themselves  from  the  services  of  the  church.  But  the  noticing 
of  recusancy  in  the  temporal  courts,  and  probably  the  use  of  the  tem 
itself,  cannot  be  traced  higher  than  the  16th  century.  By  the  I  Elic, 
c.  2,  all  persona  having  no  lawful  excuse  are  to  resort  to  thdr  pari^ 


BED. 


REDOUT. 
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diuroh  upon  pain  of  punishment  by  the  censures  of  the  church,  and  a 
forfeiture  of  twelve  ponce.  By  23  E\iz.,  c.  1,  every  person  above  the 
age  of  sixteen  years  who' shall  not  repair  to  church,  forfeits  for  every 
month  which  he  forbears,  twenty  pouiids,  and  by  35  Eliz.,  c.  1,  if 
recusants  within  three  months  after  conviction  refuse  to  submit,  they 
may  be  compelled  to  abjure  the  realm ;  and  if  they  do  not  depart,  or 
if  they  return  without  licence  from  the  crown,  they  are  guilty  of  felony, 
and  liable  to  suffer  death. 

The  law  recognised  four  claases  of  offenders  under  the  statutes 
against  recusancv : — those  who  absented  themselves  from  the  public 
Hervice  of  the  church  from  indifference,  irreligion,  or  dissent,  were 
termed  "  recusants  "  simply,—  after  conviction  they  were  styled 
"recusants  convict"*;  those  absentees  who  professed  the  Roman 
Catholic  religion  were  called  "  Popish  recusants"  ;  and  those  who  had 
been  convicted  in  a  court  of  law  of  being  Popish  recusants  were  called 
*'  Popish  recusants  convict.'* 

The  laws  against  Popish  recusants  convict  were  of  a  very  severe 
character.  Blackstone  says  that  these  laws  were  enacted  principally  in 
terrorem.  The  truth  appears  to  be  that  the  first  penal  statutes  passed 
for  the  purpose  of  compelling  the  adherents  of  the  old  religion  to 
adopt  the  new,  provoked  resistance  on  their  part;  and  this  resist- 
ance caused  severer  enactments,  producing  in  their  turn  increased 
resistance,  followed  by  the  imposition  of  still  more  rigorous  penalties. 

Popish  recusants,  in  addition  to  the  general  penalties  enacted  against 
reciisants,  were  disabled  from  taking  lands,  either  by  descent  or  by 
purchase,  after  eighteen  years  of  age,  until  they  renounced  their  errors. 
They  were  bound  at  the  age  of  twenty-one  to  register  the  estates 
which  they  had  already  acquired,  and  were  bound  also  to  register  all 
future  conveyances  and  wills  relating  to  them.  They  were  and  are 
[QuAlLE  Impedit]  incapable  of  presenting  to  any  living,  or  of  making 
a  grant  of  the  right  of  presenting  at  any  avoidance  of  the  benefice. 
They  could  not  keep  or  teach  any  school,  on  pain  of  perpetual  im- 
prisonment, and  for  the  offence  of  saying  or  hearing  mass,  forfeited 
certain  sums,  and  were  in  each  case  subjected  to  a  year's  imprison- 
ment. 

Popish  recusants  convict  incurred  additional  disabilities,  penalties, 
and  forfeitures.  They  were  considered  as  persons  excommunicated  : 
could  not  hold  any  public  office ;  were  not  allowed  to  keep  arms ; 
were  prohibited  from  coming  within  ten  miles  of  London;  could  bring 
no  action  at  law  or  suit  in  equity ;  and  were  not  permitted  to  come  to 
court,  or  to  travel  above  five  miles  from  home  except  by  licence,  upon 
pain  of  forfeiting  all  their  goods.  Penalties  were  also  imposed  in 
respect  i>f  the  marriage  or  burial  of  the  Popish  recusant  convict,  or  the 
baptism  of  his  child,  if  the  ceremony  were  performed  by  any  other 
than  by  a  minister  of  the  Church  of  England.  Such  a  recusant,  if  a 
married  woman,  forfeited  two-thirds  of  her  dower  or  jointure,  was 
disabled  from  being  executrix  or  administratrix  of  her  husband,  and 
from  having  any  pcu*t  of  his  goods,  and  she  might  be  kept  in  prison, 
unless  her  husband  redeemed  her  at  the  rate  of  102.  per  month,  or  by 
the  profits  of  the  third  part  of  all  his  lands. 

Protestant  diasenters  were  relieved  from  the  penalties  of  recusancy 
at  the  Revolution,  by  the  Toleration  Act,  1  William  &  Mary,  c.  18. 
This  statute  contained  a  proviso  depriving  of  its  benefit  any  Papist  or 
Popish  recusant,  or  any  person  that  should  deny  the  doctrine  of  the 
Trinity.  But  in  1791,  by  81  Geo.  III.,  c.  32,  Roman  Catholics  were 
exempted  from  prosecution;  and  in  1818,  by  53  George  III.,  o.  160, 
the  exemption  in  the  Toleration  Act,  as  to  persons  denying  the  doctrine 
of  the  Tnnity,  was  repealed.  The  statutes  against  recusancy,  though 
never  enforced,  still  subsist  with  respect  to  persons  who,  not  being 
Roman  Catholics  or  Protestant  dissenters,  absent  themselves  from  the 
service  of  the  Church. 

RED.    [Calico  Pbintino;  Dtetno;  Enahel;  Paintino,  House.] 

RED  LEAD.    [Lead  :  JUd  lead.] 

RED  OCHRE.    [Coloubino  Mattebs.] 

REDAN  IB  the  simplest  kind  of  work  employed  in  field  fortification, 
and  it  consists  generally  of  a  parapet  of  earth,  divided  on  the  plan  into 
two  faces,  which  make  with  one  another  a  sidient  angle,  or  one  who&e 
vertex  is  towards  the  enemy.  Existing  alone,  the  work  is  capable  of 
making  but  a  feeble  defence,  since  its  faces  are  not  defended  by  any 
flanking  fire;  and,  being  open  at  the  gorge  or  rear,  the  enemy  may 
easily  enter  it  in  Uiat  direction.  It  can  therefore  be  of  use  only  at  an 
outpost,  to  afford  a  momentary  cover  for  troops  who  are  to  retire  when 
a  superior  force  advances  against  them.  A  redan  may  however  be 
advantageoiisly  placed  to  cover  the  head  of  a  bridge,  the  entrance  into 
a  village,  or  defend  the  ground  in  front  of  some  strong  redout;  a 
series  of  them  may  also  be  constructed  along  the  front  of  an  army,  in 
order  to  strengthen  the  position  and  cover  the  artillery ;  and,  in  all 
these  situations,  the  defects  above  mentioned  cease  to  exist,  since  in 
the  first  case  the  goi^ge  is  protected  by  the  river,  and  in  the  others  the 
faces  and  gorges  are  defended  by  the  works  or  by  the  troops  in  the 
rear. 

When  it  is  required  to  defend  any  pass  immediately  on  the  right  or 
left  of  redans,  fianks,  making  salient  angles  with  the  £ices  at  points 
near  the  extremities  of  the  latter,  are  given  to  them,  so  that  they  then 
become  what  are  also  called  bastions  or  lunettes ;  and  the  necessity  of 
having  a  crossing  fire  for  the  defence  of  the  ground  in  front,  when  the 
redans  are  not  flanked  by  other  works,  has  at  times  induced  engineers 
to  break  the  lines  of  parapet  near  the  gorges,  so  as  to  form  re-entering 


bends,  and  thus  constitute  a  vring  on  each  side  at  a  rig^t  angle  with 
the  face. 

Among  the  works  constructed,  in  1810,  for  the  defence  of  Lisbon, 
redans  were  frequently  placed  on  projecting  knolls,  in  front  of  ihe 
great  redouts,  in  order  to  flank  the  ground  which  was  unseen  from 
the  latter :  their  gorges  were  protected  by  paUsades,  or  by  parapets, 
sufficiently  slender  to  have  been  demolished  by  the  artillery  of  the 
principal  work,  had  the  enemy  succeeded  in  capturing  them ;  and  good 
communications,  covered  by  the  inequalities  of  the  ground,  or  by  earth 
purposely  thrown  up,  were  formed  in  order  to  allow  the  defenders,  if 
necessary,  to  retire  in  security.  The  strong  stone  windmills,  which  in 
that  country  are  often  built  on  salient  knolls  of  ground,  were 
occasionally  covered  by  redans  of  earth ;  and  thus  were  formed  good 
defensive  posts,  to  each  of  which  the  mill  served  as  a  reduit  or  keep. 
During  the  struggle  in  the  south  of  France,  in  1818,  Marshal  Soult 
caused  redans  to  be  constructed  as  outworks,  one  below  another,  on 
the  descending  tongues  of  land  which  project  from  the  main  chains  of 
heights  whose  summits  he  had  crowned  by  strong  redouts. 

Two  redans  connected  together,  so  as  to  leave  one  re-entering 
angle  in  front,  form  a  queue  d'hyronde ;  and  the  name  of  bonnet  de 
pretre  has  been  sometimes  applied  to  a  work  consisting  of  three  redans 
so  placed. 

REDEMPTION.    [Atonement.] 

REDEMPTION,  EQUITY  OP.    [Mortoaoe.] 

REDOUT  is  a  general  name  for  nearly  every  kind  of  work  in  the 
class  of  field  fortifications ;  thus,  a  redan  with  flanks,  a  parapet  enclosing 
a  square  or  polygonal  area,  a  work  in  the  form  of  a  star  [Stab-fobt], 
and  a  fort  with  bastions  at  the  angles,  like  the  enciente  of  a  fortress, 
are  occasionally  so  called ;  b^t  the  second  of  these  is  the  work  to  which 
the  term  is  more  particularly  applied,  and  it  ia  that  which  we  propose 
now  to  describe. 

When  a  work  to  be  constructed  on  level  ground  is  intended  to 
contain  troops  and  artillery  for  the  purpose  of  preventing  the  enemy 
from  occupying  the  spot,  and  when  there  is  an  equal  probability  that 
the  work  may  be  attacked  on  any  side,  that  spot  should  be  quite 
enclosed  by  the  parapet ;  also  if  the  defence  is  to  continue  only  till 
succour  can  arrive  from  the  army  in  the  vicinity,  flnyilring  defences 
being  then  scarcely  necessary,  a  quadrangular  figure  may  suffice  for 
the  plan  of  the  work,  and  there  can  be  no  reason  why  one  side  shoukl 
be  longer  than  another,  or  why  the  sides  should  form  with  each  other 
any  but  right  angles.  But  when  the  redout  is  to  occupy  ao  eminence 
whose  figure  on  &ie  plan  is  irregular,  the  faces  of  the  work,  whatever 
be  the  form  thus  produced,  must  necessarily  be  traced  so  as  to  corre* 
spend  to  the  different  directions  assumed  by  the  brow  of  the  height ; 
and  if  the  fire  of  the  work  is  intended  to  defend  some  fixed  object,  as 
a  pass  leading  towards  it,  one  of  the  faces  must  be  perpendicular  to 
the  direction  of  that  pass.  It  may  be  observed,  however,  that  in 
general  the  number  of  faces,  though  not  less  than  four,  should  be  as 
few  as  possible.  The  ditches  of  aS  polygonal  works  without  re-entering 
angles,  are  incapable  of  being  defended  by  the  fire  from  the  parapets 
above,  on  account  of  the  height  and  thickness  of  the  latter,  which 
prevent  the  soldiers  from  seeing  them ;  and  a  curvilinear  redout  has, 
besides,  two  defects  which  are  irremediable  :  the  fires  from  its  parapets 
are  diverging,  therefore  they  produce  little  effect  while  the  enemy  is 
advancing  up  to  the  work ;  and  the  ditch,  on  account  of  its  form,  is 
incapable  of  being  defended  from  stockades  within  it.  These  objections 
apply  with  nearly  equal  force  to  redouts  formed  on  regular  polygons 
of  more  than  five  or  six  sides.  The  French,  however,  made  a  circular 
redout  of  casks  for  the  purpose  of  strengtheniug  the  defence  of  the 
isthmus  at  St  Sebastian,  previously  to  the  siege  of  that  place  in  1818; 
and  circular  redouts  of  masonry  are  supposed  to  be  useful  on  the  sea- 
coasts.  In  the  latter  situation  they  are  not  liable  to  be  attacked  by 
infantry;  and  their  artillery,  which  is  mounted  on  traverdng  plat- 
forms, may  be  fired  in  any  direction  against  ships  or  boats,  should  an 
enemy  attempt  a  debarkation  of  troops.    [Mabtello  Towers.] 

Every  work  in  field  as  well  as  in  permanent  fortification  is  surrounded 
by  a  ditch,  from  whence  is  obtained  the  earth  for  the  parapet,  and  by 
which  the  difficulty  of  carrying  it  by  assault  is  increased.  The  ditch 
is  generally  crossed  directly  opposite  the  entrance  by  a  bridge  of 
timber,  winch  should  be  capable  of  being  drawn  into  the  work,  or  re* 
placed  at  pleasure.  The  entrance  into  a  redout  is  at  a  re-entering 
angle,  if  there  is  one,  otherwise  it  may  be  about  the  middle  of  one  of 
the  faces  on  the  side  which  is  least  exposed  to  the  view  of  the  enemy ; 
and,  besides  being  barricaded,  it  is  defended  by  the  fire  from  a  traverse, 
which  is  raised  in  the  interior,  and  perpendicular  to  the  direction  of 
the  passage. 

Redouts  for  the  defence  of  positions  are  in  general  intended  to 
contain  only  about  fifty  men  with  three  guns ;  but  works  in  the  form 
of  irregular  polygons  have  sometimes  been  constructed  of  a  magnitude 
sufficient  to  contain  1600  men  and  twenty-five  pieces  of  artillery ;  and 
such  were  the  two  principal  redouts  (on  Mount  Agra^a  and  at  Torres 
Vedras)  formed  in  1810,  in  order  to  protect  Lisbon.  These  were 
expected  to  make  a  vigorous  defence  in  the  event  of  being  attacked ; 
but  it  is  admitted  that  their  trace,  or  ground-plan,  was  defective  on 
account  of  the  want  of  flanks,  and  perhaps  they  would  have  been  pre- 
vented from  falling  only  by  the  strong  divisu^ns  of  troops  who  were 
daily  under  arms  in  their  vicinity.  The  redout  constructed  by  the 
British  in  the  neighbourhood  of  Toulon,  in  1798,  for  the  protection  of 
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tiie  town  and  fleet,  was  a  larg^a  work  well  furnished  with  artillery ; 
yet,  on  being  attacked  by  the  republican  troops,  it  was  taken,  after  a 


third  attack  they  succeeded  in  getting  possession  of  the  work. 

It  is  admitted  among  military  men  that  in  firing  over  a  parapet,  the 
soldier  doing  the  duty  as  hipidly  as  possible,  and  fearing  tb  expose 
himself  while  adjusting  hid  mosket,  places  the  latter  mechanically  in  a 
direction  neai'ly  perpendicular  to  the  lilie  of  the  face  behind  which  he 
is  stationed.  It  follows  that  in  front  of  every  salient  angle  of  the 
work  there  must  be  an  undefended  sectoral  space,  as  m  »  in  the  sub- 
joined cut,  which  represents  the  plan  of  a  square  redout,  iii  which 
BJpace,  in  order  to  avoid  the  direct  fire  from  the  faces,  the  enemy  may 
advance  to  the  attack ;  and  on  this  account  it  is  recommended  that 
the  faces  of  the  work  should  be  disposed  so  that  the  angles  may  be 
turned  towards  ground  which  ib  impadsable,  oi*  which  will  not  pertilit 
the  enemy  to  establish  batteries  for  the  purpose  of  enfilading  those 
laces,  when  this  disposition  is  not  possible,  viHoUs  tnethodd  may  be 
adopted  by  which  the  troopd  who  man  the  work  tnight  direct  dome  6l 
their  fire  within  those  sectors.  The  simplest  of  these,  and  that  which 
is  generally  put  in  practice,  is  to  form  the  crest  of  the  parapet  near  the 
angle,  perpendicularly  to  the  capital  fthe  line  bisecting  the  ^ngle)  as  at 
ab;  by  which  means  the  spskce  betweed  w  atid  s  may  be  directly 
defebded,  and  the  sectors  xw  and  zy  being  small,  very  little  attention 
on  the  pa^  of  the  men  about  a  and  b  Will  enable  them  to  give  their 
musket^  an  oblique  direction  so  as  to  fire  upon  an  enemy  iidvabcing 
within  those  spaces.    A  Second  method  is  that  of  funding  off  the 
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interior  of  the  ptmip^t  at  the  angles,  itt  at  ed;  but  tliis  has  been 
objected  to  on  account  of  the  divergency  of  the  lines  of  fire.  Thd 
third  method,  which  is  much  dwelt  on  by  writers  on  fortification, 
consists  in  forming  the  interior  of  the  parapet  wiUi  indentations.  ttA  at 
e^and/A,  alternately  parallel  and  perpendicular  to  the  capital,  each 
indent  being  three  feet  long;  and  a  parapet  of  this  kind  is  said  to  be 
en  vremaUUre.  It  is  evidoit  that  by  placing  men  contiguously  to  the 
sides  of  these  indentations,  a  fire  may  be  kept  up  in  either  of  the 
directions  just  mentioned ;  and  by  placing  them  at  the  angles,  they 
may  fire  perpendicularly  to  the  general  face  of  the  work.  It  must  bd 
observed,  however,  that  the  men  cannot  fire  in  these  different  direc- 
tions at  the  same  time,  because,  the  muskets  crossing  one  another,  that 
of  one  man  might  be  injured  by  the  fire  of  the  next,  and  ^eref ore  what 
is  gained  in  one  direction  is  lost  in  another.  The  otily  objections  to 
this  method  are,  that  the  parapet  cin  bd  so  formed  Only  by  men 
belonging  to  the  corps  of  Royal  Engineers,  who  iare  regularly  thdned  to 
the  construction  of  fortifications,  but  who  may  not  be  prteent  when 
wanted;  and  that  the  imsteadiness  of  the  soldiers  in  firing  almost 
always  renders  such  precision  in  the  formatfon  of  the  Work  useless. 

The  ditch  of  a  redout  having  no  fianks,  being  utiseen  and  incapable 
of  defence  from  the  parapets,  it  has  been  proposed,  in  order  to  have 
some  means  of  annoying  the  enemv  when  in  the  ditch,  to  form  an 
enclosed  space  A,  at  one  or  more  of  the  angles  of  the  ditch,  by  plantmg 
a  line  of  palisades  across  the  latter  on  two  contiguous  faces  of  the  woik ; 
tiie  enclosure  may  have  a  roof  of  timber  covered  with  earth,  and  loop- 
holes, three  feet  asunder,  must  be  cut  m  the  palisades,  that  the 
defenders  may  be  enabled  to  fire  along  the  ditches. 

iJiother  method,  which  may  be  advantageously  adopted  when  a  face 
of  the  work  has  considerable  length,  is  to  form,  as  at  b,  what  is  called 
a  pahsade  caponni^re,  by  plantmg  across  the  ditch,  at  the  middle  of  the 
face,  two  rows  of  palisades  about  eight  feet  asunder ;  each  row  being 
pierced  with  loop-holes.  The  entrance  into  the  caponni5re  is  by  steps  in 
the  interior  of  the  redout  and  a  gallery  under  its  parapet;  and  this 
work,  as  well  as  that  at  a,  may  have  a  roof,  but  in  no  case  should  such 


roof  be  above  the  level  of  the  natural  ground,  in  order  that  it  may  ha 
concealed  as  long  as  possible  from  the  view  of  the  enemy.  And  :f 
practicable,  the  floor  of  the  caponni^re  may  be  sunk,  so  that  the  roof 
being  only  a  few  feet  above  the  level  of  the  ditch  should  not  afiord  a 
bridge  by  which  to  enter  the  work.  One  of  the  redouts  which  w^ 
executed  near  Lisbon,  being  commanded  by  a  height  in  lis  front,  from 
whence  the  parapets  might  have  been  destroyed  and  the  interiiir 
ploughed  by  shot,  there  was  formed  a  gallery  behind  the  coiinterscaq;), 
and  opposite  one  of  the  angles  of  the  work,  with  loop-hole^  irvm 
whence  the  ditch  along  each  face  might  have  been  defended  by  mus- 
ketry if  the  enemy  had  penetrated  into  it.  The  soil  being  chalk,  ih> 
timber-frames  were  necessary  for  the  support  of  the  sides  or  top ;  and 
between  this  recess  and  the  interior  of  the  redout  there  was  a  gallery 
of  communication  passing  under  the  bottohi  of  the  ditch. 

A  row  of  palisades  is  frequently  planted  quite  along  the  ditch  of  a 
redout.  Sometimes  also  the  escarp  of  the  work  i6  fraized,  or  fur- 
nished with  palisades  planted  in  an  inclined  positioh,  and  a  line  of 
chevaux-de-fi^e  is  disposed  upon  the  benne.  In  order  to  retard  the 
advance  of  an  enemy,  the  work  is  generally  suhx>uhded,  at  a  disiaott 
hot  exceeding  the  ratige  of  musket-shot,  by  a  slkigle  or  double  abatti, 
and  often  by  two  rows  of  pits  called  trous  dt  hup. 

The  ma|;hitlide  of  a  iredout.  Whatever  hie  its  form,  is  determined  bj 
the  strehgth  of  the  garrison  and  the  quantity  of  ordnance  by  which  it 
is  to  be.  defended :  all  the  meU  being  supposed  to  be  lodged  within  it 
It  was  formerly  the  practice  to  allow  oh  the  area  of  the  terrepleio, 
within  the  foot  of  the  banquette,  ten  squaro  feet  for  each  man,  aod 
324  square  feet  for  each  piece  of  artillery;  consequently  when  the 
redout  is  of  a  square  form,  the  breadth  of  the  banquette  being  known 
(about  li  feet),  the  length  of  the  crest-line  on  each  fiace  could  be 
easily  determined.  In  order  that  the  defenders  may  conveniently  ose 
their  arms  on  the  banquette,  it  has  beei^  customaiy  to  allow  thret  feet 
along  the  crest  of  the  parapet  for  each  man,  who  is  to  stand  con- 
tiguously to  the  interior  slope ;  and  it  Was  once  considered  th»t  & 
redout  intended  to  make  a  considerable  resiBtance  when  attacked  (m 
all  sides,  would  be  adequately  garrisoned  if  the  number  of  men  in  H 
were  equal  to  the  number  of  feet  in  the  whole  length  of  the  cre^  c«£ 
parapet ;  that  is  to  say,  if  there  were  three  ranks  of  men  along  eadi 
face,  the  work  being  supposed  to  be  capable  of  containing  such  a 
number.  It  is  said  that  each  side  of  the  square  redouts  wiiich 
Marshal  Saxe  caused  to  be  constructed  at  the  siege  of  Maeatricht,  in 
1748,  was  above  100  feet  long,  measured  on  the  crest  of  the  parapet, 
and  that  each  redout  was  garrisoned  by  500  men ;  and  it  will  be  found 
by  computation  that,  consistently  with  the  above  rules,  a  squfire 
redout,  each  of  whose  faces  is  sixteen  yards  long,  is  the  least  that 
ought  to  be  constructed ;  for  if  less,  the  interior  within  the  banquette 
would  not  contain  the  number  of  men  necessary  to  line  its  parapet  with 
one  rank.  But  the  rule  relating  to  the  area  within  the  banquette  has 
been  objected  to  as  an  unnecessary  affectation  of  mathematical  pre- 
cision. The  British  engineers  who  constructed  the  works  for  tte 
protection  of  Lisbon  observe  that,  except  at  night,  or  at  the  moment 
of  being  attacked,  part  of  the  garrison  will  be  on  watch,  or  otherwiie 
occupied  outside  of  the  work ;  ahd  even  at  those  times  at  least  one- 
third  will  be  under  arms  on  the  banquette.  Colonel  Sir  John  Jon«s 
states  that  the  strengths  of  the  garrison  wer^  finally  determined  bj 
allowing  two  men  per  yard  in  the  length  of  the  parapet  for  the  exterior 
works,  and  one  man  per  yard  for  the  interior  works ;  deductions  being 
made  for  the  spaces  where  artillery  was  to  stand.  Each  gun  takes  up 
about  eighteen  feet  of  the  length  of  a  parapet. 

The  crest  of  the  parapet  of  a  redout  may  be  about  8  feet  above  the 
natural  ground,  unless  the  work  is  to  be  defiladed  from  some  command- 
ing groimd  in  the  neighbourhood,  in  which  case  it  must  be  higher. 
The  form  of  a  section  or  profile  of  the  parapet  is  similar  to  that  which 
is  used  for  permanent  fortification  [Lines  of  Intrencrment,  Fig,  4], 
but  the  breadth  of  the  superior  slope  may  vary  with  the  nature  of  the 
arm  which  the  enemy  can  bring  against  it;  three  feet  will  sxiffice  if  the 
work  can  be  attacked  by  infantry  only,  but  it  may  be  as  much  as  10  or 
12  feet  if  it  is  to  resist  field  artillery  of  the  heaviest  calibre.     The 
Superior  surface  of  the  parapet  should  slope  down  towards  the  ex- 
terior, so  that  the  defenders  may  see  the  top  of  the  counterscarp  of  the 
ditch  in  front ;  and  when,  from  the  great  roUef  of  the  work,  this  is 
impossible,  the  counterscarp  should  be  raised  by  earth  obtained  fn>m 
the  ditch  to  the  height  necessary  for  this  purpose ;  taking  care,  honr- 
ever,  to  give  the  raised  earth  a  gentle  slope  towards  the  exterior,  th^i 
the  enemy  may  not  be  screened  by  it.    The  exterior  of  the  parapet  and 
the  escarp  of  the  ditch  are  covered  or  revetted  with  sods  when  the 
earth  has  not  sufficient  tenacity  to  stand  unsupported ;  and  when  the 
work  is  to  resist  the  fire  of  heavy  artillery,  the  revetment  might  con- 
sist of  stout  logs  of  timber  planted  obliqu^y  in  the  ground  or  in  the 
bottom  of  the  ditch,  and  leaning  against  the  face  of  the  work.    The 
interior  of  the  parapet  is  usually  revetted  with  sods  or  £ascine&j 

Redouts  are  intended  to  fortify  military  positions,  for  which 
purpose  they  usually  occupy  the  heights  and  command  the  defiles ; 
and  their  magnitude  or  number  must  depend  upon  the  time  afforded 
for  their  construction.  [Linbs  op  Intrenchment  ;  Miutart  Posi- 
tions.] It  sometimes  happens  that  they  are  thrown  up  during  the 
night  to  protect  artillery  on  the  wings,  or  In  some  important  situation 
in  front  of  the  army,  in  expectation  of  an  engagement  taking  place  the 
next  day;   and  then  they  are  necessarily  few  and  smaU.     When 
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Harahal  SouH  w«8  reduced  to  delsxmre  QpeF»tioxui  ia  ibe  SQu^h  of 
France,  in  1818  and  1814,  be  strongly  entrenched  the  heights  on  all 
the  frontier  between  the  sea  about  Bayonne  and  St  Jeau-de-Luz,  and 
the  mountains  at  St.  Jean-Pied-de-Port ;  an  extent  qf  above  sixteen 
xnilea.  The  works,  which  were  executed  in  three  months^  were  gene- 
rally irregular  polygons ;  and  some  of  them  were  constructed  f Qr  500 
men.  More  than  a  year  was  spent  in  raising  tbe  redouts  which 
covered  Lisbon ;  and  consequently  these  were  pot  only  strong,  but 
niinaerous  beyond  any  other  example.  [EHOAMFifSNT.]  Tl^ey  were  of 
every  trace,  but  mostly  irregular  polygons,  whose  sides  sometimes 
formed  re-entering  angles,  as  the  ground  required :  the  two  great 
redouts  before  mentioned  were  retrenched  by  interior  parapets,  which 
alao  served  as  traveises,  and  each  salient  point  of  the  redout  at  Torres 
Vedras  constituted  an  independent  post. 

Attack  and  Defence  of  a  RcdovX. — In  the  attack  pf  a  smaU  redout 
imprcvided  with  artillery,  light  i^nfantry,  or  riflemen,  keepipg  for  a 
time  as  much  as  possible  covered  by  the  inequalities  of  the  ground, 
endeavour  to  surround  the  work,  and,  by  a  fire  of  musketry,  directed 
towards  the  crest  of  the  parapet,  to  diminish  that  of  the  defenders. 
The  assailing  troops  then  gradually  close  in  upon  the  redout,  and, 
while  one  division  remains  on  the  counterscarp  to  continue  the  fire, 
should  the  defenders  show  themselves  upon  the  parapets,  the  rest 
descend  into  the  ditch,  where,  having  collected  themselves  in  parties 
or  small  columns,  they  mount  the  parapet  on  each  side  of  a  salieDt 
angle ;  then  developing  themselves  on  the  summit,  they  make  a  general 
discharge  and  enter  the  work.  In  order  to  avoid  accidents  in  descend- 
ing into  the  ditch,  or  in  ascending  the  escarp,  it  is  recommended  that 
the  bayonets  should  not  be  fixed  by  the  assailants  till  they  have  gained 
the  berme  of  the  work. 

"But  if  the  redout  is  of  considerable  magnitude,  if  it  is  furnished 
ivith  artilleiT,  and  moreover  protected  by  palisades  in  the  ditches,  and 
abatis  or  otner  obstacles  in  the  front,  the  attack  must  be  conducted 
with  more  powerful  means.  It  should  commence  by  a  fire  of  artiUery 
directed  partly  so  as  to  enfilade  the  parapets,  break  down  the  paUsades 
and  derange  the  abatis,  and  partly  to  destroy  the  merlons  which  cover 
the  artillery  of  the  work.  The  &*e  oi  the  latter  being  thus  in  some 
measure  silenced,  the  light  infantry,  as  in  the  former  case,  endeavour 
by  musketry  to  prevent  the  defenders  from  manning  the  parapets; 
and  in  the  mean  time  coluzmis  of  trpops  advance  towards  the  angles, 
being  preceded  by  parties  of  sappers  and  miners,  who  make  openings 
for  them  in  the  line  of  abatis,  or  cover  with  timbers  the  trous  de  loup, 
if  such  there  be.  If  the  ditch  is  deep,  the  descent  into  it,  and  the 
subsequent  ascent  of  the  escarp,  must  be  facilitated  either  by  placing 
scaling-ladders  or  by  throwing  in  fascines  or  bags  of  hay;  and  any 
palisades  or  other  obstacles  which  may  not  have  been  displaced  by  the 
^eiy,  murt  now  be  cleared  awa/  by  tbe  working  ^e.  which 
accompany  the  troops.  The  fire  of  the  covering  parties  must  ceaap 
while  the  assailants  are  mounting  the  parapet,  but  it  must  recommence 
if  they  should  be  repelled :  in  the  latter  case  the  storming  troops 
reform  their  order  in  the  ditch,  and  again  attempt  to  enter  the  work. 
It  may  be  supposed  that  at  length  they  will  succeed,  when  the  de- 
fenders, if  not  provided  with  a  redout,  to  which  they  may  retire  for 
the  purpose  of  capitulating,  must  surrender  at  discretion.  In  1793, 
the  French  camp  under  Valenciennes  was  protected  by  works  which, 
though  furmshed  with  artillery,  were  open  at  the  gorge ;  and  in  an 
attack,  the  British  cavalry,  having  entered  those  works  at  their  rear, 
made  prisoners  of  all  the  defenders. 

When  a  redout  is  threatened  with  an  attack,  the  officer  comnumd- 
ing  it  endeavours  to  provide  against  the  event  by  disposing  in  front  of 
the  work  all  possible  obstacles  to  the  advance  of  the  enemy,  and  by 
placing  sand-bags  on  the  parapets  in  order  to  cover  tbe  defenders,  who 
are  to  fire  through  small  intervals  left  for  the  purpose :  these  measures 
should  be  taken,  if  not  before,  during  the  night  preceding  the  attack ; 
since  the  latter  generally  takes  place  early  in  the  morning.  On  the 
advance  of  the  assailants,  the  artillery  of  the  work  is  made  to  play 
upon  their  columns ;  and  the  fire  of  musketry  commences  as  soon  as 
the  latter  are  within  the  proper  range.  These  fires  are  kept  up  vigo- 
rously while  the  assailants  are  dearmg  away  the  obstacles,  and  until 
they  have  descended  into  the  ditch.  Should  the  work  have  flanks,  and 
the  guns  behind  them  be  not  dismounted,  a  fire  of  grape-shot  and  of 
musketry  must  now  be  directed  along  the  ditches ;  while  band-grenades 
and  stones  are  thrown,  and  live  shells  are  rolled  into  them  from  the 
parapets  of  the  faces.  The  storming  troops  may  however  persevere, 
and  may  at  length  mount  upon  the  parapet,  in  which  case  they  must 
be  received  by  a  fire  of  musketry  from  the  defenders  on  the  terreplein; 
and  the  latter,  if  overpowered,  must  endeavour  to  retire  or  capitulate. 

Any  works  constructed  within  others,  in  order  to  prolong  their 
defence,  or  to  afiford  a  retreat  for  the  troops  who  occupy  them,  are  also 
called  redouts;  but  by  the  French  engineers,  reduits  or  retrepch- 
ments.  [Retrsxchmxnt  ;  Blgck-hous&J 
REDU^CTIO  AD  ABSURDUM.  [Absurdum,  Reductio  Ad.] 
REDUCTION.  This  term  is  used  in  arithmetic  in  the  well-known 
sense  of  the  operation  of  turning  one  denomination  of  weights  or 
measures  into  another :  thus  shillings  may  be  reduced  to  pounds,  or 
pounds  to  shillings.  It  is  also  used  in  the  same  sense  throughout 
analysis,  namely,  that  of  bringing  one  form  into  another^  making  one 
question  depend  upon  another,  Ac. ;  in  fact,  for  transformation  gene- 
xally.    It  were  to  be  ¥riahed  that  the  latter  word  transformation  should 


take  its  place  whenever  the  two  forms  a^e  of  equal  difficulty  or  the 
two  questions  of  the  same  character,  l^c,  and  that  reduction  should  be 
employed  only  when  there  is  really  ^  reduction ;  ttiat  is,  a  bringing 
down  either  of  dimension  or  difficulty,  &c.  Many  writers  do  use  the 
llfrord  thus,  and  thus  only,  but  others  do  not. 

REDUCTION  INTO  POSSESSION.    [PossEiBjox] 

REEFS,  or  CORAL  REEFS,  are  a  peculiar  kind  of  rock  which 
occurs  abundantly  in  some  parts  of  the  ocean.  They  dififer  froqi  other 
rocks  in  extending  over  a  qousiderable  spape  of  the  sea  in  length,  with 
a  very  narrow  width.  Generally  they  are  also  only  a  few  feet  below 
water ;  so  that  on  the  side  where  they  are  washed  by  the  open  sea, » 
heavy  surf  is  continually  running  against  them. 

Reefs  appear  imder  various  forms.  In  son;^  plapes  they  are  con* 
tiguoiu  to  the  shores,  as  in  the  Red  Sea ;  in  others  they  fringe  the 
shores,  being  separated  from  them  by  a  parrow  channel  of  moderate 
depth.  Sometimes  they  surround  islands  at  a  considerable  distance 
from  the  shores,  and  the  islands  so  encircle4  ^re  almost  without  excep- 
tion of  volcanic  origin.  Very  frequently  they  surroimd  a  portion  of 
the  sea,  within  which  there  are  some  small  islands,  which  are  often 
contiguous  to  the  reefs,  and  seem  to  bp  a  part  of  then:^,  as  both  are 
composed  of  the  same  material.  There  ^are  also  coral  reefs  at  a  great 
distance  from  the  land,  which  run  nearly  parallel  to  it,  like  a  barrier. 
Among  tbe  latter  are  tJiose  of  the  Coral  Sea^  along  the  eastern  coast  of 
Australia. 

The  atteption  of  navigators  and  naturalists  was  first  attracted  to 
those  islands  which  go  under  the  name  of  Lagoon  Islands.  A  reef 
approaching  in  form  to  a  circle  surrounds  a  part  of  the  sea  and  forms 
a  lagoon,  on  the  inner  part  of  which  there  ar^  usually  several  smaller 
islands,  wooded  and  inhabited,  which  arc  contiguous  to  the  reefs  them- 
selves, and  frequently  extend  along  them  with  little  interruption. 
The  water  on  the  outside  is  always  nearly  unfathomable,  but  within 
the  reefs  good  anchorage  is  generally  found,  and  the  reefis  themselves 
have  one  or  more  openings  of  deep  water  by  which  the  l^est  vessels 
may  enter  the  lagoon.  Accurate  observers  soon  discovered  that  the 
reefs  were  composed  of  coral,  and  were  the  production  of  an  animaL 
On  these  circumstances  the  first  theory  of  reefs  was  founded.  This 
theory  received  some  addition  from  Forster,  who  accompanied  Captain 
Cook  on  his  second  voyage.  According  to  him,  they  are  raised  by 
these  small  aninuds  perpendicularly  like  a  wall,  from  a  great  depth  to 
a  very  small  distance  frqm  the  surface  of  the  sea.  The  waves  after- 
wards bring  sand,  niuscles,  tang,  and  ^pieces  of  oond,  and  deposit  them 
on  the  r^ef,  whichf  in  this  way,  is  gradually  raised  above  the  sea-level, 
and  becomes  fit  for  vegetation.  Currents  and  sea-fowls  bring  the  seeds 
of  marine  plants,  which>  being  decomposed,  form  a  mould  on' which 
the  cocoaruut  palm,  when  carried  thither  by  the  waves,  thrives  luxuri- 
antly.  This  theory  of  Forster  was  adopted  and  extended  by  Flinders, 
who  in  surveying  the  coasts  of  Australia  had  abundant  opportunities 
of  observing  the  formation  of  these  islands ;  and  still  more  by  Peron 
and  Chamisso.  The  last-mentioned  naturalist  accompanied  Kotzebue 
on  his  first  voyage  of  discovery  (1816-1818). 

But  facts  have  since  been  observed  by  Quoy  and  Oaimard,  who  ac- 
companied Freycinet  on  his  voyage,  and  published  their  observations 
in  the  '  Annales  dee  Sciences  Naturelles,'  which  are  inconsistent  with 
this  theory.  They  found  that  the  reefs  did  not  entirely  consist  of 
coral,  and  that  the  layer  of  coral  hardly  exceeded  a  few  fathoms  in 
depth.  Besides  this  the  polypiaria  which  are  able  to  form  such  a  layer 
do  not  inhabit  the  sea  to  any  great  depth,  and  are  not  found  where 
the  water  is  more  than  30  feet  deep.  Th^y  therefore  supposed  that 
these  animals  executed  their  work  only  in  those  parts  of  the  sea 
where  the  bottom  had  been  raised  by  some  natural  cause  nearly  to 
the  Bur&ce  of  the  water.  They  supported  their  theory  by  adducing 
the  ^t  that  the  continuity  of  every  lagoon-reef  was  broken  at  one  or 
more  places,  so  as  to  constitute  a  strait  of  very  deep  water,  which 
could  not  be  the  case  if  these  works  were  carried  on  4t  a  depth  of  from 
100  to  200  fathoms.  This  theory  coincides  with  the  views  adopted 
by  Yon  Buch,  in  his  description  of  the  Canary  Islands,  and  has  been 
adopted  by  Ehrenberg,  in  his  pamphlet  '  Ueber  die  Natur  und  Bil- 
dung  der  Goralleninseln  und  Corallenbanke  im  rothen  Meere.;'  and  by 
Darwin,  in  the  third  volume  of  the '  Siureying  Voyages  of  the  Adven- 
ture and  Beagle.*  The  last-mentioned  writer  however  does  not  doubt 
that  the  reefs  which  form  the  lagoon  islands  are  composed  of  coral  to 
a  great  depth,  much  greater  indeed  than  those  polypiaria  which  form 
them  can  live  in.  He  explains  this  in  a  very  ingenious  way,  by 
supposing  that  they  formerly  had  an  elevated  island  in  the  middle,  but 
that  in  those  portions  of  the  sea  where  they  now  occur,  the  bottom  of 
the  waters  was  gradually  lowered  by  subsidence,  by  which  the  polypiaria 
were  enabled  to  continue  their  work  farther,  and  the  mountainous 
islands  in  the  middle  disappeared.  In  other  parts  of  the  Pacific  and 
Indian  ocesns  the  contrary  is  supposed  to  have  taken  place:  the  bottom 
of  the  sea  was  elevated,  and  in  these  tracts  volcanic  i^ands  occur.  He 
observes  that  in  this  respect  these  seas  may  be  divided  into  broad 
bands,  in  which  an  elevation  and  submersion  has  alternately  taken 
place ;  and  he  draws  from  it  some  important  inferences  (p.  562-569). 

Mr.  Darwin  has  subsequently  produced  a  work,  entitled  '  The 
Struclhure  and  Distribution  of  Coral-Reefs,  being  the  first  part  of  the 
Geology  of  the  Voyage  of  the  Beagle,'  London,  1842,  8vo,  pp.  214,  in 
which  he  has  stated  his  views  in  a  systematic  and  comprehensive 
manner.    He  observes  that,  without  any  distinct  intention  to  classily 
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coral-reefs,  most  yoyagers  have  spoken  of  them  under  the  following 
heads,  which  are  nearly  identical  with  the  descriptiye  terms  already 
employed  in  this  article: — Lagoon  Islands,  or  Atolls;  Barrier,  or 
EncircliDg  Reefs ;  and  Fringing,  or  Shore  Reefs.  With  respect  to  the 
lagoon  islands,  he  remarks,  everyone  must  be  struck  with  astonishment 
when  he  first  beholds  one  of  these  vast  rings  of  coral-rock,  often  many 
leagues  in  diameter,,  here,  and  there  surmounted  by  a  low  verdant 
island  with  dazzling  white  shores,  bathed  on  the  outside  by  the  foaming 
breakers  of  the  ocean,  and  on  the  inside  siurounding  a  calm  expanse  of 
water,  which,  from  reflection,  is  of  a  bright  but  pale  green  colour. 
The  naturalist,  he  adds,  will  feel  this  astonishment  more  deeply  after 
having  examined  the  soft  and  almost  gelatinous  bodies  of  the  apparently 
insignificant  creatures,  the  polypifers  [Polypifeba,  in  Nat.  Hist.  Div.J, 
wluch  construct  these  vast  works;  and  when  he  knows  that  the  solid 
reef  increases  only  on  the'outer  edge,  which  day  and  night  is  lashed  by 
the  breakers  of  an  ocean  never  at  rest.  As  the  reef  of  a  lagoon  island 
generally  supports  many  separate  small  islands,  the  word  ''island," 
applied  to  the  whole,  is  often  the  cause  of  confusion;  on  which  account 
Mr.  Darwin  in  this  work  Invariably  uses  the  term  "  atoll,"  which  is  the 
name  given  to  these  circular  groups  of  doral  islets  by  their  inhabitants 
in  the  Indian  Ocean,  and  is  synonymous  with  lagoon  island.  Reefs  in 
most  respects  aUied  to  those  of  the  fringing  class  also  occur  around 
submerged  banks  of  sediment  and  of  wom-down  rock ;  and  others  are 
scattered  quite  irregularly  where  the  sea  is  very  shallow.  Mr.  Darwin 
has  given  a  separate  chapter  of  his  work  to  each  of  these  classes  of 
coral-reefs;  but  the  clas^cation,  he  states,  admits  of  a  more  funda< 
mental  division  into  atoU-formed  and  barrier-reefs  on  the  one  hand, 
where  there  is  a  great  apparent  difficulty  with  respect  to  the  foundation 
on  .which  they  must  first  have  grown;  and  into  fringing-reefs  on  the 
other,  where,  owing  to  the  nature  of  the  slope  of  the  adjoining  land, 
there  is  no  such  difficulty.  Barrier-reefs,  though  little  less  marveUous  in 
their  structure  than  atolls,  had  previous  to  Mr.  Darwin's  researches 
received  but  little  attention,  and  scarcely  any  attempt  had  been 
made  to  explain  their  origin.  He  concludes,  in  conformity  with  the 
summary  statement  of  his  theory,  given  above,  that  in  them  as  well  as  in 
atolls,  the  foundation  on  which  the  coral  was  primarily  attached  has 
subsided,  and  that  during  this  downward  movement  the  reefs  have 
grown  upwards.  "  This  conclusion,"  he  says,  "  explains  most  satisfac- 
torily tiie  outline  and  gener^  form  of  atolls  and  barrier-reefs,  and 
likewise  certain  peculiarities  in  their  structure.  The  distribution,  also, 
of  the  different  kinds  of  coral-reefs,  and  their  position  with  relation  to 
the  areas  of  recent  elevation,  and  to  the  points  subject  to  volcanic 
eruptions,  fully  accord  with  this  theory  of  their  origin."  After  three 
descriptive  chapters,  Mr.  Darwin  describes  in  three  others  the  dis- 
tribution and  growth  of  coral-reefs,  gives  in  detail  his  theory  of  the 
formation  of  the  different  classes,  and  discusses  their  distribution  with 
reference  to  the  theory  of  their  formation.  In  an  appendix,  every 
existing  coral-reef  is  briefly  described  in  geographical  order,  as  far  as 
the  author  possessed  information;  and  their  distribution  over  the 
equatorial  regions  of  the  globe  is  further  illustrated  by  a  map. 
^  Still  more  recently,  since  the  year  1847,  the  subject  of  coral-forma- 
tions has  been  treated  at  great  length  by  Dr.  James  D.  Dana,  in  the 
'  Geology*  of  the  '  United  States  Exploring  Expedition/  during  the 
years  from  1838  to  1842,  under  Commander  Wilkes,  U.S.N.  This 
volume  was  published  at  New  York,  but  is  undated. 

REFINING.    [Assaying;  Copper;  Lead;  Suoab.] 

REFLECTING  TELESCOPES.    [Telescope.] 

REFLEXION  AND  REFRACTION.  [Light;  Optics;  Reprao- 
TiON,  Refbanoibility.] 

REFORMATION  is  the  name  generally  given  to  the  great  schism 
which  took  place  in  the  Western  Church  in  the  first  half  of  the  16th 
century,  and  by  which  a  large  part  of  the  population  of  Europe  has 
become  separated  from  the  Chiuch  of  Rome ;  besides  which,  the  great 
majority  of  the  people  of  the  United  States  of  North  America,  as  well 
as  of  the  English  and  Dutch  colonies,  follow  the  same  mode  of  faith. 

In  order  to  understand  correctly  tiie  history  of  the  Reformation,  it 
is  necessary  to  be  acquainted  with  the  social,  political,  and  intellectual 
state  of  lijurope  in  the  15th  century;  and  for  this  purpose  the  histories 
of  the  councils  of  Constance  and  of  Basel,  and  the '  Historia  Bohemica,' 
by  .^Eneaa  Sylvius  Piccolomini,  are  of  great  service.  [Pius  II.,  in  Bioo. 
Div.]  Previous  to  the  Reformation  the  see  of  Rome  claimed  of  divine 
right,  and  asserted,  with  the  assistance  of  the  lay  power  of  the  various 
states  of  Europe,  an  absolute  authority  over  the  whole  Christian 
Church ;  indeed,  a  tmiversal  authority,  as  exemplified  by  the  gifts  of 
the  Western  world,  the  inhabitants  being  heathens,  to  the  monarchs  of 
Spain  and  Portugal ;  while  the  Greek  Church  was  denounced  as  here- 
tical. By  virtue  of  this  supreme  authority,  the  Roman  pontiff  decided 
absolutely  all  doubts  and  disputes  which  might  arise,  whether  in 
matters  of  doctrine,  jurisdiction,  or  discipline  :  his  decisions  were  con- 
sidered as  infallible ;  and  whoever  resisted  or  gainsayed  them  was  con- 
sidered a  heretic,  and  as  such  liable  to  canonical  censures,  and  also  to 
ttie  temporal  penalties  awarded  by  the  canon  law  against  heretics. 
The  government  of  the  Church  was  therefore  absolute ;  and  the 
Chimjh,  or  rather  the  bishop  of  Rome,  as  head  of  the  Church,  assumed 
alao  a  supremacy  even  in  temporal  matters,  although  the  exercise  of 
this  last  supremacy  was  resisted  by  various  princes.  [Gregory  VIL  : 
Innocent  III. ;  Innocent  IV. ;  Gregory  IX.,  in  Bioo.  Dnr.] 

The  great  object  of  the  Reformers  of  the  16th  century  was  to  over- 


throw the  principle  of  absolutism  in  the  government  of  the  Church,  bj 
contesting  the  infallibility  and  supremacy  of  the  bishop  of  Rome.  Tks 
had  been  already  contested,  and  indeed  set  aside  by  the  ooundis  of 
Constance  and  of  Basel ;  but  the  point  of  contention  bad  never  been 
finally  and  permanently  settled.  The  Reformers  of  the  16tli  centurr, 
however,  went  much  farther  :  they  denied  the  absolute  authority  eveo. 
of  the  councils,  and  they  leuied  towards  the  popular  or  democratic 
principle  in  rdigious  matters,  by  allowing  the  right  of  individual 
interpretation  of  the  Scriptures,  and  discarding  all  tradition  and 
human  authority  in  matters  of  faith ;  and  as  in  the  course  of  their 
struggle  they  were  met  by  several  dogmas  or  doctrinal  tenets  derived 
either  from  passages  of  the  Scriptures  as  interpreted  by  the  Romaa 
Church,  or  from  tradition,  or  from  decisions  of  the  oouncils  or  decretak 
of  the  popes,  which  were  ui^ed  in  opposition  to  them,  thej  set  about 
translatizig  and  commenting  on  the  Scriptures,  substituting  a  different 
interpretation  of  the  disputed  passages,  and  thus  sapping  the  very 
foundations  of  the  whole  fabric  of  Churdi  authority. 

It  has  been  maintained  by  several  writers  that  the  principles  as&erfaed 
by  Luther  and  other  reformers  were  those  of  the  early  ages  of  iha 
Church ;  but  all  that  can  be  proved  seems  to  be  that  in  almost  every 
age  since  the  apostolic  times  there  has  been  here  and  there  a  display 
of  opposition  to  the  absolute  system  in  the  Church;  that  some  peculiar 
doctrines  of  Luther  and  Calvin  had  been  asserted  by  otkeis  long  before 
them ;  and  that  the  Yaldenses  especially,  and  their  neighbours  of  the 
valleys  of  Dauphin^,  had  retained  from  time  immemorial  a  system  of 
Church  discipline  similar  to  that  established  by  the  Reformation  in  the 
churches  of  Switzerland  and  Scotland. 

The  progress  of  the  Reformation  in  Germany  and  Switzerland  has 
been  relat^  in  the  Biog.  Diy.  under  the  names  of  the  chief  actois  in 
that  great  movement.  [Luther;  Bucer;  Melancthon;  Zwisau; 
Calvin  ;  Charles  V. ;  Ferdinand  L  ;  Maurice,  Duke  of  Saiooy ; 
and  others.] 

The  Reformation  in  England  spnmg  from  among  the  people  and  tlie 
clergy.  It  had  begun  with  Wyclifie ;  it  spread  from  England  to  Germaay 
among  the  Lollards  and  the  Hussites,  and  was  carried  back  fr>om  iht 
Continent  to  the  shores  of  Britain  with  a  fresh  impulse  from  the 
preaching  of  Luther,  Bucer,  and  the  Swiss  reformers.  The  schism  of 
Hemy  VIII.  paved  the  way,  but  it  did  not  originate,  nor  promote,  uis 
establish  the  doctrines  of  the  Reformation;  they  made  their  way 
rather  in  spite  of,  than  by  the  favour  of,  that  capricious  kiqg.  It  iras 
only  under  his  successor,  Edward  YL,  that  the  Reformation  became 
established  by  authority.  Still  the  origin  of  the  Church  of  England  as 
a  body  independent  of  Rome  dates  from  the  wayward  deeds  of 
Hemy  VIII.,  and  when  that  Church  afterwards  adopted  the  reformed 
doctrmes,  there  was  a  great  admixture  of  political  and  state  reaaoos  in 
the  final  establishment  of  it,  espedaUy  under  Elizabeth,  and  conse- 
quently much  severity  and  harshness  were  exhibited  towards  those 
who  adhered  to  the  old  religion,  which  threw  for  a  time  a  dubious 
light  over  the  ascendancy  of  uie  Reformation  in  England. 

For  its  progress  and  final  settlement,  we  must  refer  to  the  histories  of 
this  country,  and  the  articles  Bucer  ;  Cranher  ;  Croitwell,  TaoiLks ; 
Edward  VI.;  Elizabeth  of  England;  Gardiner;  Henry  VIIL; 
ALlrt  I.  of  England ;  and  Pole,  Reginald,  in  Bioo.  Diy.  For  the 
Reformation  in  Scotland,  see  Knox  and  Hart  Stuart,  in  Bioo.  Div. 

In  France,  as  early  as  1530,  the  doctrines  of  the  Reformation  bad 
found  their  way  from  Germany  and  Switzerland.      Some  of  those 
doctrines  had  lingered  in  the  south  for  ages  before,  especially  in  the 
mountains  of  Dauphin^  bordering  on  the  Valdenses.    Pierre  Robert 
d'Olivet,  Michel  Cop,  rector  of  ike  University  of  Paris,  Beza,  a2xl 
others,  adopted  and  spread  them ;  and  Margaret,  sister  of  Francis  I., 
and  Bien^,  daughter  of  Louis  XII.,  gave  them  their  oounteoaoce. 
But  Francii  I.,  who  through  policy  secretly  encouraged  the  P^test&nt 
states  of  Germany  against  the  emperor,  persecuted  his  own  subjects 
who  had  embraced  the  new  doctrines.    The  stake  and  the  faggot  were 
employed  at  the  same  time  in  France  and  in  England,  by  Francis  and 
Henry  VIIL,  against  the  Reformers.    In  1535,  fVancis,  attended  by 
his  fajmly,  the  clei^,  the  magistrates,  and  other  ofQoers  of  state,  was 
present  at  the  burning  by  a  slow  fire  of  six  citizens  of  Paris,  who  lud 
been  condemned  by  ^e  parliament  as  heretics.    The  execution  lasted 
two  hours.     This  was  the  forerunner  of  many  scenes  of  a  similar 
character  which  disgraced  France  for  more  than  half  a  century.    Tha 
persecutions,  the  civU  and  religious  wars,  the  truces  and  other  vicisn- 
tudes  of  the  French  Calvinists,  during   the   reigns   of  Francis  L, 
Henri  II.,  Francis  IL,  Charles  IX.,  and  Henri  III.,  are  part  of  the 
history  of  France.    De  Thou,  in  his  '  Historia)  sui  Temporis,'  Besa, 
'  History  of  the  Reformed  Churches  of  France,*  and  the  '  Mdmoires  et 
Correspondence  de  Duplessis  Momay  pour  servir  &  I'Histoire  de  la  Refor- 
mation et  des  Guerres  civiles  et  religieuseB  en  France  depuis  I'an  1571 
jusqu'en  1623,*  Paris,  1824<-34,  are  the  best  contemporary  authorittes 
for  that  period.    At  last,  Henri  VI.,  by  his  '  Edit  de  Nantes,*  1598, 
acknowledged  the  Reformed  communion  as  the  lawful  oraed  o|  a  part 
of  the  French  population. 

The  doctrines  of  the  Reformation  had  made  many  oonverts  in  the 
Netherlands  in  Luther's  lifetime,  and  a  &eah  influx  of  Calvinists  from 
France  and  Switzerland  increased  the  number  of  disaidents  from  the 
Roman  Church.  The  wild  outbreak  of  the  Anabaptists  at  Leyden. 
Miinster,  and  other  places,  threw  discredit  for  a  time  on  the  cause  o£ 
the  Reformation ;  but  these  disturbances  were  soon  put  down.  Daring 
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the  reign  of  Charlee  V .,  the  friends  of  the  new  dootrinee  in  the  Nether- 
lands were  persecnted  as  heretics,  and  many  suffered  death  by  sentence 
of  the  regular  courts  of  the  country ;  but  after  Charles  abdicated,  at 
Brussels  in  1555,  in  favour  of  his  son  Philip,  the  latter,  in  order  to 
extirpate  heresy  more  effectually,  sent  inquisitors  from  Spain  to 
establish  the  tribunal  of  the  Holy  Office  in  the  Netherlands.  This 
gave  rise  to  A  strong  opposition  both  from  the  nobles  and  the  people, 
which,  being  mixed  up  with  politioftl  grievances,  led  to  an  open  insur- 
rection against  Philip^  During  the  long  war  which  followed  between 
the  rebels  and  the  ISpanish  forces,  some  of  the  provinces  separated 
from  the  rest,  and  the  seven  northern  provinces  of  Holland,  Zealand, 
Guelderland,  Friealand,  Utrecht,  Overyssel,  and  Groningen  formed  a 
oonfederacy  by  the  name  of  the  **  Seven  United  Provinces,"  and  pro- 
claimed liber^p'  of  conscience.  The  great  majority,  however,  of  the 
population  of  the  seven  provinces  followed  the  doctrines  of  Calvinism, 
and  have  remained  attached  to  them  ever  since.  The  confession  of 
faith  for  the  provinces  of  the  Netherlands  was  published  in  1562,  and 
was  afterwards  approved  by  the  members  of  the  synod  of  Emden  in 
1571.  The  disputes  that  broke  out  afterwards  between  the  Arminians 
and  Gk>mari0tB  are  related  in  the  article  Abminiub,  in  Bioo.  Div.  The 
synod  of  Dort,  in  1618,  revised  and  republished  the  Netherlandii^ 
confession. 

About  the  year  1556  the  Lutheran  or  Protestant  creed  was  adopted 
as  the  state  religion  in  the  kingdoms  of  Denmark  and  Norway,  under 
King  Christian  III.  Denmark,  however,  as  well  as  Sweden,  has  retained 
episcopacy. 

The  Protestants  or  Lutherans,  as  well  as  the  Calvinists,  became  veiy 
numerous  in  Pohmd  under  the  reign  of  Sigismund  Augustus,  and  many 
of  the  high  nobility  had  embraced  the  Reformed  doctrines.  An  approxi- 
mation was  effected  between  the  Lutherans  and  Calvinists,  and  a  con- 
fession was  drawn  up,  in  concert,  by  the  clexgy  of  both  communions,  at 
Sandomir,  in  1570,  (»lled  *'  Consensus  Sandomiriensis."  The  followers 
of  the  Reformation,  however,  never  constituted  the  majority  in  Poland, 
and  being  afterwards  persecuted  under  Sigismund  III.  and  some  of  his 
successors,  their  number  was  greatly  reduced ;  but  they  were  never 
annihilated,  and  Lutheran  and  Calvinist  congregations  have  continued 
to  exist  in  most  towns  in  Poland.  The  most  complete  account  of  the 
Bef  ormation  in  Poland  is  in  the '  Historical  Sketch  of  the  Rise,  Progress, 
and  Decline  of  tiie  Reformation  in  Poland,'  1838,  by  Count  KrasiniBki. 

In  Hungary  and  Transylvania  both  Lutherans  and  Calvinists  were 
established  early,  and  they  constitute  a  considerable  proportion  of  the 
population  of  those  countries.  The  recent  attempt  of  the  Emperor  of 
Austria  to  repress  them  .and  to  abolish  their  privileges,  has  led  to 
discontents,  aggravated  also  by  other  infringements  on  the  constitutional 
rights  of  the  people,  of  which  the  results  are  yet  (1861)  uncertain. 

The  doctrines  of  the  Reformation  spread  into  Italy  fh>m  Switzerland 
and  Germany  at  an  early  period,  and  found  proselytes  in  several  towns, 
especially  Ferrara,  wh^  Ren^e  of  France,  dudiess  of  Este,  counte- 
nanced Uiem ;  at  Lucca,  Faenza,  Milan,  and  Naples.  Several  learned 
monks  and  priests, — ^the  Capuchin  Ochino  of  Siena ;  Vermigli,  a  canon 
of  Florence;  Montalcino,  a  Franciscan  friar;  Lorenzo  Romano,  an 
Augustine  monk,  and  others, — adopted  and  preached  the  new  tenets. 
Meetings  and  private  places  of  worship  were  established  in  various 
towns.  Paul  IIL,  alarmed  at  this  change,  established,  in  1543,  the 
Congregation  of  tibe  Holy  Office  at  Rome,  with  full  powers  to  proceed 
against  heretics  independent  of  the  ordinaries;  and  he  also  sent  inquisi- 
torial commissioners  into  the  various  provinces  of  Italy  for  the  same 
purpose.  By  these  means  he  effectually  checked  the  cotuve  of  the 
Reformation,  and  his  successors  Paul  I V.  and  Pius  V.  completed  its 
extirpation  by  the  most  severe  measures.  Many  of  the  followers  of  the 
Reformed  doctrines  suffcnred  death  either  hj  firo  or  bv  the  sword  of  the 
executioner.  [Pius  V.,  in  Bioo.  Div.]  Numerous  nunilies  emigrated 
to  Switzerland  on  account  of  religion,  especially  from  Tuscany  and 
Liombardy.  A  considerable  district  of  Calabria,  near  Cosenza,  which 
ia  said  to  have  been  originally  peopled  by  a  colony  from  the  valleys  of 
Piedmont,  having  publicly  adopted  the  tenets  of  the  Reformation,  and 
sent  for  some  Calvinist  preachers  from  Geneva  to  teach  them  and  their 
neighbours,  the  Duke  of  Alcala,  Spanish  viceroy  of  Naples,  about  1560, 
sent  several  inquisitors  with  a  body  of  armed  men,  who  arrested  and 
put  to  death  many  people  in  the  village  of  San  Sisto.  Upon  this  the 
neighbouring  villages  broke  out  into  open  revolt  The  town  of  La 
Guardia  Lomborda  sustained  a  regular  siega  Being  taken  at  last,  a 
general  massacre  of  the  inhabitants  took  place,  with  circumstances  of 
the  greatest  atrocity.    (Botta, '  Storia  dltalia,'  b.  x.) 

In  Spain,  the  doctrines  of  Luther  and  Calvin  spread  in  the  16th 
century,  and  made  numerous  proselytes  at  Seville  and  other  places ; 
but  the  arm  of  the  Inquisition  effectually  eradicated  them.  M'Crie 
baa  written  the  history  of  the  rise,  progress,  and  extinction  of  the 
Reformation  both.in  Spain  and  in  Italy. 

Among  those  authors  who  have  written  or  commented  upon  the  his- 
tory of  the  Reformation,  the  following  deserve  notice : — ^Among  the  Pro- 
testants— Sleidan,  De  Staiu,  RtUgwnii  et  HdpMica,  Carolo  quinto  Ocesare 
CamtnenUmi,  first  published  in  1555,  and  translated  into  EngHsh  by 
E.  Bohun,  with  a  continuation  to  the  end  of  the  Council  of  Trent  in 
1562,  and  published  in  1589;  Spalatinus,  Annalea  ReffymnationU ; 
Beausobre,  HiaUnrt  de  la  JUformaHon  ;  Burnet,  Hittory  of  the  JUf orma- 
tion; Seckendorf,  OommsrUariut  ffigtorico-ApologeticuB  de  Lutheranwno; 
Loacherus,  Acta  et  Doettmenta  Itrformatwnit:  and  among  the  Roman 
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Catholics  —  Maimbourg,  Bittoire  du  Lutheranisme ;  Pallavicini, 
Hutoria  ConcUii  Tridentvni;  Bosauet,  ffittoire  dea  Variations  det 
Egliaes  ProteslarUes  ;  besides  the  general  historians  of  the  Church. 

REFORMATORIES.  By  the  Acts  17  &  18  Vict.  cc.  80  and  169, 
and  20  &  21  Vict.  cc.  48  and  109,  various  provisions  are  made  by  which 
magistrates  may  send  juvenile  offenders  to  rMonnatories,  instead  of  to 
prison,  there  to  be  detained  for  certain  periods,  at  the  discretion  of  the 
magistrate  before  whom  the  young  delinquent  is  charged.  The 
reformatories  must  be  inspected  and  certified  by  a  government 
inspector  before  they  are  legally  entitled  to  receive  juvenile  offenders 
under  the  Acts  referred  to.  Parents  who  have  sufficient  means  are 
bound  to  pay  a  certain  amount  towards  the  expense  of  maintaining 
their  childreoi  while  detained  in  reformatories.  Several  reformatories 
for  adult  criminals,  both  male  and  female,  are  likewise  in  operation.  In 
1856  an  institution  called  the  Reformatory  and  Refuge  Union  was 
established  in  London,  for  the  purpose  of  promoting  the  extension  of 
reformatory  operations.  From  a  statement  published  by  this  Union,  it 
appears  that  there  wert;  at  the  commencement  of  1860,  in  England  and 
Wales,  57  reformatories,  with  accommodation  for  about  4500  inmates ; 
in  Scotland  17,  with  accommodation  for  1840  inmates ;  and  in  Ireland 
6,  with  aocoomiodation  for  680  inmatea  The  accommodation  indicated 
by  these  figures  does  not  show  the  actual  number  of  inmates  at  the 
tune  referred  to,  as  many  of  the  houses  were  only  partially  occupied. 

The  reformatory  best  known,  and  on  the  largest  scale  in  this  country, 
is  that  of  the  Philanthropic  Society  at  Red  Hill,  near  Reigate,  Surrey. 
The  founder  of  the  Philimthropic  Society,  Robert  Toung,  commenced 
hlB  efforts  on  behalf  of  the  children  of  criminals  in  1788.  He  took  in 
succession  four  small  houses  at  Hackney  for  their  reception,  and  placed 
in  each  a  mechanic  or  artisan  to  instruct  them  in  useful  labour.  The 
society  was  incorporated  in  1806,  and  increased  in  importance  and  in 
usefulness.  For  the  last  eleven  years  its  extensive  operations  have 
been  carried  on  at  Red  Hill,  where  the  society's  farm  occupies  an  area 
of  about  240  acres.  By  the  Act  of  Incorporation,  the  objects  of  the 
society  are  defined  to  be  the  children  of  convicted  felons,  or  children 
who  have  themselves  been  guilty  of  criminal  practices ;  and  of  late 
years  admissions  have  been  principally  of  the  last  class,  especially 
juvenile  offenders  sentenced  to  detention  under  the  Act  17  and  18 
Vict.  c.  86,  and  19  &  20  Vict.  c.  109.  To  be  eligible  for  admission, 
the  boy  must  be  under  fifteen  years  of  age,  of  sound  bodily  health,  and 
capable  of  receiving  mental  instruction  and  industrial  training.  By 
special  arrangement,  this  institution  receives  juvenile  offenders  from 
the  eastern  division  of  the  county  of  Sussex,  from  the  counties  of 
Surrey,  Somerset,  Notts,  Salop,  lancoln,  Montgomery,  and  Oxford ; 
from  the  Isle  of  Ely ;  firom  the  boroughs  of  Nottingham,  Hastings, 
Brighton,  and  Reading ;  and  from  the  city  of  London.  In  consideration 
of  the  voluntary  subscriptions  received  from  the  public,  a  limited 
number  of  boys  are  received  into  the  establishment  free  of  charge. 
The  number  of  boys  under  the  society's  care  at  one  time  is  usuaJly 
about  260 ;  they  are  divided  into  five  sections  or ''  families,**  each  with 
a  separate  house,  and  a  master  or  "  father."  This  plan  was  adopted 
from  the  system  so  admirably  carried  out  at  Mettray  by  M.  Demetz, 
although,  the  families  at  Red  Hill  being  larger  in  number  than  those 
at  Mettray,  the  control  of  the  master  is  not  so  effective.  The  sepa- 
ration of  the  £unilies,  however,  is  so  well  kept  up  that,  except  at 
chapel,  many  of  the  boys  never  see  each  other.  T4ie  boys  learn  and 
work  alternately,  half  of  the  number  being  at  school  while  the  other 
half  are  employed  as  shoemakers,  as  tailors,  as  assistants  in  the  dairy, 
in  brickmaking,  or  at  farm-work.  Each  school  has  a  playground 
attached.  There  is  also  a  bathing-pool,  which,  imder  proper  regu- 
lations, is  frequently  used.  The  boys  generally  enjoy  gocd  health. 
The  e^bliahment  is  made  to  produce  as  much  for  its  own  support  as 
possible :  thus  all  the  shoes,  clothes,  &c.,  required  for  the  boys  are 
made  In  their  own  workshops;  grain,  potatoes,  and  garden-stuffs  are 
raised  on  the  farm ;  the  dairy  suppUes  the  milk  and  butter  required, 
and  is  in  such  repute  that  the  surplus  produce  is  in  great  demand  in 
the  neighbourhood.  Bread  is  made  on  the  establishment.  It  is 
pleafdng  to  visitors  to  observe  the  excellent  feeling  which  prevails 
between  the  boys  and  the  masters  and  the  officers  of  the  institution. 
The  conduct  of  the  boys  at  chapel  is  exceedingly  decorous  :  in  giving 
the  responses,  and  in  accempBn3ring  with  their  voices  the  neat  little 
organ  placed  in  the  chapel,  they  manifest  a  gratifying  amount  of 
earnestness.  Forty-five  of  the  boys  were  confirmed  by  the  Bishop  of 
Winchester  in  May,  1859.  The  disposition  of  the  boys  may  to  some 
extent  be  judged  of  from  the  circumstance  that,  of  159  boys  who  were 
out  on  leave  during  1859,  only  4  did  not  return  to  time.  Nineteen 
deserted  the  school  during  the  year.  Five  had  to  be  committed  to 
prison. 

Among  the  sources  of  income  of  the  Philanthropic  Society,  the 
following  may  be  noticed : — ^The  profit  of  the  farm-work  in  1859  was 
448^. ;  on  brick-making,  1062.  The  amount  of  work  done  by  the  boys 
for  employers  in  the  neighbourhood  was  1562. ;  while  upwards  of  6000^ 
was  received  from  government  under  the  Reformatory  Acts.  The  out- 
lay for  training  and  maintenance  was,  on  an  average,  about  20  guineas 
for  each  boy ;  the  total  expenditure  was  7200Z. 

The  number  of  boys  received  during  1859  was  99;  of  these  about 
half  had  lost  father  or  mother,  or  both ;  many  were  the  children  of 
drunken  and  immoral  parents.  Of  those  discharged  during  the  year, 
43  emigrated,  6  were  apprenticed,  5  sent  to  service,  4  to  fiea,  and  35 
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were  sent  to  friends.  About  900  boys  hftve  been  ient  out  as  emignoit^ 
to  Canada,  the  United  States,  and  Australia,  since  the  commencement 
of  the  sohooL  From  a  statement  showing  the  disposal  of  the  boy** 
during  four  years,  1855-1858,  it  would  appear  that  about  11  per  cent* 
of  the  emigrants,  and  abojit  28  per  oeUt.  of  those  in  home  employments, 
relapsed  into  orime. 

Mush  of  the  success  of  the  Phikhthropie  Society's  operations  is  due 
to  the  excellent  management  of  the  Rer.  Sydney  Turner,  now  gorem- 
ment  inspector  of  ref ormatoriee,  who  was  dbaplam  and  secretttry  to  the 
institution  for  a  number  of  years. 

The  following  reformatories  are  in  operation  in  and  hear  Bristol : — 
Kingswood  (established  1852),  for  100  males;  Red  Lodge  (1854),  for 
60  ^Is;  Amo's  Court  (Roman  Catholic,  1856);  for  800  females.  The 
'LivwjtwA  Farm  School,  situated  at  Newton,  near  Warrington,  with 
accommodation  for  80  boys,  was  established  in  1859.  The  magistrates 
in  LiTerpool  have  taken  pains  to  apply  the  provisions  of  "  The  Youth- 
ful OfTenders  Acts,"  and  the  results  have  been  highly  satisfactory.  In 
the  five  years  preceding  the  passing  of  these  Acts  the  average  number 
of  Juvenile  ofiendera  committed  to  prison  Was  1080 ;  in  the  five  years 
following  the  average  fell  to  751 ;  the  highest  number  was  1148 
in  1852 ;  the  lowest  486  in  1858.  The  daily  average  of  juveniles  in 
prison  in  1854  was  110 ;  in  1859  it  was  a  fraction  under  25.  The 
gangs  of  juvenile  offenders  which  formerly  infested  and  plundered  the 
town  have  been  quite  broken  up.  Parents  have  been  called  upon,  in 
aoeordonee  wi^  the  provisions  of  the  Acts,  to  pay  towards  the  expense 
of  thus  reforming  and  traming  the  children  they  have  neglected,  the 
amount  reaching,  on  an  average,  about  2502.  a  year.  ExeUr  had  a 
Female  Refuge  for  discharged  prisoners  of  the  Western  Counties  as 
early  as  1886,  with  acootiimodation  for  20  inmates :  it  has  now,  in 
addition,  the  Devon  and  Exeter  Reformatory  Farm  School,  at  Bramp- 
ford  Wood,  founded  in  1855,  for  80  boys,  and  the  girls'  reformatory  for 
the  Western 'Counties,  for  50  inmates,  commenced  in  1858.  The 
Castle  Howard  Reformatory,  ait  Welburn,  near  Yorib  commenced  in 
1856,  with  acoommodation  for  80  boys,  receives  youths  sentenced  to 
detention  who  have  been  previously  once,  or  oftener,  convicted,  from 
the  North  and  East  Ridings,  the  City  of  York,  and  the  town  of  Hull. 
The  boys  are  employed  chiefly  in  spade  husbandry,  and  are  much  in 
request  as  labourers  by  the  &uiners  in  the  neighbourhood.  The  num- 
ber of  juvenile  offenders  in  the  North  and  l^t  Ridings  has  greatly 
diminished  since  the  opening  of  the  school  With  respect  to  the  town 
of  Hull,  the  testimony  of  the  sitpendiary  magistrates  is,  that  "  juvenile 
crime,  as  a  system,  is  brc^en  up."  The  Manehe^er  and  Salford 
Reformatory,  at  Blackley,  has  accommodation  for  60  boys.  At  Mr- 
mingkam,  the  Saltley  Reformatory  Institution,!  Small  Heath,  has 
acoommodation  for  100  boys;  and  the  Smethwick  Reformatory  has 
accommodation  for  45  girls.  At  Wdkefidd,  the  West  Riding  Reforma- 
tory School  for  girls  was  commenced  in  1856. 

REFRACTION,  REFRANGIBILITY.  Refraction  is  the  turning  of 
a  ray  of  light,  heat»  or  other  imponderable  substance  from  its  direction, 
when  it  falls  oUiquely  on  the  surfaoe  of  a  medium  differing  in  density 
from  that  through  which  it  had  previously  moved.  The  differently 
coloured  rays  of  light  have  different  degrees  of  refrangibility,  as  evi- 
denced by  the  common  prismatic  spectrum ;  in  other  words,  the  re- 
fractive indioes  of  different  lights  vary  for  a  given  medium.  l!1ie 
fundamental  law  of  refraction  and  the  optical  effects  of  this  law  are 
discussed  under  the  heads  Liqht  and  Optics,  and  a  table  of  refractive 
indices  is  given  in  the  article  Optiob,  Practical.  For  the  different 
refrangibilities  of  the  rays,  the  articles  Dispersion  and  Achromatic 
may  be  consulted,  and  for  one  of  the  most  striking  phenomena  thence 
arising  see  Rainbow.  On  the  subjects  of  Fraunhofer's  lines  and  of 
double  refraction,  see  Dispxrsion  and  Undulatort  Theory. 

The  doctrine  of  refraction,  as  distinguished  from  reflection,  is  called 
dioptrics,  and  the  caustics  formed  by  the  continued  intersectionB  of 
refracted  rays  emanating  from  a  luminous  point,  are  termed  dia- 
caustics ;  properly  speaking,  these  are  surfaces,  but  by  confining  the 
investigation  to  the  plane  of  refraction,  they  are  generally  treated  as 
curves.  A  diacaustic  curve,  like  a  catacaustic,  has  the  property  of  being 
rectifiable.  They  are  noticed  in  the  articles  above  quoted,  but  th^ 
are  rather  objects  of  analytical  dexterity  than  of  practical  use. 


densi^in  the  medium  gives  rise  to  a  corresponding 
deviation  in  the  path  of  the  ray.  Now  the  air  is  a  medium  of  which 
the  density  continually  increases  as  its  altitude  above  the  surface  of 
the  earth  diminishes ;  its  density  is  also  altered  in  the  same  stratum 
by  inequality  of  temperature,  and  frequently  from  the  aqueous  and 
other  vapours  which  it  holds.  Hence  arise  the  ordinary  terrtstrial 
refraction  and  the  phenomena  of  Mirage,  Fata  Morgana,  &c.,  which  are 
treated  under  their  respective  heads. 

A  ray  of  light  proceeding  from  a  star  which  is  not  vertical,  on  enter- 
mg  the  atmosphere  is  bent  towards  the  i«diu8  drawn  from  the  earth's 
oentee  to  its  point  of  inoidrace,  and  upon  its  successive  incidences  on 
the  lower  strata  it  contmues  to  bend  towards  the  successive  radii,  thus 
describing  a  curvilinear  trajectory  thrx>ugh  the  ah-.  The  star  is  visible 
m  the  direction  of  the  tangent  to  this  curve,  at  the  p<nnt  at  which  it 
meets  the  eye  of  the  spectator;  hence  the  apparent  altitude  of  the 
stiuv  IS  mcreased  by  refraction,  and  thus  the  sun,  moon,  &c.,  are  visible 
before  the  real  time  of  rising  and  after  that  of  setting. 


From  the  causes  above  assigned  for  atmospheric  refraction,  it  foUows 
that  the  nearer  the  direction  of  the  ray  is  to  the  plane  of  the  horixxn, 
the  greater  is  its  refraction,  and  the  refraction  is  nothing  when  tlie  ray 
is  vertical  This  is  the  cause  of  the  apparently  oval  forms  of  the  sun 
and  moon  in  the  horizon ;  for  the  sun  s  angular  diameter  beitig  token 
at  82  minutes,  its  lower  limb  is  elevated  throu^  horisontal  refraetioo 
more  than  its  upper  by  4  minutes  54  seconds. 

Atmospheric  refraction  of  the  solar  rays  after  sunset,  oomUnea  with 
subsequent  reflection,  is  the  cause  of  twilight,  and  also  of  the  fi^ 
thrown  on  tiie  moon's  siirfaoe  when  eclipsed  by  the  eaitli« 

The  attiount  of  refraction  of  rays  proceeding  from  a  oekslnl  body 
would  be  proportionkl  to  the  tangent  of  its  «enitii  distsooe,  tf  the 
atmosphere  were  homogeneous,  and  the  isenxth  distanfie  8iiiB<sefrtiy 
small  to  allow  us  to  regard  the  refracting  strata  of  air  as  bounded  by 
parallel  surfaces.  Not  only,  however,  is  the  atmosphere  defaetlTe  in 
homogeneity,  but  its  state  is  continually  altering,  as  shown  by  the 
barometer,  thermometer,  and  hygrometer.  A  partly  empfflc  formula, 
the  result  of  numero\is  obseI^^ationB  made  by  Bradley,  gives  a  good 
correction  relative  to  the  first  two  of  these  instruments,  nanaely  :— 

Let  r  =■  57"  x  tang,  zenith  dist.  (2) ; 

h  =  height  of  thermometer  (Fahrenheit} ; 
a  =  altitude  of  barometer  in  inches. 
B  =  the  required  refraction ;  then  shall 
a  400 


=  57^  K^c 


r  .tan  («  — 8r} 


29,6  •    860+^ 

Similar  formuUe  have  been  the  fobjects  of  analytieal  research  to 
Laplace  and  other  modem  mathematicians ;  their  results  are  however 
not  well  ad^ted  for  insertion  in  this  work.     ' 

REFRACTION,  DOUBLE.    [Polarization  op  Light. J 

REFRIGERANTS  are  remedial  agents  which  directly  dhidnL&  tbp 
force  of  the  circulation,  and  reduce  the  heat  of  tiie  body  or  a  portiwi 
of  it,  without  occasioning  any  diminution  of  the  ordinary  senaiMIitT  or 
nervous  energy.  This  deflnition  must  not  be  considered  as  excludiDg 
cold  from  among  the  number  of  such  agents,  because  it  is  capabk> 
when  carried  to  extremes,  of  rendering  the  sensibility  null,  and  utteriy 
extinguishing  the  nervous  power ;  it  is  only  its  moderate  and  thera- 
peutical em^oyment  which  Is  here  contemplated.  Cold,  however,  1b» 
of  late  been  recommended  to  be  carried  locally  to  an  extreme  degree, 
utterly  destroying  for  a  time  and  special  purpose  the  sensibility,  1ha» 
acting  as  an  ansesthetic.  It  is  likewise  appH&d  to  the  spine  with  modi 
benefit  in  some  cases  of  tetanus. 

The  manner  in  which  refrigerants  effect  the  ends  which  they  accom- 
plish is  far  from  being  understood;  and  a  remarkable  feature  in  thdr 
character  is,  that  they  display  tiieir  peculiar  efiects  chiefly  when  tbf 
action  of  the  organs  is  above  their  natural  standard,  and  more  heal 
than  natural  is  evolved.  Till  we  have  a  perfect  knowieiltge  of  tbe 
Boiux^es.  and  mode  of  formation  of  Animal  heat,  we  are  not  Izkrly  to 
possess  a  correct  theory  of  their  mode  of  operating ;  and  at  present,  wfiat- 
ever  plausibility  the  mere  chemical  hypothesis  of  Dr.  Humy  exhibits, 
we  cannot  consider  the  evolution  of  animal  heat  to  be  omer  than  a 
vital  process.  This  function  is  mainly  carried  on  in  the  capiBaries  or 
extreme  vessels,  and  is  much  influenced  by  the  amount  of  supply  c< 
nervous  eneigy  to  these  vessels.  Hence,  when  a  limb  is  paralj^ed,  it 
is  colder  than  the  opposite  sound  member ;  or  when  a  single  nerve  is 
injured,  the  parts  supplied  by  it  have  a  lower  temperature  than  the 
surroimding  ones.  Whatever,  therefore,  hinders  the  free  communi- 
cation of  the  nervous  power  to  a  part  or  to  the  whole  system,  wi£ 
lessen  its  quantum  of  animal  heat.  By  applying  to  the  sunaee  of  tht* 
body  any  acid,  tlie  calibre  of  the  capillaries  is  lessened,  and  hence  the 
paleness  which  is  observed,  owing  to  lees  blood  entering  tliem.  As  the 
blood  fumii^es  the  pabulum  from  which  the  nerves  evolve  the  heat, 
the  less  fuel  the  vessels  contain,  the  leas  potent  wiH  be  the  heat 
resulting.  The  introduction  of  any  article  of  the  class  of  refrigerants 
into  the  stomach  appears  to  operate  by  sympathy  on  the  wholf 
vascular  system,  as  may  be  seen  in  the  case  of  dilute  so^huric  acid 
checking  hsamorrhage.  The  agents  which  are  usually  regarded  » 
refrigerants  are  weak  vegetable  acids,  or  very  greatly  duuted  mineral 
acids ;  some  saline,  neutral,  or  super  asdts ;  and  cool  air,  ice-cold  water, 
and  externally  evaporating  lotions.  An  indirect  refrigerant  is  found  is 
diminishing  the  quantity;  of  animal  food.  [AnnrHLOOisnc  Trxit> 
MENT;  Batbino;  Lotions.] 

REFRIGERATION  OF  THE  QL06E.  Since  the  matliemstical 
researches  of  Fourier  regarding  the  diffusion  and  conduction  oi  heat 
in  a  mass  constituted  as  the  esurth  appears  to  be  in  the  parts  wear  the 
surface,  have  become  in  some  degree  known,  geologists  hiave  been  much 
encouraged  in  attempting  to  connect  with  a  gradual  change  and 
diminution  of  the  internal  temperature  of  the  globe,  such  as  would 
be  consistent  with  Fourier  s  theoretical  results,  the  higher  otder  of 
geological  inferences.  The  phenomena  of  a  general  if  not  universal 
base  of  once  melted  rocks  below  all  the  strata,  the  peculiar  {oiu^n 
called  metamoiphic)  condition  of  the  lowest  of  these  as  compared  with 
the  upper,  the  absence  or  rarity  of  fossils  in  the  lowest  strata,  ihf^ 
evidence  of  even  general  [high  surface  temperatures  on  the  ancient 
land  and  in  the  ancient  sea  as  contrasted  with  the  modem  distribution 
of  climates,  are  all  consequences  supposed  to  be  derivable  frt>m  the 
assumption  of  the  earth  having  once  been  thotx>ughly  very  hot,  and 
being  now  partially  cooled  by  radiation  of  heat  into  the  cold  planetary 
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and  BteUsr  spaces  around  lu.  But  though  sueh  a  deduction  of  i^iano- 
mena  from  a  primAl  condition  of  our  planet  is  or  appears  to  be 
€x>rreet  enough  to  justify  geologists  in  emfMojing  the  hypothesis  ae  a 
means  of  discovering  truth,  they  must  be  oarelul  neither  to  disregard 
inquiries  into  the  certainty  of  the  fundamental  assumptiaiiy  nor  to 
negleot  a  serupulous^ezamination  of  its  oonsequenoes. 

On  the  first  point  Professor  Whewell  communicated  to  the  Ge<»- 
logical  Section  of  the  BritiBh  Association  at  Dublin|(1886),  some 
obserratlons  which  are  likely  to  be  influential  cm  the  seoraid  point,  and 
which  can  ndther  be  condensed  nor  amended. 

"  The  heat  of  the  interior  parts  of  the  earth  has  always  been  treated 
of  by  those  who  have  establisned  the  theory  of  heat  upon  mathematical 
principles.  They  have  hitherto  considered  it  as  proved  upon  such 
principles,  that  the  increase  of  temperature  of  the  substaooe  of  the 
earth  as  we  descend  proves  the  reality  of  an  onffmal  heai»  But  M. 
Poisson,  in  his  '  Th^rie  de  la  Ohaleur/  ]ui^  published,  dissents  from 
this  opinion,  and  is  disposed  to  assign  another  reason  for  the  higher 
temperature  below  the  surfisee.  He  observes  that  the  oosmical  regions 
in  which  the  solar  system  moves  have  a  proper  temperature  of  their 
own ;  that  this  temperature  may  be  different  in  different  parts  of  the 
universe ;  and  that,  if  this  be  so,  the  earth  would  be  some  tin^  in 
acquiring  the  temperature  of  the  part  of  space  in  which  it  has  arrived. 
This  temperature  will  be  propagated  generally  from  the  surface  to  the 
interior  narts.  And  hence,  if  we  solar  system  moves  out  of  a  hotter 
into  a  colder  re^on  of  space,  the  part  of  ihe  earth  below  the  surface 
-will  e^bit  traces  of  that  higher  temperature  which  it  had  before 
acquired.  And  this  would  by  no  means  imply  that  the  inoreaae  of 
temperature  goes  on  idl  the  way  to  the  centre."  ('  Report  of  the 
BritUBh  Association  for  1885,'  p.  66.) 

A  speculation,  perhaps  in  reality  involving  such  views  as  tiiose  of 
M.  Poisson^  though  founded  on  examinations  and  inferences  among  the 
Helvetic  Alps,  was  subsequently ,  brought  prominently  before  the 
geological  world  by  M.  Aganis.  According  to  (this  very  distinguished 
naturalist,  there  is  evidence  from  the  peculiar  efiRBcts  left  by  glacierSj, 
in  the  valleys  of  Switzerland  and  on  the  surfcce  of  the  Jura  Mountains, 
that  the  icy  mantle  which  now  wraps  the  High  Alps  once  filled  the 
vaUoys  for  miles  beyond  its  present  limits,  and,  consequently,  that  the 
blocks  of  Hont  Blanc  and  the  Yalorsine  were  carried  across  the  Lake 
of  Geneva  to  the  Jura,  by  a  mere  glacier  movement  across  an  ice-filled 
hollow.  I^.  Buckland  and  Mr.  Lvell  have  endeavoured  by  similar 
evidence  and  reasoning,  by  the  evidence  of  scratched,  smoothed  and 
grooved  surfskses  of  rock,  and  the  appearance  of  moraine  heaps  in  the 
Highlands  of  Scotland,  near  Edinburgh,  and  in  Cumberland  and 
Westmoreland,  to  prove  that  glaciers  anciently  covered  large  traeta  of 
the  Caledonian  and  Cumbrian  r^ons.  ('QeoL  Proceedings/  1840, 
November  and  December.) 

Moreover,  it  ia  imderstood  to  be  the  opinion  of  M.  Agassiz  that  the 
icy  covering  thus  attempted  to  be  demonstrated  by  its  remaining 
enbcts  in  the  mountainous  parts  of  Great  Britain,  "  once  extended  over 
aU  the  north  of  Europe  and  the  north  of  Asia  and  America,"  and  that 
in  this  "  mass  of  ice  the  elephants  and  other  Tnammalia  found  in  the 
f  rcKsen  mud  and  gravel  of  the  arctic  regions  were  imbedded  at  tiie  time 
of  their  destruction."  To  the  quick  melting  of  this  immense  mass  of 
ice  and  the  currents  of  water  which  resulted,  the  author  attributes  the 
transport  and  depositlnn  of  the  "masses  of  irregularly  rounded 
boulaers  and  grayel  which  fill  the  bottom  of  the  valleys,  innumerable 
boulders  having  at  the  same  time  been  transported,  together  with 
mud  and  graved  upon  the  masses  of  the  glaciers  then  Mt  aloat."  (See 
the  work  of  M.  Agassiz,  entitled  '  Etudes  sur  les  Qladers  de  la  Suiigie,' 
and  the  accounts  of  his  observations  before  the  British  Association  at 
Glasgow  in  1840.) 

Now  it  is  obvious  that  in  examining  this  speculation,  two  ways  are 
open :  first,  a  careful  comparison  of  the  phenomena  with  the  nyno- 
thesis  which  is  proposed  for  their  explanation ;  secondly,  an  inquiry 
into  the  probability  of  the  conditions  which  might  render  such  a 
general  and  extreme  refrigeration  of  the  globe  as  the  hypothesis 
requires  postibU,  Confining  our  remarks  to  the  former  process,  we 
may  observe  :  first,  that  to  admit  the  ancient  existence  of  glaciers  in 
aome  of  the  Highlands  and  Cumberland  vallevs  which  display  gladtU 
effects,  is  one  thmg ;  to  admit  glacial  acHon  as  the  physical  caurte  of  the 
dispersion  of  boulders  and  gravel,  another.  Glaciers  are  found  at  this 
day  in  corresponding  latitudes  and  at  corresponding  elevations  in  the 
southern  parts  of  America  j  a  local  effect  of  causes  which  may  be  con- 
ceived to  have  formerly  produced  an  equal  effect  in  the  northern  zone : 
but  the  distribution  of  the  boulders  and  gravel  is  so  peculiar  and  vet 
so  various,  the  dispersion  of  them  so  wide  in  reglozvi  where,  accordmg 
to  the  present  configuration  of  the  land,  they  could  not  be  pushed  by 
glaciers,  nor  carried  by  floating  ice;  and  the  connection  of  these 
ciroumstances  with  a  great  change  of  organic  life,  so  strict,  that  it  is 
hardly  oonceivable  such  effects  could  be  due  to  anything  but  a  cause 
simultaneously  general  or  successively  repeated.  Of  the  physical 
causes  by  which  the  explanation  of  this  great  phenomenon  has  been 
attempted,  it  will  suffice  to  mention  three  : — 

1.  Great  and  extensive  oceanic  action  consequent  on  mighty  mis- 
placements of  the  solid  land,  and  corresponding  changes  of  land  and 


sea. 


i.  Kepeated  local  displacements  of  land  and  sea,  and  consequent 
litoral  actioh. 


8.  The  melting  of  greftt  droumpolAr  glaoiers^  4Dd  th«  drifting  of 
floating  toe. 

During  the  period  of  nearly  twenty  yean  whioh  has  elapsed  sinoe 
the  first  publieatifia  oi  the  preoeding  portion  of  this  article,  mudi  has 
been  done  on  the  subject,  both  bv  mathematioiaBs  and  geologists.  The 
oonsequences  of  admitting  the  hypothesis  of  the  refngeration  of  the 
globe,  and  the  history  ol  the  gravel  eontaininff  sea-shells  alluded  to 
above,  and  now  ealled  the  "northern  drift/'  have  been  rigorously 
investigated.  Until  within  this  period,  the  only  change  ef  climate 
which  had  been  recognised  by  geologists  as  having  taken  place  during 
the  earth's  geological  history  was  one  from  a  higher  to  a  lower  tempe- 
rature ;  and  for  those  who  believed  in  the  primitive  heat  of  the  globe, 
however  originated,  that  heat  afforded  'One  obvious  cause  for  this 
higher  temperature  at  remote  geological  epochs.  When,  however,  an 
examination  of  the  phenomena  of  the  '*  glacial  epoch  "  (first  conceived  by 
Agassia)  during  and  on  the  gradual  termination  of  whioh  that  drift  was 
acotuaulated,  rendered  it  necessary  to  recognise  a  change  of  climate  in 
Q\vc  owii  region  of  the  globe  (as  mdioated  hj  the  fasts  noticed  in  the 
proppsition  1  above)  from  a  lower  temperature  during  that  period  to  a 
higher  subsequent  temperature,  new  oonditions  were  added  to  the 
jiroblem.  As  we  have  seen,  two  other  causes  hadlieen  already  sug- 
gested, which  might  possibly  account  not  only  for  a  change  from  a 
higher  to  a  lower  superficial  temperature,  but  idso  for  oscillatory 
ohanges.  One  of  these  assigned  causes  rested  on  the  fact  of  the.trans' 
Istory  motion  of  the  whole  solar  mtem  in  spaoe,  and  Uie  hypothesis 
proposed  by  Pooason  of  the  variable  temperature  of  the  different 
regions  through  whieh  it  might  pass;  thus  the  oUUr  cause  assigned, 
pointed  to  in  propositions  1  ami  0  above,  was  the  influence  of  different 
con^gurations  of  land  and  sea  on  the  climatal  state  of  particular 
portions  of  the  earth's  surface.  No  attempt,  however,  was  made  to 
examine  the  efficiency  of  these  different  causes  to  aooount  for  all  the 
phenomena  which  might  be  referable  to  them,  until  We.  William 
Hopkins,  F.R.S.,  of  St.  Peter's  Oollege,  C]!ambridge,  when  president  of 
the  Geological  Society  of  London,  undertook  a  remarkable  investigation 
contained  in  a  paper  communicated  to  that  society  in  1851,  and  pub- 
lished in  its  *  Quarterly  Journal,'  voL  viii.,  pp.  56 — 92, '  On  the  Causes 
which  may  have  produced  Changes  in  the  Earth's  Superficial  Tempe- 
rature.' He  also  returned  to  the  subject  in  his  anniversary  address  to 
the  sodety  in  the  following  year,  printed  in  the  same  volume.  From 
these  papers  is  derived  the  following  view  ef  what  may  be  regarded  as 
the  actual  oondition  of  the  theory  of  the  re^geration  of  the  globe ; 
but  we  have  stated  the  subject  in  a  somewhat  diffarent  order  from  that 
adopted  by  the  author. 

If  theps  be  any  propositions  in  experimental  soienee  which  may  be 
deemed  incontrovertible,  the  following,  Mr.  Hopkins  ooncelvee,  is  one 
of  them : — "  If  a  mass  of  matter— euch,  for  instance,  as  the  earth  with 
its  water  and  its  atmosphere — ^be  plac^  in  space  of  which  the  tempe- 
rature is  lower  than  its  own,  it  will  necessarily  lose  a  portion  of  its 
heat  by  radiation,  until  its  temperature  ultimatelv  approximates  to 
that  of  the  circumambient  space,  unless  this  reduction  of  temperature 
be  prevented  by  the  continued  generation  of  heat."  This  proposition, 
it  wHl  be  seen,  is  equivalent  to  an  explicit  statement  of  the  theory  of 
the  refrigeration  of  the  globe  in  all  its  generality.  Now,  assuming  the 
primitive  temperature  of  the  globe  to  have  been  very  much  greater 
than  at  present,  there  is  manifeetly  no  difficulty  in  accounting  for  any 
higher  superficial  temperature  than  the  present,  at  past  epochs,  pro- 
vided those  epochs  be  sufficiently  remote.  They  must,  however,  be 
exceedingly  remote  to  enable  us  thus  to  accoimt  lor  a  variation  of 
tempefatiu^  which  should  sensibly  affect  the  climatal  conditions  in 
any  part  of  the  earth.  If  the  ooolmg  of  the  earth  were  to  continue 
for  an  indefinite  period  of  time, — asmiming  the  temperature  of  external 
space,  the  stm,  and  the  earth's  atmosphere  to  remain  as  at  present, — 
the  superficial  temperature  would  approximate  indefinitely  near  to  a 
oertain  limit.  The  difference  between  that  limit  and  the  earth's 
preeent  superficial  temperature  is  the  effect  due  to  the  remains  of  the 
primitive  heat.  Theoiy  gives  us  a  simple  relation  between  the  amount 
of  this  effbot  and  the  rate  of  increase  of  temperature  in  descending 
beneath  the  earth's  surface.  Knowing  the  one,  we  can  immediately 
determine  the  other,  and  thus,  having  ascertained  the  rate  of  increase, 
we  know  the  amount  of  superficial  temperature  which  is  now  due  to 
the  earth's  primeval  he^t,  assuming  always  that  heat  to  be  the  cause 
of  the  existing  internal  temperature  of  the  globe.  This  amount  is 
thus  proved  not  to  exceed  about  the  one-thirtieth  part  of  a  degree  of 
the  Centigrade  thermometer,  so  nearly  has  the  earth's  superficial  tem- 
perature approximated  to  that  ultimate  limit  beyond  which  it  could 
never  descend,  supposing  external  oonditions  to  remain  the  same.  It 
has  been  shown,  on  high  mathematical  authority,  that  to  reduce  the 
superficial  temperature  of  the  earth  by  one-half  of  the  above  amount, 
or  one-sixtieth  of  a  centesimal  degree,  it  would  require  the  enormous 
period  of  one  hundred  thoutand  milUona  of  years.  "»It  would  doubt- 
less," says  Mr.  Hopkins,  "  require  us  to  go  back  into  the  past  some 
such  immense  period  as 'this  to  arrive  at  the  epoch  when  the  super- 
ficial temperatiue  should  have  exceeded  its  present  amount  by  even 
one  or  two  degrees.  At  the  same  time,  the  rate  of  increase  of  tempe- 
rature in  descending  beneath  the  surface  would  be  much  more  rapid 
than  at  present.  [The  present  rate  is  about  1*  Fahr.,  or  {"  C.  for  every 
60  feet  of  depth.]  If  the  superficial  temperature  amounted  to  2  C. 
above  its  ultimate  limit,  instead  of  having  j[}th  of  a  decree,  the  rate  at 
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«?bich  the  temperature  would  increase  in  descending  would  be  about 
sixty  times  as  great  as  at  present ;  that  is,  there  would  be  an  increase 
of  1*"  C.  for  little  more  thaii  1  foot  of  depth." 

"  It  must  be  recollected  that  this  state  of  terrestrial  temperature,  if 
due  to  the  cause  we  are  considering/*  that  is,  to  the  refrigeration  of  the 
globe,  "  could  only  have  existed  at  times  which,  eren  in  a  geological 
sense,  must  have  been  extremely  remote.  The  important  peculiarity 
of  tlds  state  of  the  earth  would  seem  to  consist  in  the  simultaneous 
existence  of  a  superficial  temperature,  and  therefore  of  dimatal  con- 
ditions, very  nearly  the  same  as  at  present,  with  on  internal  tempera- 
ture at  the  depth  of  a  few  hundred  feet  and  upwards,  immensely 
greater  than  at  presentb** 

With  regard  to  the  reason  assigned  by  Poisson  for  the  higher  tempe- 
rature below  the  surface  of  the  earth  and  its  changes,  as  cited  above  in 
Br.  Whewell's  observations,  Mr.  Hopkins  remarlu :  "  What  may  have 
been  the  possible  effect  of  this  cause  in  the  lapse  of  indefinite  time,  it 
is  impossible  to  say;  but  I  cannot  understand  how  it  could  be  veiy 
considerable  without  a  totally  different  distribution  of  the  group  of 
stars  to  which  the  sun  should  belong,  or  the  near  approach  of  the  solar 
system  to  some  individual  star.  The  latter  hypothesis,  liowever,  would 
be  inconsistent  with  the  integrity  of  the  solar  system  as  it  now  exists, 
if  we  suppose  the  proximity  to  any  single  star  to  become  such  as  to 
produce  any  material  modification  of  terrestrial  climate ;  and  perhaps 
it  may  be  difficult  to  conceive  how  the  first  hypothesis  should  escape  a 
similar  objection.  At  all  events  it  may  be  regarded  as  certain  that 
according  to  neither  of  these  hypotheses  can  any  considerable  effects 
have  be^  produced  by  this  cause  on  terrestrial  temperature  within  the 
later  Tertiary  period,  and  that  we  cannot  thus  account  for  the  cold  of 
the  glacial  epoch." 

With  respect  to  the  third  supposed  cause  of  changes  in  the  earth's 
superficial  temperature,  we  need  not  follow  Mr.  Hopkins,  as  it  does 
not  belong  to  the  subject  immediately  before  us;  ms  masterly  ex- 
position of  it  will  be  foimd  in  the  papers  already  cited.  For  the 
Bpecial  history  of  the  glacial  epoch,  we  may  refer  to  Sir  C.  Lyell's 
'  Manual  of  Elementary  Geology,'  fifth  edition,  ch.  xL  and  xiL  Mr. 
Hopkins,  in  continuing  his  researches  in  physical  geology,  has  inves- 
tigated the  effects  due  to  the  remains  of  the  earth's  "  primitive  heat ; " 
an  account  of  his  results,  together  with  the  principal  known  facts  of  the 
earth's  internal  temperature,  will  be  given  in  the  article  Teicpeba- 
TURE,  Terrestrial,  Distribution  of. 

REFUGE,  HARBOURS  OF.  In  the  year  1840  a  commission  was 
appointed  "  to  visit  the  coast  between  the  mouth  of  the  Thames  and 
Selsea  Bill ;  to  examine  the  ports  on  that  coast  with  reference  to  theL^ 
being  rendered  available  as  places  of  shelter  for  vessels  passing  through 
the  Channel  in  cases  of  distress  from  weather,  and  sJso  as  places  of 
refuge  for  merchant  vessels  from  enemies'  cruisers  in  time  of  war,  and 
more  especially  as  to  their  being  made  stations  for  armed  steamers 
employed  for  the  protection  of  our  trade  in  the  narrow  parts  of  the 
Channel."  The  commission  made  a  report,  but  no  measures  appear  to 
have  been  taken  in  consequence. 

A  select  committee  of  the  House  of  Commons  on  shipwrecks,  in  a 
report  presented  in  1843,  recommended  the  formation  of  harbours  of 
refuge  in  the  British  Channel,  at  the  same  time  stating  that  they 
refrained  from  pointing  out  any  particular  situations  for  such  harbours, 
from  a  conviction  that  such  situations  would  be  best  decided  by  a 
body  of  scientific  and  experienced  persons  whose  attention  should  be 
specially  and  exclusively  directed  to  the  subject. 

On  the  2nd  of  April,  1844,  the  Lords  of  the  Treasury,  on  the 
suggestion  of  Sir  Robert  Peel,  then  First  Lord  of  the  Treasury, 
appointed  a  commission  consisting  of  twelve  experienced  naval  and 
military  officers  and  civil  engineers  to  inquire  into  the  most  eligible 
situations  for  a  harbour  or  harbours  of  refuge  in  the  Channel. 

The  report  of  the  commissioners  is  dated  August  7, 1844,  and  was 
presented  to  the  House  of  Commons  pursuant  to  an  address  dated 
March  6, 1845.  The  treasury  minute  under  which  the  commissioners 
acted  assigned  three  principal  objects  of  investigation : — 1 ,  the  selection 
or  formation  of  harbours  of  refuge  for  the  safety  and  convenience 
of  vessels  navigating  the  Channel ;  2,  that  in  times  of  war,  such 
harbours  might  become  stations  for  ships  of  war ;  3,  the  expense  of 
constructing  new  works,  as  compared  with  the  public  advantages  likely 
to  result  from  such  works.  The  commissioners  express  their  unani- 
mous conviction  that  additional  means  of  protection  for  the  south- 
eastern coast  of  England  are  absolutely  necessary.  The  harbours 
between  Portsmouth  and  the  Thames  are  only  tidal  harbours,  and 
none  of  them  are  at  present  accessible  to  large  steamers.  The  report 
recommends  certain  ports  and  positions  as  harbours  of  refuge  and 
roadsteads,  and  certam  breakwaters  and  military  defences  in  con- 
nection with  them,  so  as  not  only  to  afford  shelter  to  merchant  ships, 
but  also  to  provide  means  by  wluch,  with  the  advantages  of  steam  by 
sea,  and  railroads  and  telegraphic  communication  by  land,  the  naval 
and  military  force  of  the  country  may  be  thrown  on  any  point  of  the 
south-eastern  coast  in  a  few  hours. 

The  following  harbours  and  positions  were  espeeially  examined : — 
Foreness, near  the  North  Foreland;  Ramsgate;  the  Brtke,  or  Small 
Downs;  Dover;  Dungeness;  Beachy  Head,  Eastbourne,  and  Sea- 
ford;  Newhaven;  Portland  and  Weymouth;  Harwich  Harbour.  Of 
these  pkow  four  are  selected,  Dover,  Seaford,  Portland,  and  Harwich, 
of  which  the  commissioners  estimated  the  expense  required  for  the 


construction  of  the  works  which  they  recommended  as  foUows: — 
Dover,     2,500,000^. ;     Seaford,    1,250,000^ ;     Portland,    500,0002. ; 
Harwich,  50,0002.    It  was  recommended  that  Dover  Bay  ahonlH  be 
converted  into  a  laige  harbour  by  means  of  breakwaten,  with  mn.  aiea 
of  520  acres  up  to  low-water  mark,  and  an  entnyioe  700  feet  wide  on 
the  south  front  and  another  150  feet  wide  at  the  east  end.    Its  situatiop, 
four  miles  and  a  half  from  the  Qoodwin  Sands,  and  ■*«n*^*»^  oat 
favourably  to  protect  the  navigation  of  the  narrow  seas,  is  pecoEariy 
suitable  as  a  station  for  a  squadron  of  ships  of  war.     It  was  reoam- 
mended  to  construct  a  breakwater  in  Seaford  Road,  for  the  proteciaoo 
of  trade  and  as  a  station  for  armed  vessels.    Poitbnd,  as  the  boundary 
of  the  narrow  part  of  the  Channel,  and  with  reference  to  the  rniarw^i 
Islands,  was  recommended  as  another  station  for  a  Bquadron.     The 
construction  of  a  breakwater  there,  it  was  stated,  would  be  easy,  cheap. 
and  expeditious,  as  a  large  pert  of  the  island  facing  the  bey  is  crown 
property,  and  contains  abundance  of  stone :   the  holding-grouiMl  is 
exceedingly  good,  and  the  island  has  abundance  of  water  for  the  supply 
of  ships.    The  island  has  great  natural  advantages  for  defence,  and  far 
the  formation  of  a  naval  and  military  depAt  during  war  to  any  extent 
that  may  be  required.    Harwich  Harbour,  formed  by  the  junctiQa  of 
the  rivers  Stour  and  Orwell,  was  stated  to  have  sufficient  dajMi  of  water 
and  good  holding-ground  over  an  extent  capable  of  containing  maoj 
hundred  ships.    Bv  the  construction  of  a  breakwater  and  drec^^ng  to 
get  rid  of  certain  snoals,  the  commissioners  considered  that  it  might  be 
converted  into  one  of  the  finest  and  most  useful  harbours  in  the 
kingdom. 

The  military  members  of  the  commission  recomm^ided  that  caae- 
mated  batteries  should  be  constructed  on  the  breakwaters  themaehee. 
supported  by  defences  on  the  shore  flanking  the  approaches  to  the 
breakwaters  and  harbours. 

Such  is  a  sketch  of  the  report  upon  which  our  goyemment  has 
acted,  and  in  some  of  its  details  it  is  so  utterly  ridiculous  that  the 
nation  has  reason  to  blush  for  the  appearance  our  official  ■H^'fw^  nmst 
bear  in  the  eyes  of  foreigners ;  nor  have  the  results  actually  attained 
by  the  works  executed  been  much  superior  to  the  so-called  ecieDti&: 
reasoning  on  which  they  were  based.  The  works  at  Harwich  have 
been  completed,  and  already  the  laws  of  the  tides  on  this  part  of  the 
coast  have  produced  the  silting-up  which  ought  to  have  been  foreseec 
At  Dover,  the  works  proceed  slowly  and  with  difficulty ;  but  alreadjr 
it  has  been  found  that  they  have  produced  an  alteration  in  the 
flow  of  the  littoral  current,  and  in  the  advance  of  the  shingle, 
which  has  endangered  the  stability  of  the  present  shore  of  the 
west  side  of  the  bay.  Any  one  accustomed  to  vratch  the  action  oi 
marine  currents  must  have  known  that  such  would  have  beai  the 
case ;  but  then  such  a  person  would  never  have  dreamt  of  judging 
these  questions  by  the  analysis  of  some  bottles  of  sea-water.  Sir  W. 
Symonds  was  perfectly  correct  in  his  view  of  the  question,  and  if  it 
were  necessary  that  a  great  expense  should  be  incurred  in  the  formation 
of  a  new  harbour  of  refuge  on  this  coast,  it  should  be  jdsced  near 
Dungeness,  or  at  the  mouth  of  the  Ouse,  near  Newhaven— without,  of 
course,  neglecting  the  improvement  of  Dover  harbour.  Hie  works  at 
Portland  have  been  more  successful  than  those  at  Dover,  or  at  Har- 
wich, or  at  Aldemey;  and  those  undertaken  at  Holyhead  seem  at 
present  to  enjov  a  very  equivocal  reputation. 

Meanwhile  the  want  of  harbours  of  refuge  on  the  south  and  t6e 
east  coast  of  England  continues  to  be  felt ;  for  between  the  Tyne  and 
the  Humber,  and  between  the  Humber  and  the  Thunes,  there  is  no 
safe  refuge ;  nor  can  a  vessel  of  great  draught  of  water  find  anyshelter 
in  the  British  Channel  between  the  Solent  and  the  Thames.  This  is*  a 
national  question ;  and  it  is  one  which  it  behoves  our  legislature  at 
once  to  grapple  with,  in  the  interest  of  our  now  unprotected  com- 
mercial marine. 

The  commission  of  1840  reconmiended  three  places  as  suitable  for 
harbours  of  refuge — ^Dover,  as  first  in  importance;  Beachy  Head,  at 
second ;  and  Foreness,  as  third. 

{Report  of  the  ComnUssionen  upon  the  SvJbjeet  of  Horbomn  of  Rdnge^ 
1845.) 

REGALIA,  the  ensigns  of  rovalty.  This  term  is  more  eqwdilly 
used  for  the  several  parts  of  we  apparatus  of  a  coronation.  In 
England,  the  regalia  properly  so  called  are  the  crown,  the  sceptre  rojal, 
the  virge^  or  rod  with  the  dove,  St.  Edward's  staff,  the  orb  or  mouixl, 
the  sword  of  meroy,  called  Curtana,  the  two  swords  of  spiritual  aod 
temporal  justice,  tne  ring  of  alliance  with  the  kingdom,  the  annilla 
or  bracelets,  the  spurs  of  chivalry,  and  sundry  royai  vestmeota,  Tht 
regalia  here  enumerated,  all  but  the  vestments,  are  preserved  in  the 
Jewel-Office  in  the  Tower  of  London.  Before  the  ReformatKsi,  in  the 
time  of  Henry  VIIL,  they  were  oonstantiy  kept  by  the  relvpous  of 
the  abbey  of  Westminster ;  and  are  still  presented  before  the  king  on  the 
morning  of  the  coronation  by  the  dean  and  prebendaries  of  that  ehurdL 

In  1649  a  complete  inventory  was  made  out  of  the  r^plia  in  tha 
Tower,  a  copy  of  which  may  be  seen  in  the  additional  notes  to  Hvfiott 
'Glory  of  Regality,' i8vo..  Lend.,  1820;  subsequent  to  which  it  is 
stated  that  the  crowns,  according  to  order  of  parluunent>  were  "  totallia 
broken  and  defaced."  On  the  restoration  of  kingly  government  in  the 
person  of  Charles  II.,  new  insignia  were  made  for  his  coronation,  and 
these,  with  the  necessary  alterations  to  acconunodate  them  to  their 
successive  wearers,  and  to  repair  the  injuries  of  time,  have  continued 
to  the  present  day. 
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REGALS  {Besfote,  It.),  a  souU  portable  finger-organ,  well  known 
dtiring  the  16th  and  17th  centariee,  and  probably  mudi  earlier,  but 
not  now  in  um:  though  Snetder,  the  celebrated  oigan-builder, 
informed  the  Hon.  Dainee  Barrington,  about  the  year  1770,  that  it  wais 
not  then  entirely  lost  in  Germany  ('  ArchiBologiay'  iii  32) ;  and  till 
eighty  yean  aso,  if  not  later,  there  still  existed  an  officer  in  the  royal 
household  called  "Tuner  of  the  Regalls."  In  Bees's  'Cyclopedia' 
this  instrument  is  described  as  having  "  pipes  of  reeds  lor  conrenience 
of  carrisge,"  an  error  arising  from  a  mistaken  implication  of  the  oxgan' 
builder's  term  "reed  stops,"  or  stops  in  imitation  of  hautboys  and  other 
instruments  blown  through  a  reed. 

REGENT,  REGENCY.  These  words,  like  rex,  contain  the  same 
element  as  rego,  "to  rule,"  r^gwis, "ruling;"  and  denote  the  person 
who  exercises  the  power  of  a  king  without  being  king,  and  the  office 
of  such  a  person,  or  the  period  of  time  during  which  he  possesses 
the  power.  Wherever  there  has  been  hereditaj^  sovereign^,  or  an 
hereditary  kingly  office,  it  has  been  found  necessary  sometimes  to  have 
recourse  to  the  expedient  of  appointing  a  regent.  The  cases  are 
chiefly  those  of  (1)  the  crown  dev^ving  on  a  minor  ;  (2)  mental  inca- 
pacity of  the  person  in  whom  the  kizigly  office  is  vested ;  (8)  temporary 
illness,  and  incapacity  in  consequence;  (4)  absence  from  the  realm. 
In  the  first  case  the  regent  has  been  called  in  England  by  the  name 
of  Protector :  the  latest  instance  being  the  minority  of  Edward  YI. 

The  occasional  absences  of  George  I.  and  George  II.  on  visits  to 
their  continental  dominions  rendered  the  appointment  of  regents  a 
matter  of  convenience,  if  not  of  necessity.  Sometimes  the  power  was 
put,  so  to  speak,  in  commission,  being  held  by  several  persons  jointly ; 
but  queen  Caroline  sometimes  possessed  the  functions  of  regent  during 
the  absence  of  G^eorge  II. 

The  nature  of  this  part  of  the  English  constitution  was  however  so 
little  understood,  and  the  practice  was  so  imperfectly  defined,  that 
when  George  IIL  was  incapacitated  for  discharging  the  duties  of 
royalty  on  &e  first  occasion  when  his  malady /became  the  subject  of 
public  notoriety,  a  question  arose,  on  which  the  chief  constitutional 
and  political  authorities  of  the  time  were  divided  in  their  judgments 
The  question  was  this — ^whether  the  heir  apparent,  beiitg  of  fim  age, 
and  the  king's  eldest  son,  did  not  become  of  right  regent.  One  party, 
led  by  Mr.  Fox,  contended  that  he  did.  On  the  other  side,  it  was 
maintained  that  it  lay  with  parliament  to  nominate  the  person  who 
should  be  regent.  No  regent  was  at  that  time  appointed,  the  recovery 
of  the  king  intervening.  When  the  king  was  a  second  time  incapaci- 
tated, all  parties  agreed  in  conferring  the  title,  office,  and  privileges  of 
regent  on  the  Prince  of  Wales,  then  heir  apparent.  But  it  was  done 
by  parliament^  who  laid  certain  restrictions  upon  him  during  the  first 
year;  but  in  the  event  (which  event  did  happen)  of  the  continued 
incapacity  of  the  kiog,  he  was  to  enter  into  the  full  possession  of  all 
rights  and  privileges  of  king,  as  if  the  king  were  dead,  using  however 
only  the  name  of  regent,  not  king :  so  that  in  reality  the  constitution 
of  uie  country  remained  unaltered. 

The  time  when  the  Prince  of  Wales  held  the  office  of  regent  is  the 
period  of  English  histo^  usually  called  "  the  regency,"  just  as  "  the 
regency"  in  reiference  to  French  history  denotes  the  time  of  the  mino- 
rity of  LouiB  XY.,  when  the  duke  of  Orleans  was  regent. 

REGIMENT,  a  body  of  troops,  whether  in&ntry  or  cavalry,  forming 
the  third  subdivision  of  an  army ;  the  uiuon  of  two  or  more  regiments 
or  battalions  constituting  a  brigade,  and  two  or  more  of  the  latter 
making  up  a  grand  division  or  corpt  tParmSe,  A  regiment  is  com- 
manded b^  a  colonel,  a  lieutenant>colonel,  and  a  major ;  and  when  a 
regiment  is  divided  into  two  or  more  battalions,  each  of  these  hihs,  at 
least  when  complete,  its  own  lieutenant-colonel  and  major.  The  word 
denotes,  in  genersl,  any  government;  but  it  is  now  applied  only  to  a 
body  of  men,  indefinite  in  number,  who  are  subject  to  military  regu- 
lations, and  immediately  imder  the  control  of  a  coloneL  The  precise 
period  when  bodies  of  men  were  so  designated  for  the  first  time  is 
uncertain,  yet  no  doubt  exists  that  the  common  application  of  the 
term  took  place  in  France  after  the  middle  of  the  16th  century. 

According  to  Pere  Daniel,  tiie  first  formation  of  corps  of  troops 
corresponding  in  organisation  to  the  modem  regiments  occurred  in  the 
reign  of  Heniy  II.  of  France;  and  that  writer  states  ('  Histoire  de  la 
Milioe  Franfoise,'  tom.  IL,  liv.  xL)  that,  very  s^on  after  the  battle  of 
St^  Quintin  (1557),  in  which  the  Constable  de  Montmorenci  was 
defeated  and  nearly  all  the  French  infantry  was  dispersed,  that  king 
issued  an  ordonnance  for  the  institution  of  seven  legions  of  foot 
soldiers,  each  to  consist  of  6000  men,  who  were  to  be  raised,  or  to  do 
duty,  in  the  frontier  proyinces  of  the  kingdom.  Each  of  these  legions, 
which  was  commandeid  by  a  colonel,  was  divided  into  15  companies, 
and  to  eadi  of  the  latter  were  appointed  a  captain,  a  lieutenant,  and  an 
ensign.  [CoHPAzrr.l  In  this  respect  the  legions  difibred  from  those 
which  FranciB  L  had  attempted  to  raise ;  for  though  each  of  the  latter 
was  to  have  consisted  of  6000  men,  it  was  to  be  commanded  by  six 
captains,  one  of  whom  only  had  the  title  of  colonel ;  and  under  each 
captain  there  were  to  be  two  lieutenants  and  ten  centuriozuL  The 
legions  of  Heiuy  IL  were  never  completed  to  the  extent  prescribed  by 
the  ordormance,  and  the  number  of  companies  in  each  was,  soon  after 
its  promulgation,  reduced  to  six. 

Though  these  legions  had  most  of  the  characteristics  of  a  modem 
regiment,  it  appears  that  they  were  quite  distinct  from  the  bodies  of 
troops  which,  about  the  same  time,  bore  this  name;  and  P.  Daniel 


conceives  that  the  regiments  were  first  formed  from  the  companies,  or 
bands,  as  they  were  called,  of  which,  from  the  time  of  Francis  I.,  or 
earlier,  to  that  of  Henry  II.,  the  itJantry  of  France  duefly  consisted 
Each  of  these  bands  was  commanded  by  a  captain,  who,  according  to 
Brantome,  was  mettre  de  camp  over  his  solders;  that  is,  he  had  no 
officer  above  him  except  the  colonel-general  of  infantry ;  and  the  bands 
were  distinguished  by  the  designation  of  old  and  new,  according  to  the 
dates  of  their  formation. 

Tbid  embodiment  of  the  bands  in  regiments  could  not,  it  Ib  supposed, 
have  been  later  than  1562,  which  was  in  the  beginning  of  the  reign  of 
Charles  IX. ;  and  Daniel  gives  in  support  of  this  opinion  the  words  of 
the  historians  Davila  and  Daubign^,  who,  in  stating  the  events  of  the 
years  1562  and  1568,  mention  by  mune  the  regiments  of  Picardy  and 
of  Brittany ;  the  former  writer,  also,  in  speaking  of  the  renewal  of  the 
civil  war  in  1567,  says  that  the  queen  sent  in  haste  for  the  colonels  De 
BrisBso  and  Strozzi  with  the  old  regiments.  These  last  are  supposed 
by  Daniel  to  have  been  the  regiments  formed  of  the  old  bands  above 
mentioned,  and  to  have  been  so  called  in  contradistinction  from  others 
which  may  have  been  more  recentiy  raised.  In  proof  that  regiments 
thtti  existed  independentiy  of  the  legions,  he  remarks  that,  in  the 
registers  of  the  French  armv  for  the  year  1567,  mention  is  made  of  an 
officer  who  was  colonel  of  the  legion  of  Picafdy,  and  of  another  who  is 
called  colonel  of  the  regiment  of  Picardy.  The  regiment  of  French 
guards  was  raised  in  1563,  by  Charles  IX.,  for  the  defence  of  his 
person ;  and  the  legions  of  Guienne  and  Dauphin^,  which  had  been 
instituted  by  Henry  IL,  and  disbanded  in  1562,  were  by  the  same 
prince  restored  under  the  name  of  regiments,  the  former  in  1567  and 
the  latter  in  1568.  Charles  also  organised  other  regiments,  and  it  is 
probable  that  during  his  reign  the  denomination  becune  generaL  The 
word  terzo,  which,  according  to  Sir  James  Turner  ('Pallas  Armata,* 
1683),  was  in  his  time  applied  by  the  Spaniards  to  a  regiment,  seems 
to  incticate  that  the  numerical  strength  of  the  latter  was  considered  as 
equal  to  the  third  part  of  that  of  some  other  body,  as  a  legion. 

The  time  when  the  luune  and  institution  of  a  regiment  were  adopted 
in  Enghmd  cannot  be  fixed  with  precision ;  but  Sir  James  Turner,  in 
the  work  above  quoted,  remarks  tlut  the  word  regiment  was  not  then 
a  hundred  years  old ;  and  if  it  is  meant  that  the  word  had  been  nearly 
a  century  in  use  in  this  country,  it  would  follow  that  it  was  introduced 
about  1583,  or  about  twenty  years  after  it  began  to  be  used  in  France. 
In  the  account  of  the  pay  of  the  officers  of  ^e  army  which  was  raised 
by  Queen  Elizabeth  in  1588,  when  the  country  was  threatened  with 
the  Spanish  invasion,  mention  is  made  of  the  colonel  and  lieutenant- 
colonel  of  the  regiment  (Grose,  '  Military  Antiquities/  voL  i.,  p.  348) ; 
and  both  colonel  and  regiment  ooctu:  in  Morrison's  account  of  the  army 
in  Ireland,  in  1598.  From  the  time  of  tiiat  queen's  reign  the  British 
army  has  been  invariably  divided  into  regiments;  and  this  practice 
has  been  followed  by  all  the  other  nations  of  Europe. 

The  army  which  it  was  proposed  to  raise  in  1620  for  the  protection 
of  the  Palatinate  was  to  have  been  formed  of  12  regiments  of  infantry, 
each  consisting  of  13  companies,  of  which  the  first,  or  the  colonel's 
company,  was  to  be  composed  of  200  men,  and  the  otiiers  of  150  men ; 
and  there  were  to  be  50  troops  of  horse,  each  consiBting  of  100  men. 
At  this  time,  and  perhaps  earlier,  the  word  battalion  came  into  general 
use  to  denote  either  the  whole  or  some  division  of  a  regiment.  Sir' 
Walter  Baleigh,  in  his  'History,'  calls  the  maniples  of  the  Boman 
troops  at  the  battie  of  Zama  small  battalions.  Each  of  the  four  regi- 
ments of  infantry  which  were  raised  by  Charles  I.  to  serve  against  the 
Scots  consisted  of  1850  men;  and  in  1659,  during  the  civil  wars  in 
this  country,  the  Parliamentitfy  forces  consisted  of  9  regiments  of 
horse,  each  divided  into  6  troops  of  80  men,  and  14  regiments  of  foot, 
12  of  which  consisted  of  1200  men,  and  2  of  1100  men,  all  exclusive 
of  officers.  Each  of  the  regiments  was  divided  into  10  companies ;  and 
there  were,  besides  the  regiments,  5  bodies  each  containing  500  men, 
and  3  others  each  containing  300  men:  these  8  bodies  were  called 
companies,  and  probably  they  corresponded  to  the  companies  or 
independent  bands  in  Uie  French  army  before  the  institution  of 
regiments. 

Soon  after  the  Bestoration  all  the  regiments  were  disbanded ;  two  of 
them,  however,  one  of  which  is  designated  the  lord-general's  regi- 
ment of  foot,  aiid  the  other  his  life-guard  of  horse,  were  immediately 
(1661)  re-engaged  in  the  service  of  the  crown ;  and  in  the  same  year 
the  Scotch  corps  or  band  of  1700  men,  whidi  in  the  time  of  James  I. 
had  gone  into  the  service  of  France,  returned  to  England.  (Daniel, 
tom.  i,  liv.  X.)  This  body  was  then  denominated  the  First  or  the 
Boyal  Begiment  of  Infantry  :  and  it  boasts  of  being  the  oldest  regular 
corps  in  Europe. 

In  1684,  or  near  the  end  of  the  reign  of  Charles  IL,  that  part  of  the 
English  army  which  was  assembled  near  London  was  reviewed  on 
Putney  Heath;  and  a  list  of  the  officers  commanding  the  several 
regiments  is  given  by  Grose  (voL  ii.  Appendix  No.  x.).  The  first 
named  are  three  troops  of  horse-guards,  which  apparently  were  the 
lord-general's  life-guards  above  mentioned.  These  were  afterwards 
disbimded^  and  instead  of  them  there  were  raised  two4at)ops  of  horse- 
grenadier  guards ;  and  in  1788,  when  the  latter  were  reduced,  the  two 
regiments  of  life-guards  at  the  head  of  the  present  list  of  the  British 
regiments  were  nused.  The  second  at  the  review  was  the  Earl  of 
Oxford's  royal  regiment  of  horse-guards,  which  was  divided  into  eight 
troops;  and  these  are  the  royal  horse-guards  which  constitute  the 
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thhd  regiment  in  the  preaent  list.  The  third  was  Lord  GhnrehiU's 
regiinent  of  dn^^ooiiB,  wliioh  was  divided  into  ais  troopa,  and  which  ia 
at  preaent  denominated  the  First  or  the  King's  Piagoon-Ouaida. 

The  infantry  oonsisted  of  the  following  eorps,  namely  i — Two 
bettalions  of  Uie  royal  regiment  of  guards,  now  Mlled  the  Qrenadier 
Quards;  one  battokuon  cS  the  Coldstream  regiment  of  guards,  which 
regiment  still  bears  that  name  3  one  battalion  of  the  Sari  of  Dum- 
barton's regiment,  or  the  royal  regiment  of  infantry  above  mentioned ; 
and  one  battalioB  of  the  Ihike  of  YoriL^  or  the  admind'a,  maritime 
regiment.  This  last,  which  was  named  in  compliment  to  the  king's 
brother  (aftenrards  James  II.)>  was  subsequently  disbanded  or  oon- 
▼erted  into  a  regiment  of  marines.  Ko  other  regiments  were  at  the 
rerieW)  but  there  then  existed  the  queen's  regiment  of  foot,  since  deno- 
minated the  queen's  royal  regiment  of  infui^ :  the  Holland  regiment, 
which  was  raued  in  1666,  and  was  so  designated  because  it  had  served 
in  that  country.  This  was  then  considered  as  the  fourth  regiment  of 
infantry,  after  the  two  regiments  of  guards,  but  it  was  afterwards,  and 
is  still,  dssignated  the  third,  in  consequence  perhaps  of  the  reduction 
of  the  admJralVi  regiment.  The  same  regiment  is  slso  called  the  Bti^, 
from  the  ook>ur  of  the  lacings  of  the  uniforms  ol  the  men.  In  the 
year  1684  a  remment  of  infantry  was  raised  in  Ireland;  and  this 
appears  to  have  oeen  the  seventh,  but  not  being  considered  as  in  the 
pay  of  England  till  some  years  afterwards,  and  other  renments  having 
in  the  int^al  be^  raised,  it  became  the  eighteenth  on  the  list.  This 
is  now  designated  the  Royal  Irish  regiment,  the  epithet  royal  having 
been  given  to  it  for  its  gallant  behaviour  at  the  siege  of  Namur  in 
16M». 

The  augmentations  which  have  since  taken  place  in  the  British  army 
consist  of  one  additional  regiment  of  guards  (infantry),  caUed  the  Scots 
Fusiliers ;  of  2i  additional  regiments  of  cavalry,  making*  exclusive  ol 
the  guards,  25  regiments;  and  of  infantry,  as  many  as  make  100 
regiments  of  the  line,  independently  of  the  loot-guards  snd  the  Rifle 
Brigade,  the  royal  regiment  of  artilkry,  the  corps  of  royal  engineers, 
and  the  royal  corps  of  marines.  The  cavalry  then  ooncdsts  of  2  regi- 
ments d  life-guaxds,  1  royal  horse-guards,  7  regiments  of  dragoon 
guards  (numbered  from  \  to  7),  and  18  other  regiments  of  cavalry 
(numbered  from  1  to  16),  ol  which  the  1st,  2nd,  and  6th  are  dragoons, 
the  6th,  »th,  12th,  Idth,  and  17th  are  laneen,  and  the  7th,  8th,  10th, 
11th,  and  18th  are  hussars.  The  infantry  consists  of  8  regiments  of 
loot-guards,  100  regiments  of  the  line,  the  rifle  brigade,  and  the 
following  colonial  regiment! : — 8  West  ^dia  regiments,  the  Ceylon 
rifle  corps,  the  Cape  mounted  rifles,  royal  Ouiadian  rifle  regiment, 
St.  Helena  regiment,  royal  Newfoundbmd  companies.  Gold  Coast 
artillery  corps,  and  the  royal  Malta  fencible  regiment.  To  these  are 
now  added  what  were  the  Honourable  Eaadk  India  Company\i  regiments, 
which  are  now  amalgamated  with  the  royal  armVi 

As  the  legions  of  Henry  II.  of  France  bore  the  names  of  the  several 
proTinoes  where  they  were  raised,  so  most  of  the  regiments  oompoeiDg 
the  line  of  the  British  army  are  distinguished  by  the  names  of  the 
counties  or  districts  in  which  the  men  were  enlisted :  thus  the  8rd  is 
called  the  East  Kent  regiment;  the  5th,  the  If orthumberlaod ;  the 
0th,  the  royal  Warwick^iire ;  and  so  on.  The  second  of  the  guards, 
also,  is  caUed  the  Coldstream  regimenl 

For  the  divisions  and  evolutions  ol  a  regiment,  see  Battalioit. 

RB0I8TER,  REOISTRATION,  RB0I8TR7.  In  feudal  times, 
the  owner  of  land,  or  at  least  the  person  immediately  entitled  to  the 
profits  arising  from  it,  was  usually  the  oeeupier,  and  his  right  was 
notoriotis  among  his  neighbours ;  for  in  their  presence  possession  or 
$eitim  ol  the  land  was  dc&vered  to  him  upon  the  spot  by  the  lord ;  they 
signed  the  instrument,  which  was  evidence  of  the  grant,  and  they 
formed  part  of  the  lord's  oourt.  In  whkh  the  ^nt  was  usually 
reoorded.    [Cokvitajtciho.] 

,But  thii  simple  method  of  oonveyanee  was  in  the  course  of  time 
found  insufficient  lor  the  more  eomplicated  eiroumstances  of  society. 
Land  by  improved  cultivation  became  more  productive,  and  de 
profits  arising  from  it  were  devoted  to  more  extensive  purposes 
then  when  a  laige  proportion  of  eveiy  great  estate  vras  waste. 
Leases  of  land  then  becune  more  common,  and  as  the  lesMC  was  of 
cotnve  in  actual  possession  of  the  premises,  possession  ceased  to  be 
sufficient  evidence  of  absolute  property  in  land.  Purchssers  there- 
fore now  require  not  only  proof  of  possession  and  production  of  llie 
instrument  by  virtue  of  wluch  the  apparent  proprietor  holds  the  land, 
but  also  an  investigation  of  the  tUle-deedSf  or  documents  which  form 
the  history  of  the  land ;  lest  sny  one  should  hereafter  be  produced 
which  should  be  destructive  of  the  claim  of  the  supposed  owner,  and 
therefore  of  the  title  of  those  who  derive  their  rights  from  hhn.  Thus 
the  eridenee  of  a  right  to  land,  or  to  the  profits  arising  from  land,  con- 
sists psrtly  of  fKiesession,  partly  of  the  facts  disclosed  by  the  written 
documents  or  tiUe-deedt  relating  to  it,  and  hence  partly  again  of  the 
possession  of  the  title-deeds  themselves. 

But  there  are  many  interests  in  hmd  which  exist  without  either  of 
these  protections.  For  instance.  A,  who  is  supposed  by  all  his  neigh- 
bours to  be  the  Owner  of  an  estate  which  he  derives  from  his  ancestors, 
snd  has  occupied  since  his  father's  death,  mortgages  the  land  to  B  for 
a  sum  far  less  than  its  vahie :  he  delivers  the  title-deeds  to  B,  but  (ss 
is  usual)  retains  the  possession  snd  entire  enjoyment  of  the  land  by 
paving  regularly  the  mterest  on  the  mortgage,  and  being  supposed  well 
able  to  pay  the  principal  money  when  demanded.    A  uien  mortgagee 


the  estate  a  second  time  to  C,  to  whom  he  gives  notioe  of  the  prior 
incumbrance  to  B,  and  thus  aoooimts  for  the  absence  of  the  title-daeda, 
which  C  investigates  in  B's  hands.    Here  we  observe  that  C  has  an 
interest  in  the  land,  without  the  security  which  either  posseesion  or 
the  holding  of  the  title-deeds  gives.    A  has  the  one,  B  the  other.    We 
will  suppose  the  two  sums  for  which  the  estate  is  mortgaged  to  be 
nearly  equal  to  its  value.  .  A  borrows  a  further  sum  upon  it  from  D. 
whom  he  informs  of  B's  mortgage,  but  not  ol  C's ;  and  in  case  of  dis- 
pute the  Court  of  Chancery  has  to  decide  between  the  mortgpgees. 
This  would  be;  an  easy  task  if  the  rule  of  equity  were  imdeviatang, 
that  priority  of  time  gives  superior  right  (qui  prior  est  tempore  potior 
est  jure) ;  but  the  rule  that  where  equities  are  equal,  law  shall  prevail, 
destroys  the  simpler  maxim.  The  two  last  mortgagees,  G  and  D,  h^ve, 
we  may  suppose,  only  an  equitable  interest  in  the  land,  A  having 
granted  it  at  the  time  of  [the  first  mortgage  to  a  trustee  tor  many 
hundred  years,  in  order  that  the  stipulations  of  the  mortgage-deed  shall 
be  fulfilled.  [Hobtoaqi.]   This  is  called  creating  a  term  ol  years,  wd 
it  has  the  effect  of  protecting  the  estate  from  any  acts  dosie  subse- 
quently to  the  creation  of  the  term,  and  inconsistent  with  the  object* 
for  which  it  exists.    Those  terms  which  have  not  merged  or  othernriee 
ceased  are  called  OMMaacliiij;  (eroM.    Kowif,  in  the  case  suppoeed^D 
pays  off  B,  and  takes  an  assignment  ef  his  mortgage  and  of  the  out- 
standing tflirm ;  if,  to  use  the  technical  phrase,  he  "  tacks'*  B*s  securi^ 
to  his  own,  he  unites  in  himself  equal  equity  with  C,  aad  also  the 
legal  right  which  the  term  gives  him;  and  then  he  takes  preeedeoce 
of  C,  who  loses  the  sum  whidh  he  had  advanced,  unleasindeed  he  too 
can  fin<^  and  obtain  the  assignment  of  an  outstsnding  term  oreated  by 
one  of  A's  ancestors  antecedently  to  B'a    But  the  ease  may  be  more 
complicated,  and  the  means  of  oaud  still  further  extended.     A  dws ; 
and  then  comes  to  lig^t  a  aettlement  made  by  his  lather,  to  whiek  A 
was  himself  a  psrty,  which  shows  that  A  was  entitled  to  the  estate 
only  during  his  life,  that  the  course  in  which  it  should  90  after  bis 
death  had  been  dearly  defined,  and  that  it  had  been  conveyed,  by  liu 
lather  and  himself,  to  trustees  for  this  purpose.    This  discovery 
destroys  the  estates  of  B,  C,  and  D  alike.    These  cases,  or  oases  par 
taking  of  the  character  of  these,  whether  the  result  of  ignorance^  or 
accident,  or  fraud,  are  frequent  sources  of  litigation  :  they  9iim  froa 
the  facility  afforded  for  the  concealment  of  deeds  by  the  pvaeaat 
system  ol  conveying  land ;  and  besides  the  direct  injury  which  thiy 
do  to  the  individuals  involved  in  them,  they  produce  a  leelingaf 
inseourity  conceming  the  titles  to  land,  which,  jomed  to  the  diffioilty, 
olten  the  impossibility,  of  proving  titles,  espeoially  by  deaoeat,  renders 
the  alienation  of  land  or  the  nusing  of  monev  upon  it  difficult  sad 
oostly.    Again  the  advantage  derived  from  obtaining  an  assignment 
of  outstanding  terms  causes  a  conveyanosr  to  investigate  the  various 
transfers  and  transmissions  of  them  with  as  mudi  care  as  the  title  to 
the  lee ;  and  as  it  may  be  safest  to  obtsin  the  assignment  of  ss  many 
outstanding  terms  as  csn  be  procured,  uid  especially  of  the  most 
ancient,  there  are  a  variety  of  claims  to  an  interest  in  an  srtatn.  all  to 
be  proved  by  the  seller,  and  investigated  by  the  purchaser.    The  deed 
too  assigning  the  term  is  usmdly  distinct  from  the  conveyanoe  of  the 
lee,  and  is  often  of  great  length.      Hence  vast  additjflsial  expense  is 
incurred  in  the  sale  and  mortgaging  of  lanoL 

But  supposing  it  to  be  oertain  that  no  concealed  charge  sfibsls  land, 
it  may  luappen  that  the  undoubted  owner  of  it  may  be  unable  to 
prove  his  right  from  want  of  the  title-deeds.  N  pnesespfw  an  estate, 
which  niay  be  a  small  part  of  a  much  larger  estate,  ol  which  the 
owner,  H,  retains  the  title-deeds,  giving  to  K  aiithentioaied  or  aUaied 
eopim  of  them,  and  a  covenant  that  he,  H,  ^when  required,  wiU  pro- 
duce the  originak.  But  M  sells  the  estate,  and  the  title  deeds  pase 
into  hands  not  bound  by  tha  oovsiumi^  $0  prodtto^j  or  ha  diss>  and  hk 
representatives  sre  unknown ;  or  sgain^  K  himsell  sells  his  portion  of 
the  estate,  and  he  cannot  transfer  the  benefit  of  his  covenant 
[Covbrant]  ;  or,  by  a  multitude  ol  aocidents,  the  deeds  el  some  of 
them  are  lost  InstAnces  have  been  known  where  the  mere  expeoie 
of  giving  attested  copies  of  deeds,  which  a  person  who  had  oontncted 
to  sell  an  estate  was  bound  to  furnish,  has  exoeeded  the  value  of  the 
estate. 

A  large  proportion  of  the  land  in  the  oountry  Is  thus  unmaiketahle, 
either  from  the  fear  of  latent  incumbrances,  or  from  the  inability  d 
the  owner  to  produce  his  title-deeds.  Prior  incumbrances  are  indeed 
somewhat  assorted  by  the  doctrine  of  courts  of  equity,  that  if  a  sob- 
sequent  purohsser  or  mortgagee  has  notioe  of  the  preivious  charge 
before  his  own  transaction  with  the  estate,  he  shall  not  by  any  dsrioe 
obtain  priority  over  that  charge.  But  notice  does  not  necessarily 
imply  knowledge,  pff onoi.]  Kotioe  may  be  an  actual  dirset  intima- 
tion of  a  fiMst  e^ven  to  the  party  or  his  agents,  which  is  eaOed  mehuU 
notice;  or  it  may  be  onJ^  something  leading  a  discreet  peraon  to  an 
investigation,  whkh  would  enable  him  to  discover  the  &et ;  thus  the 
existenee  ol  a  suit  (lis  pendens)  touching  the  land  affsets  the  purchaser 
or  mortgagee  with  notioe.  This  latter  class  ol  notiee  is  called  eomttntc^ 
Hw ;  it  is  so  vague  as  to  be  easy  ol  proofs  and  diffiouH  to  avoid;  and 
one  consequence  of  the  admisaion  of  it  in  a  court  of  equity  is,  that 
soUdtors  often  think  it  their  duty  to  avoid  investigations  wliidi  might 
lead  to  constructive  notioe,  and  so  endanger  ^e  priority  of  their 
client's  security. 

These  remarks  may  assist  the  unprofessional  reader  in  understand- 
ing the  use  of  a  (General  iPubUo  Hegister  of  all  deeds  or  instruments 
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affecting  land,  in  otder  to  aeoure  titles  against  the  loss  or  doBtraetion, 
or  the  fraudulent  suppreasion,  or  accidental  non-produotiDn  of  instru- 
ixients ;  to  simplify  titles  by  rendering  in  most  cases  needless  the 
assignment  of  outstanding  terms;  to  protect  them  from  the  con- 
sequences of  construotiTe  notice ;  and  to  render  oonveyanoes  shorter 
and  more  simple. 

To  A  certain  extent  stich  registers  have  been  already  established  in 
England.  By  the  27  Henry  VIII.,  &  16,  it  is  enacted  that  all  batigains 
and  sales  of  latld  shall  be  enrolled.  [Bargain  and  Sals.]  The  2  <^  8 
Anne,  c.  4  (amended  by  6  Anne;  c.  18)  directs  that  a  memorial  of  all 
deeds,  conveyances,  and  wills  concerhing  any  lands  in  the  West  Riding 
of  Yorkshire  may,  at  the  election  of  &e  parties,  be  registered ;  and 
that  any  conreyance  or  will  afibcting  the  same  lands  shall  be  deemed 
▼old  agahist  a  Subsequent  coftTeyance  imleas  a  memorial  shall  be 
registered.  Thb  6  Anne,  c.  85,  recites  that "  lands  in  the  Bast  Riding 
of  York,  ahd  in  the  toWn  and  county  of  the  town  of  Kingston-upon- 
Hnll,  are  genetnlly  freehold,  which  mav  be  so  secretly  traxltferred  or 
conveyed  from  one  person  to  another^  that  such  as  are  ill  disposed  have 
it  in  their  power  to  commit  frauds,  and  frequently  do  so,  by  means 
-whereof  several  persons  (who,  through  many  years'  industry  in  their 
trades  and  employments,  and  by  great  frug&Uty,  have  been  enabled  to 
purchase  lands,  or  to  lend  moneys  on  land  security)  have  been  undone 
in  their  purchases  and  mortgages  by  prior  and  secret  conveyances  and 
fraudulent  incumbrances ;  and  not  only  themselveS)  but  their  whole 
families  thereby  utterly  ruined;"  and  then  the  Act  establishes  a 
register  of  the  memorials  of  deeds  and  wills  in  the  Eist  Riding  of 
Yorkshire.  The  T  Anne,  c.  20,  establishes  such  a  register  for  Kiddle- 
sex  ;  and  the  8  George  II.,  c.  6,  establishes  one  for  the  North  Riding 
of  Yorkshire,  and  provides  that  deeds,  wills,  and  judgments  affecting 
land  may  be  registered  at  length,  instead  of  the  regLstration  of  mere 
memorials  of  them.  In  the  Bedford  Level  too  there  is  a  registration 
of  all  deeds  aSbcting  land  there.  These  registers,  owing  to  the  insuffi- 
ciency of  their  indexes,  and  to  some  other  defects,  do  not  answer  all 
the  purposes  which  might  be  expected  from  them,  and  in  many 
respects  their  sirrangements  are  cumbrous  and  expensive :  nevertheless 
no  one  has  proposed  to  abolish  thlBm.  A  registration  of  wills  has 
long  been  estabfished,  not  certainly  upon  a  good  plan,  since  it  il  not 
always  possible  to  say  beforehand  in  wnat  court  a  will  has  been  proved, 
but  nevertheless  with  great  advantage.  The  Act  lor  Abolishing  Fines 
and  Recoveries  (3  ft  4  Wm.  IV.,  c.  74)  substitutes  for  them  a  deed 
-which  is  enrolled  in  the  Court  of  Chancery.  In  Ireland,  in  the 
Colonies,  in  inost  of  the  United  States,  ill  Sweden,  France,  atkd 
Italy,  and  in  many  of  the  German  States,  registers  are  established. 
Nor  is  it  found  that  the  disdosures  which  a  register  makes  of  the  state 
of  landholders*  property  produce  inconvenience,  even  supposing  such 
disclosures  inseparable  (which  they  are  not)  from  all  systems  of 
registration.  It  is  obviously  for  the  public  benefit  that  the  Apparent 
extent  of  a  person's  landed  property  should  not  induce  men  to  give 
him  a  credit  to  which  the  actual  amount  of  that  property  does  not 
entitle  him. 

It  is  clear  then  that  if  a  register  is  established,  which  must  be 
sooner  or  later,  it  ought  to  be  taken  as  sufficient  notice  of  the  docu- 
ments registered ;  and  that  on  the  other  hand  default  of  registration 
ought  not  to  be  remedied  by  any  proof  even  of  actual  notice. 

The  Act  1  ft  2  Vict.  c.  110  profvides  that  no  judgment  of  the  superior 
courts,  or  decree  of  the  courts  of  equity,  shall  sffbct  lands  unless  a  inemo- 
randum  thereof  be  registered  in  the  Court  of  Common  PleaS.  It  also 
enacts  that  no  pending  suit  (lis  i)endenB)  shall  affect  the  purchaser  or 
mortgagee  with  notice,  unless  a  similar  memorandtun  is  restored,  this 
entry  aJbo  being  renewed  every  five  years.  The  Act  also  requires  crown 
debtoi^  to  be  registered  in  the  same  office,  and  provides  means  for 
obtaining  and  recording  their  discharge  from  their  liabilities  to  the 
crown ;  but  the  Act  does  not  require  the  renewal  every  five  years  of 
the  entry  in  this  case. 

Persons  becomiag  purchasers  and  mortgagees  since  the  passing  of  the 
Act  23  ft  24  Vict.  c.  88  (2drd  July,  I860),  are  not  even  aflbcted  by  this 
registration  of  judgments,  however,  unless  process  of  execution  be  also 
issued  and  registered  before  tiie  date  of  the  conveyance  or  mortgage, 
and  enforced  within  three  calendar  months  after  sucn  registration. 

REGISTER  ACT.    [SHippino.] 

REGISTRATION  OP  BIRTHS,  DEATHS,  AND  MARRIAGES. 
Parish  registers  were  not  kept  in  England  till  after  the  dissolution  of 
the  monasteries.  The  12m  article  of  the  injunctions  issued  by 
Cromwell,  Henry  VIII.*s  secretary,  in  1638,  directs  that  eveiy  clergy- 
man shall,  for  every  church,  keep  a  book  wherein  he  shall  register 
weekly  every  marriage,  christening,  and  death ;  any  neglect  being  made 
penal  In  the  first  year  of  the  reign  of  Edwutl  YI.  (1547),  eccle- 
siastical visitors  were  sent  through  the  different  dioceses  in  oider  to 
enforce  various  injunctions,  and,  among  others,  that  of  Cromwell  with 
respect  to  parish  registers.  In  the  beginning  of  Elizabeth's  reign  this 
injunction  was  repeated,  when  the  clergy  were  required  to  make  a 
protestation  in  which,  among  other  things,  they  promised  to  keep  the 
register-book  in  a  proper  and  regular  manner.  In  1694  an  Act 
(6  ft  7  Wm.  III.  c.  6)  for  a  general  registration  of  marriages,  births, 
and  deaths,  was  pkissed  merely  for  purposes  of  revenue  :  it  is  entitled 
**  An  Act  for  granting  to  his  Majesty  certain  rates  and  duties  upon 
Marriages,  Births,  and  Burials,  and  upoa  bachelors  and  widowers,  for 
the  term  of  five  years,  for  carrying  on  the  war  against  France  with 


vigour.**  It  is  a  very  long  Act>  in  which  the  duties  are  minutely  set 
down.  A  supplementary  Act  was  passed  (9  Wm.  III.  c.  82),  entitled 
"  An  Act  for  prevehting  frauds  and  abuses  in  the  enlarging,  collecting, 
and  paying  the  duties  upon  marriages,  births,  burials,  bachdors,  and 
widowers."  The  52  Geo.  III.  c.  146  (28  July,  1812),  entitled  ''An 
Act  for  the  better  regulating  and  preserving  parish  and  other  registers 
of  births,  baptisms^  marriages,  and  buriali  in  England,''  made  some 
alteration  in  the  law,  chiefly  with  reference  to  having  the  books  made 
of  parchment  or  strong  paper,  and  to  their  being  kept  in  dry  and  well- 
painted  iron  chests. 

The  Rogistmtion  Act  (B  ft  7  Wm.  IV.  o.  66 :  17  Aug.,  1836), 
entitled  ''An  Act  for  registering  Births,  Deaths,  and  Marriagas,  in 
England,"  came  into  operation  July  1, 1837.  By  the  44th  section  of 
the  6  ft  7  Wm.  IV.  d.  85,  entitled  "  An  Act  for  Marriages  in  England," 
the  provisions  of  this  Registtution  Act  are  extended  to  the  Marriage 
Act,  and  sdms  further  fiidlitieB  and  regulitions  were  given  by  the  19 
ft  20  Viet  &  119. 

The  most  important  provisions  of  these  Acts  are  the  following : — A 
general  registry-o£^ce  provided  in  London  at  Somerset  House.  ArtftniQ 
abstract  of  registers  to  be  laid  before  parliament.  Register-offices 
to  be  provided  in  each  union  by  the  guardians,  and  to  be*  under  the 
care  of  the  superintendent-registrar.  Registrat-  and  deputy  to  dwell  in 
the  district^  and  their  names  and  additions  to  be  put  on  their  dwelling- 
houses.  Register-books  to  be  provided  by  the  registrar-general,  lor 
tnaking  bntries  of  all  births,  deaths,  and  marriages'  of  hk  majesi^s 
subjects  in  England^  according  to  prescribed  forms.  Registrsrs 
authorised  and  required  to  inform  themselves  carefully  of  evety  birth 
and  death  t^hich  snail  happen  within  their  district,  and  to  Isam  and 
register  as  soon  after  the  event  as  oonveiiientiy  may  be  done,  the. 
particulars  required  to  be  registet^  touching  every  birth  or  every 
death.  Parents  and  oMupiers,  within  forty-two  days  after  birth  and 
five  after  deaths  to  give  notice  thereof  to  registrar ;  and  owners  and 
coroners  to  do  so  fbrthwith  in  cases  of  foundlings  and  exposed  dead 
bodies.  Parents  and  occupiers,  on  being  required  by  the  registrar, 
within  forty-two'  days,  to  give  all  the  pattumlars  required  to  be 
registered  respecting  birth.  Children  bom  at  sea  to  be  registsted  by 
the  captain.  After  the  expiratioh  of  f orty-t^o  days  from  the  birth  of 
the  cluld,  it  can  only  be  registered  trithin  six  months,  on  the  solemn 
declaration  of  the  particulars  before  the  superintendent-registrar,  who 
is  to  sign  the  entry,  and  to  receive  2v.  6c?.  and  registoar  5s.,  exthk  fee ; 
and  no  registt«tion,  after  forty-two  days,  shall  be  made  otherwise  than 
as  above,  under  a  penalty  of  50i.  Births  are  not  to  be  registered  after 
six  months,  and  no  registration  after  that  date  is  to  be  received  as 
evidence.  Name  givto  in  baptism  may  be  registered  within  six  months 
after  registration  of  birth,  on  production  of  a  certificate  by  the 
minister.  Some  person  present  at  death,  or  occupier  of  house,  is 
required  to  give  particulars  of  death,  on  application  by  registrar,  wiUiin 
eight  days;  registrsr  to  make  entry  of  finding  of  jury  upon  coroher's 
inquests.  Registry  of  persons  dying  at  sea,  containing  particulazB,  to 
be  kept  by  the  captain.  Redstrar  to  give  certificate  of  death  to 
undertaker,  who  shall  deliver  tne  same  to  the  minister  or  officiating 
person,  and  unless  such  certificate  is  delivered  the  minister  must  give 
notice  to  the  registrar  ;  but  the  coroner  may  order  body  to  be  buried, 
and  give  certificate  thereof;  and  if  any  dead  body  shall  be  buried 
without  certificate  of  regiStty  or  of  inquest,  and  no  notice  given  to  the 
re^strar  within  seven  .days,  the  party  forfeits  iQt.  Every  register 
must  be  signed  by  the  informants  Regis^iars  to  make  out  accounts 
quarterly,  to  be  verified  by  the  superintendent,  and  are  to  be  paid  by 
the  guardians,  as  directed.  Marriage  register  books  to  be  provided  by 
the  registrar-general  for  ministers.  Marriage  registers  to  be  kept  in 
duplicate,  and  etety  entty  shall  be  signed  by  the  cleigyman,  or  the 
registorintg  officer,  or  secretary  of  Quakers  and  Jews,  by  the  persohs 
married,  ahd  by  two  Mtnesses.  Certified  copies  of  regiBtei:s  of  births 
and  deaths  to  be  sent  quarterly,  at^d  the  register-books  when  filled,  to 
the  superintendent-registrar.  Duplicates  and  certified  copies  of 
registers  of  marriages  to  be  sent  to  superintendent^egistrar.  Snper- 
intendent-r^gistrars  to  send  oer^ed  copies  df  registers  to  the  general 
register-office.  Searches  may  be  made  and  certificates  given  b^  the 
persons  keeping  ^e  registers,  on  payment  of  the  fees  prescribed. 
Indexes  to  be  kept  at  general  register-office,  sesrdies  allowed,  and 
certified  copies  giveh.  Certified  copies  (certificate  to  bear  a  penny 
stamp,  to  be  also  paid  for  by  the  applicant)  given  at  general  register- 
office  to  be  sealed,  and  shall  then  be  evidence  without  farther  proof. , 
Ministers,  fto.  may  ask  parties  married  the  particulars  reqtdred  to  be 
registered;  and  wilfully  giving  false  information  is  perjury.  The 
penalty  fot  not  dulv  registering^  births,  deaths,  and  inarriages,  or  fbr 
losing  or  injuring  the  registers  is  not  to  exceed  502.  The  penalty  for 
destroying  or  falsifying  register-books,  or  entries  therein,  or  giving 
false  certificates,  Is  felony.  Accidental  errors  may  be  corrected,  within 
one  month,  in  the  presence  of  the  patties. 

Another  Act  was  passed  (1  Viet,  c;  22— June  80,  1887),  entitle 
"  An  Act  to  explain  and  Amend  two  Acts  passed  in  the  last  session  of 
Parliament,  for  Marriages,  and  for  registering  Births,  Deaths,  and 
Marriages,  in  England."  This  Act  consisto  chiefly  of  arrangements 
necessary  to  extend  and  improve  the  provisions  of  the  Reg&tration 
Act. 

Previous  to  the  Registration  Act  6oihing  Into  operation  it  was 
necessary  to  divide  the  country  into  districto  of  convenient  oise  for 
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equalizing  the  labours  of  the  registrars  by  contracting  the  area  where 
the  population  was  dense,  and  extending  it  where  the  population  was 
thin.  To  each  district  a  registrar .  of  births  and  deaths  is  appointed, 
and  also  a  registrar  of  marriages ;  and  in  each  union  there  is  a  super- 
intendent-registrar. The  registrar  of  births  and  deaths  is  appointed  by 
the*  guardians,  and  is  always  a  resident  in  the  district  in  which  he  acts. 
The  registrar  of  marriages  is  appointed  by  the  superintendent-registrar, 
subject  to  the  approyal  of  the  guardians. 

On  August  7,  1854,  an  Act  for  ft«*iiniln.fiwg  the  registration  of 
births,  deaths,  and  marriages  in  Scotland  to  that  of  England  was 
passed.  A  registrar-genend  was  appointed,  and  the  returns  of  the  two 
kingdoms  are  now  annually  laid  before  parliament.  The  measure  has 
not  yet  been  applied  to  Ireland. 

REGISTRATION.  (ScoUand.)  The  registration  of  documents  in 
Scotland  is  intimately  connected  with  the  titles  of  real  property,  and 
with  the  execution  of  the  law.  It  is  thus  divided  into  two  distinct 
departments,  which  may  be  considered  separately — Registration  for 
Proservation  and  Registration  for  Execution. 

Registration  for  Preservation,  in  its  simplest  form,  is  merely  the 
preserving  of  an  attested  transcript  of  any  deed  in  a  public  register, 
that  thus  an  authentic  copy  may  be  had  recourse  to  in  case  the  original 
should  be  lost.  Besides  the  regular  statutory  records  of  particular 
deeds,  there  are  books  attached  to  the  several  courts  of  civil  juris- 
diction, in  which  parties  may  for  their  own  convenience  register  such 
documents  as  do  not  require  by  any  special  obligatory  law  to  be 
recorded.  It  is  a  general  rule  that  extracts  from  any  such  records 
may  stand  in  the  place  of  the  originals  when  these  are  not  forth- 
coming. In  the  case  of  deeds,  of  which,  as  will  be  seen  below,  it  is 
not  the  deed  itself,  but  its  registration,  that  makes  the  completed  title, 
an  extract  from  the  register  is  the  proper  doctmient  to  be  produced. 
In  actions,  however,  the  object  of  which  is  the  annulling  the  deed  on 
some  legal  ground,  the  original  must  be  produced  if  it  be  accessible. 
.  It  is  usual  to  speak  of  registration  for  preservation  as  being  also  for 
pubUcation ;  and  in  this  sense,  when  a  deed  is  of  such  a  character  that 
to  make  it  effectual  in  the  grantee's  favour  it  must  have  been  delivered 
to  him  by  the  grantor,  such  registration  is  in  the  general  case  equiva- 
lent to  delivery.  It  will  operate  in  this  respect  in  adjusting  questions 
of  competing  right,  as  where  a  father  makes  over  to  one  duld  the  pro- 
perty that,  in  case  of  his  dying  intestate,  would  go  to  another,  and 
registers  the  deed.  The  registration  of  ordinary  documents  for 
preservation  was  sanctioned  by  the  Act  1698,  c.  4,  which  generally 
extends  to  registration  "  in  any  authentic  public  register,  that  is 
competent."  Besides  the  central  register  attached  to  the  supreme 
court,  there  are  othera  connected  with  the  Sheriff  and  Corporation 
Courts ;  but  it  does  not  appear  to  be  distincUy  settled  what  may  be, 
with  reference  to  various  descriptions  of  documents  m.  each  case,  a 
"  competent  '*  register. 

The  most  important  of  the  registers  for  preservation  is  that  of  the 
^"^Sasines  avd  Reversions,"  the  former  woid  expressing  t^e  act  by 
which  an  estate  is  created  or  transferred  in  heritable  (that  is,  real) 
property,  the  latter  the  attestation  of  the  extinction  of  a  burden  (that 
is,  of  the  devolution  of  a  temporary  estate  on  the  person  entitled  to 
the  remainder).  This  system  has  been  gradually  formed.  In  ite 
present  state  its  main  operative  principle  is,  that  when  a  title  to  land 
appears  on  the  register,  no  latent  title  deriveid  from  the  same  authority 
can  compete  with  it,  and  that  registered  titles  rank  according  to  their 
priority;  so  that  if  A  first  seU  his  property  to  B  and  execute  the 
proper  conveyance,  and  subsequently  sell  the  same  properb^  to  C,  if  C 
get  this  title  first  recorded  it  cannot  be  questioned  by  B,  who  has  only 
his  pecuniaxy  recourse  against  A.  In  purauanoe  of  this  system,  in 
transactions  regarding  land,  the  public  records  are  relied  on  as  affording 
the  means  of  ascertaining  the  character  and  title,  and  after  they  have 
searshed  for  the  period  of  prescription,  or  examined  over  a  period  of 
forty  yeara  [Prbscriftion],  parties  can  trust  that  there  are  no  latent 
rigl|^,  and  may  safely  deal  with  the  person  who  professes  to  dispose  of 
any  right  connected  with  it.  The  origin  of  this  system  may  be  traced 
to  the  commencement  of  the  16th  century,  when  the  notaries  were 
required  to  record  their  proceedings  in  their  protocols,  and  the  other 
officers  connected  with  the  feudal  transference  of  land  were  bound  to 
make  returns  of  their  official  acts.  In  1599  an  Act  was  passed  in  which 
an  effort  was  made  to  produce  regularity  in  these  registen,  by  penalties. 
It  was  by  the  Act  1617,  c.  16,  that  the  system  was  founded  on  ite 
right  principle.  The  preamble  of  that  stetute  beara  ''considering  the 
great  hurt  sustained  by  his  Majesty's  lieges  by  the  fraudulent  dealing 
of  parties  who  having  annaUied  [tdieni^d]  their  lands,  and  received 
great  summes  of  money  therefore,  yet  by  their  unjust  concealing  of 
some  private  right  formerly  made  by  them,  render  the  subsequent 
alienation  done  for  great  summes  of  money  altogether  unprofitable ; 
which  cannot  be  avoided  unless  the  said  private  righte  be  made  public 
and  patent  to  her  Majesty's  lieges.'*  The  Act  Uien  appointe  the  deeds 
to  be  registered,  otherwise  they  are  "  to  make  no  futh  in  judgment,  by 
way  of  action  or  exception,  in  prejudice  of  a  third  party,  who  hath 
acquired  a  perfect  and  lawful  right  to  the  said  lands  and  heritages : 
But  (without)  prejudice  alwayes  to  them  to  use  the  said  write  against 
the  parly  maker  thereof,  lus  hein,  and  successors."  Thero  was  a 
material  defect  in  this  Act,  that  a  peraon  might  have  his  titie  imme- 
diately registered,  but  was  liable  to  have  it  superseded  by  any  other 
person  able  to  register  a  title  on  a  warrant  previously  obtained.    This 


was  remedied  by  the  Act  1693,  c.  13,  which  gave  the  registerable  titks 
priority  not  according  to  the  date  of  their  execution,  but  to  that  cf 
their  registration. 

When  property  is  offered  for  sale  or  mortgage,  a  "  search  "  generaEj 
forms  part  of  the  titles  offered  for  inspection  to  tiie  parties  treating  £<? 
it.  This  is  a  certificate  by  the  proper  officer,  describing  all  registered 
documente  regarding  that  particular  piece  of  land  which  have  beet, 
recorded  during  forty  years.  It  is  remarkable  that  the  enlightened 
mind  of  Cromwell  appeara  to  have  comprehended  the  utility  of  thi< 
system,  and  that  he  znade  an  effort  to  introduce  it  into  England.  Wr 
are  told  by  Ludlow  (Memoin,  I.,  p.  486),  "In  the  meantime  the 
reformation  of  the  law  went  on  but  idowly,  it  being  the  interest  ol  t^ 
lawyers  to  preserve  the  lives,  liberties,  and  estetes  of  the  whole  Datif<» 
in  their  own  hands,  so  that  upon  the  debate  of  n^gistering  deeds  m 
each  county,  for  want  of  which,  within  a  certain  time  fixed  after  tbe 
sales,  such  sales  should  be  void,  and  being  so  xegistered  that  land 
should  not  be  subject  to  any  incumbrance,  this  word  inciunbraace  vs 
so  managed  by  the  lawyers  that  it  took  up  three  montha*  time  befoie 
it  could  be  ascertained  by  the  committee." 

Registration  for  Execution  is  another  peculiarity  of  the  bw  d 
Scotland,  although  the  system  of  warrants  to  oonfees  judgment  is 
England  in  some  measure  resembles  it.  The  party  to  a  solemn  deed 
incorporates  with  it  a  clause  of  registration,  by  which,  on  the  deed 
being  registersd  in  the  books  of  a  court  competent  to  put  the  deed  k 
force,  the  decision  of  the  court  shall  be  held  as  pronounced  in  terms  of 
the  deed,  and  execution  may  proceed  against  uie  party  on  an  extrvt, 
as  if  it  were  the  decree  of  a  court.  The  engagement  on  which  sucik 
execution  may  issue  must  be  very  distinctiy  set  forth.  Thus,  if  it  b^ 
for  payment  of  money,  it  must  be  for  a  sum  named  in  the  deed,  acd 
not  for  the  balance  that  may  be  due  on  an  account  ariaing  out  of  the 
transactions  to  which  the  deed  refers.  This  method  ol  executjcn  vaa 
by  stetute  (1681,  c.  20)  made  applicable  to  bills  and  promissoTy  notes 
without  their  containing  any  dause  of  registration.  To  entitie  it  to 
this  privilege,  the  bill  or  note  must  be  apparentiy  without  flaw,  n»M 
bear  the  appearance  of  due  negotiation,  and  must  have  been  proteeted 
The  operation  of  this  tsystem  was  mudi  widened  by  the  Act  1  &  2 
Vict.  c.  114,  which  extended  registration  for  execution  to  the  Sheri£ 
Courts. 

REGISTRY  OF  SHIPS.    [Sraps.] 

REQIUS  MORBUS,  as  used  by  the  dassical  Latin  authora,  must  Kk 
be  confounded  with  the  King's  evU,  or  JUffiuM  mofinu,  of  the  writers  at 
the  middle  ages.  In  the  former  it  means  jaundice  (Herat.,  'Art  Poet.,* 
458),  called  also  Urtpos,  **  morbus  arquatus,"  and  "  aumgo "  (or 
"  aurigo  " ) ;  in  the  latter  it  means  scrofuhu  [Scrofula.]  The 
derivation  of  the  term  as  applied  to  jaundice  is  both  uncertain  asA 
unsatisfactory.  According  to  Serenus  Samonious  ('  De  Medic,'  ca^ 
58,  V.  1038)—  J 

"  Rtgiu*  est  vero  sigiiatas  nomine  morbus,  %|| 

Molliter  hie  qaoniam  oelsa  ourator  ia  aala." 

Varro  (apud  Plin.,  'Hist  Nat.,'  lib.  xxlL,  cap.  58,  ed.  Tauchn.), 
*'  Regium  cognominatum  morbum  arquatum  traidit,  quoniam  mubo 
curatur;"  "Scilicet"  (says  Doering,  ad  Herat.,  loc  cii.),  "fiU(2sK» 
(vinum  melle  oonditum)  pertinet  ad  delicias,  quas  rages  imprimis  et 
beatiores  appetunt  et  facile  sibi  oomparare  poosunt"  The  same 
derivation  is  given  by  Celsus  ('  De  Medic,'  lib.  ilL,  o^.  24),  who  ssjb 
the  cure  is  to  be  aUempted  by  various  kinds  of  exerdses :  '^  Lecto 
etiam  et  oonolavi  cultiore,  lusu,  joco,  hidis,  lasdvia,  per  quae  mens 
exhilaretur,  ob  qute  rtgiut  morbus  dictus  videtur."  Blancaidus 
(Blanebaerif  or  BUmkaard)  in  his  'Lexicon  Modicum,*  is  rather 
inclined,  **  ab  auro,  metallorum  rege,  denominationem  statuere,  aicut 
et^ur^,  ab  awri  colore."  Dr.  Good  ('Study  ol  Medicine')  says,  » 
"  the  meaning  of  Regiut,  as  expounded  by  Celsus,  will,  I  appcehend,*^ 
content  very  few ; "  he  then  remarks  that  this  and  iiie  two  other 
Latin  names  of  the  disease  {Arquatus  Morbut  and  Aumgo)  '*  are  no: 
indeed  univocals,  but  very  clearly  equivalente,  and  equally  import  goid, 
golden  crown,  goldm  bow,  or  dreumfunon ;  ike  colour  of  the  diseaae, 
and  ite  encompassing  the  body."  Each  of  these  derivatioDB  appears 
somewhat  far-fetched  and  unsatisfactory,  and  the  term  is  probably  ooe 
of  those  of  which  no  plausible  explanation  can  be  given. 

REGRATINQ.  A  rogrator  is  defined  (6  Ed.  Y L,  c  14)  to  be  one  iriio 
buys  in  a  fair  or  market  the  various  articles  specified  by  the  Act, ' 
wluch  are  principally  artides  of  provision,  and  sells  them  agun  in  th< 
same  or  in  any  other  fair  or  market  within  four  milea.    T^  statute  \ 
and  othen  providing  certain  penalties  for  such  aote  have  all  hem 
repealed  by  12  Geo.  III.,  c.  7. 

REGULAR  CLERGY     [Clerot.]  £ 

REGULAR  FIGURES,  POLYGONS,  SOLIDS,  POLYHEDRONS.  # 
We  have  here  to  add  to  what  is  said  in  Poltoor  and  Poltbxdbok  all  ^ 
that  concerns  the  regular  figures  or  solids,  not  as  to  their  general 
properties,  but  as  to  the  proportions  of  their  parte  and  the  mode  of 
describing  them.    We  shdl  take  first  the  plane  figures,  and  then  the 
solids.  ^ 

A  regular  polygon,  meaning  one  of  which  all  the  sides  are  equal  and 
all  the  angles  are  equal,  may  have  any  number  of  sides  from  three 
upwards.  The  Greek  terms  trigon,  tetragon,  pentagon,  hexagon,  hep- 
tagon, octagon,  nonagon,  decagon,  imdecagon,  dodecagon,  are  in  use 
(except  the  first  two)  to  express  polygons  of  three,  four,  &c,  up  to 
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twelve  rides.  The  term  quindecagon  is  in  me  to  ezpreM  the  polygon 
of  fifteen  rides.* 

Liet  the  polygon  be  described,  hfcTing  n  sides :  let  its  side  be  a,  its 
area  t,  and  let  r  and  b  be  the  radii  of  we  inscribed  and  drcumscribed 
circles,  ^e  formuhe  wluch  connect  these  quantities  are  then  as 
follows : — Let  r  stand  for  the  nth  part  of  180",  then 

a»2Rrin  r  =  2r  tan  w, 

na^  cot  r 

which  are  enough  to  determine  the  remaining  three  of  v,  a,  n^  r,  when 
one  of  them  is  giren.  To  facilitate  the  detemination  and  oonstrootion 
of  any  regular  polygon  not  having  more  than  12  rides,  we  take  the 
following  table  horn  James  Dodson's  'Calculator'  (17^7),  which  is 
correct  to  eveiy  figure  so  far  as  we  have  thought  it  necessaiy  to 
examine  it.  The  author  generally  corrected  errata  with  his  own  pen 
in  cTery  copy,  and  the  one  before  us  has  his  corrections  :— 

'     Whm  the  Length  of  Side  =  I. 


Sides. 

JUdtasof 
Cirounseribed. 

Radius  Of 
laaeribed. 

Am. 

3 

0*5778508 

0*3880751 

0*4880137 

4 
5 
6 

0*7071068 
0*8506508 
1*0000000 

'  0*5000000 
0*6881910 
0*8600354 

1*0000000 
1*7304774 
3*6980763 

7 
8 

9 

1*1538835 
1*8065630 
1*4619033 

1*0383617 
1*3071068 
1*8737887; 

8*6889134 
4*8884371 
6*1818343 

10 
11 
13 

1*6180340 
1*7747339 
1*9818516 

1*5888418 
1*7038487 
1*8060354 

7*6943088 

9-3656404 

11*1961534 

When  Radiui  of  Circumeenhed  (^arde  =  1. 


No.  of 
Sides. 

Length  of  Side. 

Badinaof 
Inserlbed. 

Area. 

3 

1*7330508 

0*5000000 

1*3990881 

4 
5 
6 

1*4143186 
1*1755705 
1*0000000 

0*7071068 
0*8090170 
0*8660354 

3-0000000 
3*8770413 
3*5980763 

7 
8 
9 

.     0*8677674 
0*7658668 
0*6840403 

0*9009089 
0*9338795 
0*9896936 

3*7864103 
3*8384371 
3*8935487 

10 
11 
13 

0*6180840 
0*5684651 
0*5176881 

0*9510565 
0*9594981 
0*9659359 

3*9889368 
3*9785350 
8*0000000 

When  Badwe  oflmaibed  OMe  =  1. 


Mo.  of 
Sides. 

Length  of  Side. 

Badinsof 
Cireoauerited. 

Area. 

3 

8*4641016 

3*0000000 

5*1961534 

4 
5 
6 

3*0000000 
1*4530851 
1*1547005 

1*4143186 
1*3360680 
1*1547005 

4*0000000 
S-6837138 
8^4641016 

7 
8 

9 

0*968149r 
0*8384871 
0*7379405 

1*1099160 
1*0838919 
1*0641776 

3*3710333 
8*3187084 
8*3757815 

10 
11 
13 

0*6498894 
0*5873531 
0*5358984 

1*0514633 
1-0433173 
1*0358760 

8*3491970 
8*3398918 
8*3158904 

When  Area  =  1. 


No.  of 
Sides. 

Length  of  Bide. 

Badinsof 
drcomsoribed. 

Badiasof 
Inscribed. 

8 

1*5196716 

0*8773837 

0*4386913 

4 
5 
6 

1-0000000 
0*7623870 
0*6304083 

0*7071068 
0-6485351 
0-6204038 

0*5000000 
0*5246678 
0*5373849 

m 
1 

8 
9 

0*5345818 
0-4550899 
0*4301996 

0*6045183 
0*5946084 
0*5879764.    4 

0*5446530 

J|*P498480 

P^*5535173 

10 
11 
13 

0*8605106 
0-3267617 
0-3988585 

0*5839  IV4  * 

0*5799148 

0-5778508 

0*5547687 
0*5564243 
0*5576775 

By  means  of  these  tables  the  construction  of  any  figwe  is  imme- 
diately reduced  to  a  short  calculation,  the  drawing  ol  a  circle,  and 
seUing  off  eqpd  chords  on  that  drde,  the  compaases  and  a  scale  of 
equal  parts  being  all  the  instrumental  idd  necessaiy.  It  is  required  to 
construct,  for  example,  a  regular  heptagon,  or  6gure  of  seven  rides, 
with  an  area  of  225  times  we  square  on  one  of  the  larger  divirions 
of  the  scale.  The  ride  and  radii  must  thoef ore  be  locreaaed  in  the 
fourth  table  in  the  proportion  of  V225  to  V^,  or  of  15  to  1.    And 

*5245818x  15=7*8687  ride. 
*6045188  X 15  ==9*0678  rad.  ciroum. 
•5446520  X  15=8*1698  rad.  inscr. 

If  the  two  circles  be  oarefullv  drawn  from  the  same  centre,  and  chords 
equal  to  the  ride  taken  off,  the  compasses  will  be  found  to  be  carried 
exactly  seven  times  upon  the  laiger  drdle,  and  the  chords,  being  drawn, 
will  be  found  to  touch  the  inner  drole,  and  any  little  error  of  construc- 
tion will  be  better  shown  by  failure  of  touching  the  inner  drde 
correctly  than  by  any  other  means. 

The  above  presumes  that  it  is  desired  to  proceed  as  accurately  as 
possible ;  but  for  rou^^  work,  and  when  the  drcumscribed  drde  is 
known,  the  proportioniJ  compasses,  or  even  a  common  pair  of  com- 
paases and  trial,  will  succeed  perfectly  welL  The  propOTtional  com- 
paases have  a  sesle  for  the  adjustment  of  the  pivot  in  such  manner 
that  when  the  opening  at  one  end  is  the  radius  of  a  circle,  that  at  the 
other  end  riiaU  be  the  ride  of  the  inscribed  polygon  of  a  given  number 
of  rides. 

The  regular  polygons  hitherto  treated  have  been  those  of  Euclid, 
without  anjr  re-entering  an^es.  The  star-shaped  polraons  (which, 
though  equilateral  and  equiangular,  do  not  come  witioin  EucUd'a 
definition)  are  described  by  drawing  a  regular  polygon  of  the  same 
number  of  sides,  and  drawing  sucoosrive  diagonals  so-  as  to  cut  off 
a  number  of  sides  which  is  prime  to  the  number  of  rides  of  the 
polygon. 
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Thus,  if  12, 23, 84,  ftc,  be  the  rides  of  a  regular  nonagon,  or  nine- 
aided  polygon,  it  follows  that  there  are  two  regular  star-riiaped  nona- 
gons,  one  made  by  diagonals  whidi  cut  off  2  or  7  rides,  and  one  made 
by  diagonals  cutting  off  4  or  5  rides.  Diagonals  cutting  off  three  ridei) 
would  give  three  equilateral  triangles,  but  no  nonagon  at  alL  These 
nonagons  are  1857924681,  and  1594887261.  Star-shaped  dodecasons 
areiSio  only  one  in  number,  since  5  and  7  are  (except  1  and  11,  which 
wotild  only  give  the  dodecagon  of  Euclid)  the  only  nmnben  less  than 
12  whidi  an  prime  to  12.  But  a  regular  polygon  of  18  sides  has  5 
star-riiaped  polygons,  made  by  diagonals  cutting  off  2  and  11,  or  8  and 
10,  or  4  and  9,  or  5  and  8,  or  6  and  7  rides. 

We  now  oome  to  the  subject  of  regular  pol^^iedrons,  presuming  the 
reader  to  know  the  contents  of  the  artide  Foltgon  akd  PoLTHVDBOir. 
A  great  many  properties  of  these  solids  have  been  investigated,  but  as 
they  are  of  Uttto  use,  it  will  be  unnecesssiy  to  do  mora  than  give  tables 
for  eonstructing  them  of  given  dl^n'tnp^"*-  Let  a  solid  be  contained  by 
/faces,  each  of  v^ch  is  a  regular  polygon  of  i»  sides.  Let  e  be  the 
number  ol  comers  or  solid  angles,  e  die  number  of  edges,  and  m  the 
number  of  angles  whidi  meet  at  a  comer.  Then  since  there  are  e 
comen  with  m  angles  at  each,  the  number  of  edges,  counting  each  edge 
as  often  as  it  meets  a  comer,  is  me ;  or,  as  each  edge  meets  a  comer 
twice,  iMC=e,  the  number  of  distinct  edges.  Again,  since  there  are 
/  ftMses,  of  n  rides  each,  and  eveij  edge  is  the  union  of  two  faces,  we 
have  i  »/=«.    But/>  c  =  c  +  ^,  or 


2«      2« 

— + —  =c  +  2,  or«= 


2mfi 


2itt-H2n— uin 


which  must  be  a  whole  number.  And  neither  m  nor  n  can  be  less 
than  8,  nor  greater  than  5,  for  Uiere  are  no  figures  of  fewer  rides  than 
8,  and  [Polygon  and  Polthidbon]  spaces  cannot  be  indosed  entirely 
by  figures  of  more  than  five  rides.  The  rest  follows  from  the  pro- 
perties of  conjugate  solids  in  the  same  artide. 

Let  n=8,or  «=6to-i- (6-111).    This  is  a  whole  number  (1)  when 
««2;  this  must  be  rejected:  (2)  when  m= 8,  giving  ♦1  =  8,  m- 8,  c«  6, 

St 
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/=:4,  c—i,  or  four  triangles;  we  haye  b«r«  th^  r^gnlar  ^MiedroQ,  or 
triangular  pyrunl4 :  (3)  whan  iii=4,  giyuig  n=8j  »=4,  «=X2|/s:8, 
c=:6,  or  c^t  triangles;  we  have  l^ere  the  regular  ogtohedrom  (4) 
whenf»=5,giying»=:3j  m=5,  e=aQ|  /=20,  caia,  or  20  ^nangUsi 
we  have  l^ere  the  regular  icoaahedron. 

Let  »=4,or  0=8^-7^8— 2m),  This  ia  a  whole  number  U)  when  «»=:  2] 
which  reject :  (2)  when  m=f(,  giving »s4>  ^-^t  #=12|/=r6|  c=:8>  or 
six  aquares ;  we  have  here  the  regular  jiexahedronj  or  oube>  the  only 
one  01  its  kind. 

Let  »=5,  or  e=10m-^(lQ— 3i»).  Thla  ia  a  whole  number  (1)  when 
m=2;  which  reject:  (2)  when»=8,givingi*=fi,iii=8,  «=80,/=12, 
c=20,  or  12  pentagons;  we  have  here  the  regular  dodecahedron,  the 
onW  one  of  its  kin£ 

We  have  thus  the  fiye  rfgqlar  aoUda,  and  hay^  al^own  t^wt  Uierfi  ^aq 
be  no  otberfL 


ITie  centre  of  a  regular  polyhedron  is  obviously  the  point  of  inter- 
section of  lines  drawn  from  the  comers,  each  inclined  at  the  same 
angle  to  all  the  edges  which  meet  iU  The  radius  of  the  circumscribed 
sphere  is  the  line  drawn  from  any  comer  to  the  centre ;  that  of  the 
inscribed  sphere  is  the  perpendicidar  let  faJl  from  the  centre  upon 
any  of  the  faces. 

The  following  table  answers  to  that  for  polygonsj  and  ia  taken  from 
the  same  source : —  ' 

men  the  Side  =  1. 


Solid. 

Badiiu  Cir- 
onmscribed. 

Badios 
Intoribed. 

Snperfldes. 

Volume. 

Tetrahedron    . 
Hexahedron         .    . 
Octotaedron 
Dodecahedron      .     . 
leoeahedron 

0*6123724 
0*8660254 
0*7071068 
1*4012585 
0*9510565 

0*2041241 
0*5000000 
0*4082483 
1*1135164 
0*7557618 

1*7820508 
6*0000000 
3*4641016 
20*6457280 
8*6602540 

0*1178511 
1-0000000 
0*4714045 
7*6631188 
2*1816951 

When  JRadiuA  of  0ircuwi9Cr^d  Sjphen  -  1. 


Solid. 

Side. 

lUdlua 
Iiuoiribed. 

Saperielct* 

^hme. 

Tetrahedron     . 
Hexahedron        .    . 
Oetohedron 
Dodecahedron     .    . 
Icofahcdron     • 

1*6829932 
1*1547005 
1*4142136 
0*7136442 
1*05 146S^ 

0*3383338 
0*5773508 
0*577^508 
0*7f46545 
0*7046545 

4*618802^ 
li'OOOOOOO 
6*9282032 
10*5146288 
9*5745418 

0*^13200? 
1*5396006 
1*3333333 
9*7851680 
1*5861507 

When  jRadhu  of  JhucHked  Sphere  »  1. 


SoUd. 


Tetrah^on    . 
Hexahedron 
Oetohedron 
Dodecahedron 
Icoaahedron     . 


Side. 


BadlnaOir. 
enmaerihed. 


4*898979A 
S'OOOOOaOi 
2*4494897 
0*8980560 
1*3231601 


i*732Q508 
lr7820508 
^2584086 
1*2584086 


Saperflcies. 


41*5f«2|«| 
24*9000000 
20*784609.6 
16*6508731 
15*1621684 


Yoli^ne. 


13*85640ft4 
8'OOOQOOq 
6*9282032 
5*5502910 
5*0540561 


- 


Whm  the  Superfeia  =  1. 


SoUd. 


Tetra&edron 

Hexahe{Ixon 

Octohet.!ron 

Dodecahedron 

Ioo«ahedron 


Side. 


0*7598357 
0*4082483 
0*5372850 
0*2200823 
0*3398080 


RadioaCir- 
cnmscrlbed. 


0*4653025 
0*8535534 
0*37«9178 
0*3083920 
0-3231774 


Radios. 
Inaoribed. 


0*1551008 
0-2041241 
0*2193457 
0*2450651 
0*2568144 


Yolnmc. 


0*0517003 
0*0680418 
0*0781152 
0*0816884 
0*0856048 


Whm  ik$  VoUme  -  h 


8eUd, 


Tetrahedron    . 
Hexahedron        . 
Oetohedron      • 
Dodecahedron     . 
Icoaahedron     . 


Bide. 


f*0395489 
1*0000000 
1*2848000 
0*5072221 
0*7710254 


lladiqaQir. 
cninacribed. 


1*1547006 
0*8660254 
0*9080604 
0-7107402 
0*7332887 


Badttts 
Inscribed. 


0*4163417 
0*5000000 
0*5245576 
0*5648000 
0*5827111 


T-2056240 
6-00O0OQ9 
5*7 1910^9 
5*8116140 
5*1483486 
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REGULAR  POLYGON,  REGULAJJ  SQLipS,  [RiBOiTrjLRFiGrMs.] 

REGULATORS  OP  MOTION.    Fly-wheels  are  the  means  uaoaHj 
employed  to  render  the  movements  of  machines  as  nearly  as  posn^k 
uniform ;  and  the  nature  as  well  aa  the  applications  of  diese  will  l« 
described  under  Wheels^  and  under  Steam-Enoike.    Pendtiluns,  3^ 
regulators  of  motion  for  dock-work^  are  d^cribed  under  Pesdctux  ; 
and  the  Oovemor,  by  which  the  supply  of  steam  Is  regulated,  will  be 
described  under  Steam-Engike.    Some  account  of  air-veaaehi  for  ref- 
lating motion  in  the  tread-wheels,  which  are  employed  in  prisoos,  bi5 
been  given  under  AiB-VinBBL,  and  it  may  be  added  that  a  partieultf 
kind  of  fly  has  been  occasionally  used  lor  the  like  puzpoaeu     This  oon- 
sista  of  a  vertical  rod  or  ahaft  about  20  feet  high,  carrying  ai  its  uppc 
extremity,  on  opposite  sides,  a  long  rectangular  frame,  which  is  pro- 
vided with  shuttm  turning  on  hinges ;  by  tee  revolution  of  the  afaafi 
these  frames  turn  round  horizontally;  and  the  shutters  beings  oonnecbed 
with  two  goyemor-balls  by  means  of  wheel-work,  when  the  modon  of 
the  tread-whecd  becomes  tob  rapid,  the  diverging  balla  cause  the 
shutters  to  dose,  and  thus  the  resistance  of  &  air  diminiahes  the 
velooity.    Should  the  movement  of  the  tread-wheel  become  too  alow, 
the  bails  oollapsbig  allow  the  shutters  to  open,  when  the  resBstance  o{ 
the  air  ia  dimhdshed-and  the  velocity  of  revblution  increaaea. 

RE'GULUS.  A  Une  drawn  from  the  pole-star,  not  through  tiie  two 
pointers,  but  between  then)  and  the  five  secondaoy  stars  of  the  Greei 
Bear,  which  lie  near  them,  will  pass  through  the  bright  atar  caOed 
a  Leonis,  or  Cor  Leonis  (the  lion*s  heart).  By  Ptolemy  and  other 
Greeka  it  was  called  fiwri^UrKos,  whence  comes  the  Latin  name  Regnhis* 
a  word  which  is  the  diminutive  of  rex, 

REINSCH'S  TEST  FOR  ARSENIC.    [ABSEino,  Dmcnos  op.] 

REJOINDER.    [Pleadiko.] 

RELAPSING  FEVER.    [Blood,  Diseases  o»  the.] 

RELATION  (Mathemat^),  What  we  here  mean  by  this  wonl 
would  have  been  explained  m  the  article  Equation,  if  we  had  confined 
ourselveq  to  the  expianatioQ  ol  arithmetical  algebra ;  but  having  in  the 
articles  Alosbra  and  Operatiov  endeavoured  to  give  higher  views,  we 
are  induced  to  inaert  the  present  article  by  remembering  that  the  diffi- 
culties of  such  a  subject  are  of  very  different  kinds  to  different  person.^ 
insomuch  that  any  point  of  view  may  be  usefully  taken  with  referenoe 
to  some  minils^  aqd  any  detail  upon  a  fundamental  notion  may  remove 
misapprehension  in  one  quarter  or  another. 

All  reasoning  is  the  discovery  of  relations  which  ve  not  evident  from 
those  which  are ;  or  rather,  ,aince  the  proposed  result  is  sometimes 
evident  in  itself,  reasoning  is  Uie  establishment  of  one  relation  as  a 
necessaiy  consequence  of  others.  The  term  relation  would  be  difiB.cult 
to  define  in  a  manner  satisfactory  to  all ;  it  ia  enough  for  our  present 
purpose  to  sav  a  relation  exists  between  an^  two  object^  whiter  of 
sense  or  intellect^  whenever  they  have  anythmg  in  common ;  that  is  to 
say,  the  common  point,  whatever  it  may  be,  may  be  made  the  means  of 
referring  one  to  the  c^er,  or  bringing  our  thoughts  from  one  to  the 
other,  so  aa  to  think  of  both  at  the  same  time,  and  to  compare  the  two. 
All  the  manifold  senaes  of  the  word  may  be  derived  from  this  one:  the 
relationship  of  blood  implies  a  common  ancestry ;  the  relation^p  of 
office,  common  duties.  In  mathematics,  the  relation  of  greater,  equal, 
or  less,  implies  that  one  of  the  magnitudes  is  the  same  as  to  quantitj 
with  part  or  all  of  the  other,  and  ao  on.  Samenesa  in  eveiy  respect 
would  constitute  identity;  sameneas-in  one  or  more  respects,  relatioo. 
The  trianglea  in  Euclid,  i  4,  are  by  hypotheaia  related  in  a  given 
manner  in  three  particulara :  a  change  of  place  showa  that  they  can  be 
made  identical ;  that  ia,  their  difference  before  the  ohange  of  place  was 
difference  of  poaition  only,  not  at  all  of  form;  in  all  that  can  distingiiiih 
one  triangle  nom  another,  except  its  position  in  spsuoe,  they  are  iden- 
ticaL  We  do  not  quaiiel  irith  tiie  phrase  that  they  are  the  sazne 
triangles  differently  placed,  becauae  sameness  is  understood  with  a 
reservation,  and  the  preoeding  means  that  they  are  the  aame  except  in 
difference  of  place. 

In  an  a]gebnd<Md  expression  we  may  have  to  consider  its  meanings  form, 
magnitude,  source,  mode  of  derivation,  and  propertiea.  The  meaning 
depends  upon  the  fundamental  definitions  which  are  employed  and  the 
form ;  the  form,  upon  the  arrangement  of  the  symbols ;  the  magni- 
tude, when  magnitude  ia  signified,  upon  the  form  and  the  particular 
values  given  to  the  q^bols;  so  that  these  varioua  eouroea  of  rdation 
are  closely  connected  with  one  another.  The  fundamental  meaning  of 
the  sign  =  implies  equality  of  quantity  or  magnitude,  and  some  insist 
that  it  shall  alwaya  retain  thia  meaning.  There  can  he  no  objection  to 
any  one  insisting  on  thia  point  for  himself ;  but  the  learner — ^who,  if 
he  be  wise,  will  learn  all  hmguages  with  the  majority,  even  though  be 
should  afterwards  teach  with  the  minority — must  nmke  himself  accus- 
tomed to  variouB  uses  of  this  sign,  as  follows : — 

1.  The  sign  =  means  that  on  one  side  we  have  an  operation  to  be 
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performed,  atid  oh  the  othei^  side  the  festth  of  perfonnliig  that  opeis- 
tion  by  general  nilee,  all  in 

Whenever  the  resulting  form  is  intelligible  both  in  form  and  magtii- 
tude,  the  resulting  relation  is  equality  oi  magnitude  under  difference 
of  form,  ipdep^dSntly  of  the  particular  yalues  of  the  symbols ;  but 
when  the  result  is  uninteHigibV  as  is  the  second  of  the  preceding 
results  wlien  first  obtained,  ^his  relation  no  longer  exists :  the  procMs 
described  in  1ntsbfr£TATI0N  makes  it  exist  In  all  such  cases  the 
relation  is  that  of  sameness  of  yalue  and  properties,  sameness  in  fact  of 
everything  but  form;  and  the  relation  is  mdependent  of  the  magnitude 
of  the  algebraical  symbols.  ,    ,  .  .         .  j 

But  cud  no  relation  exist  in  o^-5-a»=o*,  until  we  had  mterpreted 
the  then  unknown  symbol  a®  to  mean  imityl  We  answer,  that  a 
relation  did  exist— namely,  sameness  of  propoiies.  The  value  of  the 
first  side  is  unity ;  the  imknown  symbol  of  the  seoond  side  would  be 
found  on  trial  to  have  all  the  properties  of  the  unit,  when  common 
algebraical  rules  are  applied.  If  we  were  to  refuse  the  interpretation, 
and  consider  a"  as  a  self-contradictory  symbol,  we  could  not  deprive  it 
of  the  properties  of  a  unit,  or  rather,  we  could  not  deprive  oxirselves  of 
the  knowledge  that  the  algebtaical  use  of  it  would  prodooe  the  same 
results  as  the  algelmdcid  use  of  a  unit. 

To  the  same  head  may  be  referred  th»  mestilng  ol  s^  as  ooimecting 
an  infinite  series  with  its  finite  soune  of  development  (or  its  inveiop- 
ment).  Arithmetical  equsHty  may  not  tadst,  for  the  series  may  be 
divergent}  but  between  the  development  and  its  invelopment exists 
the  relation  of  sameness  of  properties,  and  the  reUtion  ol  siimeness  of 
source.  The  infinite  series  1— 1  +  1-1+,  *c.,  isi  equated  to  half  a 
unit ;  that  is,  the  sign  =  is  put  between  i  and  1— 1  +  1—1  +  ,  ftc.,  ad 
inf.  The  relation  ol  sameness  of  msgifitnde  has  no  existence,  lor 
1  - 1  + 1_,  Ac,  ad  infinUum,  furnishes  no  definite  idea  of  magnitude ; 
but  in  properties,  the  two  are  the  same. 

2.  The  sign  =  means  the  relation  of  sameness  of  magnitude,  without 
reference  to  form;  and  in  this  sense  its  use  generally  imposes  conditions 
on  one  or  more  of  the  symbols  employed,  and  always  does  so  unless 
when  the  sign  might  also  truly  have  the  meaning  described  under  the 
first  head.  Thus  2a;+8=a:+4+x-l  imposes  no  condition  on  the 
value  of  z,  because  the  first  side  is  only  a  more  simple  performance  of 
the  opezations  indicated  on  the  second  side;  but  2j;+8=21— xisthe 
assertion  of  a  relation  existing  which  is  not  true  of  the  forms,  and  is 
not  generally  true  as  to  the  magnitudes.  The  condition  a;= 6  is  neces- 
sary to  the  truth  of  the  relation  asserted  to  exist.  Relations  of  this 
sort,  under  the  name  of  -equations,  are  the  first  which  meet  the 
student  at  his  entrance  into  algebra;  and  he  frequently  has  a  subse- 
quent diMculty  in  extending  the  use  of  the  symbol  = .  Being  aocus- 
tomed  to  see  it  impose  conditions  of  magnitude,  he  cannot  easily  cease 
to  imagine  that  it  always  does  s6;  and  he  looks  upon  the  two 
equations 

t*  =1+*+-^+ &c.,         anda;+l=s2, 

aa  *l>ingi  of  the  same  kind,  dUbring  only  in  wmpUadjbf.  To  prevent 
this,  the  distinction  between  idtntical  eauations  (so  CB&ed)^— namely, 
assertions  of  the  relation  described  under  the  first  head,-^and  equations 
o/o(m(i»<um,  should  be  strong!^  nutfked  at  the  outaet  of  his  oonxse.  It 
would  even  be  wise  to  use  soxnewhai  different  symbols  for  the  two 
relations :  thus  i  might  denote  the  first  described  relation,  and 

=  the  second.  The  learner  might  drop  the  sHght  distinction  which 
exists  between  the  two  svmbols  when  he  finds  himself  able  to  do  with- 
out it ;  but'we  are  satisfied  that  those  who  had  once  learned  to  nae  it 
would  never  think  the  time  was  come  when  they  might  safely  drop  iti 

8b  The  sign  =  means  the  relation  of  algebraical  identity  between 
thd  results  of  different  operatioDS,  when  thd  symbols  ace  not  symbols 
of  magnitude,  but  of  Operation  :  that  is,  it  asserts  the  relation  of 
sameness  of  effect  between  the  two  operations  which  are  written  on 
one  side  and  the  other  of  it.  And  here  it  is  in  truth  used  in  the  first 
sense  described,  the  differ«nce  bong  in  the  meaning  of  the  agrmbols, 
not  in  tiiat  of  the  relation.  And  here  a^ain  there  is  the  dirtinotion 
between  the  case  in  which  the  relation  is  expEeable  from  definitions, 
and  that  in  which  it  reqnirea  interpretatimL  Thus,  in  the  rdaitkm 
(l  +  A)'=l-<-2A-f  AS,weGanprove  and  verify  thatt  the  operation  1-^  A 
is  of  that  sort  Which,  if  performed  twiee  following,  will  yield  the  same 
result  as  the  sum  of  the  results  ol  the  operaitiona  1,2  a,  and  A'.  But 
when,  having  established,'  as  in  the  article  cited,  a  right  to  the  use  of 
aU  the  ordinary  transformations  of  Algebra,  we  come  to  l-|'A=sx'* 
and  D  =  log  (1  -t*  A),  we  have  results  of  which  the  first  sid^  on^y  is 
explicable,  and  the  seoond  requires  interpretation.  It  might  be  satis- 
factory to  consider  such  symbds  as  log  (1  -»•  A),  Ac.,  in  no  other  Ugfat 
than  as  abbreviations  of  the  series  into  whidi  they  might  be  developed 
in  oonmion  algebra;  bat  as  such  a  use  of  intex^vetation  seens  to  a 
beginner  to  be  more  arbitrary  than  it  reaUy  is,  we  may  point  ont  how 
to  make  the  passage  in  a  somewhat  more  guarded  manner,  presuming 
the  reader  to  be  perfectly  weU  acquainted  with  the  results  of  the 
artide  OtmLASiov, 

If  A,  B,  Ac,  stand  for  ^mbola  of  operation,  then  a  +  B,  ab,  a-£- B, 
are  compound  results  of  operation,  which  are  capable  i3  and  actually 


receive  a  distinct  definition.  Similarly,  a*  is  also  deducible  in  meaning 
from  the  definition  when  n  is  any  number,  whole  or  fractional,  positive 
or  negative ;  but  a  *,  where  b  iB  also  a  qrmbol  of  operation,  cannot 
be  immediately  explained  from  definition.  But  it  is  to  be  remembered 
that  an  algebraic  quantity  may  be  susceptible  of  different  definitions, 
though  really  amounting  to  the  same  definition.^  Sometimes  nothing 
more  than  a  mere  change  of  the  form  of  words  will  render  a  notion 
capable  of  being  raUonally  extended  further  than  it  could  have  been 
before  the  clumge  was  inade.  For  instance,  in  Feaotions,  we  under- 
stand the  division  of  7  into  8  eqtial  parts,  and  into  4  equal  parts ;  but 
a  division  into  8^  equal  parts  is  a  set  of  words  without  meaning.  But 
if  we  only  speak  of  taking  parts  of  which  three  make  7,  and  other  parts 
of  which  four  make  7»  it  is  perfectly  ea^  to  imagine  parts  such  that 
three  parts  and  half  a  part  malLC  7.  Can  we  not,  then,  take  such  a 
method  of  defining  A*  as,  without  in  an^  way  altering  its  common 
meaning,  shall  present  that  common  meamng  in  a  form  which  will  be 
intelUmble  when  a  and  B  are  symbols  of  operation  ? 

In  BDroxZAL  Thborxic  it  is  proved  that  the  equation  ^x  x  ^2= 
f{x+t)  can  only  be  satisfied  for  all  values  of  x  and  z,  by  ^x= c"  where 
c  is  independent  of  x, 

Ut  then,  we  propose  the  equation^ 


ipXX^Z  =  f(x  +  B^ 


(1) 


the  only  solution  must  be  e  '.    It  is  easy  enough  to  show  that— 

c"*c«=3c«+*; 

the  proof  referred  to  shows  that  c*  is  the  onlp  solution  of  this  equation* 
If  z  and  X  be  symbols  of  operation,  and  if  by  ^  a;  we  mean  a  combination 
of  operations  perform^  with  x,  and  by  ^x .  ^2  the  result  of  succes- 
sively perforxning  the  operations  ^z  and  ^x,  we  may  denote  by  y*  an 
operation  which  is  such,  that  calHng  it  ^x,  Uie  successive  performance 
of  ^x  and  ^z  is  equivalent  to  that  of  ^(2+2)  >  &nd  that,  calling  it  ^y, 
the  successive  performance  of  ^y  and  ^z  is  equivalent  to  that  of  ^(yz). 
If  we  want  to  define  the  particular  operation  A*,  we  must  add  to  the 
equation  (1)  the  following : — 

^(1)  =  A. 

Thus,  let  it  be  the  definition  of  c*,  D  being  a  symbol  of  operation,  that 
we  have  here  ao  operation  such  that  if  it  and  t*'  were  suoceesively  per- 
formed, the  result  would  be  the  same  as  if  #>+"'  were  performed  at 
once ;  this  last  symbol  implying  that  the  operation  B  + 1/  is  used  in  the 
same  way  as  d  in  the  first.  Moreover,  let  it  be  understood  that  if  d 
were  1 — that  is,  if  the  operation  D  pnxiuced  no  alteration  in  the  func- 
tion operated  on — ^the  result  of  c*  would  be  simple  multiplication  by  c. 
There  is  nothing  in  this  definition  which  is  unintelligible,  though  there 
is  something  ui^own.  An  operation  is  defined  by  means  dt  itself ; 
tlie  definition  must  then  be  developed  before  its  object  can  be  under- 
stood, but  it  is  not  tiie  leas  a  definition — ^that  is,  a  description  of  some 
one  operation^  and  a  distinction  between  it  and  every  other.  Thus,  iu 
oonmion  algebra^  the  magnitude  of  x  may  be  defined  by  an  equation* 
Bay  x»  12— X.  Here  x  is  only  given  in  terms  of  its  unknown  self,  but 
it  is  not  the  less  defined  to  be  6,  and  nothing  bat  6.  When  the  step 
above  described  has  been  made,  it  is  (owing  to  the  demonstrated  con- 
nection of  the  rules  of  common  algebra  with  thoee  of  the  calonlus  of 
operations)  the  same  process  to  prove 
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when  D  signifies  an  operation,  as  when  it  signifies  a  quantity. 

The  definition  of  log  n  is  that  this  operation  is  tlie  inverse  of  c^  with 
respect  to  d;  so  that  log  c>  means  d.  Those  functions  whiph  in 
common  algebra  are  trigonometrical  [Suns]  cannot  be  defined  in  the 
subject  of  which  we  are  speaking  otherwise  than  by  reference  to  the 
weU-lmown  exponential  forms.    Thns,  D  denoting  an  operation — 

Cos  D  meansgl^^Vt-i)  +  r-'Vi-i)]' 

Sin  D  means  2  a/(— 1)1*°'^^^^^  *"  f-»  v'(i-)  | 

It  might  perhaps  be  said  that  though  we  have  constantly  used  the 
word  relation,  yet  we  have  considered  nothing  Vnt  identity,  that  is, 
either  identity  of  magnitude,  form,  process,  or  properties ;  but  that 
the  term  in  common  life  ref en  to  something  short  of  oomplete  identity, 
frequently  meaning  mere  connection,  and  sometimes  oidv  analogy,  or 
even  nothing  more  than  resemblance.  We  answer,  that  ruation  always 
refers  to  idoiti^  of  some  sort  For  example,  there  is  a  relation  be- 
tween the  position  of  the  sun  and  moon  and  the  state  of  the  ocean. 
Here  the  word  means  merely  a  connection;  but  this  connection  in- 
volves an  absolute  identity :  having  given  the  position  c^  those  heavenly 
bodies  with  respect  to  any  place,  together  with  the  direction  and 
quantity  of  their  motions,  the  hdght  of  the  water  at  that  place  is 
connected  with  the  quantities  which  express  those  positions  and  mo- 
tions liy  an  equation  or  a  mathematical  identitv.  Resemblance  again 
means  identity  in  some  respect,  or  near  approach  to  identity  :  analogy, 
a  term  genenlly  ^»plied  to  relattons  of  similarity,  will  be  found  to 
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admit  of  the  word  samenefls  beipg  used  instead  of  BimUarity.  Thus, 
when  we  say^  that  subBtanoe  is  fonned  from  iuhtktre  in  a  manner 
similar  to  that  in  which  distance  is  formed  from  distare,  the  analogy 
asserted  is  one  of  absolute  identity  (ol  mode  of  derivation). 

Reasoning  by  analogy  is  either  the  same  thing  as  common  reasoning; 
or  else  analogy  is  but  another  word  for  inducUon.  If  a  give  B,  and  o 
have  something  in  conmion  with  a,  it.  may  be  a  necessary  consequence 
that  0  gives  d  ;  d  being  connected  with  o  in  the  same  manner  as  b  with 
A.  But  this  happens  only  when  the  following  of  b  from  a  is  a  neces- 
sary consequence  of  that  which  a  and  o  have  in  common,  and  of  that 
only :  in  which  case  the  deduction  of  d  from  o  by  analogy  with  the 
deduction  of  b  from  a,  is  only  an  assertion  of  the  possibility  of  applying 
the  same  mode  of  proof  to  that  part  or  property  of  c  which  was  pre- 
viously applied  to  the  same  part  or  property  of  a.  But  when  we 
conclude  by  analogy  of  a  homed  animal  that  it  is  not  carnivorous,  as  it 
is  said ;  that  is,  when  we  conclude  that  the  homed  animal  of  which 
we  speak  will  resemble  all  other  homed  animals  which  we  know,  in 
every  point  in  which  they  resemble  each  other,  we  apply  no  other 
process  than  the  establishment  of  a  highly  probable  result  by  in- 
duction. 

Reasoning  by  pure  analogy,  is  then,  not  absolutely  demonstrative 
reasoning,  except  in  the  case  above  described,  in  wmch  we  want  no 
new  name  for  the  process.  But  attention  to  aiialogy  in  the  structure 
of  definitions,  and  in  the  route  of  investigation,  is  necessary  to  the 
success  of  many  inquiries,  and  nves  clearness  and  saves  time  in  all. 
Indeed  it  may  be  taken  as  a  ma^dm  that  whenever  there  is  any  species 
of  resemblance  pervading  the  results  of  two  branches  of  inquiry,  there 
ought  to  be  a  reason  for  that  resemblance  in  the  nature  of  the  two 
.subjects,  expressed  by  a  resemblance  of  the  notations  used ;  and  this 
reason  ought  to  be  made  prominent  and  insisted  on. 

For  instance,  we  have  two  distinct  alffebrat  [Aloebba],  which,  for 
temporary  distinction,  we  may  call  arithmetical  and  geometrical,  using 
the  same  imnbolB  in  tiie  same  manner,  byt  proceeding  upon  meanings 
given  to  those  symbols  which  appear  altogether  different.  The  only 
reason  given  to  the  student  in  the  article  cited,  to  justify  the  definitions 
of  the  latter,  or  geometrical  algebra,  was  that  they  would  be  found  to 
answer  a  certain  purpose,  namely,  to  make  all  theorems  in  the  earlier 
algebra  true,  when  no  other  idteration  was  made  than  that  of  t^e 
meanings  of  the  symbols.  It  is  now  to  be  adced,  why  have  the  new 
'definitions  that  property  ?  what  relation  have  they  to  the  old  ones  which 
gives  the  results  of  the  two  a  perfect  community  of  form  ?  The  answer 
to  this  question  is  not  very  difficult;  but  it  will  require  us  first  to 
consider  what  are  the  operations  of  common  arithmetic,  and  how  tiiey 
are  to  be  described  in  terms  of  the  simplest  notions  of  the  science. 

The  fundamental  operations  of  aritiimetic  are  addition,  subtraction, 
multiplication,  and  division.  Of  these  we  may  make  the  definitions  of 
subtraction  and  division  follow  from  those  of  addition  and  multipli- 
cation :  thus  subtraction  is  the  process  which  destroys  the  effect  of 
addition,  and  division  that  which  destroys  the  effect  of  multiplication. 

The  fundamental  ideas  of  arithmetic  are,  fiM,  that  absence  of  sJl 
magnitude  which  must  jurecede  the  consideration  of  any  particular 
number;  secondly,  the  particular  magnitude  which  we  c^ose  for 
repetition,  and  to  which  we  refer  other  magnitudes.  Nothing  and  unity 
are  the  names  of  these  ideas ;  and  0  and  1  are  their  well-lmown  ^pnbols. 
The  first,  0,  reminds  him  who  uses  it,  of  the  state  in  whidb  he  is 
antecedently  to  thinking  of  any  number;  the  second,  l,of  the  succes- 
sive accessions  by  which  he  passes  from  one  object  of  consideration 
to  another.  If  0  do  not  present  itself  before  we  can  think  of  any  number, 
it  is  that  we  avoid  it  by  an  act  of  memory ;  but  if,  for  mstance,  a 


Now  addition  of  one  number  to  another  is  a  process  which  merely 
puts  a  number  in  the  place  of  nothing,  and  proceeds  to  count  from 
that  number  in  the  same  manner  as  when  we  form  the  number  to  be 
added  from  0.  Thus  to  add  6  to  a  we  do  with  a  what  we  should  have 
done  with  0  to  form  6  :  to  add  4  to  8,  we  do  with  8  what  we  should 
have  done  with  0  to  form  4.  If  this  last  operation  were  performed  on 
the  fingers,  we  should  first  complete  three,  and  then  count  the  fingers 
which  noake  four  from  and  after  the  completion  of  the  three;  thus— 

4=0+1+1+1+1 
3+4=8+1+1+1+1 

This  definition  of  addition,  namely,  that  "a  +  ft  is  a  diroctidn  to 
do  that  with  a,  which  would  give  6  if  a  were  nothing,"  will  now  be 
put  by  for  a  moment,  until  we  are  ready  to  apply  it  in  the  construction 
of  the  new  algebra. 

Multiplication  of  one  ntunber  by  another  is  a  process  which  puts  a 
number  in  the  place  of  unity,  and  proceeds  to  use  that  number  in  the 
same  manner  as  we  use  unity  when  we  make  another  number.  Thus, 
to  multiply  a  by  I,  we  do  with  a  what  we  should  have  done  with  unity 
to  make  h;  to  multiply  8  by  4,  we  do  with  8  what  we  should  have 
done  with  unity  to  inake  4.    Thus, 

4=1  +  1  +  1  +  1, 
8x4  =  3  +  3  +  8  +  3. 

The  definitions  of  subtraction  and  division  are  then  obtained,  as  before 


by  letters  is  now  all  that  need  be  mode ;  for  all  the  rest  is  abaolatelj 
the  same  as  in  arithmetic.  For  example,  what  is  a + &  ?  Let  o  a  acJ 
o  B  be  the  lines  represented  in  length  and  direction  by  a  and  h ;  hxms 
completed  o  a,  that  is,  having  paned  from  o  to  a  throo^^  tiie  proper 
length  and  in  the  proper  direction,  do  that  which  woiild  have  giTEO 
o  B  if  o  A  had  been  nothing,  or  if  A  had  been  at  o ;  that  is,  draw  ac 
equal  and  parallel  ti>  o  b,  and  in  the  same  direction.  The  point  c  tkie 
attained  terminates  a  line  o  c,  the  length  and  direction  of  which  ii 
therefore  to  be  denoted  by  a+&,  since  every  proceas  istoresembk 
that  of  arithmetic  in  everything  but  the  meaning  of  the  objects  of 
calculation. 
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Again,  required  the  meaning  of  ftal  We  must  now  choose  a  lei^ 
and  direction  which  is  to  be  represented  by  1 ;  let  this  be  o  u.  We 
are  now  to  do  with  o  a  or  a  what  we  should  have  done  with  ou  t> 
make  o  B.  Suppose  for  simplicity  that  o  b  is  double  of  o  u.  To  turn 
o  u  into  o  b,  we  must  double  its  length,  and  let  it  revolve  throogb  » 
certain  angle  u  o  B.  Do  this  with  o  a  ;  that  is,  doable  its  length,  and 
make  it,  &us  doubled,  revolve  to  the  position  o  c,  so  that  the  angles 
u  o  B  and  a  o  o  are  equal.  Then  o  o  must  be  thiat  which  is  r^re- 
sented  by  6o;  and  the  angle  n  oo  is  the  sum  of  the  va^gm  u OB  aad 

UOA. 

If  we  examine  the  fundamental  definitions  of  the  geometricaBy 
defined  system  of  Alobbra,  we  shall  find  that  we  have  hare  deseribed 
enough  to  deduce  them  all,  and  that  we  have  done  it  by  pore  analogy. 
But  also  remark  that  analogy  here  means  nothing  but  an  identity  cf 
process ;  we  have  described  the  processes  of  addition  and  multiplicatioo 
in  terms  which  connect  them  so  closely  with  the  objects  to  whidi  they 
are  applied,  and  at  the  same  time  make  the  process  so  distinct  frtsi 
the  subject-matter  of  the  process,  that  when  we  change  the  subject- 
matter,  we  can  still  preserve  the  process.  If  then  any  other  subject- 
matter  could  be  found,  such  that,  with  reference  to  meanlnga  of  a  and 
h  derived  from  it,  a + 6  and  a  h  could  be  consistentiy  defined,  or  nUier 
deduced,  from  0  and  1,  a  new  application  of  the  rules  of  algebra  would 
follow. 

In  the  calculus  of  operations,  the  same  steps  might  be  made;  and 
when  this  branch  of  algebra  consisted  of  nothing  but  the  sqsaratioo  of 
the  symbols  of  operation  and  quantity  in  an  4urbitrary  manner 
[Ofkratiok],  analogy  was  the  species  of  relation  by  whidi  the  deduce 
tion  of  results  from  this  separation  was  connected  with  the  results  of 
common  algebra.  But  this  analogy  was  only  the  guide  to  the  resolti, 
and  not  the  proof  of  them :  it  became  a  proof  when  it  was  shown  that 
the  validity  of  the  common  algebra  itself  depended,  not  upon  ti)« 
whole  meaning  of  the  [symbols,  but  upon  that  part  of  it  which  was 
preserved  in  the  meanings  of  the  symbds  of  operation. 

RELATION  (Logic).  In  the  article  Looio  (cola.  345,  846)  we  haTc 
contended  that  any  composition  of  rdations  is  syllogism,  and  havo 
stated  our  objection  to  the  mode  used  by  logicians  of  reducing  suck 
compositions  to  their  syllogism,  in  which  the  only  relation  is  identity. 
Without  further  controversy  we  shall  proofed  to  statement,  and 
nothing  more,  of  a  few  heads  of  the  general  doctrine  of  syUogisiD. 
Those  who  desire  more  must  oonsult  a  pfiperon  the  logic  of  relations, 
which  will  i^pear  in  voL  x.,  p.  2,  of  the  ^  Cambridge  Philoeophical 
Transactions. 

Let  L  and  m  denote  relations :  z,  T,  z  individual  objects  of  thought, 
dasses  or  attributes,  it  may  be,  considered  as  units  of  thought.  Let 
LZ  denote  anything  which  is  an  L  of  z,  in  the  relation  l  to  x. 


described,  by  the  supposition  of  inverse  operations,  or  operati<i3i 
destructive  of  the  effects  of  addition  and  multiplication. 

In  consequence  of  the  preoeding  considerations,  we  shall  pass  frc«t 
the  limited  to  the  moi«  extendi  algebra  without  anything  of  apj 
arbitraiy  character,  except  only  the  choice  of  a  meaning  for  tbi> 
fundamental  symbols.  In  arithmetic,  the  symbols  a,  h,  c,  &c,  mtsL- 
simply  numbers;  let  their  meaning  in  the  geometrical  sigebra  be  na 
numbers  but  lengths,  or  if  numbers,  let  them  be  numbers  of  length, 
a  given  length  b^ng  taken  as  the  unit.  And  let  each  symbol  be  ei 
pressive  not  only  of  a  length,  but  of  a  length  in  some  particak- 
direction ;  by  wmch  we  mean  that  two  lines  are  not  to  be  denoted  W 
the  same  symbol,  unless  they  have  not  only  the  same  lengths  but  t^ 
same  directions. 
,    This  one  fundamental  change  in  the  meaning  of  the  things  sigmSai 


